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The purpose of this study was to compare the speaking fundamental 

frequency, physiological vocal range, singing voice quality, and self-

perceptions of the singing and speaking voice Detween two groups of 

girls ages 11 through 15 years, who were pre-menarcheal by 6 months and 

post-menarcheal by 10 months or more. 

Subjects were volunteers who attended a North Texas public school 

system. Each subject was examined by an otolaryngologist. Age, height, 

weight, a hearing screening, and information on music classes and/or 

private music lessons were obtained. 

The speaking fundamental frequency measure was obtained by having 

each subject speaK for 30 seconds on a subject of choice and read a 

passage of approximately 100 syllables. The vocal range measure was 

obtained by having each subject begin at an arbitrary pitch and sing mah 

and lEQa up the scale as high as possible and mah and moo down the scale 

as low as possible. These four measures were repeated with the 

researcher giving visual gestures. 

For singing-voice quality, each subject sang "America" in the key 

of her choice and again in the key of F major. Each subjects singing 

voice was rated according to breathiness. Data regarding self-



perceptions of the singing and speaking voice were obtained through a 

rating assessment of 10 questions and a conversation with each subject. 

There were no significant differences between the means of the pre-

meanarcheal and post-menarcheal girls on speaking fundamental frequency, 

physiological vocal range, and singing-voice quality. But, more of the 

post-menarcheal girls exhibited lower speaking pitches, lower singing 

ranges, and increased breathiness in their singing voices than did the 

pre-menarcheal girls. 

Two questions of the perceptions rating assessment were 

significant, with the post-menarcheal girls citing higher incidences of 

vocal inconsistencies than the pre-menarcheal girls. The findings of 

the qualitative data analysis indicated that more post-menarcheal girls 

had an adequate vocabulary to describe various aspects of their singing 

and speaking voices than did the pre-menarcheal girls. 
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CHAPTER I 

INTRODUCTION, BACKGROUND, PURPOSE AND PROBLEMS, 

DEFINITIONS, AND DELIMITATIONS 

Introduction 

The basis for most general music programs in the American public 

school system is singing. Within the programs, students are asked to 

sing in music classes from kindergarten to high school. Research is 

available on many aspects of singing, but the majority of the studies 

focus on either the young child or the mature adult singer. Studies 

exist on the monotone or uncertain singer (e.g., Bentley, 1968; Joyner, 

1969), pitch perception (e.g., Duel! 8. Anderson, 1967; Petzold, 1963) 

and music textbook suggestions for vocal ranges of young singers (e.g., 

Adcock, 1970; Wilson, 1970), Research is also available on the 

Physiology of the adult voice (e.g., Hirano, 1981; Van Deinse, 1982), 

sense perceptions of the singer (e.g., Schubert, 1982; Wang, Marple & 

Carison, 1975), and acoustical factors in tone production (e.g., Troup, 

1982; Wilson, 1982). 

Research in singing during the pre- and early teen years has 

addressed mainly choral methods and techniques (e.g., Caldwell, 1980; 

Decker, 1976) and the boy's changing voice (e.g., Cooksey, 1977a,b,c; 

Cooper, 1950). Generally, the literature tends to be concerned more 

with the boy's changing voice than with the girl's voice because of 
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the dramatic differences in boys' singing ranges and the clearly 

ooservable changes in voice quality. 

Specific variables of the b o y s changing voice which have been 

addressed include characteristics of the b o y s singing voice (Cooksey, 

1977b; Cooper, 1950; Swanson, 1959), chronology and evidences of 

Physical growth (Cooksey, 1977b; Friesen, 1972; Groom, 1979; Joseph, 

1959), speaking fundamental frequency (Bennett, 1983; Kent, 1976; Weilan 

& Wilson, 1980), appropriate vocal music (Adams, 1973; Gustafson, 1956), 

and vocal abuse (Barthoiowmew, 1946; Brodnltz, 1983; Curry, 1949). The 

studies of characteristics of the boy's changing voice indicate that 

stages of vocal development can be identified. If these characteristics 

can be used to establish stages of vocal growth and development in boys, 

it should be reasoned that these same variables can also be used as 

indicators of vocal growth and development in girls. 

Because girls also go through a period of increased growth and 

development, there is a need for more substantiated information on the 

characteristics of the changes in the girl's voice. With a better 

understanding of specific aspects of the girl's voice, such as speaking 

fundamental frequency, physiological vocal range, and singing voice 

quality, music educators should be able to plan for appropriate singing 

ranges and tessituras, watch for possible indicators of vocal abuse, 

monitor good singing techniques, and begin to identify stages of vocal 

development in girls. 

Background of the Study 

Adolescence as defined by Hurlock (1973) "is a period of transition 
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when the individual changes physically and psychologically from a child 

to an adult" (p. 2). During adolescence, there is an increase in body 

growth and development commonly referred to as the adolescent growth 

spurt (Tanner, 1969, p. 434), In boys this accelerated growth takes 

place from about 12.5 to 15 years, whereas in girls it occurs about two 

years earlier, from 10.5 to approximately 13 years of age. 

A significant phase of adolescence is puberty, the time period 

during which sexual maturity occurs. "On the average, puberty covers 

four years. About two years are spent in preparing the body for 

reproduction and about two are spent in completing the process" 

(Hurlock, 1973, p. 3). As Tanner <1975, p. 506) describes it, during 

puberty practically all skeletal and muscular dimensions are affected by 

the accelerated rate of growth. The spurt in muscle coincides with the 

spurt in skeletal growth, for both are caused by the same hormones. 

Since girls grow more rapidly and earlier than boys do, there is 

actually a period when girls on the average have larger muscles than 

boys of the same age. 

The adolescent growth in skeletal and muscular dimensions is 

closely related to the rapid development of the reproductive system 

which takes place at this time. In girls, the beginning of breast 

growth is usually the first observable sign of puberty. According to 

Frisch and Revelle <1969), maximum growth in height is also closely 

correlated with sexual maturation. As Tanner <1975) stated menarche, 

the first menstrual period, almost invariably occurs after the peak of 

the height spurt has passed. Watson and Lowrey <1951, p. 194) wrote 

that menarche is often used as the dividing line between pre- and 
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postpuberty. Hurlock (1973) noted that menarche "may be regarded as the 

midpoint of puberty" <p. 20). She f u r t h e r suggested that both boys and 

g i r i s follow reasonably p red ic tab le p a t t e r n s of sexual maturing. 

American g i r l s generally reach sexual maturity or are pubescent between 

the ages of 12.5 and 14.5 years , with 13 years being the average for 

g i r l s of the middle and upper socioeconomic groups and 13.5 years for 

g i r l s of the lower groups (p . 21). 

According to Brodnitz (1959) "voice changes in puberty should be 

in te rpre ted as the i n t e n s i f i c a t i o n of a process that begins already at a 

much e a r l i e r age" (p. 22). He described puberty as a period of 

pronounced emotional impact in which the "voice mirrors the tension and 

imbalances of t h i s period" (p. 22). Hoi lien (1978) has suggested that 

voice change appears to mark puberty, or , at l e a s t , to c o r r e l a t e with i t 

in some manner. I t i s qu i te poss ib le "that pubescent - re la ted laryngeal 

changes could be useful in the study of the overall process" (p. 36). 

In h i s view, voice c h a r a c t e r i s t i c s , such as speaking fundamental 

frequency and phonationa1 frequency range, could provide ind ica to r s 

r e l a t i v e to the onset and completion of puberty. 

One of the f i r s t music educators to inves t iga te the adolescent 

g i r l ' s voice was Gackle (1985). Through her experiences teaching junior 

high school g i r l s ' choir and her study of the adolescent voice, she 

i d e n t i f i e d three main s tages of vocal development in the adolescent 

female voice. The c r i t e r i a used were qua l i ty of tone production fo r 

speaking and s inging, range of s inging tones, symtomatic s igns of change 

such as cracking or hoarseness, and t r ans i t i ona l p i t ches . She found the 
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chronological age varied within each category with the beginning of 

mutation occurring about the ages of 11, 12, or 13. 

Cackle (1987) also researched the effect of selected vocal 

techniques for breath management, resonation, and vowel unification on 

tone production in the junior high school female voice. She concluded 

that there was a marked decrease in pitch perturbation (fluctuation 

changes in fundamental frequency) and that there was an increase in 

phonation duration. She suggested that more efficient use of the voice 

did occur through proper breath management. 

A further study on transitional pitches of adolescent girls was 

done by Cyrier (1981). She compared the vocal ranges of 85 girls who 

were 10 through 15 years of age. She found that 10-year-old girls had a 

considerably more narrow range (Bb
 b e] 0w middle C to F

2) than did the 

14- and 15-year-old girls (Gb below middle C to A2). She also found 

that exact points of transition for each age could not be designated, 

but that a mean range of transitional pitches in both the lower and 

upper registers could be identified. 

Wolverton (1985) investigated four selected characteristics of the 

adolescent voice which tended to be the best predictors of voice 

classification. These characteristics were (1) range, (2) tessitura, 

(3) quality, and (4) register change. The subjects were forty 11th- and 

12th-grade boys and girls, that is, students in late adolescence. One 

of the main findings of his study was that tessitura emerged as a 

significant predictor of the most appropriate classifications for both 

boys- and girls- singing voices. For girls'1 voices, register change and 

quality were also significant predictors of voice classification. 
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When classifying changing adolescent voices, Thurman (1988) 

suggested that classification guidelines should match the physical 

changes in the larynx. He noted that "although the rate of laryngeal 

growth vanes with the individual, all individuals go through 

predictable stages of growth" (p. 32). He further suggested that when 

classifying unchanged children's voices, no one is labeled soprano or 

alto (p. 29). 

According to Brodnitz (1983), "mutation constitutes the most 

important single landmark in the vocal history of an individual. Many 

of the deviations from normal vocal behavior can be traced to voice 

change during puberty" (p. 24). Therefore, he reasoned, constant care 

should be given to protect the voice which is vulnerable at this time. 

Pierce (1959) noted that the music teacher "must have an ideal of tone 

quality suitable to the age level and the growth of the group with which 

she is working" (p. 38). 

Huls (1957) stated that "the ever-present problem is to recognize 

the various stages of growth so that the instrument shall not be treated 

like the delicate one of childhood nor urged to function with the power 

and strength of adulthood" (pp. 21-22). She noted that the aspect of 

"normality for age level" is a most important consideration, and all 

teachers of adolescents must be cognizant of the particular type of 

tonal quality, degree of power, and other phases of behavior peculiar to 

a given age. Observations made in Huls' survey of 100 vocal music 

teachers showed that there existed strong tendencies to overestimate the 

potential capacity of young singers, especially in regard to the volume 

they were encouraged to use. 
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Because every ch i ld i s bel ieved to develop at d i f f e r i n g r a t e s , i t 

i s d i f f i c u l t to predic t the exact beginning of mutation. According to 

Dykema and Cundiff (1955), "the development of c h i l d r e n ' s s inging voices 

i s so individual that l i t t l e r e l i ance should be placed upon formulat ions 

which c l a s s i f y voices according to the school grades of chi ldren" (p. 

140). Since s inging i s dependent upon physical and mental f a c t o r s 

combined with a t t i t u d e and experience, i t i s poss ib le that a l l chi ldren 

pass through much the same per iods of development even though the r a t e s 

of progress vary g r e a t l y . This hypothesis has been subs t an t i a t ed by 

Wilson (1970) who inves t iga ted the s inging voices of chi ldren in grades 

1 through 6. She found that individual voices developed at d i f f e r e n t 

r a t e s at a l l grade l eve l s . 

Adcock (1987) suggested that if successful s inging i s accomplished 

in junior high school, we must a t tend to funct ional vocal ranges for 

s ingers in a s tage of development that begins p r io r to the onset of 

puberty and extends through the ear ly s tages of adolescence. "If song 

l i t e r a t u r e i s within range parameters that accommodate the potent ia l of 

boys- and g i r l s ' changing voices, a l l aspects deemed essen t i a l to good 

choral s inging, tone, s e n s i t i v e phrasing, i n t e r p r e t a t i o n , and nuance, to 

name a few, may be achieved in junior high school" (p. 9 ) . 

Harr is (1987) warned tha t "a su rpr i s ing ly large number of choral 

conductors working with immature female voices are w i l l i n g l y , if perhaps 

unknowingly, abusing the voices of a shockingly large number of t he i r 

singers" (p. 21). The cause of t h i s abuse, he noted, i s the assignment 

of g i r l s to a l t o p a r t s and t he i r remaining on these p a r t s . Busch (1973) 

advised that "the d i r e c t i n g of choral s inging of ear ly adolescents , 
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then, requires special consideration and discretion not apparent at 

other age levels" (p. 21). Furthermore, according to Welch (1979), 

failure of the music teacher to recognize the change in the child's 

vocal range and failure to take this range change into account in 

planning the music curriculum, "could directly affect the incidence of 

poor pitch singing among the child population " (p. 13). Smith (1973) 

investigated factors related to sixth-grade children's m-tune singing 

and concluded that the pitch range in which children were asked to sing 

did affect their in-tuneness. 

As stated by Busch (1973), Harris (1987), and Welch (1979), music 

educators should be aware of the changes giris are experiencing during 

late childhood and eariy adolescence in their singing and speaking 

voices. One area, however, which may have been neglected is girls- own 

identification of these changes as they are occurring in their voices. 

According to Haskell (1987, p. 172), "vocal self-perception has received 

relatively little attention in voice research, yet it may be the center 

of voice production." He continued by stating that vocal self-

perception is defined as the physical and psychological experience of 

one-s own voice which functions as a monitor of the physical aspects of 

vocai production, and reflects an individual's vocal self-

identification. 

Adcock (1987), Huls (1957), and Wilson (1970) addressed the vocal 

characteristics of the girls' voices but did not mention the girls' own 

perceptions of their changing voices. Gackle (1985), however, did 

gather data on the feeling of having a sore throat and voice cracking, 

thus substantiating the notion that girls do perceive and can identify 
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some indicators of vocal change. Some symptoms of vocai mutation 

previously mentioned which might be identified by giris include an 

insecurity of pitch, shifting of register breaks, and missing notes with 

varying frequency (Harrison, 1978). 

Other indicators may be an extension of the vocal range with the 

lower range descending by one third of an octave and the upper range 

increasing by a few tones. There is also the development of an adult 

female vocal timbre and an increase in volume (Luchsinger and Arnold, 

1965, p. 134). 

Howard (1923) has suggested that there is more volume on the lower 

tones and more strain on the top ones. Howard, along with Weiss (1950), 

Vennard (1967), and Wiseman (1967), noted possible hoarseness, 

huskiness, and breathiness. Ingram and Rice (1962) have suggested a 

loss of ease in singing high tones. Alderson (1979) noted an 

inconsistency of quality. 

As indicated by the literature on physical growth and development, 

girls go through a growth spurt at adolescence much the same as boys do. 

One major difference is that physical changes occur earlier and more 

gradually in girls than in boys. Even with the more gradual and slower 

rate of change in girls, there is evidence to suggest that their voices 

go through a mutational process very similar to that of boys' voices. 

In order to prepare girls for further vocal changes, to monitor 

proper singing development, and to select music in appropriate and 

suitable ranges, certain variables in regard to pre- and early 

adolescent girls' voices should be investigated further. These 

variables Include physiological and singing ranges, tessitura, speaking 
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pitch, physical growth ana development, age of menarche, speaking-voice 

quality, singing-voice quality, hoarseness, height, weight, and any 

other factors which may affect the voice. Music educators would do well 

to determine which characteristics of girls' singing and speaking voices 

might be the most appropriate indicators of vocal mutation and the best 

descriptors of stages of vocal growth and development during late 

childhood, puberty, and early adolescence. 

Research Purpose and Problems 

The purpose of this study was to investigate selected female 

singing- and speaking-voice characteristics through the comparison of a 

group of pre-menarcheal girls to a group of post-menarcheal girls. 

Research problems investigated were: 

(1) To determine the speaking fundamental frequency for all 

subjects as measured by conversational speech and a reading passage. 

(2) To determine the highest and lowest pitches of the 

Physiological vocal range of all subjects. 

(3) To assess singing-voice quality according to the degree of 

breathiness in the singing tone of all subjects. 

(4) To obtain indicators of the subjects' self-perceptions of their 

singing voices in regard to inconsistency of pitches and variability in 

singing-voice quality. 

<5> To obtain indicators of the subjects' self-perceptions of their 

speaking voices regarding inconsistency of speech production and 

variability in speech tone quality. 
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(6) To compare measures for fundamental frequency, physiological 

vocai range, singing-voice quality, and self-perceptions of singing and 

speaKing voices among the subjects. 

Defini tions 

The following definitions were taken from sources listed in the 

related literature section of this study, 

^ ^ AflQigSCenee' & period of growth when the individual changes 

from a child to an adult both physically and psychologically. 

Adolescence includes all phases of maturing, not sexual maturing alone. 

Adolescence generally begins when the individual attains sexual maturity 

and ends when independence from adult authority is legally assured. On 

the average, adolescence extends from 13 to 18 years for girls (Hurtock, 

1973). 

(2) £ESiLltiili£SS: the sound of air escaping between the vocal cords 

when the cords do not fully approximate during phonation (Wilson, 1979; 

oase, 1984). For this study, degree of breathiness will be described as 

(1) no audible breath or air in the tone, (2) limited breath, some air 

in the tone, and (3) very breathy, excess air in the tone. 

flacstillfiss: a quality of voice that is unpleasant, rough, or 

constricted. Vocal fry may be present, abrupt glottal attacks may be 

used frequently, and considerable tension may be localized in and about 

the larynx (Wilson, 1979). 

^4) Hoarseness1 a quality of voice that is rough, grating, harsh, 

and more or less discordant (Baynes, 1966). It is a combination of 

harshness and breathiness and is characterized by random fundamental 

frequency variability (Wilson, 1979). 
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(5) HygKV• not clear, rough, dry, hoarse sounding (Funk & 

Wagnalls, 1959), For this study husky will be defined as a quality of 

voice that is thick, heavy, not clear, and possibly raspy or tense 

sounding. 

<6) Menarche; a girl's first menstrual cycle occurring 

approximately at the midpoint of puberty CHurlock, 1973; Watson & 

Lowrey, 1951). 

(?) Mutation process: change of voice at puberty (Brodnitz, 1983). 

PhygioiQgipal vocai range: the physiological frequency range 

which encompases all tones between the highest and lowest sustainable 

tones with no criteria toward quality (Wilson, 1978). 

(9) Puberty; a time of hormonal changes in which the body is 

preparing for sexual reproduction. Puberty usually covers about four 

years. Two years are spent in preparing the body for reproduction and 

two years are spent in completing the process. Puberty overlaps both 

childhood and adolescence (Hurlock, 1973). 

(10) Spiking fundamental frequency: the speaking pitch expressed 

in hertz or semitones (Wilson, 1978). 

Delimitations of the Study 

The following delimitations for this study were established. 

(1) Students selected for the study were from a public school system in 

the North Texas area. 

(2) Subjects selected were volunteers from their mandatory general music 

classes in grades 1 through 6 and from elective general music classes, 

choir, and/or band in grades 7 through 12, Some subjects were selected 

from the same area church youth choirs. 
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(3) Oniy g i r l s ages 11 through 15 years who had been iden t i f i ed as pre-

menarcneal by 6 months or post-roenarcheal by 10 months or more were 

par t i c ipan t s in the study. 



CHAPTER II 

RELATED LITERATURE 

Singing i s the bas i s for most general music programs in the 

American public school system. Researchers of the s inging voice for the 

early adolescent age group, however, have been mainly concerned with 

boys' voices ra ther than with the voices of g i r l s . As documented in the 

f i r s t chapter , both boys and g i r l s experience an adolescent growth 

spu r t , but the growth process begins about two years e a r l i e r in g i r l s 

than in boys and i s much more gradual . Therefore, when d iscuss ing the 

g i r l s changing voice, i t must be noted that evidence of the vocal 

changes may occur in the upper elementary grades. Music teachers should 

be cognizant of the po ten t ia l vocal changes and understand how best to 

aid both boys and g i r l s in achieving a smooth vocal t r a n s i t i o n from la te 

childhood through mutation and then on to proper adult s inging . 

Documented information should be ava i lab le to describe changes in 

c h a r a c t e r i s t i c s of the young female voice, including changes in <1) 

speaking p i t c h , (2) physiological vocal range, and (3) s inging voice 

qua l i t y . By inves t iga t ing these se lec ted va r i ab l e s , f u r t h e r information 

may be obtained regarding the vocal mutation process in p re - and ear ly 

adolescent g i r l s . 

This chapter f i r s t reviews research support ing the assumption that 

g i r l s go through vocal mutation, progress through vocal mutation more 

gradually than boys do, and experience i t at an e a r l i e r age than boys. 

14 
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Second, pertinent male adolescent vocal studies and the selected vocal 

characteristics which have been indicative of stages of vocal mutation 

in boys are examined. Third, information is provided regarding certain 

characteristics brought out in the research literature on the boy's 

changing voice thought to be indicative of pre- and early vocal 

mutation. These characteristics are (1) speaking fundamental frequency, 

(2) physiological vocal range, and (3) singing voice quality. 

Information on these variables in regard to the girl's voice will focus 

on noted authorities in the respective fields followed by available 

research studies. Next, studies are reviewed that are available on the 

female adolescent 3inging voice. This review is followed by a 

description of research on girls' self-perceptions of their voices 

during the pre- and early mutational process. 

Adolescent Physiological Growth and Development 

Adolescence is a period of both physical and psychological growth 

changes brought about by hormones, either secreted for the first time or 

secreted in much higher amounts than previously (Hurlock, 1973). Tanner 

(1969), noted authority on adolescent growth and development, has 

described this accelerated rate of physical growth as the "adolescent 

growth spurt." He suggests that growth is a regular process, and does 

not proceed in "fits and starts" (p. 434). This adolescent spurt is a 

constant phenomenon and occurs in all children, varying, however, in 

intensity and duration from one child to the next. In boys, the spurt 

takes place from about 12.5 to 15 years. In girls it occurs about 2 

years earlier, from 10.5 to approximately 13 years. 
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During the adolescent growth spurt, girls gain about 6 i/4 inches 

in height and 35 pounds (Tanner and Tayior, 1965, p. 82). Their growth 

peak generally comes about 2 years sooner than that of boys, at about 12 

years of age, when their rate of growth averages 3 i/4 inches a year. 

The average boy, will grow approximately 8 inches taller and add 45 

pounds at his growth peak of about 14 years of age. According to Tanner 

<1975, p. 503), girls do not suddenly become 2 years ahead of boys at 

adolescence. Rather, girls are born with slightly more mature skeletons 

and nervous systems, and gradually increase their developmental lead 

throughout childhood. 

Practically all skeletal and muscular dimensions take part in this 

adolescent growth spurt. Leg length usually reaches its growth peak 

first, followed by body breadth and, later, trunk length. The muscles 

have their growth spurt following the last skeletal growth peak. The 

most obvious change between boys and girls is in body shape. Boys 

acquire wide shoulders and muscular necks. Girls take on the relatively 

wide hips of a woman. These changes all take place in a co-ordinated 

manner. A child who matures early with regard to one aspect is early in 

regard to all (Tanner, 1969, p. 438-441). 

A significant phase of adolescence is puberty, when sexual maturing 

occurs. Hurlock (1973) suggested that puberty is not synonomous with 

adolescence because 

adolescence includes all phases of maturing, not sexual maturing 

alone. Puberty is an overlapping period; approximately 1/2 of it 

overlaps the end of childhood, and 1/2 the early part of 

adolescence. On the average, puberty covers 4 years. About 2 
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years are spent in preparing the body for reproduction and 

about 2 are spent in completing the process (p. 3), 

The first 2 years of puberty are known as preadolescence (Hurlock, 

1973, p. 3). At that time the individual is called a "preadolescent" or 

"pubescent child." He or she is generally not an adolescent because the 

body is not yet sexuaily mature. Nor is the individual 

characteristically a child because many of the physical features and 

behavior patterns have already begun their transformation to those of an 

adu1t. 

Watson and Lowrey <1951, p. 194-197) observed that girls reached 

puberty about 1 to 3 years sooner than boys. When puberty occurred the 

rate of growth declined and gradually stopped. They further reported 

that both boys and girls secreted nearly equal amounts of androgens 

during the prepubertal period. Later, however, there was an increase in 

androgen secretion in boys and estrogen secretion in girls which 

parallelled sex-gland maturation. In girls the estrogen excretion rate 

increased at the age of 8 to 9 years followed by a markedly accelerated 

rate throughout adolescence. The differential development of the female 

pelvis and other sex changes that characterize the onset of puberty in 

girls was noted at the beginning of this marked increase in estrogen 

secretion. 

Tanner (1969, p. 445) has stated that the beginning of the growth 

of breasts was usually the first sign of puberty in girls. However, the 

appearance of pubic hair sometimes preceeded it. The best criterion to 

indicate when the physical changes of the body are taking place and when 

the girl becomes sexuaily mature is menarche, or first menstruation. 
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Hurlock (1973) suggested that "menarche comes at neither the beginning 

nor the end of the physical changes taking place at puberty. Instead, 

rnenarche may be regarded as the midpoint of puberty" <p. 20). 

Frisch and Revelle <1969) found that maximum height was closely 

correlated with sexual maturation. Menarche always occurred after the 

greatest increment in height was attained. According to their studies 

the mean age of the maximum increment of growth in height for girls was 

11.8 + .09 years. The mean age of the maximum increment in weight was 

12.1 + .09 years. 

Luchsinger and Arnold (1965) have suggested that physical 

maturation during puberty involved many changes of body growth. They 

found one of the major changes to be the development of the secondary 

sex characteristics, 

of which one of the most prominent and generally noticeable 

is the differentiation of the adult voice into male and female 

types. When the sex glands begin to be active at puberty, 

their inner secretion of sex hormones produces a rapid growth 

of the larynx. Owing to the increased laryngeal dimensions, the 

voice is lowered (p. 132). 

Kahane (1976) assessed the developmental anatomy of the human 

prepubertal and pubertal larynx. He investigated the differences in the 

morphology of the male and female larynx between the prepubertal and 

pubertal periods and described trends of laryngeal development from 

prepuberty to adulthood. Five male and 5 female prepubertal and 5 male 

and 5 femaie pubertal excised larynges, ages 9 to 18 years, were 

dissected and measured. Summaries of his findings were: 
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1. The shape of the laryngeal cartilages were consistent in 

prepubertal and pubertal groups in each sex. 

2. Pubertal cartilage soft tissue and intercartilage measurements 

were significantly larger than prepubertal counterparts in 

both sexes. 

3. No significant differences were found between prepubertal 

male and female laryngeal measurements. 

4. By puberty, male laryngeal measurements were significantly 

larger than their female counterparts. 

5. Growth of the larynx was linearly related to growth in body 

height. Thus, a biological measure of age was a significantly 

better predictor of laryngeal growth than chronological age. 

The length of the vocal cords also goes through a change at 

puberty. Luchsinger and Arnold <1965 p. 134) have indicated that boys' 

vocal cords lengthen about l cm while the vocal cords of girls increase 

in length by only about 3 to 4 mm. These altered dimensions of the 

vibrating parts of the vocal tract are responsible for the acoustical 

changes in the maturing voice. In boys, the entire vocal range is 

extended and becomes approximately one octave lower in pitch. In girls, 

the vocal range is lowered by approximately one-third octave and the 

upper limit of the range is extended by a few tones. With this increase 

in range comes an increase m volume and the development of the full 

vocal timbre of an adult female. 

Luchsinger and Arnold (1965) have also stated that the mutational 

change of the speaking voice is usually accomplished within a period of 
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3 to 6 months. But, the mutation of the singing voice usually occurred 

over a longer period of time. 

In his compilation of European research, Weiss (1950) observed that 

to determine the exact beginning of mutation 

it is necessary to distinguish the slight premutational changes 

which consist of a certain ioss of vocal power, a slight lowering 

of the pitch and frequent indispositions of the voice. In the 

majority of cases these changes may start as early as 9 years of 

age in girls and 10 years of age in boys (p. 132). 

Weiss also suggested that in the majority of girls' voices the 

pubertal change of voice started with a certain huskiness or 

unsteadiness of the speaking voice. "This huskiness, which may be the 

only mutational symptom in girls, can be changeable in character, even 

during the same day, and may be the result of shouting, loud singing, 

etc." (p. 136). 

In summary, both boys and girls experience a period of accelerated 

growth and development at adolescence. Girls reach their growth peak 

about 2 years earlier than boys and are born with slightly more mature 

skeletons and nervous systems, thereby aiding their gradual 

developmental lead over boys throughout childhood. One of the major 

changes of body growth at puberty is the development of the secondary 

sex characteristics of which one of the most prominent and more 

noticeable is the differentiation of the adult voice into maie and 

female. Because girls lead boys in growth and development, it would 

seem that girls* voices would also be ahead of boys* voices at the 

beginning of the mutation process. If so, then the ages of 9, 10, and 
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11 would be a critical time in which to watch for indicators of the 

beginning of vocal mutation in girls' voices. 

Studies on the Male Adolescent Voice 

The majority of the music education research for the early 

adolescent singing voice has focused on the boy's changing voice. 

Certain selected variables or characteristics including singing range, 

tessitura, vocal quality, and speaking pitch have been investigated in 

order to assess stages of vocal mutation during the physical growth 

process. It would be reasonable to assume that if these characteristics 

have been used to indicate stages of vocal development in boys' voices, 

then similarly selected characteristics would describe the change in 

girls- voices. 

John Cooksey <1977), has suggested that the voice change of the boy 

takes place gradually at first and then begins to accelerate. This time 

of acceleration occurs not only in the voice but with other 

Physiological phenomena as well. Often, the early signs associated with 

the beginning stages of mutation, such as the loss of higher notes and 

increasing breathiness, are not recognized. He further suggested that 

voice mutation occurs in identifiable developmental stages. It is the 

rate of change that is the greatest variable. Cooksey considered vocal 

range, tessitura, and vocal timbre to be the most important factors in 

developing guidelines for stages of vocal development. 

To evaluate the boy's voice, Cooksey suggested that the 

investigator first have the student match pitches close to the pitch of 

the speaking voice. Once the student matched the pitch, the testing 

should consist of four-note ascending and descending scale patterns on 
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EBSJif singing of "America" in several comfortable keys, and various 

exercises to evaluate flexibility, tonal memory, and rhythmic memory. 

Swanson (1959) agreed with Cooksey that "each changing voice 

follows its own individual and unique patterns as it moves from the 

boyish treble to the adult singing voice" (1981, p. 32). Swanson 

noted, however, that the boy went through mutation by adding tones in 

the bass clef first. Cooper (1950, 1967), on the other hand, argued 

that the range of the boy descended gradually and was in between soprano 

and baritone. He used the term cambiata for this unique phase of vocal 

mutation. 

Cooksey (1977b), Cooper (1950, 1967), and Swanson (1959, 1981) ali 

investigated the physical growth characteristics asociated with the 

boys changing voice. Joseph (1959, 1965, 1966, 1969) attempted to 

establish a basis for determining norms of both boys' and girls- vocal 

ranges through measurement of height, weight, dentition, and hip and 

shoulder breadth. His study included 907 children of ages 11 to 18 

years. Through extensive testing and measurement Joseph found that the 

boys with the lowest terminal pitches in any age group tended to be 

taller and had broader shoulders than their peers. He gave as the 

lowest terminal pitch for the female subjects F# below middle C, the 

same as that for the prepubertal males. He found that "seventy percent 

of the females and 65% of the males in the series showed evidence of 

pubescence" (p. 140). He concluded that children's voices could be 

classified, but that several factors should be considered such as 

biotype, skeletal development, height, shoulder breadth, and weight. 
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Groom (1979) documented the physical and vocai development of 

adolescent boys who were experiencing vocal mutation during the summer 

months when physical activity increases and singing activity decreases, 

ahe therefore suggested that the items she observed were similar to 

those investigated by Cooksey, Cooper, Swanson, and Joseph. The 

variables were age, height, weight, speaking-voice pitch, singing-voice 

range, tessitura, vocal flexibility, rhythmic agility, and vocal 

maturity. 

Forty boys were tested in May and then again in October, The 

testing consisted of singing arpeggios on a major triad both ascending 

and descending by one-half steps, reciting the "Pledge of Allegiance," 

singing "God Bless America" in different keys, singing a vocalise with 

an octave range on allelyia, and singing a rhythm line on ia. The test 

for flexibility consisted of maintaining control while executing a 

crescendo and descrescendo on one pitch in the middle of his range. 

Groom concluded that (1) speaking and singing pitch lowers in boys 

during the time of puberty, (2) blank spots, i.e., inconsistency of 

pitches, occur within an individual's singing range, (3) the pitch of 

the speaking voice lies near the bottom of the singing range, and (4) 

age is not a reliable indicator for voice classification. 

Further research on the boy's voice at mutation has focused on the 

age at which the voice begins to change. For example, Friesen (1972) 

compared the present ages of vocal mutation to earlier findings in a 

study by Sturdy in 1939. Sturdy found the sample mean age of voice 

change to be 14.25 years. Friesen found that vocal mutation began 
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earlier for the 1971 group with the mean age for the changing voice to 

be 13.8 years. 

Coffman U968) investigated the incidence and characteristics of 

b o y s voice change in grades 5 and 6. In the first test for indications 

of potential vocai change, his subjects numbered 2,515 boys. Of those 

tested, 1,063 showed some evidence of being in a state of voice change. 

Through further testing he found 874 to be in the first phase of voice 

change and 23 to be in the second phase. His criteria for phases of 

voice change were based on Cooper's research of the boy s changing 

voice. 

In summary, several characteristics of the boy's voice at mutation 

have been investigated and have been seen as possible indicators of the 

voice change. Of these characteristics the following appear to have 

been investigated in more studies and used more frequently in defining 

stages of boys' vocal development: age, height, weight, speaking 

fundamental frequency, physiological vocal range, and singing-voice 

quallty. 

Selected Characteristics of the Adolescent Voice 

Speaking fundamental frequency, physiological vocal range, and 

singing-voice quality are the selected characteristics of the girl's 

voice, which will be investigated in this study. These three variables 

have been suggested to be indicators of the boy's changing voice at 

puberty. There is, however, very little normative information on these 

three characteristics of the girl's voice in late childhood or at 

puberty. This section of the related research will therefore, focus on 

the speaking fundamental frequency, physiological vocal range, and 
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singing-voice quality of the girl's voice. It will begin with 

appropriate definitions ana authority sources followed by available 

research studies. 

Spotting Fundamental Frequency 

The speaking fundamental frequency range is that range of tones 

used in the normal speaking voice. Researchers consider the mean 

fundamental frequency to be the most appropriate indicator of the 

speaking pitch of the voice. The fundamental frequency is measured in 

Hertz (Hz). 

The majority of the available studies which have analyzed 

fundamental frequency have used the Visi-pitch Voice Analyzer. It has 

been particularly well-suited for clinical applications because of its 

immediate visual feedback capability (Hori, pp. 467-471, 1983). The 

Visi-Pltch Voice Analyzer is unique in that it calculates the 

fundamental frequency of each cycle of the speech input sampled. Thus, 

an average fundamental frequency reflects the number of discreet glottal 

pulses over time (Baken, pp. 134-151, 1987; Instruction Manual for Vlsi-

Pitch 6097, 1986). 

As noted in research studies by Bennett (1983), Well en and Wilson 

(1980), and McGlone and McGlone (1972), a major problem in comparing 

fundamental frequency is a lack of consistency of the testing 

procedures. Therefore, Wilson (1979) has recommended obtaining several 

types of speech samples including connected speech, oral reading, 

isolated speech sounds, and counting. He has advised that action 

pictures or general conversation on a specific topic are good motivators 
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for connected speech. An oral reading passage for children of a minimum 

of third-grade reading level is appropriate. Wilson has further 

suggested that isolated vowel production should be obtained with each 

sound being sustained for at least 5 seconds and repeated three times. 

It is also desirable to record the child counting forward and backward, 

fast and slow at the 3 dynamic levels of soft, average, and loud ana at 

3 pitch levels of low, modal, and high. 

In describing the development of the fundamental frequency of 

chiidrens voices, Wilson (1978), noted authority on the child voice, 

has suggested that at birth the fundamental frequency pitch level is 

between 400 and 500 Hz or even higher. By age 3 it has lowered to about 

400 Hz. From about age 3 until the onset of puberty the fundamental 

frequency gradually lowers reaching about 260 Hz at 12 years of age for 

girls and about 190 Hz at 14 years of age for boys. These pitch levels 

mark the beginning of a substantial drop for boys' voices and a slight 

drop in girls' voices. "The ages for most rapid change in voice 

fundamental frequency are the first 4 months of life, the period of i to 

3 years, and the period of 13 to 17 years" (p. 10). 

Mueller and Wilson (1978) compared fundamental frequencies in 16 

pre-adolescent children age 3, 5, 7, and 9 years. Conversational speech 

samples were obtained and subjected to an analysis of speaking 

fundamental frequency using a Visicorder Oscillograph. They found that 

the fundamental frequencies generally decreased with age for both males 

and females and that the male mean fundamental frequency was 

consistently higher than the female at the 3 and 5 year age groups. 

Boys at age 7 had a mean fundamental frequency of 261.55 Hz, and girls 
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at age 7 had a mean fundamental frequency of 254.15 Hz. At age 9, boys-

mean fundamental frequency had dropped to 238.66 Hz, and girls' to 

232.50 Hz. 

Two studies to compare the vocal pitch of 7- and 8-year-oid girls 

with the vocal pitch of 7- and 8-year-old boys were carried out by 

Fairbanks, Herbert, and Hammond (1949) and Fairbanks, Wiley, and Lassman 

(1949). The purpose of both studies was to plot acoustical data on a 

pitch-level curve as a function of age. Two groups of 15 female 

subjects and two groups of 15 male subjects were chosen according to age 

and sex. The subjects read aloud a 52 word, primary-level test passage. 

Recordings were made and subjected to phonophotography and 

oscillographic frequency measurement. The results indicate that both 

girls' and boys- mean fundamental frequencies approximate middle C 

(261.6 Hz). The 7-year-old girls' mean pitch level was 281 Hz and the 

8-year-old girls' mean pitch level was 288 Hz. The 7-year-old boys' 

mean pitch level was 194 Hz and the 9-year-old boys' mean pitch level 

was 297 Hz. The authors concluded that the pitch levels of the 7- and 

8-year-old girls do not differ from each other and are very similar to 

those of boys their own age. 

McGlone and McGlone (1972) investigated change in speaking 

fundamental frequency as a function of age. Their subjects were 10 

girls between the ages of 61 and 82 months. Each child was asked to 

identify a set of 20 pictures. An analysis of the fundamental frequency 

of each subject was made using a Vlsicorder. A group mean of 248.8 Hz 

was found. A second phase of this study took place using 10 girls with 

ages of 8 years plus or minus 6 months. Mean heights and weights were 
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recorded. Each child was asked to read a paragraph similar to the one 

used in the study by Fairbanks, et a ) . (1949). The fundamental 

frequency was established through a Visicorder analysis. The authors 

found a group mean fundamental frequency of 275.8 Hz, which was within 

10.7 Hz of the group mean reported by Fairbanks, et al. (1949), McGlone 

and McGlone suggested that the very close correspondence of this study 

with that of Fairbanks, et al. indicated the means to be representative 

of the fundamental frequency of girls near the age of 8 years. The 

authors further noted that considerable variation could be expected when 

experimental procedures were changed. 

Bennett (1983) conducted a 3 year longitudinal study to document 

the changes that occur in children's fundamental frequencies as they 

progress from late childhood into adolescence. Her study consisted of 

15 boys and 10 girls from ages 7 to 11. Recordings were made of the 

children producing a 12-syllable declarative sentence designed to 

provide a sampling of several different vowels and diphthongs. These 

sentence recordings were analyzed using a Honeywell Visicorder. These 

speech samples were collected every 12 months over a 3-year period. 

Results of her study show that both sexes have a generalized lowering of 

fundamental frequency over the 3 year-period. The largest decrements 

occur between the ages of 8 years, 2 months and 11 years, 2 months. The 

average fundamental frequency for both boys and girls are markedly 

similar on all four measurement occasions, showing no significant sexual 

differences in average fundamental frequency. 

When discussing speaking pitch, a distinction should be made 

between optimal and habitual pitch. Optimal pitch, according to Wellen 
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and Wilson (1980) is "that vocal pitch level that can be produced with 

the greatest economy of physical e f f o r t and energy" (p. 125). Habitual 

pitch is that vocal pitch that may or may not be the most appropriate or 

most e f f i c i e n t , but i t i s used in everyday speaking. In t h i s study by 

Welien and Wilson (1980), they selected 24 subjects , from grades 2 

through 6. The task was to read a paragraph three times, say the vowel 

aii and hold i t as long as possible, hum "Jingle Bells," say hel lo and 

ahSID three times each and then describe a p ic ture . A Visicorder 

analysis was made of the fundamental frequency for each exercise. 

Wellen and Wilson concluded that the mean fundamental frequency measures 

for each condition of habitual and optimal pitch are s ign i f i can t ly 

higher than the mean fundamental frequencies for spontaneous speech 

within subjec ts . 

To gain fur ther insight into the speaking pitch level of children, 

Austin and Leeper (1975) investigated the s t a b i l i t y of speaking pitch 

levels of fourth- and f i f th -grade students over a two-day period. 

Subjects were 7 boys and 8 g i r l s and thei r norma 1 speaking pitch level 

was checked during the morning, at noon, and during the afternoon on two 

consecutive days. Students were asked to produce an ah vowel "at the 

lowest possible comfortable pitch ( i . e . , basal pi tch) for three 

successive t r i a l s during each of the t e s t ing sessions" (p. 310). The 

re su l t s suggest that the speaking pitch level in children varies from 

time to time within a single day and from one day to the next. In t h i s 

study, males varied as much as two semitones from day to day while 

females showed a s ign i f ican t drop in speech level during the afternoon. 

Semitones for individual g i r l s varied as much as four semitones from day 
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to day and three semitones from throughout the day. Girls" mean basal 

frequency levels for day one were 247 Hz in the morning, 243 Hz at noon, 

ana 236 Hz in the afternoon. Standard deviations were 38, 28, and 24 Hz 

respectively. For day two the mean basal frequency levels were 229 Hz 

in the morning, 235 Hz at noon, and 225 Hz in the afternoon with 

standard deviations of 25, 23, 21 Hz respectively. 

In order to compare aspects of male and female vocal mutation, 

Duffy (19c0) investigated vocal pitch characteristics of females during 

adolescence. His subjects were 24 females at ages 11, 13, and 15 years. 

The li-year-oids were pre-menarcheal by at least 6 months; the 15-year-

oicts were post-menarcheal; two groups of 13-year-olds were selected, one 

pre-menarcheal and one post-menarcheal. 

Duffy found the group mean fundamental frequencies to be as 

follows: 11 years, 266 Hz; 13 years (pre-menarcheal), 260 Hz; 13 years 

(post-menarcheal), 245 Hz; and 15 years, 237 Hz. His study further 

indicated that the totai decrease in speaking fundamental frequency for 

females is about 22% <1.4 semitones) between the ages of 8 and 11 years, 

about 32% <2,0 semitones) between 11 and 15 years of age, and 49% <2.9 

semitones) between 15 years and adulthood. In contrast, males 

experience only 27% <3.7 semitones) of their total drop in speaking 

fundamental frequency between 8 and 14 years of age with 73% <10 

semitones) between 14 years and adulthood. 

Duffy found a difference of one semitone between the speaking 

fundamental frequency of the two 13-year-old groups. There was 0,4 

semitone difference between the 11- and 13-year-old pre-menarcheal 

groups and 0,6 semitone difference between the 13- and 15-year-old post-
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menarcheai groups. He speculated that menarcheai development appears to 

be more significantly related to change of speaking fundamental 

frequency than a span of 2 years of chronological age and general 

physical growth. He further concluded from the data that the female 

does not experience a relatively sudden and rapid voice change between 

childhood and adulthood as seen in males. Instead, there is a gradual 

decrease in pitch levels from childhood to adulthood (p. 23-24). 

Michel, Hoi lien, and Moore (1966) proposed to collect data on a 

large number of high-school-age girls in order to determine the age at 

which adult female speaking fundamental frequencies are established. 

Table l reports their findings. Recordings were made of 44 15-year-old 

girls, 115 16-year-old girls, and 148 17-year-old girls who attended a 

cheer leading conference. "It was assumed that differences between 

cheerleaders and a random selection of high school females would be 

slight or non-existent with respect to fundamental frequency" (pp. 46-

47). 

Table 1 

Eemais SpeaKinq Fundamental Frequency - Michel. Hoi lien. & Moore (1966) 

Age N Mean Frequency Frequency Range SD 

15 4 4 207.5 158.6-259.6 1.95 
1 6 115 207.3 143.7-254.7 1.75 
1 7 148 207.8 127.3-263.1 1.85 

Recordings were made of each subject reading a standard passage while 

speaking normally in a room with fairly good acoustics. The results of 

the study showed a group mean of 207.5 Hz with a range of 127.3 to 263,1 
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Hz and a standard deviation (in tones) of 1.85. Subgroup means were 

"extremely similar" to the group mean. 

The researchers concluded that the speaking fundamental frequency 

of 15-, 16-, and 17-year-old girls are similar to adult females and that 

by the time most girls have reached 15 years of age they have attained 

adult voices with respect to speaking fundamental frequency. 

Research has suggested that prior to puberty no difference exists in 

the voices of boys and girls whereas during puberty the lowering of the 

speaking fundamental frequency occurs. In boys- voices, this pitch 

drops dramatically and quickly. Research is inconclusive, however, as 

to how much the fundamental frequency descends in girls' voices, and at 

what age there is a definable change. 

Although all studies mentioned have attempted to measure the 

speaking fundamental frequency of children at various ages, there 

appears to be a great deal of inconsistency in the testing tasks 

themselves. Tasks range from conversational speech in the study by 

Mueller and Wilson (1978) to a 12 syllable sentence in the study by 

Bennett (1983) to an ih vowel used by Austin and Leeper <1975). 

According to Wilson (1978), appropriate speech samples should come from 

both conversational speech and a reading passage. 

Vocal Range <ana Voice Qual itv 

In the investigation of the child's vocal range a differentiation 

should be made between the physiological range and the singing range. 

Wilson <1978) has indicated that the physiological range spans from the 

"highest frequency that can be analyzed to the lowest that can be 

analyzed even though these frequencies usually represent nonmusical 
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sounds "(p. 30). He further s ta tes that the musical frequency range 

"includes the highest musical note that can be hit with accuracy and 

c lar i ty down to the lowest musical note which can be s a t i s f a c t o r i l y 

produced" (p. 30). 

Luchsinger and Arnold <1965) have stressed that the physiological 

range includes all tones that can be reached with e f f o r t . The musical 

range i s narrower because "it contains only those tones suitable for 

a r t i s t i c singing" <p. 133). 

Information on the g i r l ' s vocal range and singing-voice quality by 

noted music education authorit ies will be presented next, followed by 

available research studies. 

Authority Sources According to Luchsinger and Arnold (1965) as g i r l s go 

through puberty, the vocal range i s lowered by about one-third octave. 

The upper limit of the range i s extended by only a few tones. As a 

result "the adult female voice retains about the same frequency range as 

in a chi ld, but with wider dimensions" (p. 134). The authors suggest 

that females exhibit two signs of vocal mutatiom (1) an increase in 

volume and (2) the development of the feminine vocal timbre. They 

describe the quality of the child soprano voice as thin, s i lvery , and 

blank with l i t t l e vibrato. In contrast, the adult female soprano voice 

may be f u l l , strong, radiant, vibrant, and more expressive through more 

vibrato. 

A l i s t i n g of the suggested singing ranges of g i r l s by leading 

music-education authorit ies i s found in Table 2. In one of the ear l i e s t 

sources on the child voice, Behnke and Browne (1885, p. 31) advocated 

that the compass of the singing range of juniors, ages 7 to 10, should 
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be middle C to E"6 (Table 2). For seniors, ages 10 to 13, the range for 

altos should be A below middle C to and for trebles, middle C to F^. 

These ranges applied to both boys and girls. Behnke and Browne also 

advocated that a soft, pure tone should be cultivated from the beginning 

of vocal study when working with the child's singing voice. A rough, 

throaty, and nasal tone should be corrected. They stated that singing 

is not so much a matter of hard blowing as of purity of tone and of 

resonance (p. 27). 

Howard (1923) advised never to have children six or eight years of 

age sing lower than E above middle C or higher than (Table 2). 

Children ages 9 to 11 can sing from middle C or D to G above the staff. 

He stated that from "the age of twelve years on to the period of puberty 

the child-voice is at its best" (p. 76). The compass of the range 

should be middle C to G above the staff. 

Howard described the tones sung in the thick or chest-register as 

being "produced by the full, free vibration of the vocal bands in their 

entire length, breadth and thickness. The tones of the thin or head-

register result from the vibration of the vocal bands along their inner 

edges alone" (pp. 27-28). He concluded that "children up to the age of 

puberty, at least in class or chorus singing should use the head or thin 

register only" (p. 28). If the use of the thin register has been 

adhered to in the lower grades, the singing-tone will be pure and 

brilliant. It will not be difficult "to carry the same voice as low or 

lower than middle C without any perceptible change in tone-quality, and 

G above the staff will be sung with absolute ease" (pp. 76-77). 
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Table 2 

SlLlSL Singing Eanass Suggested hi Music Education Authorities 

Age Low High Authorities 

pre-school 

6-8 yrs 

7 to 10 yrs 

Primary 

Primary & 
intermediate 

With good training 

Middle C 

E1 

Middle C 

Middle C 

Middle C 

\ 
9-11 yrs 

10 to 13 Altos 
10 to 13 Sop 

6th graders 

12-13 Sop 
12-13 Altos 

Jr. High Sop 
Tessitura 

Jr. High Alto 
Tessitura 

Middle C or D1 

Middle C 

B1 
1 

Middle C 

B 1 

Middje C 

M i dd14 C 

Jr. High Sop Middle C 
Jr. High 2nd Sop Middle C 
Jr. High Alto B 

1 

Jr. High Sop 
Jr. High 2nd Sop 
Jr. High Alto 

Jr. High 

A| or Gj 

E 1 Jr. High Sop 
Jr. High 2nd Sop Middle C 
Jr. High Alto Aj 

Ai 

F 2 

E 2 

F 2 or G 2 

D 2 or E 2 

r.2 

D 

,b2 

F 2 or G 2 

° 2 ̂ 2 

Nye & Nye C1970 5 

Howard <1923) 

Behnke & Browne 
(1885) 

Ingram & Rice 
(1962) 

Swanson (1969) 

Howard (1923) 

Behnke & Browne 
(1885) 

Nye & Nye (1970) 

Ingram & Rice 
(1962) 

Mayer & Sacher 
(1963-64) 

Andrews & Leeder 
(1953) 

Rorke (1964) 

Cooper & 
Kuersteiner (1965) 

Beattie, McConathy, 
& Morgan (1930) 
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Howard noted that during vocal mutation nearly all voices show more 

volume on the lower tones and more evidences of strain on the higher 

tones. He suggested that the inflamed condition of the vocal organs is 

manifest by the hoarseness which follows their use and the huskiness of 

the singing tone. He further suggested two principles for good tone-

production for children's singing which are <1) singing softly and <2) a 

restriction of the compass or range of the voice. He stated that 11 if 

pupils sing softly enough, and carry their tones neither too high nor 

too low, always taking into account the grade or average age of the 

class, then the voice will be used only in the thin or head-register, 

and the tones of the thick or chest-register will never be heard" (p. 

47). 

Ingram and Rice (1962) suggested that primary children's singing 

range gradually extends from middle C to F or G in the octave above 

(Table 2). The junior children, grades 4, 5, and 6, should not sing in 

a range that is too low for them, that is, below middle C. Girls in 

grades 7 and 8 going through adolescence may exhibit a loss of ease in 

singing high tones. The authors suggested that this is the earliest 

indication of girls' vocal mutation. "The F, G and even h that had 

always floated out with little effort on her part, suddenly demand a 

great deal of effort" (p. 64). The throat tends to strain and the tones 

sound heavy, breathy, and rough. She should never be permitted to sing 

loudly, but she should be encouraged to sing with a vital tone. 

"Properly supported and properly released, her tones will be firm, 

pleasant, warm, clear, and reasonably breathless" (p. 65). They 

advocated that the 12- or 13-year-old soprano has a comfortable range of 
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middle C to F fifth line. The range for girls with lower voices should 

extend from B*3 below middle C to D fourth line. 

At the intermediate level, according to Swanson (1969, pp. 180-

181), the practical range for all voices in general classroom singing 

should be about the same as that for the primary gradess middle C to D 

or E (Table 2). She noted, however, that with good training children 

are able to sing several tones higher or lower, possibly extending from 

A below middle C to G above the staff. She described quality as a 

variable that is dependent on factors such as experience, available 

vocai examples, and physical structure. She found that within musical 

limits such variation in vocal tone quality is desirable because singing 

should be expressive of many ideas and moods. She stated that we 

"should not always expect children in the primary grades to conform to 

the traditional concept of the child voice—that is high, light, and 

flute like" (p. 175). She further suggested that the teacher should 

promote this quality in certain songs depending upon the mood and 

feeling to be expressed, not because it is the only quality ever heard 

in the chi1d voice. 

According to Myers (1961) the ordinary speaking voice of the 

primary school child is characteristically soft, clear, and high 

pitched. The singing voice should also be of that same quality. She 

described the play voice as being essentially strident, harsh, and 

forced and often the result of necessity and excitement. She stated 

that "should the child's singing voice be projected a great distance, or 

should he become excited while singing, his singing voice will take on 

the undersirable qualities of his play voice" (p. 28). 
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Squire (1952) suggested that the singing of the grade-schooi child 

"shouid be high, soft, and flutelike in its quality" (p. 66). Timmerman 

(1958) stated that "good tone quality is clear, unforced, resonant, free 

from Dreathiness, and capable of being sustained with little effort. It 

is seldom hushed, but never raucous. It is the result of interpretation 

of the mood and meaning of the song" (p. 79). 

Nye and Nye (1970) proposed that pre-school children sing within a 

range of middle C to A second space. By the sixth grade most children 

shouid be able to sing within a compass of below middle C to F, fifth 

line (Table 2). They described the child voice as light in quality as 

well as in volume, "It is also an extremely flexible mechanism" (p. 

264). They stressed that the child voice is capable of expressing many 

moods in song, including sweetly soft and ethereal when singing a 

lullaby or momentarily harsh when singing of evil. 

Children's voices in the early school years according to Dykema and 

Cundiff (1955) should be light and clear, with a vital quality that 

produces a floating, ringing tone. If the class is hushed into soft 

singing, it is likely to produce a breathy, lifeless, unnatural tone. 

Light singing helps the children to gain control of the so-called head 

voice, but it is not adequate for all of the vocal demands of children's 

songs. It lacks the vitality which can be obtained by a mixture of the 

quality of both speaking and singing voices. "The persistent use of the 

head voice alone makes growth impossible" (p. 143). 

Pierce (1959) suggested that at the elementary level most 

children's vocal quality is "light, lacking the color and resonance of 

mature singers" (p. 40). She continued: "voices, as a rule, do not 
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change before junior high school. I f , however, they do, the teacher 

should recognize change and t rea t these voices sensibly" (p. 40). 

Mayer and Sacher (1963-64) indicated that there was a tendency to 

set vocal ranges more narrow than necessary at the junior high level . 

They noted that ranges of a ninth or tenth for soprano or a l to par t s 

proved boring to the students. They s ta ted "most junior high school 

g i r l s have a usable range of at least two oc taves . . . i f they are taught 

to use the i r voices correct ly . . .One of the chief enemies of healthy 

vocal pract ice at any age is fa t igue , and one of the greatest 

contr ibutors to vocal fa t igue i s singing in a very narrow compass—even 

though that compass might appear to be a comfortable t e s s i tu ra for the 

voice" (p. 12). 

The authors recommended an actual range for the junior high soprano 

to be middle C to Bb^ t ^ e t e s s i tu ra being G above middle C to F, 

f i f t h l ine . For the a l to , they suggested Ab below middle C to G above 

the s ta f f as the actual range (Table 2) . The t ess i tu ra should be middle 

C to C, an octave above. 

A recommendation by Andrews and Leeder (1953, pp. 169-170), Rorke 

(1964, p. 6) , and Beat t ie , McConathy, and Morgan (1930, pp. 108-109) i s 

that the range of most junior high f i r s t sopranos i s from middle C to F 

or G above the s ta f f (Table 2) . Second sopranos at the junior high 

level have a singing range from middle C to E, fourth space. Altos 

generally have a lower range reaching to A or G below middle C. 

Cooper and Kuersteiner (1965) s ta ted that at the junior high age 

the vast majority of a l l g i r l s ' singing ranges l ie within one compass of 

B below middle C to F, f i f t h line (Table 2). They fur ther noted that 
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"ear l ie r maturation of g i r l s presents no vocal problems" (p. 15). The 

authors s t a t e that "g i r l s ' voices during t h i s period are inclined to be 

thin and sometimes s h r i l l " (p. 17). They suggested that a l to voices are 

ra re . However, a few have been recognized, usually in physically very 

well developed g i r l s and in g i r l s who have repeated grades and are older 

than the i r classmates. The authors s ta ted that "r icher , thicker vocal 

quality does not necessarily indicate a low voice" (p. 18). 

Sur and Schuller (1966) suggested that vocal quality i s the key 

to proper c l a s s i f i ca t ion of voices. They s ta ted that "soprano voices of 

g i r l s in the junior and senior high school are very much alike" (p. 

116). The senior high school soprano may sing with a s l igh t ly more 

mature qual i ty , but her voice is s t i l l l ight and th in . When more volume 

is needed, they have urged teachers to increase the number of singers 

rather than urging the g i r l s to force the i r voices. 

In addressing the quality of high school adolescent g i r l s ' voices, 

Leeder and Haynie (1958) s ta ted that there was considerable variat ion in 

the quali ty and the range of these voices. They suggested that g i r l s 

with a wider range and l ighter quality may be c l a s s i f i e d as f i r s t 

soprano. Those with a more limited high range and a f u l l e r quali ty in 

the lower part of thei r voices are second sopranos. They described the 

high school a l to as a "low, undeveloped voice, often characterized by a 

velvet quali ty in the lower part of i t s range" (p. 32). 

During vocal mutation the g i r l ' s voice will sound thinner and 

breathier than before mutation according to Alderson (1979), because her 

"vocal bands have outgrown the surrounding muscles and are unable to 

close properly" (p. 238). This condition should clear up as she 
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matures. He suggested that if the girls voice is not thin and breathy, 

it may De low and husky. But, "whether thin and breathy or low and 

husky, the girls voice probably will display inconsistency of quality" 

Cp. 239). 

Wiseman (1967) referred to adolescent huskiness as a condition in 

which voices have "reverted to the smaller effective compass of the 

earliest stages and, though the musical appreciation of the girls has 

been well developed, their physical powers have vocally been diminished" 

(p. 18). He stressed that attention must be focused on economy of 

breath and clarity of tone. 

Vennard (196?) called the incomplete closure of the glottis the 

"mutational chink." He described it as a weakness in the interarytenoid 

muscles with a "triangular opening between the arytenoids during 

phonation, causing breathiness characteristic of immature voices" (p. 

249). He further described the quality of the sound as "that of a clear 

little voice, accompanied by the rustling of 'wild air/ through the 

chink" (p. 63). 

Research Studies Table 3 presents girls' physiological/singing ranges 

as suggested by available research studies. 

Van Oordt and Drost (1963) proposed in their study to differentiate 

the singing range and the physiological range. Subjects in the study 

were 126 children with group A consisting of 45 children ages 0 to 5, 

and group B with 81 students ages 6 to 16 (Table 3). Tape recordings 

were made of the group A children crying while receiving medical 

treatment. According to the researchers, the three most important 

qualities of the voice were determined: (1) lowest tone, (2) highest 
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pure tone, and <3) highest impure tone. The researchers noted that 

there was no guarantee that the sounds produced were the highest and 

lowest tones possible. 

Tabie 3 

£LLLi2l Physiological/Musical Vocal Ranges 

Suggested b£ Research Studies 

Age N Range Author 

0-5 yrs 
6-16 yrs 

8 yrs 
9 yrs 
10 yrs 

45 
81 

27 
18 
23 

10.10-13.3 < 
yrs. 

Music range 

4th grade 9 
5th grade 9 
6th grade 9 

4th grade 

5th grade 
6th grade 

grades 5-8 246 
grades 7-8 

7-17 yrs 

Van Oordt & Drost 
(1963) 

JersiId & Bienstock 
(1934) 

2 1/2 to 3 octaves 
2 1/2 to 3 octaves 
23% more than 3 octaves 

15.2 tones sung 
16.9 tones sung 
16,5 tones sung 

to A 

28 Semitones (2.5 octaves) Coleman & Mott 
(range of 23.75 to 37.00 semitones) (1978) 
19.78 semitones (1.5 octaves) 
(range of 12.47 to 25.07 semitones) 

B1 to G 2 

§1 t o 
F#; to A 2 

Wilson 
(1970) 

13, 14, 13, 12, 12+ Wassum 
(mean number of tones sung) (1974) 
14+, 15, 13, 13+, 13 
16, 18-, 16-, 13, 14 

#1 to E 2 

F
 t to Middle C 

Middle C to High C 
(musical range ) 

Adcock 

(1970) 

Biatt 
(1983) 

Group B subjects, ages 6 to 16, were asked to select an arbitrary 

tone which could easily be sung in the chest register and rise with 

chromatic intervals as high as possible. The authors noted that where 

difficulties were encountered, an audiometer was used to "take the child 
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up" (p. 292). Two voice qualities were measured, highest musical tone 

and highest physiological tone. Students were then instructed to £>egin 

with an arDitrary tone in the chest register and descend chromatically 

until the lowest humming tone was reached. Thus, the lowest musical 

tone and the lowest physiological tone were determined. 

The results of the study suggest that the physiological range for 

the majority of children in group A is 2 1/2 to 3 octaves. Of the 

students in group B, most had ranges the same as group A with 23% having 

a range wider than 3 octaves. The musical range was found to be about 

an octave in 8 year olds and in succeeding years expanding to about 2 

octaves. 

The authors concluded that the physiological range is reached 

within the first years of life and does not increase. The musical range 

develops within the limits of the physiological range and increases 

appreciably with age. They also contend that differences in the amount 

of exercise will result in wide differences in the development of the 

musical voice range in a given age group. The authors suggest that the 

development of the musical range can be affected by the amount of vocal 

exercise. However, in their study, they did not show how this 

conclusion was obtained. Therefore, it would be reasonable to further 

investigate the effect of musical experience and/or training on the 

development of the musical range. 

Jersild and Bienstock (1934) investigated the singing ranges of 407 

children ages 2 to 10 years (Table 3). Each subject was tested 3 times 

on 3 different days. The researcher sounded a tone on the piano or 

xylophone and then sang the tone. The student was asked to reproduce 
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the tone. Scoring was based only on reproductions of tones in the C 

major scale. The criterion was the pitch reproduced, not the quality of 

tone sung. In the extremes of the students range, credit was given if 

the tone was produced even though it might not be sustained for any 

length of time. They found that 27 girls at 8 years of age sang an 

average of 15.2 tones. Eighteen girls at age 9 sang an average of 16.9 

tones, and 23 10-year-old girls sang an average of 16.5 tones extending 

from 6 below middle C to A2, 

Results of the investigation suggest that (1) children achieve the 

ability to sing a wide range of tones at a relatively early age, (2) 

students realize a large portion of their potential pitch range while in 

elementary school, and (3) girls sing a larger number of tones than boys 

do at several age levels including 9 years and 10 years. 

Coleman and Mott (1978) investigated the singing and non-singing 

fundamental frequency and sound pressure level profiles of a group of 

young female singers in order to make a comparison with those of mature 

female singers (Table 3). The subjects were 9 female singers ranging in 

age from 10 years, 10 months to 13 years, 3 months with a mean age of 11 

years, 11 months. Each subject's physiological fundamental frequency 

range was determined by matching the individual's highest sustainable 

tone and lowest sustainable tone with a reference tone generated by a 

sawtooth oscillator. For the musical fundamental frequency range, 

subjects selected an arbitrary tone and ascended and descended 

chromatically to their highest and lowest sustainable pitches 

respectively. The subjects and investigators agreed upon the musical 

acceptability of the sung notes. 



45 

The results of the study showed a group mean physioiogicai 

fundamental frequency range of 28.00 semitones (nearly 2.5 octaves) with 

extremes of 23.75 to 37.00 semitones. The mean musical fundamental 

frequency range was 19.78 semitones (approximately 1.5 octaves) with 

extremes of 12.47 to 25.07 semitones. The researchers concluded that 

the musical range was clearly more restricted and did lie within the 

boundaries of the physiological range. Young singers whose musical 

profiles more closely approximated their physiological profiles were 

judged to be better or more advanced singers. 

Wilson (1970) investigated the child voice from age 6 to age 12 in a 

longitudinal study (Table 3). She wanted to determine if significant 

individual differences existed in the vocal range and development of 

children's voices. Her subjects consisted of 37 girls and 32 boys who 

entered grade one in the 1957-58 school year. She tested the individual 

vocal ranges by having the children select the beginning pitch and 

ascend chromatically on an QQ vowel. The same was done descending 

chromatically on an vowel. The criterion was pitch-matching, not the 

quality of tone. The singing tests consisted of tape recording specific 

songs learned in class. The children sang the songs at their own 

selected pitches. 

Wilson concluded that there are individual differences in both span 

and compass of the vocal range at all grades from 1 to 6. She also 

asserted that there are differences in the rate of vocal development as 

seen in vocal ranges. Differences in mean pitch between boys and girls 

were found for ages 6, 7, 10, and 11. Differences varied from 1.34 

semitones to 2.34 semitones, with boys being consistently lower. 
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Mean pitch ranges for girls were: 

4th grade - B below middle C to G2, 

5th grade - G below middle C to A2. 

6th grade - F# below middle C to A2. 

Wilson further concluded that pitches selected by students as a 

comfortable range are lower than those traditionally recoranended. The 

students chose A# below middle C to A# above middle C as their most 

comfortable singing ranges. The percentage of students matching pitches 

is higher for boys in the lower range and higher for girls in the higher 

range, thereby suggesting that the difference between boys/ and girls' 

voices is a difference in tessitura. 

Wassum (1974) investigated the vocal range of students in grades 1 

through 6 over a 5-year period (Table 3). The sample included 496 

children with 40% being tested once and 8% being tested five times. 

Each child was asked to sing an ascending major scale pattern which was 

Played on tone bells to ascertain the highest terminal pitch. The child 

was then asked to do a similar task using a descending scale pattern. 

Next the child was asked to sing a favorite song, unaccompanied and with 

no suggestion of initial pitch. Judgment of a singing tone was made on 

the basis of actual phonation with a sustained tone on a specific pitch. 

The highest and lowest phonated sounds were considered to be the range 

extremes. 

The mean vocal ranges, that is the number of tones sung for each 

year of the 5-year testing period by sex for fourth-grade girls were 13, 

14, 13, 12, and 12+. For grade 5, the mean ranges for girls were 14+, 

15. 13, 13+, and 13. And for grade 6 girls, the mean ranges were 16, 
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18-, 16-, 13, and 14. Wassum concluded that it is possible to test the 

vocal range of the elementary school child using scale patterns and that 

the vocal range develops as a factor of the growth and maturation 

pattern. She further concluded that there are no significant 

differences in range with regard to sex. 

Adcock (1970) investigated the vocal ranges of middle school 

students, grades 5 through 8 (Table 3). Her purpose was to determine if 

vocal ranges of song materials in school music textbooks were 

appropriate for this age group. Her subjects were made up of 228 boys 

and 246 girls selected from one parochial and one public school. Boys 

and girls were grouped separately for the testing. Each student sang 

the first phrase of the refrain from "Jingle Bells" using the words. A 

Johnson Intonation Trainer accompanied each subject melodically. Girls 

began in C major and boys in A*3 major. They moved up progressively by 

one-half steps until they reached their highest terminal pitch. The 

same procedure was used descending to the lowest terminal pitch. 

Adcock concluded that an overall estimate of girls' vocal ranges 

characteristic of middle school students is G below middle C to E2. She 

found that the mean central pitch for girls in grades 5 through 8 was an 

F or F# above middle C and that the low terminal pitch for girls in 

grades 7 and 8 dropped to F# below middle C. She then concluded that 

(1) narrow vocal ranges occur more frequently within boy populations 

than girl populations, (2) there is a higher incidence of narrow range 

noted within populations where organized singing is either infrequent or 

non-existent, and (3) girls' vocal ranges are generally much lower than 

she had anticipated (p. 59). 
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Adcock noted that the ranges of one group of subjects who had daily 

music instruction were wider than another group of subjects who had 

music instruction twice each week or less. Her study suggested that the 

amount of music instruction and/or music experiences may affect the 

development of the vocal range of the middle school child. 

Blatt (1983) devised a training program for the singing voices of 

children during prepubertal (ages 5 through 11), pubertal (ages 12 and 

13). and adolescent (ages 14 through 17) phases of voice mutation. The 

objective was to see if the program could be used from childhood through 

the period of mutation by both boys and girls without vocal damage 

(Table 3). The study focused on 175 students ages 7 through 16 who 

experienced a training program similar to that used with college-level 

students. Included were materials concerning vocalises, breath support 

exercises, song repertoire, and vocal hygiene. 

Results of the program were demonstrated in videotape recordings of 

the students performing vocalises, folk songs, art songs, or operatic 

arias. The researcher concluded that the voices of boys and girls are 

indistinguishable until the time of voice change in adolescence. He 

further believes the musical voice range for girls (ages 7 to 17) and 

unchanged boys'' voices (ages 7 to 13) to be from middle C to high C, two 

octaves, and identical for each sex. 

In summary, extensive information exists on the 

physiological/singing ranges of children from birth to adolescence. 

Most music education texts have suggested what the authors consider to 

be the most appropriate singing range limitations. Research studies 

indicate that the musical range falls within the physiological range and 
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can be extended somewhat. Studies also suggest that the physiological 

range is dependent on the child's rate of growth and development. There 

are. however, no investigations that allow for the possibility that the 

extension of the vocal range at puberty might be due to the onset of 

menarche, or first menstrual cycle. 

The quality of the girl's voice during late childhood and early 

adolescence has been described by music education texts in many ways, 

including flutei tKe> SlilfilY. Clear> i jqht, floating, ringing, 

thin, shrill, etc. As yet, however, no descriptors have been agreed 

upon by music educators to distinguish and possibly define stages of 

vocal development during the mutation process in girls. Perhaps one of 

the most appropriate means by which to begin to identify girls' voices 

at this time of vocal change is by the degree of breathiness in the 

singing tone. As noted in this section of the related literature on 

singing-voice quality, the amount of breath or breathiness in the 

singing tone has been mentioned repeatedly (Ingram 8, Rice, 1962; 

Timmerman, 1958; Alderson, 1979; Vennard, 1967). 

Studies on the female adolescent voice 

Gackle (1987) proposed to examine the effect of selected vocal 

techniques for breath management, resonation, and vowel unification on 

tone production in the junior high school female voice. Her study 

addressed two main questions: (1) can tone be improved through the use 

of specific vocalises to reduce extraneous breathiness and increase 

vocai line? and (2) can vocal development and more efficient use of the 

female adolescent voice be facilitated through systematic training 

within the choral setting? 
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Subjects for her study were 129 7th-, 8th-, and 9th-grade girls 

enrolled in beginning chorus classes from three junior high schools. 

The student age ranged from 10 years,11 months to 15 years,10 months on 

the pretest measures and from 11 years to 15 years,11 months on the 

posttest measures. The experimental group had 73 students and the 

control group, 56. The treatment for the experimental group consisted 

of "selected vocal exercises for proper management of breath, 

resonation, and unification of the vowel stream for increased connection 

of vocal line" (p. 69), Both groups received a total of 30 hours of 

instruction over a 6-week period with only the experimental group 

receiving the selected vocal exercises. A pretest-posttest design was 

employed. 

During the testing each subject was asked to count backwards from 

10 to obtain a mean speaking pitch. A programmable polyphonic 

synthesizer and an electronic pitch meter were used to determine the 

exact pitch. A second task was to sustain an vowel for 4 to 5 

seconds in chest, middle, and upper registers of the voice. Pitch 

perturbation (fluctuation changes in fundamental frequency, was 

determined using the Visi-Pitch Voice Analyzer interfaced with a 

computer. 

To find the upper terminal pitch each student was asked to start at 

E above middle C and glide on an ah vowel through the upper register, 

sustaining the highest possible pitch. Likewise, starting on G above 

middle C, the student was asked to glide downward, sustaining the lowest 

possible pitch for the lower terminal pitch. These pitches were 

determined using the above-menationed measure for mean speaking pitch. 
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For the phonation duration variable, each student was asked to sustain 

an &ii vowel for as long as possible on a pitch of her choice. This 

process was repeated five times and was timed by a digital stopwatch. 

The fifth variable was a qualitative rating in which judges 

evaluated voice quality and connection of vocal line. Each student was 

requested to sing a series of five-note, descending patterns on an ah 

vowel beginning on G above middle C. They were also instructed to 

ascend as high as possible. Each student additionally sang "America" in 

the key of F major. 

Gackle's results show a significant difference in the mean change 

scores <t = 6.88) in favor of the experimental group for the phonation 

duration variable. The pitch perturbation variable also shows a 

significant difference in mean change scores (t = 3.19) in favor of the 

experimental group. No significant differences are found in mean 

speaking pitch between the experimental and control groups. The mean 

speaking pitch for both groups is close to 220 Hz. No significant 

differences are found in mean change scores of singing range between the 

two groups. 

For the quality and vocal line variable, there were significant 

differences in the mean change scores of the two groups on the total 

performance ratings (t = 1.68) as well as for the vocal line ratings 

(t = 2.12). However, there were no significant differences in the mean 

change scores for the quality variable ratings. 

Gackle recognized that there were inherent problems in her study. 

Among these problems were (1) inadequate length of treatment, <2) 

problems with the students knowing the song "America," (3) inherent 
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subject iv i ty concerning vocal qual i ty , (4) lack of pert inent 

physiological information with regard to menarche, and (5) possible 

judge fa t ique . 

In sp i te of the above mentioned problems, there was s t a t i s t i c a l l y 

s igni f icant improvement on the phonation duration and pitch perturbation 

variables . Therefore, Gackle concluded that " i t may be inferred from 

the marked decrease in pitch perturbation that a more e f f i c i e n t use of 

the voice did occur. The s igni f icant increase in phonation duration 

aiso suggests oe t ter management of the breath" (p. 113). 

Cyrier (1981) proposed to measure the vocal range of the adolescent 

female voice in semitones and to ident i fy any t rans i t ional pi tches 

within that range. In the def in i t ion of terms, she speci f ied that 

terminal pi tches are those pi tches that are the "highest and lowest a 

singer can physically sing before the voice goes into a scream" (p. 5). 

For the def in i t ion of t ransi t ional p i tches , or breaks, she s ta ted that 

they were "tones of the same fundamental frequency, sound level and 

phenomic category which divide the total vocal range into d i f f e ren t 

regis ters" (p. 6). 

Cyr ier ' s subjects were 85 g i r l s ages 10, 11, 12, 13, 14, and 15 who 

responded to a request for volunteers. The tes t for each g i r l ' s singing 

range consisted of singing the syl lable l a on G above middle C and 

descending four semitones. The pat tern was begun again one-half step 

lower and continued unti l the student reached her lowest tone. To 

assess her highest terminal pitch she was instructed to sing l a on G 

above middle C and ascend up four semitones, thus continuing unti l she 

reached her highest p i tch . 



53 

To assess t rans i t ional pi tches , each student was instructed to sing 

an ascending semitone scale to her highest terminal p i tch , breathing 

a f t e r every fu l l octave, or 12th semitone. If the investigator 

determined that a t rans i t ional pitch could not be iden t i f i ed , the vowel 

1A was changed to QQ. Testing was conducted by both the researcher and 

a trained observer. A tape recording was made of al l t e s t ing sessions 

and a projected 80% agreement for r e l i a b i l i t y was reached using 15 

d i f fe ren t r e l i a b i l i t y checks. 

The r e s u l t s of the study were reported as follows: 

(1) Mean terminal pi tches for 10 year old g i r l s , A below middle 

C to F#2. Mean t rans i t ional pi tches, E1 and B1. 

(2) Mean terminal pi tches for 11 year old g i r l s , G below middle 

C to G#2, Mean t rans i t ional pi tches, F below middle C 

and C#2. 

(3) Mean terminal pi tches for 12 year old g i r l s , Gb below 

middle C to Ad. Mean t ransi t ional pi tches , E* and C#2. 

(4) Mean terminal pi tches for 13 year old g i r l s , Gb below 

middle C to G2. Mean t ransi t ional p i tches , G1 and D2. 

(5) Mean terminal pi tches for 14 year old g i r l s , F below middle 

C to B , the widest vocal range found in the study. Mean 

t rans i t ional p i tches , E1 and E2 . 

(6) Mean terminal pi tches for 15 year old g i r l s , G*3 below 

middle C to A2. Mean t ransi t ional pi tches, F1 and D2. 

Cyrier concluded that 10-year-old g i r l s have a considerably more 

narrow range than do 14- and 15-year-old g i r l s . She suggested 

therefore , that the older the g i r l s , the wider the vocal range. She 
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also concluded that the 14-year-old group has the highest transitional 

Pitches, suggesting that transitional pitches may be higher for older 

adolescent girls. 

Cyrier's study is to be commended for the attempt to investigate a 

wide range of age groupings of girls in pre- and early adolescence. Her 

vocai range results can be compared to future studies to provide more 

information on the upper and lower extensions of the girl's singing 

range before, during, and following mutation. It should be noted, 

however, that Cyrier investigated the singing range, not the 

physiological range. An apparent weakness of this study is the 

subjectivity in discerning the limits of the singing range and 

distinguishing upper and lower transitional pitches, 

Maddox (1986) examined a program of remedial training to improve 

pitch singing accuracy of girls 12 to 15 years of age. This training 

program was designed to determine if Improvement of vocai tone quality 

and widening of range through the use of the head voice would in turn 

improve the pitch accurateness of non-singers. Head voice was defined 

as 1 the upper division of the voice in which tones receive the larger 

part of their reinforcement from the resonance cavities in the frontal 

part of the head and the vocal cords form a finer, more controlled 

pattern of vibrations" (p. 5). 

Data from the study included 18 seventh- and eighth-grade girls 

classified as non-singers according to a score of below 50% on a 

screening test. Remedial training consisted of twenty 15-minute lessons 

spread over 8 weeks. The instructional materials used in the study were 

developed by the Investigator and consisted of a "variety of exercises, 
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drills, ana vocalises gathered from a number of books dealing with vocal 

pedagogy" (p. 23). Pitch singing accuracy on the pretest and posttest 

measures were evaluated by three judges who were music specialists. 

The results of the study indicated a significant gain in pitch 

singing accuracy for the total group. The mean pitches sung for the 

group on the pretest measure was 12.22 with a standard deviation of 

8.77. The posttest mean was 33.33 with a standard deviation of 12.22. 

Maddox also found that at the end of remedial training, every subject 

out one was able to sing within a group and achieve a good unison sound 

produced in a head voice. 

Maddox-s study suggested that girls with poor pitch singing 

accuracy going through vocal mutation can experience a systematic 

program of remedial singing instruction. Through this remedial program 

their singing ranges can be somewhat extended. 

Wolverton (1985) investigated the significance and relationships of 

selected characteristics of adolescent singing voices in predicting the 

appropriate classification of these voices. The selected 

characteristics were singing range, register change, and tessitura. 

Definitions given for these selected factors were: 

<1) range, lowest and highest "artistically usuable pitch that 

could be phonated by the subject." 

(2) register change, "the pitch on which a subject changed from 

one primary register to the next while maintaining full 

volume." 

<3) tessitura, "that portion of a subject's vocal range which 
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exhibited the greatest intensity and least muscular tension" 

(p. 24). 

Subjects for the study consisted of 20 boys and 20 giris in the 

11th and 12th grades who were involved in the vocal music programs of 

their school. To test for vocal range each subject sang a descending 

and ascending chromatic scale on the vowel ah. at a mezzo forte dynamic 

level. To test for register change each subject sang an ascending 

chromatic scale. Tessitura was notated by having each student sing 

11 America" in his chosen key. "In this study, tessitura, in all cases, 

encompassed a minor seventh, the range of pitches used by the subject in 

singing the first verse of 'America'" <p. 32). For each test there was 

"mutual concurrence of the subject and actainistrator" <p. 30). All 

testing was recorded and notated on an individual subject profile. 

In an opinion survey on this data, 39 secondary school choral 

directors rated the relative importance of these selected factors— 

range, register change, tessitura, and quality. Through the use of 

stepwise regression, Wolverton found that tessitura and register change 

made significant contributions to the prediction of appropriate voice 

classification for girls, accounting for 77% of the variance. When 

tessitura and register change were analyzed with register rating and 

quality rating, two of the subjective variables rated by the judges, 

only 12% of the variance was unaccounted for. 

Data from this study suggested the following information on the 

selected variables: 

Average range, Soprano~G below middle C to A 2 

Alto—Gb below middle C to G2 
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Average Register Change, Soprano—C above middle C 

Alto—A above middle C 

Average Tessitura, Soprano—E1 to D 2 

Alto—D 1 to C above middle C. 

Two implications of this study are <1) voice classification is a 

predictable process and involves the identifiable factors of range, 

register change, tessitura, and quality, with tessitura being an 

especially important factor for girls, and (2) appropriate voice 

classification of adolescents may involve substantial student input. 

It must be noted that Wolverton examined the singing range, not the 

physiological range. When comparing vocal ranges of various studies, 

this distinction should be kept in mind. His study is a viable project 

in which he has ascertained four specific vocal characteristics that 

have a bearing on the classification of high school adolescent voices. 

If these variables can function to discern voice classifications in late 

adolescence, perhaps they can also function as indicators or classifiers 

of vocal growth at an earlier age. 

In order to obtain much needed information on the voice before and 

during vocal mutation, researchers have Investigated certain 

characteristics of the speaking and singing voice. These 

characteristics include speaking fundamental frequency, pitch 

perturbation, vocal range, phonation duration, singing voice quality, 

transitional pitches, and vocal tessitura. However, due to the 

differences in testing tasks, varying ages of the subjects, and 

different characteristics investigated, there is still a lack of 

adequate information on the possible indicators of voice change in girls 
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in upper childhood and early adolescence. Therefore, it is the intent 

of this researcher to investigate three selected characteristics of the 

girl s voice during pre- and early adolescence in order to ascertain any 

significant changes which may aid in establishing stages of female vocal 

development. These characteristics will be speaking fundamental 

frequency, physiological vocal range, and singing voice quality. 

Student Perceptions 

How students perceive their voices during the mutational process 

has not been systematically addressed by the music education research 

community. Because the students themselves may be experiencing 

inconsistency of the voice in singing and/or speaking, perhaps they can 

be the best indicators of stages of vocal mutation. Perceptions of 

one-s own voice, however, may be quite subjective and difficult to 

measure reliably. If it is possible to gain more information regarding 

the pre- and early female adolescent voice through recognition of own 

perceptions, then these perceptions should be investigated. 

Haskell (1987) states that vocal self-perception may be the center 

of voice production. He defines vocal self-perception as the physical 

and psychological experience of one's own voice. Seif-perception 

"functions as a monitor of the physical aspects of vocal production, and 

reflects an individual's vocal self-identification" (p. 172). 

Gackle (1985) substantiated the notion that girls do perceive and 

can identify sane indicators of vocal change by gathering data on the 

feeling of having a sore throat and voice cracking. 

Wolverton (1985) implied that "appropriate voice classification of 

adolescence may involve substantial student input" (p. 75). The 
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students in the study, in conjunction with the instructor, decided upon 

highest and lowest notes in their ranges, note of register change, and 

tessitura for "America." 

Silverman and Zimmer (1975) investigated the incidence of chronic 

hoarseness among schooi-age children, from kindergarten through grade 8. 

The screening process involved obtaining a sample of conversational 

speech from each child. When hoarseness was detected, each child was 

asked whether his or her voice sounded different from its usual quality. 

His or her teacher was asked the same question. Determination of 

chronic hoarseness was made if both pupil and teacher were in agreement. 

As previously stated, there is very little information on how 

students perceive their own voices as they progress from childhood into 

adolescence. Surely it is time to begin to address this issue of 

student perceptions by gathering information from the girls themselves 

on possible indicators of vocal mutation. These indicators should 

include inconsistency of pitches, extension of the vocal range, 

beginning to sound as an adult, more volume, noticeable strain, 

hoarseness, huskiness, breathiness, and inconsistency of quality. 



CHAPTER III 

RESEARCH METHODOLOGY 

The purpose of this study was to investigate selected femaie 

singing- and speaKing-voice characteristics through comparison of two 

groups of girls. One group of suDjects was pre-menarcheai by 

approximately 6 months, which was at ieast 6 months Defore the 

occurrence of the first menstrual cycle. The second group of subjects 

was post-menarcheal, which was 10 months or more following the 

occurrence of the first menstrual cycle. 

This is a guantnative/qua 11tatlve study in which a comparison of 

three attributes of the voice, (i> speaking fundamental frequency, (2) 

physiological vocal range, and (3) singing-voice quality, were 

investigated for the two groups of girls. A further measure was the 

girls- self-perceptions of their singing and speaking voices. 

The research proDlems were: 

(1) to determine the mean speaking fundamental frequency for ail 

suDjects as measured by conversational speech and a reading passage; 

(2) to determine the highest and lowest pitches of the 

physiological vocal range of ail subjects; 

(3) to assess singing-voice quality according to the degree of 

breathiness in the singing tone of all subjects; 

to obtain indicators of the subjects* self-perceptions of their 

60 
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singing voices in regard to inconsistency of pitches and variability in 

singing voice quality; 

(5) to ODtain indicators of the subjects' self-perceptions of their 

speaKing voices regarding inconsistency of speech production ana 

variaDiiity in speech tone quality; 

(6) To compare measures for speaking fundamental frequency, 

physiological vocal range, singing-voice quality, and self-perceptions 

of singing and speaKing voices Detween the two groups of girls, pre-

menarcneai by 6 months and post-menarcheal by 10 months or more. 

Hypothesis testing was conducted on each of the first 5 research 

questions. The null hypothesis stated there were no significant 

differences Detween the mean of the pre-menarcheal girls and the mean of 

the post-menarcheal girls on (1) speaking fundamental frequency, (2) 

Physiological vocal range, (3) singing-voice quality according to degree 

of breathiness, (4) girls* self-perceptions of singing voices, and (5) 

giris* selr-perceptions of speaking voices. 

Pilot Study 

A pilot study for this project was carried out in order to check 

all research procedures to see if they were appropriate for the research 

questions as well as the ages of the subjects. The pilot study 

consisted of seven girls who were pre-menarcheal and three girls who 

were post-menarcheal. Due to the limited number of subjects in each of 

the two groups, no statistical computations were carried out. Ages and 

number of subjects for each age group are shown in Table 4. 

Testing was conducted at the University of North Texas Speech and 

Hearing Center on the UNT campus. A laryngeal examination was 
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administered by an otolaryngologist. A hearing screening was performed 

ano height and calibrated weight measurements were recorded. Data for 

the height and weight measurements can be found in Appendix B . Subjects 

i. 2, and 3 were post-menarcheal by at least one year. Subjects 4 

through 10 were pre-menarcheai. 

Table 4 

Piiot Stuov Subjects 

Ages 9 10 11 *12 13 **14 
Subjects 

per age group 2 1 2 2 1 2 

* Indicates post-menarcheal for one student 
** Indicates post-menarcheal for two students 

Information on speaking fundamental frequency, physiological vocal 

range, and singing-voice quality was obtained by tape recording the 

suDjects on specific testing tasks in the U N T Speech and Hearing Science 

Laboratory. A Revox B77 reei-to-reel tape recorder with an Electrovoice 

636 microphone and Ampex 406 recording tape were used. Each subject 

stood approximately 1 inch behind the base of the microphone stand. The 

height of the stand was adjusted for each subject to ensure a constant 

microphone-to-mouth distance of 6 inches. The researcher stood in front 

of each subject and gave directions for the testing tasks. A professor 

from the UNT Speech and Hearing Center timed the tasKS where appropriate 

and monitored the tape recording by headphone. 

Two testing tasks determined the fundamental frequency variable, 

ihe first task was to speak in a conversational or spontaneous manner on 

any subject. Topics such as family, friends, pets, and birthdays were 
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suggested. The second task was to read a passage from the Harcourt 

Brace Jovanovich Reading Series one grade level beiow the subject's 

present graae levei. The data for the speaking fundamental frequency 

variaDles were analyzed by the Visi-Pitch 6097 Voice Analyzer, thus 

producing a mean speaking pitch for each of the two measures. Appendix 

B contains an example of the data produced by the Visi-Pitch Voice 

Analyzer. 

In testing for the speaking fundamental frequency, it was found 

that most subjects could carry on spontaneous/conversational speech for 

only aDout 30 to 40 seconds rather than for 1 minute as originally 

planned. Therefore, it was decided to use 30-second time spans for all 

subjects in both conversational speech and in the reading passages. It 

was also found that several of the subjects had terminal pitches which 

were much lower than the acceptable limits for fundamental frequency in 

Hz presented as normative data by Wilson (1987, p. 120). Raw data for 

speaking fundamental frequency are found in Appendix B. 

For the physiological vocal range variable, each subject was tape 

recorded singing an ascending tone on mah. a descending tone on mah. an 

ascending tone on moo, and a descending tone on moo. The researcher 

gave visual cues for high and low in order to encourage the subjects to 

go as high or as iow as vocally possible. The tape recording of this 

task was analyzed by the Visi-Pitch 6097 Voice Analyzer. Raw data 

showing each subject's highest and lowest physiological tones in 

fundamental frequencies on soak and aoe are in Appendix B. 

In the testing for singing voice quality, subjects were asked to 

sing 'America" in the key of their choice. They were then asked to sing 
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it m the key of F Major. The keynote F was sounaeci by the researcher 

on a pitch pipe foilowed dy the researcher humming F above middle C. A 

tape recording was made of this singing task. Most subjects arbitrarily 

chose F Major as their key of choice. Three elementary general 

music/choral teachers volunteered to assess the singing voice quality 

variaDie. The teachers were trained by using a taped recording of 23 

giris of various ages singing "America." The amount of oreathiness was 

the criterion used for the quality assessment. The judges were given a 

3-point interval-ievei scale for their rating according to the degree of 

oreath in the tone: <1) no audible breath or air in the tone; (2) 

limited breath, some air in the tone; and (3) very breathy, excess air 

in the tone. An estimate of the Cronbach Coefficient Alpha was computed 

(Nitko. 1983, p. 396). It provided an estimate of the reliability of 

the three music teachers according to the degree of breathiness heard in 

the singing voices of the 23 girls on the training tape. This estimate 

of reilabi1ity was .79. 

Next, the music teachers rated the singing voice quality of the 10 

giris in the pilot study according to the degree of breathiness in the 

tone. The estimate of the Cronbach Coefficient Alpha as a reliability 

measure of the three music teachers was .83 for the 10 girls singing 

Doth in the key of their choice and in the key of F major. The estimate 

in the assessment of oreathiness for the girls singing in the key of 

their choice was .79. For the key of F major the estimated reliability 

was .88. The singing voice quality assessment rating sheet is in 

Appendix B. The music teachers noted that the song "America" exhibited 

a change in tessitura from chest voice to head voice for several of the 
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girls. The music teachers also expressed interest in the fact that very 

few MUSKY voices I.e., thick, heavy, and not clear, were heard in the 

pilot study. More hoarseness which is a rough or grating quality of 

voice was noted. 

The final measure to be assessed was the girls- perceptions of 

their speaking and singing voices during this time of possible change. 

Previous to the pilot study, this researcher had conducted informal 

interviews with adult female general music, voice, and choir teachers. 

These interviews had suggested that these musicians knew that during 

puberty their own voices had been in a state of transition. Most 

respondents reported higher ranges than their peers and preferred 

descant or solo parts. But, because they generally could read music, 

they often were put on lower parts or were asked to assist at the piano. 

In further interviews with adult women who were not musicians, some 

indicated that as they were going through adolescence they knew their 

voices were changing because, at times, they had a loss of control over 

their voices. Very few had no perceptions of a change. These informal 

interviews tended to suggest that girls recognized their voices dia go 

through a state of change. Often, this period of change was 

characterized by a perception of huskiness or breathiness of the 

speaking and/or singing voice, a temporary loss of vocal control, and 

frequent hoarseness and sore throats in both speaking and singing. 

In the pilot study, each subject was asked questions about her 

voice (Appendix B>. The responses were tape recorded and were limited 

to yes or no and seldom, sometimes, or frequently. Very little 

variability in the information was obtained due to the limited responses 
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ana the iarge number of questions. Therefore, for the main study the 

questionnaire was changed to assess perceptions by seeking to identify 

variability through interval-ievel measurement. Also, the assessment 

was reduced from 20 to 10 questions. The questions were read to each 

subject; each responded on the 5-point interval-level response sheet, 

extending from not very often U ) to very often <5>. The perception 

assessment and the corresponding response sheet which were used in the 

m a m study are in Appendix C. 

Main Study 

Subjects 

The subjects for the main study consisted of a total of 52 girls, 

11 through 15 years of age, from the North Texas geographical area. 

Contact was made with the music teachers of the selected school 

district. These teachers asked for student volunteers at the 

elementary school level from mandatory general music classes and at the 

junior high and/or high school level from elective general music 

classes, band, or choir. Because this study was conducted in the late 

spring and various school/community activities were previously 

scheduled, further subjects from the numerous church choir groups within 

the same geographical area were also volunteers in the study. Due to 

the diversity of the classes from which the subjects volunteered, it was 

to be expected that musical background and experiences might have an 

influence on physiological vocal range, singing voice quality, and self-

perceptions of the singing and/or speaking voice. Therefore, at the 

time of testing, each subject completed a musical background information 

sneet (Appendix A). This form elicited information on the number of 
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years ana months of private musical study, group singing, and group 

instrumentai piaying for each subject. 

The UNT Institutional Review Board on Human Subjects approved this 

stuay and ail appropriate consent and medical history forms are in 

compliance with the Review Board's standards. Furthermore, this study 

and ail consent and medical history forms were approved by the 

participating Texas school district from which the girls volunteered. 

The description of the study as given to the parents, informed consent 

rorms. and medical history forms are in Appendix A. 

The specific variable to be controlled in this study was the onset 

of menarche. The onset of menarche in American females, according to 

Hurlock (1973, p. 21), generally occurs within the age bracket of 12.5 

to 14.5 years. Tanner (1975, p. 520) gives the age span for the onset 

of menarche for Great Britain females to be from 10 to 16.5 years with 

13.1 years the average. For this study, age groupings consisted of 

giris from 11 through 15 years of age. 

Of the total 52 girls tested, 17 were pre-menarcheai by at ieast 6 

months. This information was obtained by the medicai history form 

completed by the subjects* parents or guardian(s) at the time of testing 

which gave the age in years and months of the onset of menstruation for 

each subject (Appendix A). An update 6 months later was made by a 

personal call from the researcher to the parents or guardian(s) in order 

to ascertain if the girls in this group were still pre-menarcheai. 

The second group of 16 subjects were post-menarcheal by 10 months 

or more. The information on the onset of menstruation was derived from 

the above-mentioned medicai history form completed by the parents or 



68 

guaraian(s> previous to testing. Eleven of the 52 girls tested were 

within the time frame of 6 months pre-first menstrual cycle and 10 

months post-first menstrual cycle. Four of the 52 suojects had moved 

from the North Texas area, three were not able to have a laryngeal 

examination, and one had vocal problems as noted by the 

otolaryngologist. Therefore, data from these 19 subjects were excluded 

from further analysis. 

A major criterion for selection of the subjects was that they 

aid not exhibit chronic vocal problems, as were determined (l) by the 

medical history form filled out by the parents or guardian(s), and (2) 

by the otolaryngologist's medical examination during the testing 

process. 

general Procedures 

A personal visit was made to each subject's home by the researcher 

before all testing sessions. The purpose of the visit was to meet the 

girls and their parents and to explain the purpose of the voice research 

in which they would participate. All consent forms and medical history 

forms were filled out. Also, the perceptions assessment was completed 

during this visit. 

The actual testing sessions for this investigation were conducted 

at the Speech and Hearing Center on the University of North Texas campus 

under optimum testing conditions. As each girl arrived, she was given a 

musical background information sheet to complete regarding the number of 

years or months of choir, band and/or private lessons she had had. This 

information was used to help describe any relationships which might 

exist between musical experiences, vocal range, singing quality, and 
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seIt-percept ions. The music background information sheet is in 

Appendix A. 

Every participant in the study underwent a mirror iaryngeai 

examination by a North Texas otolaryngologist either at the testing site 

on the day of testing or in his office within 2 to 4 weeks of the actual 

testing. His examination provided information on the general appearance 

and size of the larynx, movement and approximation of the vocal folds, 

and any abnormality which might be apparent. As noted by the 

otolaryngologist, one subject suffered from vocal nodules. Her family 

was notified or tne problem and a referral was made for voice therapy. 

Data on that subject were excluded from further analysis. Of the total 

number of girls tested, three were not able to have a laryngeal 

examination within the 2 to 4 week time limit. Therefore, their data 

have been excluded from this study. The otolaryngologist's medical 

information sheet is in Appendix A. 

Height and weight measurements were recorded for each subject by 

trained personnel from the UNT Speech and Hearing Center. The scales 

used were official medical scales from the UNT Health Center which were 

calibrated for each testing session. Raw data for height and weight are 

in Appendix C. Next, a hearing screening was performed using the ASHA 

(American Speech-Language-Hearing Association, 1975) screening standards 

in which an audiometric screening for a pure tone and a reference tone 

were conducted for each subject at 1000, 2000, and 3000 Hz. Failure of 

this hearing screening, according to the ASHA standards, meant that the 

aata on that subject would be excluded from further analysis. However, 

aii subjects passed the hearing screening. 
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Testing tor speaicmg fundamental frequency, physiological vocai 

range, ana singing voice quality were carried out in the Speech and 

Hearing Science Laboratory. Each subject stood in a marked area which 

was set approximately l inch behind the base of the microphone stand. 

The height of the stand was adjusted for each subject so that the 

microphone was aimed at the level of the mandible and not the mouth in 

order to avoid excessive air rush and to provide a constant mouth-to-

microphone distance of approximately 6 inches. All testing tasks were 

taped by a Revox 877 reei-to-reel tape recorder coupled with an 

Electrovoice 636 microphone. The tapes used were 7-inch reel/1250 ft. 

(1.5m) Ampex 406 recording tapes. 

The researcher stood in front of each subject and gave instructions 

tor each task (Appendix C). A professor from the UNT Speech and Hearing 

Center monitored by headphone ail taping and, where necessary, timed the 

tasks by stopwatch. Following the taping session, the taped examples of 

fundamental frequency and physiological vocal range were relayed to a 

visi-Pitch 6097 Voice Analyzer interfaced with an IBM Computer and 

Printer. Through the Visi-Pitch Voice Analyzer the fundamental 

frequency of each cycle of the speech input sampled during a 9-second 

timed segment of speaking and reading was stored. These stored 

frequency levels were then calculated, thus giving the average 

fundamental fequency for speech and reading (Baken, 1987; Instruction 

Manual for Visi-Pitch 6097, 1986). The cursor feature on the Visi-Pitch 

also allowed a search of stored information which made it possible to 

measure the exact frequency of any particular phonation. The terminal 
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hi an and low pitches could thereby be identified (Boone, 1988. pp. 100-

102). An example of a Visi-Pitch Voice Analyzer readout is in Appendix 

B. 

Three measures of central tendency used to caicuiate means or 

averages are the arithmetic mean, geometric mean, and the harmonic mean 

(Neter, Wasserman, & Whitmore, pp. 46-49, 56-58, 1978). The geometric 

mean is used to determine the average value of ratios, the harmonic mean 

determines an average rate of change, and the arithmetic mean calculates 

an average of values. There is no information regarding the use of the 

narmonic mean to determine average fundamental frequencies on the Visi-

Pitch Voice Anaiyzer for logarithmic Hz values (Baken, 1987; Boone, 

1988; Hon, 1983; Instruction Manual for Visi-Pitch 6097, 1986). 

Thererore, in this study, the arithmetic mean was used to caicuiate mean 

fundamental frequencies in Hz for speaking pitch and high/low terminal 

pitches. 

Data Col lection ana Analysis 

The first research problem of this study was to determine the 

speaking fundamental frequency for all subjects as measured by 

conversational speech and a reading passage. It should be noted that 

the investigation of the speaking fundamental frequency was within the 

parameters of a clinical testing environment. The extent of the actual 

fundamental frequencies that the subjects, pre- and early adolescent 

females, may use in normal day-to-day activities may not be clearly 

evident in this testing situation. Nevertheless, data on the 

fundamental frequencies collected and analyzed in this study may be 
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compared to other research oue to the similarities in the clinical 

testing procedures. 

Testing for the speaking fundamental frequency consisted of 

conversational speech by the subject for a minimum of 30 seconds as 

timed dy stopwatch. Topics such as family, friends, pets, and birthdays 

were suggested to all suojects during the briefing of the testing 

procedures. A second measure for fundamental frequency was a reading 

passage at the fifth-grade reading ievel from the Harcourt Brace 

Jovanovich Reading Series. Fifth grade was designated as the standard 

reading ievel in the main study because ail subjects were at least in 

the final 6 weeks of the fifth grade. The reading passage consisted of 

approximately 150 syllables, which was more than adequate for a 30-

second reading as shown in the pilot study, and which had been enlarged 

and stapled to a cardboard backing for ease in handling. The topic was 

judged as having a neutral emotive context thereby controlling extensive 

inflection in the voice due to subject matter. The reading passage is 

in Appendix C. 

Following the testing sessions, conversational speech samples were 

relayed to the Visi-Pitch Voice Analyzer for the mean fundamental 

frequencies. The researcher waited 10 seconds as timed by stopwatch 

from the beginning of each subject's initial conversation. The 

following 9 seconds of conversational speech, approximately the middle 

of the taped sample, were relayed to the Visi-Pitch Voice Analyzer from 

the taped recording to determine the mean conversation fundamental 

frequency. For the relay of the reading passage tape recording to the 

Visi-Pitch Voice Anaiyzer. the researcher timed 5 seconds by stop watch 
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from the beginning of each subject's initial reading. The next two 

consecutive 9-secona segments were designated to determine two mean 

reading fundamental frequencies. An average of the two reading 

fundamental frequency means was computed thus giving one mean 

fundamental frequency for each subject for the reading variable. Raw 

data for the fundamental frequency conversation and reading variables 

are in Appendix C. 

The null hypothesis for this research problem stated that there was 

no significant mean difference in fundamental frequencies between pre-

menarcheal girls and post-menarcheai girls. Two independent i-tests 

(Roscoe. i975, pp. 217-219) were used to determine if there were 

significant differences in the mean speaking fundamental frequencies 

between the pre-menarcheal and post-menarcheal girls. The data analyzed 

were the mean fundamental frequency for conversational speech and the 

mean fundamental frequency for a reading passage. 

To determine the highest and lowest pitches of the physiological 

vocai range of ail subjects was the second research problem of this 

study. The physiological vocal range is that frequency range that 

encompases all tones between the highest and lowest sustainable tones 

with no criteria employed to judge quality. It should be noted that the 

extremes of the physiological vocal range may not be aesthetically 

pleasing to the ear, and there is the possibility that the subjects may 

avoid those extremes. Therefore, during the briefing of the testing 

procedures, al1 subjects were instructed to ascend and descend as high 

and as low as possible without regard to the quality of the sounds. 
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To assess the physioiogicai vocal range, each subject was instructed 

to select an arbitrary tone ana ascend chromatically to the highest 

sustainaDie pitch on [Mil and to select an arbitrary tone and ascend 

chromatically to the highest sustainable pitch on moo. To determine the 

iowest terminal pitch, each subject was asked to select an arbitrary 

tone and descend chromatically to the lowest sustainable pitch on aah 

and to select an arbitraty tone and descend chromatically to the lowest 

sustainable pitch on moQ. A breath could be taken at any time. During 

the instructions, the researcher provided a model of the tasks tor each 

subject. 

A second measure to assess the physiological vocal range 

incorporated the same testing tasks: ascend chromatically to the 

highest sustainable pitch on man, ascend chromatically to the highest 

sustainable pitch on m&2, descend chromatically to the lowest 

sustainable pitch on mail, and descend chromatically to the lowest 

sustainable pitch on iSfi- However, on this second task, the researcher 

gave Yisuai cues to all subjects in order to further motivate each one 

to ascend or descend even higher or lower if possible. 

The taped examples of the physiological vocal range were relayed 

from the taped recording to the Visi-Pitch 6097 Voice Analyzer. The 

Visi-Pitch Voice Analyzer has four overlapping frequency ranges which 

can be used to determine the high and low terminal pitches. 

A 50-300 Hz recommended for men and some women's voices 

B 135-535 Hz recommended for women and some adolescent voices 

C 200-760 Hz recommended for children's and adolescent voices 

D 450-1600 Hz recommended for extremely high voices 
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Ali of the high terminal pitches were determined by use of Band D 

for extremely high voices with band C being employed for all of the 

subjects on the lower terminal pitches. As was found in the pilot 

study, many of the subjects exhaled extraneous breath at the ends of the 

hign/low range testing tasks thereDy giving an unreal account of the 

terminal pitches. This excessive rush of air was due to forced 

exhalation, vocal fry, breathy phonation, or sometimes iaughter. With 

the visual screen on the Visi-Pitch, the cursors could be moved to 

identity where the scatter of the excessive air began and the line of 

vocal control ended. Therefore, some subjects have two measures for 

nigh/low terminal pitches in order to describe more carefully the voice 

and its characteristics on physiological vocal range. The terminal 

pitches seen on the visual screen, which were assessed by the researcher 

to be the final notes of vocal control during this testing task, were 

the terminal pitches included in the physiological vocal range data. 

Raw data for the physiological vocal range variable is in Appendix C. 

In order to assess the researcher's training on the Visi-Pitch 

Voice Analyzer, as given by the tending UNT Speech and Hearing 

Professor, a Pearson product moment correlation coefficient (Nitko, 

1983, pp. 76-86) was computed for four of the fundamental frequency 

measures. These four measures were mean conversational fundamental 

frequency, mean reading fundamental frequency, mah-hiah with no visual 

cues, and man~1ow with no visual cues. Four subjects' tape recordings 

were chosen at random from 4 of the 10 different tapes. The 

correlational coefficient was .97. 
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To assess how consistent the researcher was in relaying the tape 

recordings to the Visi-Pitch Voice Analyzer and recording ail 

information, a Pearson product moment correlation coefficient was 

computed for eight different subjects on 8 of the 10 different tapes at 

random. Measures which were correlated were mean conversational 

fundamental frequency, mean reading fundamental frequency, mah-hiah with 

no visual cues, mah-1ow with no visual cues, and moo-1ow with visual 

cues. The correlation coefficient was .97. 

The nuli hypothesis for this research prooiem stated that there was 

no significant mean difference in physiological vocai range between pre-

menarcheal girls and post-menarcheal girls. Eight independent i-tests 

(Roscoe, 1975, pp. 217-219) were used to determine if there were 

significant differences in the physiological vocal range of pre-

menarcheal and post-menarcheal girls. The data analyzed were the means 

for the pre-menarcheal group as compared to the means of the post-

menarcheal group on the fol lowing measures: highest pitch on mail and 

fflfifi, lowest pitch on mah and moo, highest pitch on mah and moo with 

visual cues, and lowest pitch on mah and moo with visual cues. 

The third research problem in this study was to assess singing-

voice quality according to the degree of breathiness in the singing tone 

of all subjects. A tape recording was made of each subject singing the 

first verse of the song "America" in the key of her choice. Each 

suoject was then asKed to sing it again in the Key of F Major with F 

above middle C being sounded on a pitch pipe followed by the researcher 

humming it. A tape recording was made of this task. Words to "America" 
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were typed ana stapled to a cardboard backing for ease in handling and 

made available to each subject. 

Two of the three judges who volunteered for the singing voice 

quality assessment in the pilot study made the assessment in the main 

study. The third judge had been an observer for the pilot study 

assessment and had received the original training. As stated in the 

piiot study, a .79 estimate of the reliability of the three judges by 

use of the Cronoach Coefficient Alpha (Nitko, 1983, p. 396) was obtained 

for the 23 voices on the training tape. A .83 estimate of reliability 

for the three judges was computed for the 10 subjects in the pilot 

study. 

As in the pilot study, the judges were asked to assess the singing-

voice quality according to the breathiness of each subject in the main 

study. They rated each subject twice, once singing "America" in the key 

of her choice and once singing "America" in the key of F major. Ali 

names and ages of the girls were kept from the judges, with the 

researcher having set the tape counter to begin only on the singing 

quality variable. Degree of breathiness was measured using interval-

levei data on a three-point scale: (1) no audible breath or air in the 

tone; (2) limited breath, some air in the tone; and <3) very breathy, 

excess air in the tone. 

Prior to the assessment of the singing voice quality of the 

subjects in the main study, the judges were trained again in an attempt 

to increase the estimate of their reliability. Three training tapes of 

girls- voices, ages 9 to 15, with each of the three measures of 

breathiness clearly heard were used for these sessions. The first tape 
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playea in the training session consisted of 11 girls, mainly fifth 

graders, each singing "America" in the key of her choice. The estimate 

of reliability for the judges was .82. The second tape was made up of 

11 subjects, each singing "America" in the key of her choice. This tape 

recording was not very clear and the judges noted that they had 

difficulty in the assessment. The estimate of reliability was .78. The 

third training tape consisted of 38 girls, each singing "America" in the 

key of her choice. The estimate of reliability for the judges was .93. 

Having established a higher reliability than on the pilot study and 

having decided that the reliability was high enough to assure mter-

judge consistency, the judges rated the subjects in the main study on 

the degree of breathiness heard in the tone. Their overall estimate of 

reliability according to the Cronbach Coefficient Alpha (Nitko, 1983, p. 

396) was .88 for the subjects in the main study. The estimate of 

reliability for the subjects singing in the key of their choice was .82. 

For the subjects singing in the key of F major the estimate of 

reiiabi1i tv was .95. 

The null hypothesis for this problem stated that there was no 

significant mean difference in singing-voice quality between pre-

menarcheal girls and post-menarcheal girls. Data analysis for the 

singing-voice quality variable consisted of a comparison of the mean of 

the pre-menarcheal group to the mean of the post-menarcheal group 

through independent i-tests (Roscoe, 1975, pp. 217-219) on the degree of 

Dreathiness for 'America" in the key of choice and the degree of 

breathiness for "America" in the key of F major. Data for the group 

means on the vocai quality assessment variable are in Appendix C. 
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The fourth research proDlem was to obtain indicators of the 

suojects' seif-perceptions of their singing voices in regard to 

inconsistency of pitches and variability in singing-voice quality. The 

fifth proolem was to obtain indicators of the subjects' self-perceptions 

of their speaxing voices in regard to inconsistency of speech production 

and variability in speech-tone quality. 

Data on girls' self-perceptions of their singing and speaking 

voices were obtained within two weeks of the testing session. The 

researcher visited with each girl at her home. A time of conversation 

preceeoed the assessment in order to help the individual relax and to 

answer any questions she or her parents may have had. The mterval-

level response sheet was discussed; and it was explained how to mark 

eacn answer, using a range of (1) not very often to <5) very often. 

Then, each question of the perceptions assessment (Appendix C) was read 

to tne subject. The subject circled the appropriate number on the 

interval-level scaie on the response sheet (Appendix C). The subject 

was then asked to look over the questions and make changes on her 

response sheet if she so desired. 

A second means of assessing each subject's self-perception of her 

speaking and singing voice was a taped conversation with the researcher. 

Approximately 4 to 6 weexs following the testing session, the researcher 

visited in each girl's home again. To begin the conversation each 

subject was asked about her feelings regarding the testing procedures. 

Other conversational topics were subjects' family members that the 

researcher had met, favorite pets, and school. Once she was relaxed and 

was speaking freely, a small tape player was turned on to record the 
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conversation regarding the voice. Very few girls appeared to be 

bothered by the recording. The general questions which were used as 

aids to elicit information and to cover all material is in Appendix C. 

All tape recordings of the qualitative measure have Deen transcribed and 

will De kept confidential. 

The null hypothesis for the fourth research proolem stated that 

there was no significant difference in the means of self-perceptions of 

singing voices between pre-menarcheal girls and post-menarcheal girls. 

The null hypothesis for the fifth research problem stated that there was 

no significant difference in the means of self-perceptions of speaking 

voices between pre-menarcheal girls and post-menarcheai girls. 

Data analysis for the perceptions research problems employed 

independent i-tests for each question of the perceptions assessment 

(Roscoe, 1975, pp. 217-219). A comparison was made between the pre-

menarcheal girls* self-perceptions of their singing and speaking voices 

and post-menarcheal girls* self~perceptions of their singing ana 

speaKing voices through the rating scale. The information gained 

through the conversations was utilized to describe qualitatively the 

corranonallties and differences between the pre- and post-menarcheal 

groups. In order to account for significant mean differences shown by 

the independent t.-tests, an analysis of covariance was computed to 

remove the influence of (1) private music lessons, (2) choir, and (3) 

band. A general linear model multiple regression procedure was used to 

indicate significant mean adjustments and the percentages of variability 

accounted for by the covariants. 
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The sixth ana final research problem was to compare measures for 

fundamental frequency, physiological vocal range, singing-voice quaiity, 

ana self-perceptions of singing and speaking voices between the two 

groups of subjects. This comparison was done qualitatively since 

funaamental frequency, physiological vocal range, singing-voice quality, 

ana self-perceptions of singing and speaking voices contained data of 

different measurement levels and characteristics. 



CHAPTER IV 

RESULTS 

The purpose of this stuay was to investigate speaking fundamental 

frequency, physiological vocal range, singing-voice quality, and self-

perceptions of singing and speaking voices of two groups of pre- and 

eariy aaoieeeent girls. The first group consisted of 17 girls ages 11 

through 15 years of age with a mean age of 11 years, 8 months. These 

girls were pre-menarcheai by at least 6 months, that is, at least 6 

months Before the onset of the first menstrual cycle. This was 

determined by a medical information form filled out at the time of 

testing and a conversation with the parents 6 months after the testing 

session. The second group had 16 girls, ages 11 through 15 years of age 

with a mean age of 14 years, 2 months. These girls were post-

menarcheal, that is, 10 months or more following the onset of the first 

menstrual cycle. The time span for the girls from the onset of the 

first menstrual cycle ranged from 10 months to 3 years 5 months. The 

mean post-menarcheal time for this group of girls from the date of 

testing was 1 year, 7 months. 

Each subject was tape-recorded on specific vocal tasks to determine 

speaking fundamental frequency, physiological vocal range, and singing-

voice quality. These tape-recordings were relayed to a Visi-Pitch 6097 

Voice Analyzer to give the fundamental frequency in Hertz (Hz) for 

speaking pitch and physiological vocal range. The tape recordings for 

82 
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singing-voice quali ty were rated by three general music/choir teachers 

according to the degree of breathiness heard in each g i r l ' s singing 

voice. Data on the the g i r l s ' se l f -percept ions of thei r singing and 

speaking voices were oDtained using questions and an interval- level 

response sheet . This was followed later by a tape recorded conversation 

with each gir l regarding her voice. 

Data analysis for th i s study is presented in the following order? 

( ! ) description of the subjects , (2) speaking fundamental frequency, (3) 

Physiological vocal range, (4) singing-voice qual i ty , (5) s e l f -

perceptions of singing voices, and (6) se l f -percept ions of speaking 

voices. 

Descriptive Data 

Two measures, height and weight, were recorded for each subject at 

the time of t e s t ing . Table 5 gives the means, standard deviations and 

the s ignif icance as computed between the means of the two groups of 

g i r l s on height and weight. 

Table 5 

Height and Weight - Independent T-Tests 

Group N Mean SD t p 

Height (variances are equal - F'=1.31, DF=16,15, Prot»F'=.61> 
Pre-menarcheai 17 59,34 2.74 
Post-menarcheal 16 64.00 2.40 5.18 .001 * 

Weight (variances are equal - F'«1.31, DF=16,15, Prob>F'=.82) 
Pre-menarcheal 17 89.06 16.03 

Post-menarcheal 16 126.19 15.10 6.84 .001 * 

NOTE: 31 df , p<.05, t=2.03 ~ 
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A Hartley F Max test was used to determine if the variances of the two 

groups were equai. As can be seen from Table 5, the group variances 

were equai; thus, an independent 1-test for two independent groups was 

computed using the SAS/PC program (SAS/STAT User's Guide, 1988). The 

tabied i. value was 2.03 with 31 degrees of freedom for a 2-tailed test 

at the .05 probability level. The results suggest that there was a 

significant difference between the pre-menarcheal and post-menarcheal 

groups of giris on the two measures of height (t=5.i8> and weight 

(t=6.84). Therefore, the null hypothesis was rejected and the 

alternative hypothesis accepted; there were significant differences in 

height and weight oetween the means of the pre-menarcheal and post-

menarcheal girls. 

Either on the day of testing or within the 2 to 4 week time frame 

following testing, each subject underwent a mirror laryngeal examination 

by a practicing Otolaryngologist (Appendix A), The purpose of the 

examination was to provide information on the general appearance and 

size of the larynx, movement and approximation of the vocal folds, and 

note any abnormality which might be apparent. Of the 17 girls in the 

pre-menarcheal group, the otolaryngologist found that 4 girls had 

incomplete approximation or closure of the posterior vocal folds. In 

the post-menarcheal group of 16 girls, 7 were diagnosed to have 

incomplete approximation or closure of the posterior vocal folds. 

At the time of testing, each subject completed a musical background 

information sheet (Appendix A). This form elicited information on the 

number of years and months of private musical study, group singing, and 

group instrumental playing for each subject. The means and standard 



85 

deviations for the two groups of girls, pre-menarcheal and post-

menarcheal, for musical background and experiences are listed in 

Table 6. 

Table 6 

Muscat BacKaround 

Group N Mean SD 

pre-menarcheal 17 years/months years/months 
private lessons 2.35 2.72 
choir 2.06 2.14 
Dand i .29 2.05 

post-menarcheal 16 
private lessons 3.28 4.80 
choir 3.54 3.52 
band 1.00 1.46 

As indicated by the means in Table 6, both groups of girls had more 

private study ana years in choir than years in band. Also, the post-

menarcheal girls* means were higher on private lessons and choir than 

the pre-menarcheal girls, but lower on band. The standard deviations of 

the post-menarcheal girls showed greater variation on private lessons 

and choir than did the standard deviations of the pre-menarcheal girls. 

Speaking Fundamental Frequency 

The first research problem was to determine the speaking 

fundamental frequency for all subjects as measured by conversational 

speech and a reacting passage. Table 7 shows the results of the 

independent i-tests on the speaking fundamental frequency measure. Two 

measures were analyzed using the group mean of the 17 pre-menarcheal 
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girls compared to the group mean of the 16 post-menarchea1 girls. The 

measures were mean fundamental frequency for conversation and mean 

fundamental frequency for the reading passage, h Hartley F Max test was 

used to determine if the variances of both groups were equal. They were 

equal on all four measures (Table 7). Therefore, an independent £-test 

was computed using the SAS/PC program. 

Table 7 

SpeaKinq Fundamental Frequency - independent T-Tests 

Croup N Mean SD t p 

Conversation (equal variances - F'=1.40, DF 16,15, Prob>F"=.52) 
pre-menarcheal 17 218.34 18.99 
post-menarchea1 16 206.28 16.06 1.96 .06 

Reading (equal variances - F/=2.10, DF 16,15, Prob>F'=.l6) 
pre-menarcheal 17 223.22 22.07 
post-menarchea1 16 214.77 15.24 1.27 .21 

NOTE: 31 df, p<.05, t=2.03 

The tabled £ value was 2.03 for 31 degrees of freedom for a 2-tailed 

test at the .05 probability level. Therefore, the results suggest that 

there were no significant differences on conversational fundamental 

frequency (t=1.96), or reading fundamental frequency (t=l.27> between 

the means of the two groups. The null hypothesis was retained. 

Physiological Vocal Range 

The second research problem was to determine the highest and lowest 

pitches of the physiological vocal range of all subjects (Table 8). 
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Tabie 8 

Physiological Vocai Range - indeDend^nt T-Tests 

Group N Mean SD t P 

mail high (unequal variances - F'»3.63, DF 16,15, Prob>F/ = .02) 
pre-menarcheal 17 722.09 284.24 

= .02) 

post-menarcheal 16 690.00 149.26 
• 40 .69 

oah low (equal variances - F/=2.33, DF 16,15, Prob>F/ = .ii) 
pre-menarcheal 17 199.98 55.10 

= .ii) 

post-menarcheal 16 181.21 36.12 1. 15 .30 

032Q nigh (unequal variances - F/=3.46, DF 16,15, Prob>F/ = .02) 
pre-menarcheal 17 711.84 229.15 

= .02) 

post-menarcheal 16 600.83 123.19 1. 71 .10 

rnoQ low (equal variances - F/=l.07, DF 16,15, Prob>F'' = .88) 
pre-menarcheai 17 199.79 34.53 

= .88) 

post-menarcheal 16 186.22 35.75 1. 11 .28 

m t high/vlsuai cues (equal variances F'=1.74, DF 16,15, Prob>F'=.28) 
pre-menarcheal 17 822.62 269.89 
post-menarcheal 16 838.27 356.30 .14 .89 

!Mh low/visual cues (equal variances F'=1.37, DF 16,15, Prob>F'= 54) 
pre-menarcheal 17 178.33 36.06 
post-raenarcheai 16 178.30 42.20 .003 .99 

aiQQ high/visual cues (equal variances F^l.73, DF 16,15, Prob>F'=.29) 
pre-menarcheal 17 878.34 257.00 
post-menarcheal 16 825.27 338.22 .51 .61 

SQQ low/visual cues (equal variances F^l.15, DF 16,15, Prot^F^.78) 
pre-menarcheal 17 185.78 36.28 
post-menarcheal 16 178.88 38.89 .53 .60 

NOTE: 31 ctf, p<.05, t=2.03 ~ 

The means of the two groups of girls, pre-menarcheal and post-

menarcheal , were compared on each of 8 measures: mak high, mah. low, iqqq 

high, niQSl low, mail high with gestures, mah low with gestures, moo high 

with gestures, and niQfi low with gestures. A Hartley F Max test was run 

on each measure to determine if the variances were equal. As Table 8 
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snows, the variances were equal between the two groups on all but 2 of 

the 8 measures, which was not in violation of the assumptions underlying 

the t test (Boneau, pp. 49-64, 1960; Glass, Peckham, & Sanders, pp. 237-

288. 1972). Therefore, independent i.-tests were computed using the 

SAS/PC program. 

The results of the i.-tests suggest that there were no significant 

differences between the means of the two groups of girls, pre-menarcheal 

and post-menarcheai, on the 8 measures of physiological vocal range. 

Therefore, the null hypothesis was retained at the .05 probability 

1 evel. 

Singing-Voice Quality 

The thira research problem was to assess singing-voice quality 

according to the degree of breathiness in the singing tone of each 

subject. Tabie 9 reports the means, standard deviations, and the 

results of the Independent i.~tests for this measure. 

Table 9 

ginqtnq-VCMCfi Qua!itv - independent T-Tests 

Group N Mean SD t P 

Key of Choice (equal variances - F' =1.70, DF 16,15, Prob>F/=. 31) 
pre-menarcheal 17 2.05 .61 

Prob>F/=. 31) 

post-menarcheai 16 2.29 .47 1.22 .23 

Key of F Major (equal variances - F'' =1.67, DF 16,15, Prob>F'=. 33) 
pre-menarcheal 17 2.36 .56 

16,15, 33) 

post-menarcheai 16 2.63 .43 1.56 .13 

Means for the two groups of girls, pre-menarcheal and post-

menarcneai, were computed. As seen in Table 9, a Hartley F Max test was 
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run to determine if the variances of the two groups were equal. Since 

the variances showed to De equal, independent i-tests were computed 

using the SAS/PC program. The results of the data analysis suggest that 

there were no significant differences in degree of breathiness of the 

two groups of girls, pre-menarcheal and post-menarcheal, singing 

"America" in the key of choice (t=i.22> or in the key of F major 

(t=1.56). Therefore, the nuli hypothesis was retained. 

Self-Perceptions of Singing and Speaking Voices 

The fourth research problem was to oDtain indicators of suDjects' 

self-perceptions of their singing voices in regard to inconsistency of 

pitches and variability in singing-voice quality. Two measures were 

used to obtain this information on girls' self-perceptions of their 

singing voices. The first was a perceptions assessment with an 

interval-ievei response sheet and the second was a taped conversation 

with each subject. 

Singing Voice 

As seen in Table 10, there were five questions regarding the 

singing voice. A mean on each question for the pre-menarcheal girls was 

computed, as was the mean on each question for the post-menarcheal 

girls. As noted in Tables 10 and 12, a Hartley F Max test was used to 

determine if the variances of both groups, pre-menarcheal and post-

menarcheal, were equal on the self-perceptions questions. The variances 

were equal on all out 3 of the 10 questions, which was not in violation 

of the assumptions underlying the i test (Boneau, 1960; Glass, Peckham, 
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& Sanders, 1972). Therefore, independent i-tests were computed using 

the SAS/PC program. 

Table 10 

Self-Perceptions. Singing Voice - Independent. T-Tests 

^roup N Mean SD t p 

(1) How often do you experience times when some of your singing tones 
do not sound? 

(unequal variances - F'=4.52, DF 16,15, Prob.F'=,005) 
pre-menarcheai l? 1.41 ,62 
post-menarcheai 16 2.44 1.31 2.90 .01 * 

(2) How often does your throat Decome sore when you sing? 
(equal variances - F/=2.56, DF 16,15, Prob>F"=.38) 

pre-menarcheal 17 1.65 .70 
post-menarcheai 16 1.94 1 .12 .90 .38 

(3) How often do you thinK your singing voice sounds husky or breathy? 
(equal variances - F'=1.26, DF 16,15, Prob>F'=.67) 

pre-menarcheai 17 2,12 .99 
post-menarcheai 16 2.12 .88 .02 .98 

(4) How often do you think your singing voice sounds like an adult 
femaie voice? 

(equal variances - F'=2.32, DF 16,15, Prob>F"=.ll 
pre-menarcheal 17 2.65 1.27 
post-menarcheai 16 3.19 .83 1 .43 .16 

(5) How often do you think your singing voice dies not sound very 
strong ana/or loud? 

(equal variances - F'=1.81, DF 16,15, Prob>F'=.25) 
pre-menarcheai 17 2.82 .81 
post-menarcheai 16 2.62 1.09 .60 .55 

NOTE: 31 df, p<.05, t=2.03 ~ ~ ~ 

The first question of the perceptions assessment on the singing 

voice elicited a significant difference between the means of the pre-

menarcheai ana post-menarcheai giris. Therefore, on question one, the 

null hypothesis was rejected and the alternative hypothesis was accepted 

at the .05 probability level. Tabie 11 reports the analysis of 
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covariance proceaure which was computed on the first question of the 

perceptions assessment regarding singing voice. 

Table 11 

Analysis oi Covariance. - Singing Voice - Question ti 

Source DF SS r2 ~ ~ 

(1) How often do you experience times when some of your singing tones 
do not sound? 

group differences 1 8.72 21% 9.71 .004 * 
private lessons i 6.38 16% 7.11 .01 * 
choir l 2.04 2.27 .14 
band i >89 • .99 33 
error 28 25.13 

total 32 40.73 ~ 

NOTE: F=2. 71, p<.05, R 2
 = 3 8 % ~ 

Private music lessons, participation in choir, and participation in 

Dand were the three covariates which were accounted for. For the fourth 

source of variability, the difference between the two groups according 

to menarche was significant (F=9.71, p>.004). The group difference due 

to menarche accounted for 21% of the explained variance. The covariate, 

private music lessons, (F=7.U, p>.01) comprised 16% of the variance 

accounted for. Total explained variance was 38% <R2p). The next four 

questions of the perceptions assessment on the singing voice were found 

to be nonsignificant. Therefore, the null hypothesis was retained for 

these questions. 

§P?aKing Voice 

Table 12 reports the fifth research problem regarding self-

percept ions of speaking voices. Answers to those questions were 

interpreted as indicators of subjects' self-perceptions of their 
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speaking voices regarding inconsistency of speech production and 

variability in speech tone quality. Independent i-t.ests were computed 

to compare the means of the 2 groups of girls. 

Table 12 

Seit-Pergeptions, SPMKinq Voice - independent T-Tests 

Group N Mean SD t p 

u ; How often does your speaking voice break, crack, or suddenly stop 
when you speak? 

(equal variances - F'=2.34, DF 16,15, Prob>F'=.10) 
pre-menarcneai 17 i.29 .47 
post-menarcheal 16 1.62 .72 1.57 .13 

(2) How often does your throat become sore when you speak? 
(unequal variances - F'=3.31, DF 16,15, Prob>F'=.02) 

pre-menarcheal 17 1.41 .62 
post-menarcheai 16 1.75 1.12 1.08 .29 

(3) How often 00 you experience times when some of your speaking tones 
00 not sound? 

(equal variances - F'=2.07, DF 16,15, Prob>F'=.16) 
pre-menarcheal 17 1.23 .44 
post-menarcheal 16 1.56 .63 1.74 .09 

(4) How often do you experience your speaking voice sounding different 
throughout the day? 

(equal variances - F'=1.54, DF 16,15, Pro^F^.40) 
pre-menarcheal 17 1.82 .95 
post-menarcheal 16 3.06 1.18 3.33 .002 * 

(5) How often do you think your voice does not sound very strong 
and/or i oud? 

(equal variances - F'=l.ll, DF 16,15, Prob>F/=.84) 
pre-menarcheal 17 2.53 .94 

post-menarcheal 16 2.50 .89 .09 .92 

NOTE: 31 df, p<.05, t=2.03 

The computations for question 4 suggest a significant difference 

between the two groups at the .05 probability level. Table 13 reports 

the results of the analysis of covariance computed for the fourth 

question of the seif-perception assessment regarding speaking voice. A 
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general linear model multiple regression procedure was used to remove 

the influence of three covariates. They were (1) private music iessons, 

(2) choir, and (3) band. 

Tabie 13 

fii Cpvanang? - Speakina Voice - Question M 

Source DF SS R 2 ^ p 

(4) How often do you experience your speaking voice sounding different 
throughout the day? 

group differences i 14.60 30% 13.60 .001 * 
private iessons l 4.39 7% 4.08 05 * 
c h o i r * -27 .25 .62 
D a n a i 3.72 3.47 .07 
error 28 30.06 

totai 32 48.06 ~ 

NOTE: F=4.i9, p<.05, £^=37% ~ 

ror the fourth source of variability, the difference between the two 

groups according to menarche, showed statistical significance (F=13.60, 

p>.001). This difference in pre- and post-menarche accounted for 30% of 

the total explained variance. Private music lessons accounted for 7% of 

the explained variance. The calculations for the four remaining 

questions on self-perceptions of the speaking voice yielded no 

significant differences between the means of the two groups at the .05 

probability level. Therefore, the null hypothesis was retained for 

questions i, 2, 3, & 5. 

Qualitative Self-Perceptions of Singing and Speaking Voices 

The purpose of the qualitative analysis of the subjects- self-

perceptions was to see if pre-menarcheal girls and post-menarcheal girls 

could recognize or identify possible indicators, symptoms, or 
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characteristics of voice change at adolescence. Two major areas, 

singing voice and speaKing voice, were addressed during the 

conversations with each girl. Throughout the conversations, most of the 

pre-menarchea1 girls and many of the post-menarcheal girls had 

difficulty discussing aspects of their voices which were major topics 

for this study. Many did not have an adequate vocabulary to discuss how 

their voices sounded to them. Typical responses were "what do you 

mean?" "I don't Know"", "I guess", and "sometimes". Therefore, probing 

with direct questions and giving suggestions for descriptive terms were 

used throughout the conversations. Information from the conversations 

are presented according to the major topics within the two areas, 

singing voice and speaking voice. 

Singing Voice 

£0£S mi£ miss, ever Stop When m i acs 3inainq? Table 14 shows the 

number of girls in each group who had experienced inconsistencies of the 

voice during singing. 

Table 14 

inconsistency of the Singing Voice 

Attributed to 
Group No Fatigue Breath High Notes 

pre-menarchea1 12 0 2 3 
post-menarcheal 7 4 5 5 

The majority of the girls in the pre-menarchea1 group had not 

experienced any inconsistency of the singing voice. Those who had some 
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inconsistencies attributed it to running out of breath, singing very 

high notes, and having a coid. The girls in the post-menarcheai group 

responded more readily than those in the pre-raenarcheal group. More 

than half had experienced times when their singing voices stopped. Most 

said it was more apparent when they were tired, were singing very high 

or very low notes, ran out of breath, or had a sore throat. 

As can be seen in Table 14, there was a difference in the pre-

menarcheai and the post-menarcheal girls' experiences of the voice 

stopping during singing. Very few of the pre-menarcheai girls had 

experienced singing inconsistencies, and over half of the post-

menarcheal girls had recognized them in their own singing voices. 

HQ m S1SL gei a gore throat from Singing? Discussion during the 

conversations touched on the possibility of getting a sore throat from 

singing. Tabie 15 shows how the girls responded. 

Table 15 

Sore Throat E i m singing 

Group No Sometimes 
Attributed 

Loud 
to 

Low 
singing too 

Long 

pre-menarcheal 
post-menarcheal 

12 
11 

4 
0 

2 
2 

0 
1 

0 
2 

There was no appreciable difference in the pre-menarcheal girls and 

the post-menarcheal girls on having a sore throat from singing. 

However, the post-menarcheai girls were able to discuss the possible 

causes much better than the pre-menarcheal girls. 
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Do you Prefer nigfr o£ lew notes when singing? Table 16 reports the 

preferences for high and iow notes and gives some descriptors used by 

tne post-menarcheal girls. 

Table 16 

Preferences iQ£ High/Low Notes 

Group High Notes Middle Notes Low Notes 

pre-menarcheal n 5 1 
post-menarcheal 8 1 7 

takes more work to get the lower ones; 
lower notes get real "airy" and "no longer reach"; 
lower notes sound "like a sick tone"; 
lower notes put less stress on the voice. 

As seen in Table 16, most of the pre-menarcheal girls preferred the 

high notes over the lower notes. In general they felt the low notes 

were not as easy to sing or as fun to sing as the high notes. The post-

menarcheal gins were split between the high and the low notes with 

eight preferring high and seven preferring low. The post-menarcheal 

girls also provided descriptors for both high and low preferences. 

£an m i flesgnce I M sound o£ your sinaina voice? Most of the girls in 

both the pre-menarcheal and the post-menarcheal groups had a very 

difficult time describing and/or discussing the sound of their singing 

voices. They mentioned high/low, loud/soft, and quality measures such 

as "good", "okay", and "normal". Conversational probing produced 

limited results. Therefore, suggestions such as "breathy", "squeaky", 

"shrill", "hoarse", "husky", "little girl's voice", and "lady's voice" 

were given to help elicit more information. Table 1? shows the general 
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responses of the girls for most of the descriptors used. It also gives 

more specific terms some of the girls used to describe their voices. 

Table 17 

Singing Voice Descriptors 

Little 
G r o u P Breathy Squeaky Husky Girl Middle Lady 

pre-menarcheal 6 2 0 6 5 6 
post-menarcheal 7 0 1 4 6 6 

Kina of airy; kind of clear; had static; ragged; 

something like a little girl going into a lady's voice. 

Most of the girls had difficulty describing their voices because 

either they had not listened to themselves or they did not know how to 

describe what they heard. Once again, the post-menarcheal group 

provided more descriptors and could converse on this topic better than 

the pre-menarcheal group. 

fiQ iLQii lilSfi m i L Singing voice ana does JLi sound 1 ike your friend-

9 m g m g VQtces? Table 18 shows the responses of the girls for liking or 

not liking their singing voices and their feelings on how their singing 

voices compared to their friends' singing voices. Once again, both 

groups were very similar in their discussions. The majority of both the 

pre-menarcheal girls and the post-menarcheal girls did like their 

singing voices. Discussion regarding the similarities and differences 

of singing voices with those of their friends for the pre-menarcheal 

group tended to center around the differences in high/low pitches and 

loud/soft singing. None of the pre-menarcheal girls could describe 

similarities. In the post-menarcheai group discussion tended toward 
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differences in high/low pitches and quality in distinguishing mature 

voices from undeveloped ones. 

Table 18 

U M 'iSUL Sinqinq Yaissl - Sound Li&s. Others- Sinaina Voices? 

Like Your Voice? Sound Like Others? 
Group No Yes Kind of No Yes Kind of 

pre-menarcheal 2 10 5 5 6 5 

"cause it's mine,1' "I'm happy with it," "I guess it's okay," 
"it's pretty," "it's not off-tune or anything." 

post-menarcheai 2 11 3 6 7 3 

"it's kind of not really different," "it's just okay," 
"it sounds terrible." 

SpeaKina Voice 

fioes rnc rni£S. gver Sim Hosn mi 3££ speakina? Table 19 show the 

number of girls in each group who had experienced stopping of the voice 

during speaking. 

Table 19 

Voice StOPS Purina Speaking 

Group 
Attributed to 

Group No Sometimes Fatigue Cold Talking too fast 

pre-menarcheai 12 5 1 2 2 
post-menarcheal 11 5 3 0 1 

As seen in Table 19, the majority of the girls in both the 

pre-menarcheal and the post-menarcheal group did not experience a 

stopping of the voice during speaking. 
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Cml m i qegcnPe Ua£ sound Qf your speaking voice? As was the case in 

the description of the singing voice, both the pre-menarcheal giris and 

the post-menarcheal girls had difficulty describing the sound of their 

speaking voices. Several said "I don't know". Therefore, suggestions 

such as "high-pitched", "low-pitched", "squeaky", "breathy", "hoarse", 

"husky", "little girl's voice", and "lady's voice" were given to help 

elicit more information. Table 20 shows the responses of the girls on 

the most frequently used descriptors. It also gives some of the girls' 

terms they used to describe their speaking voices. 

Table 20 

Speaking Voice Descriptors 

Group 
Range Little 

Group Low Soft Squeaky H i gh/ Low Girl Between Lady 

pre-menarcheal 3 5 2 0 8 6 3 
post-menarcheal 0 0 0 6 3 6 7 

In discussing if their speaking voices sounded more like a littie 

girl's voice or a iadys voice, there tended to be a difference between 

the pre-menarcheal and the post-menarcheal groups. Eight of the pre-

menarcheal girls said their voices were young sounding to them, while 

only three of the post-menarcheal girls said the same of theirs. One 

pre-menarcheai girl stated, "I know it doesn't sound like a little giri, 

but I aon-t know what it sounds like". Comments from the post-

menarcheal group were similar but more frequent. One post-menarcheal 

subject said, "it's not real girlish as much anymore, sometimes it 

sounds mature and sometimes it doesn't". Two post-menarcheal girls said 

their speaking voices sounded like a "guy's" voice, while another post-
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menarcheai comment was that her voice sounded like "a young lady, not an 

010 lady". 

JiQSS m i L speaking voice £v§£ crack,., break Q£ cas things you don -1 expect 

11 322 Table 21 reports the incidences of voice cracks, breaks, or 

other unexpected occurrences. Also reported are comments from both 

groups regarding trie unexpected happenings. 

Table 21 

ioiss. Cracks. fireaKS. Unexpected Things 

Attributed to 
Group No Yes Pitch Changes 

pre-menarcheal 7 io 4 

"kind of hit a high note," "it might go high," "it just goes high." 

post-menarcheal 6 10 5 

"it'll go up and peep," "all of a sudden go high real quick or 
lower," "just make a jerk," "all of a sudden it goes down real 
low or up real high." 

Both pre-menarcheal and post-menarcheal girls had experienced some 

voice cracks, breaks, or unexpected happenings in the speaking voice. 

Approximately one-third of the girls did not associate these occurrences 

with the discussion of stopping of the voice during speaking (see Table 

20). During the conversations, 12 pre-menarcheal and 11 post-menarcheal 

girls said their voices never stopped when they were speaking. However, 

when asked about voice cracks, breaks, or unexpected things happening, 

10 pre-menarcheal girls and 10 post-menarcheal girls had experienced 

cracks, breaks, or unexpected happenings of their speaking voices. As 

can be seen in Table 21, pitch changes were brought out by 4 of the 
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pre-menarcheai giris and 5 of the post-menarcheal girls. Their 

descriptors were very similar. 

M2£S m i L SPeflKinq voice souag lifcg. your friends- speakina voices? 

Table 22 gives the girls' feelings on how their speaking voices compare 

to their friends' speaking voices. 

Table 22 

Spunq LiKg Others- Speaking Voices? 

Differences in 
Group No Yes Kind of Volume High/Low 

pre-menarcheai 11 4 2 1 4 
post-menarcheai 6 5 5 3 4 

Both groups of subjects had difficulty describing similarities and 

differences when comparing their speaking voices to those of their 

friends- voices. Most comments centered on volume and high/low pitches. 

As seen in Table 22. more of the pre-menarcheal girls perceived their 

voices to be different from that of their peers than did the post-

menarcheal giris. 

The sixth research problem was to compare measures for speaking 

funaamental frequency, physiological vocal range, singing-voice quality, 

and seif-perceptions of singing and speaking voices between the two 

groups of girls, pre-menarcheal and post-menarcheal. As can be seen in 

Taole 23, the post-menarcheal girls had lower speaking fundamental 

frequencies, lower terminal pitches, and exhibited more oreathiness than 
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the pre-menarcheai girls. The differences, however, were not large 

enough to have yielded statistical significance. 

Table 23 

Swiary af Phy?iQ|Qqicai Measures - (null hypothesis retained) 

pre-menarcheai 
measures 

post-menarcheal 
measures 

Fundamental Frequency 
Conversation 
Reading 

Physiological Vocal Range 
man high 
mah low 
moo nigh 
moo low 
mah high with visual cues 
mah low with visual cues 
moo nigh with visual cues 
moo low with visual cues 

Singing-Voice Quality 
Key of Choice 
Key of F Major 

lower 

i ower 
iower 

lower 
lower 
lower 
lower 

lower 
lower 
lower 

more breath 
more breath 

Table 24 snows that many of the suggested indicators of vocai 

mutation were identified more often by the post-menarcheal girls than by 

the pre-menarcheai girls through the perceptions assessment. Table 25 

shows the similarities and differences in the percentage of answers for 

the two groups of girls on the conversation topics. Once again, a 

larger percentage of post-menarcheal girls identified suggested 

characteristics, symptoms, or indicators of vocal mutation than did the 

pre-menarcheai girls. 
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Table 24 

Summary ai Self-Perceptions Assessment 

pre-menarcheal post-menarcheal 
identified 

Singing voice 

Inconsistencies in singing less often 
Sore throat from singing iess often 
Sounds husky or breathy same 
Sounds like an adult voice iess often 
Not very strong or loud more often 

Speaking voice 

Breaks, cracks, suddenly tops less often 
sore throat from speaking iess often 
Inconsistencies in speaking less often 
Different throughout day less often 
Not very strong or loud more often 

more often 
more often 

same 
more often 
less often 

more often 
more often 
more often 
more often 
less often 

Table 25 

Summary. Ot Qua! itative Self-Perceptions 

pre-menarcheai post-menarcheal 
% of responses 

Singing voice 
Inconsistencies m singing 
Sore throat from singing 
Preference for high notes 
Preference for low notes 
Breathy voice 
Sounds like a little girl's voice 
Sounds like a lady's voice 
Like your singing voice 
Sound like friends' voices 

Speaking voice 
Inconsistencies in speaking 
Sounds like a little girls voice 
Sounds like a lady's voice 
experience breaks or cracks 
Experience pitch changes 
Sound like friends' voices 

29% 
41% 
65% 
6% 

35% 
35% 
35% 
59% 
35% 

29% 
47% 
13% 
59% 
24% 
24% 

63% 
45% 
50% 
44% 
44% 
25% 
38% 
69% 
44% 

31% 
19% 
44% 
63% 
31% 
38% 



CHAPTER V 

SUMMARY, CONCLUSIONS, DISCUSSION, AND 

RECOMMENDATIONS FOR FURTHER STUDY 

Summary 

Singing is the core of most, if not ail elementary school music 

programs in America. Children are encouraged to sing throughout their 

scnooi music experiences, oftentimes from kindergarten through hign 

scnooi. In the music education literature, there is extensive research 

on the singing voice at all ages. But, perhaps because of the dramatic 

differences in Doys* singing ranges and the clearly observable changes 

in voice quality, most research on the adolescent voice has focused on 

the ooys voice rather than the girl's voice. 

The purpose of this study was to compare the speaking fundamental 

frequency, physiological vocal range, singing voice quality, and self-

perceptions of the singing and speaking voice between two groups of pre-

ano eariy adolescent girls, ages 11 through 15. One group of 17 giris 

was pre-menarcheai, or pre- first menstrual cycle, by 6 months and the 

second group or 16 girls was post-menarcheai, or post- first menstrual 

cycie, oy 10 months or more. Subjects for the study were volunteers who 

attended a North Texas pubiic school system. Their music experiences 

were varied. Some had had no music classes or private lessons and 

others were participating at the time of the study in band or choir and 

were taking private lessons. 

The girls- parents or guardians completed a medical information 

sheet regarding general vocal health, a history of vocal problems and 

104 



105 

treatments, ana age (year ana month) of the onset of menarche. Each 

suD.ject was examined by an otolaryngologist either at the testing site 

or within four to six weeks of the testing aate. He performed a mirror 

examination of the larynx to provide information on the approximation 

ana movement of the vocal cords, general health of the vocal cords, size 

ana appearance of the larynx, and any abnormality which might be 

present. Subjects with an abnormality were disqualified from the study. 

Testing sessions were carried out at the University of North Texas 

Speech ana Hearing Center in Denton, Texas. Age, height, weight, a 

nearing screening, and information on music classes and/or private 

lessons were obtained to be used as descriptive measures. Testing for 

speaicmg fundamental frequency, physiological vocal range, and singing 

voice quality was performed in the Speech and Hearing Science Laboratory 

using a Revox B77 reel-to-reel tape recorder with an Electrovoice 636 

microphone and Ampex 406, 7 - m . reel/1250 ft (i.5m) recording tape. 

for descriptive purposes, height and calibrated weight measurements 

were recordea on all subjects in the study. Independent i-tests showed 

significant differences in both height and weight measurements between 

tne pre-menarcheai girls and the post-menarcheal girls. According to 

the means, the post-menarcheal girls were taller and weighed more than 

the pre-menarcheal girls. 

A secona descriptive measure was the otolaryngologist's mirror 

examination of each girls larynx. His examination included information 

on the general appearance and size of the larynx, movement and 

approximation of tne vocal foias, and any abnormalities which might be 

apparent. Of the 17 giris in the pre-menarcheal group, 4 were found to 
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ft&ve incomplete &pprox lniation or closure of tfie posterior voc&i folds. 

Of the 16 giris in the post-menarcheal group, 7 had incomplete ciosure 

of tne posterior vocai foias. 

Information from a musical background information sheet was 

obtained for each suDject. The means for the two groups indicated that 

tne post-menarcheal girls had approximately one year more of private 

lessons and choir than did the pre-menarcheai girls. The pre-menarcheai 

giris had more experiences in band than did the post-menarcheal giris. 

However, the standard deviations showed a great amount of variability. 

In actuality, 4 of the pre-menarcheai giris and 4 of the post-menarcheai 

giris had four or more years of private music iessons, mainiy piano or a 

musical instrument. Information from the musical background information 

sheet was incorporated as a means of further explaining differences 

between the two groups of subjects on measures which showed significant 

mean differences. 

For the speaking fundamental frequency measure, each subject was 

asKeo to speak for approximately 30 seconds on a subject of choice. A 

second measure for fundamental frequency was a reading passage of 100 

syilabies. On the vocai range measure, each subject was asked to begin 

at an arbitrary pitch and sing Q&h up the scale as high as possible, nub. 

down the scale as low as possible, moa up the scale as nigh as possible, 

and aiQQ down the scaie as low as possible. These four measures were 

repeated with the researcher giving visual gestures to encourage the 

subjects to ascend and descend as high and low as possible. The 

singing-voice quality variable was obtained by asking each subject to 

sing America" in the Key of her choice and then again in the key of 
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i? major. ihe words to the song wore provided. The researcher played 

the keynote F above middle C on the pitch pipe and then hummed the tone 

for eacn suoject. 

Following the testing sessions, the fundamental frequencies on the 

tape recordings were analyzed Dy means of the Visi-Pitch 6097 Voice 

Analyser, A mean fundamental frequency for each subject was obtained on 

a v-secona interval of conversational speech and two consecutive 9-

secona segments of the reading passage. Mean fundamental frequencies 

ror eacn subject were ootained for mil high, mail low, rrifiQ high, ijm low, 

and the four ascending and descending patterns with the nonveroal or 

visual cues, ihe group means of the pre-menarcheal girls were compared 

to the group means of the post-menarcheal girls through independent £-

tests on the fundamental frequency and physiological vocal range 

variables. 

The independent l-tests indicated no significant difference 

between the means of the pre-menarcheal girls and the means of the post-

menarcneai girls on the fundamental frequency measures of conversation 

ana reading. Also, as indicated by the t-tests, there were no 

significant differences between the means of the two groups on 

physiological vocal range measures mah ana moo high, mah ana moo iow, 

ffiiH and msfi high with visual cues, and mah and moo low with visual cues. 

xape recoraings of the subjects singing "America" for the singing-

voice quality variable were analyzed according to breathiness using 

interval-1evei data on a three point scale by three elementary general 

music/choral teachers. The Cronbach Coefficient Aipha estimate of 

reliability for the three teachers who rated singing-voice quality 
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according to Dreathiness was .88. The means of the two groups, pre-

menarcneal and post-menarcheai, showed no significant differences in 

trie amount of Dreathiness singing "America" in the Key of choice and in 

the Key of F major. 

A final aspect of the study was the girls' own perceptions of their 

singing ana speaK1ng voices. Two measures were used to gather 

information on the perceptions of their voices. The first was a rating 

assessment and the second was a tape-recorded conversation. Before the 

testing sessions occurred, the researcher visited each girl m her home 

ana asKea specific questions regarding the voice from the assessment 

form. Each subject responded by circling her answer on a five point 

interval-level answer sheet. The mean totals for each question of the 

se1f-percept 1ons assessment were computed for each of the two groups. 

Indepenaent t-tests were conducted to determine differences in the 

subjects responses according to the two groups of pre- and post-

menarcheal girls. 

There were five questions on the seif-perceptions rating assessment 

regarding the singing voice. Four out of five were found to be non-

significant. The question which yielded significant differences between 

the two groups asked how often the student experienced times when some 

of her singing tones did not sound. The post-menarchea1 girls 

experiencea a significantly greater amount of inconsistencies of their 

singing voices than did the pre-menarcheal girls, Menarche and private 

music lessons accounted for the explainea variance between the two 

groups of girls, pre-menarcheal and post-menarchea1, on this question. 
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Five questions on tne self-perceptions rating assessment addressed 

the speaKing voice. The answers to four out of the five questions 

Detween the two groups of giris were found to be non-significant. The 

question, "How often do you experience your singing voice sounding 

different throughout the day?" did yield significantly different answers 

Detween the two groups. The post-menarcheai girls noted more 

differences in their voices throughout the day than did the pre-

menarcheal giris. Once again, menarche and private music lessons 

accounted for tne explained variance Detween the two groups of girls on 

the question which was significant. 

ihe second measure, the qualitative self-perceptions, provided a 

description of the similarities and differences Detween the pre- and 

post-menarcheai girls and was carried out by means of an informal 

conversation with each subject. Within four to six weeks following the 

testing sessions, the researcher had once again visited each girl in her 

home and had engaged in a conversation about her voice. This 

qualitative measure was tape recorded and later transcribed. Throughout 

the conversations, it was found that many of the girls had no concept of 

the sound of their voices and/or had no adequate descriptors for what 

they heard. Generally, the younger girls had limited verbal skills to 

explain or aescrioe aspects of their voices which were discussed. Many 

of the older girls tended to be able to verbalize more. Several were 

involved in band or choir which possibly made them more aware of their 

voices. 

Some apparent differences were found between the two groups of 

girls regarding specific topics. The topics which showed a difference 
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Detween the two groups were: post-menarcheal girls experienced more 

inconsistencies of the singing voice than aid the pre-rnenarcheal giris; 

post-menarcheal giris preferred lower ranges for singing and the pre-

menarcneai girls preferred the higher ranges: post-menarcheal girls 

described their singing voices as sounding more like women's voices and 

the pre-menarcheai girls described theirs as sounding more like 

children s voices; and, post-menarcheal girls said their speaking voices 

sounoed more iike their friends' speaking voices while the pre-

menarcneai giris said theirs did not sound like their friends' speaking 

voices. 

Topics which showed no differences were: getting a sore throat from 

singing, describing the sound of their singing and speaking voices, 

liking their singing voices, and experiencing Dreaks, cracks, or other 

unexpected things when singing or speaking. 

The final research problem was to compare the speaking fundamental 

frequency, pnysioiogicai vocai range, singing voice quality, self-

perceptions of the singing voice, and self-perceptions of the speaking 

voice for the two groups of girls, pre-menarcheai and post-menarcheal. 

There were no significant differences between the two groups of girls on 

the tnree physiological measures of speaking fundamental frequency, 

physiological vocai range, and singing voice quality. Two questions 

regarding the perceptions of the singing and speaking voice did indicate 

significant differences between the two groups of girls. Menarche and 

private music lessons were significant factors in the differences in the 

two groups on the self-perceptions measure. 
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Conclusions 

According to medical research (Tanner, 1969, 1975), g i r l s go 

through a period of increased growth and development at adolescence. 

Puberty, when sexual maturi ty occurs, i s a s i g n i f i c a n t phase of 

adolescence and i s the time when maximum growth in height i s a t t a ined 

(Frisch & Revelle, 1969). S ign i f i can t d i f f e r e n c e s in height were found 

in t h i s study oetween pre- and post-menarcheai g i r i s , s u b s t a n t i a t i n g the 

f ind ings Dy Friscn and Revelle and c o r r e l a t i n g with Watson and Lowrey 

(1951) ano Huriock (1973), that menarche may De regarded as the midpoint 

of puoerty. Furthermore, vocal d i f f e r e n c e s between pre-menarcheai and 

post-menarcheai g i r l s found in t h i s study r e l a t e to the f ind ings by 

Hoi lien (1978) and Brodnitz (1983) tha t voice change appears to 

co r r e l a t e with puberty. 

One of the f i r s t music educators to inves t iga te the adolescent 

g i r l s voice was Gackle (1985, i987). Through her experiences teaching 

junior high choi r , she i d e n t i f i e d three main s tages of vocal development 

in the femaie adolescent voice. While the present study did not 

i den t i fy s tages of vocal development, i t d id , however, inves t iga te 

Physiological measures which were included in Cackle 's determination of 

s tages of femaie vocal development. Vennard (1967) described the 

quality of the adolescent female voice a s being breathy d u e t o the 

weakness of the in te ra ry tenoid muscles at the pos te r io r of the vocal 

folds, thus ca l l ed the mutational ghJLnls.. Gackle also i d e n t i f i e d the 

voices of g i r l s ages 11 and 12 in the second s tage of vocal development 

as breathy due to the mutational chink. In t h i s study, the 

o to laryngologis t observed incidences of the mutational chink in both 
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groups of gins, with a higher incidence in the post-menarcheai group. 

This stuay aiso found an increase in Dreathiness for the post-menarcheai 

giris ano in the conversations with the giris 35% of the pre-menarcheal 

girls ana 44H of the post-menarcheai giris described their voices as 

sounding breathy. These findings support the assumption that increased 

oreatniness due to the incomplete approximation of the posterior vocai 

toias is a characteristic of the female voice at adolescence. 

Gackie identified inconsistencies of the singing voice, especially 

ac register changes, for the female voices in the second stage of vocai 

development. Aiderson (1979) aiso noted inconsistency of quaiity in the 

singing voices of girls during adolescence. The post-menarcheai girls 

as compared to the pre-menarcheal girls in this study had experienced a 

significant amount of inconsistency of their singing voices. 

Furthermore, the post-menarcheai giris indicated that they had sore 

throats from singing more often than did the pre-menarcheal girls. 

Gackie's girls in stage two aiso had reported increased incidences of 

sore throats from singing. These tendencies suggest that inconsistency 

of the singing voice and having a sore throat from singing may be 

symptoms of vocal mutation in the female voice. 

Increased hoarseness ano limited range were suggested by Gackie to 

De symptoms of vocal mutation in the second stage of female vocai 

development. Howard (1923), Weiss (1950), Vennard (1967), and Wiseman 

(1967) aiso noted possible hoarseness and huskiness in the adolescent 

female voice. When discussing the sound of their singing voices, 

neither of the groups of girls in this study described their voices as 

oeing hoarse. Only one girl said her voice sounded husky. The teachers 
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who ratea the singing-voice quality of the girls stated that they heara 

very little husk mess which they described as a thick, heavy, or unclear 

quality of voice. They aid, however, note that several of the girls 

exhibited hoarseness in their singing voices. The teachers defined 

hoarseness as sounding rough, grating, harsh and/or breathy. Both 

hoarseness and husk mess have been suggested to be characteristics of 

the femaie voice at adolescence. However, more hoarseness than 

nuskiness was found in this study. 

Gackle suggested that the vocal range of the girls in the second 

stage of vocal development may get higher, lower, or narrow out at 

either end. Luchsinger and Arnold (1965) described the vocal range of 

the femaie during mutation as extending up a few tones and the lower 

range descending by approximately one-third of an octave. The vocal 

ranges of the post-menarcheai girls in this study tended to be lower 

than the vocal ranges of the pre-menarcheal girls. Also, the post-

menarcheai girls preferred the lower ranges and generally found them 

easier to sing. Smith (1973), Welch (1979), and Gackle (1985) agreed 

that failure to recognize range changes during mutation can affect the 

incidence of poor pitch singing. 

Wilson (1978), Mueller and Wilson (1978), and Bennett (1983) 

investigated the speaking fundamental frequency of pre- and eariy-

aoolescent girls. They found that there was a generalized lowering of 

the speaKing fundamental frequency according to age. Duffy (197) 

investigated the difference in the speaking fundamental frequency 

between girls who were pre- and post-menarcheai. His findings and those 

of the above-mentioned studies coincide with the general tendencies 
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reportea in this study tnat the post-menarcheai girls' speaking 

fundamental frequencies tenaed to be lower than the pre-menarcheal 

girls- speaking fundamental frequencies. The speaking fundamental 

frequencies found in this study for both pre- and post-menarcheai giris 

were lower than those reported by Duffy (1970) and Austin and Leeper 

(1975). They were similar to the findings of Michel, Hoi lien, and Moore 

(1966) and were within the normative female fundamental frequency range 

estimates given by Wilson (p. 120, 1987). Many of the post-menarcheai 

giris in this study noted that their speaking voices were lower and 

sounded more like aoult female voices, thus validating the lowering of 

the speaKing pitch as a possible indicator of vocal mutation. 

Discussion 

As seen in this study, symptoms of female vocal mutation generally 

are manifested in both singing and speaking and may be similar. 

Phonation during vocal mutation becomes insecure and poorly controlled" 

according to Luchsinger and Arnold (p. 134, 1965). The post-menarcheai 

girls in this study indicated that they experienced more inconsistencies 

of the speaking voice and their voices sounded different to them 

throughout the day significantly more so than did the pre-menarcheal 

giris. Both the post-menarcheai girls and the pre-menarcheal girls 

experienced voice breaKs, cracks, pitch changes, inconsistencies in 

speaking, breathy voices, and sore throats from singing. Even though 

both groups of girls experienced various indicators or symptoms of vocal 

mutation, in ail cases the post-menarcheai girls identified these 

symptoms as happening more often than did the pre-menarcheai girls, 

indications are that both groups of giris were experiencing some level 
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of \'ocai mutation, thus suostantiating the fact that there is a loss of 

concroi of the singing and speaking voice during mutation. 

According to the medical research, giris go through vocai mutation 

at an earlier age and at a more gradual rate of growth than t>oys do. 

The stages of girls* growth and development are predictable, but the 

race of growth varies according to the individual (Dykema & Cundiff, 

1955; Huis, 1957; Wilson, 1970; Thurman, 1988). As seen in this study, 

there were no significant differences on the physiological measures of 

tne giris. out there were general tendencies. The age span for the 

girls in this study was 11 through 15 years of age. Girls in both 

groups nad experienced some symptoms of vocal mutation, but at varying 

degrees. With the eariier and more gradual rate of vocal development in 

giris, many symptoms of vocai mutation may be detected earlier than 11 

years of age. Thus, this supports the assumption that girls progress 

through mutation at a more gradual rate and generally at an earlier age 

than boys. 

lhe physiological measures in this study suggest no significant 

differences oetween the two groups of girls. Perhaps the investigation 

of a larger number of subjects, covering a greater span of ages would 

nave yielded significant differences between the pre- and post-

menarcheai giris. At the same time, however, there were tendencies 

toward lower speaking fundamental frequencies for post-menarcheal girls, 

lower physiological vocai range measures for post-menarcheal girls, and 

increased breath mess for post-menarcheal giris. These three tendencies 

nave been suggested by music education research to be indicators of the 

temaie voice change or mutation at aooiescence. Two of the perceptions 
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measures showed significant differences between the two groups of girls, 

thus suggesting that post-menarcheal girls are aware of and can identify 

cnanges in their voices. Most of the post-menarcheai girls aiso had the 

verDai SKIils to describe qualitatively what differences or changes they 

perceived in their singing and speaking voices, 

A major implication from this study is that music teachers m the 

upper elementary grades, middle school, and Jr. High schools should be 

aware of the vocai changes girls will be experiencing during early- and 

mid-adolescence. One early indicator as seen in this study was the 

lowering of the speaKing pitch. If music teachers can identify this 

lowering of the speaking pitch, they can begin to watch also for 

differences in the singing voice. If the teacher can identify girls who 

are speaking in a lower pitch, then perhaps the girls can be encouraged 

to keep their voices at acceptable limits of vocal efficiency rather 

than speaking in pitches that are too low and may cause damage to the 

voice. 

As seen in this study, the pre-menarcheal girls had more high 

tones and preferred singing high notes over iow notes. The post-

menarcheal giris had more iow tones and preferred the iow notes. Some 

of tne girls in this study had difficulty going to their highest 

terminal pitches, because they either did not know how to go from chest 

register to head register or they had not experienced very high notes 

with their voices. Therefore, music teachers should be knowledgeable in 

regard to the development of the entire physiological vocal range, 

localises should cover both the high and iow extremes of the vocai range 
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whiie song literature shouid incorporate a tessitura in the middie of 

the range to bieno the head and chest registers. 

There was a tendency toward increased breath mess in the head voice 

for aii girls, out especially for the post-menarcheal girls. This 

coincides with Vennards description (1967) of the adolescent voice and 

the insufficient closure of the vocal cords termed the mutationai chink. 

Therefore, development of the voice shouid include the use of both 

registers working down from the head register and through the chest 

register. This shouid aiso heip with any inconsistencies of the singing 

voice which were found to be prevalent in the post-menarcheal girls. To 

heip the girls with the increased breathiness and singing 

inconsistencies, vocalises should include extensive breath management 

exercises. Gackie (1987) found through dealing with breath management 

exercises and techniques, that there was a significant difference in 

phonation duration in adolescent girls with better management of the 

breath. 

A weakness of this study to be rectified in future research was the 

assumption that the girls Knew the song "America" and could sing it 

without accompaniment. It was found, however, that some of the subjects 

did not know the tune. Also, the first half of "America" is in chest 

register and the second half is in head register which couid give a 

faise rating of quality according to breathiness. 

Many of the girls in this study did not know if their singing or 

speaking voices were similar or different than the voices of their 

peers. Few of those who did recognize the differences couid adequately 

describe them, ihose who recognized the similarities couid not teii how 
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tney were alike. Teachers neea to know that many of the giris 

experiencing vocai mutation can identify changes in their voices. They 

must, however, have the appropriate terminology to describe wnat is 

occurring daily. Furthermore, girls experiencing mutation may be aware 

of the speaking voice sounding different throughout the day as well as 

the speaking voice exhiDiting breaks or pitch changes. If so, this 

could be another indicator of vocal mutation which music teachers should 

De aware of. 

The voice is a natural instrument and it should De addressed as 

such. A responsibi1ity of the music teacher is to teach that the voice 

as an instrument can be compared to other instruments. Students should 

be made aware of the similarities and differences in voices and the 

descriptors which are appropriate to use when discussing the voice as an 

instrument. 

Reconmendations for Further Study 

Because there is limited information on the girl's voice at 

adolescence and/or the mutation of the female voice, further research 

studies are warranted in this area. If girls develop at an earlier age 

ano at a more gradual rate than boys do, as stated in the medical 

research literature, then early indicators of female vocal growth and 

development need to be identified. Definitely, more data are necessary 

to fully understand the female voice and its changes. 

This study is one of the first to investigate characteristics of 

the femaie changing voice in regard to menarche, or first menstrual 

cycle. Replication of this study should include a larger sample of 

subjects ranging from 7 or 8 years of age to 16 or 17 years of age in 
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order to account for the early ana gradual vocal changes. This age span 

should also account for changes in the voice that occur at least two 

years prior to the onset of menarcne and those changes which gradually 

diminish after the onset of menarche. Also, future research should 

focus on similarities of testing tasks and procedures. These measures 

could then De compared more readily to other findings and thus give more 

accurate data on the femaie voice at mutation. 

To determine more precisely what the high and low terminal pitches 

of the femaie voice are. subjects shouid be trained by the researcher or 

a music teacher using vocalises that extend the limits of the 

Physiological vocal range. Many of the girls in this study had no 

formal training and therefore may not have reached their potential on 

the high ana low terminal pitches. 

For replication of the measures on singing-voice quality, all 

suojects should be trained in advance on the song to be sung. It should 

have a tessitura that remains in head voice rather than chest voice in 

order to assure a more accurate rating of breathiness 1n the singing 

tone. 

Girls* self-perceptions of their singing and speaking voices have 

not oeen addressed systematically by the music education research 

community. As noted in this study, girls do perceive changes in their 

voices. However, they lack the necessary terminology to express what 

they hear. More information is needed on descriptors the girls are 

comfortable with ana use most often in order to discern what is taking 

Pi ace in their voices. Definitely, more data on perceptions are needed 

to identity other inaicators of the oeginning and the end of vocai 
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mutation. Perhaps, the g i r i s themselves can provide the Dest data 

necessary to track female vocal mutation. 
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Student Name 

Private stuay: 

i . Have you had private study in any of the following? If so how 
1 ona? 

voice years 
piano/organ years 
instrumental years 
aance years 

Group instruction: 

months 
months 
months 
months 

1. Have you had group instruction in any of the following? If so how 
long.' ' 

ciass voice years 
school choir years 
church choir years 
school general music years 
Dand years 
orchestra years 
music theory years 
dance years 
instrumental ensemble years 
vocal ensemble years 

months 
months 
months 
months 
months 
months 
months 
months 
months 
months 



• .V, town 
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INFORMED CONSENT 

Student Name 

Student Birthday 

Parent/Guardian 

Address 

Home Phone Work Phone 

I hereDy give consent for my daughter to participate in the 

Music Education Research project investigating characteristics of the 

pre- and early female adolescent speaking and singing voice. 

Testing will consist of a hearing screening, indirect examination 

of the larynx as performed oy an Ear, Nose, and Throat Specialist, and 

height and weight measurements. Student tasks will include 

conversational speech, speaking exercises, and singing exercises. A 

perceptions questionnaire will also be filled out dy the researcher 

recording my daughter's verbal responses to questions pertaining to her 

voice. Her identity will remain confidential. If she so chooses, she 

may withdraw from the study at any time. 

(Signature of Parent/Guardian) (Date) 
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Student Name 

MEDICAL HISTORY 

The following medical information is necessary for the Ear, Nose 
?2?«ivr0aDi!>Pecialist t 0 m a k e a n i n f o r m e d Judgment on the health of the 
larynx. Please answer each question carefully, 

l. Is your child on medication at this time? Yes No 
If so, what type of medication? " 

Has your child been hospitalized recently? Yes No 
If so, for what reason? 

Has your child ever experienced a serious injury to the neck area? 
res No 
If yes, please explain, 

4, Has your child ever been recommended for vocal therapy? 
Yes No 
If yes, did your child receive vocal therapy? Yes No 
Why was vocal therapy recommended? 

5. Does your child have frequent upper respiratory infections'1' 
Yes No 

6. Does your child have: 
allergies Yes No ; is it serious 
hayfever xes No ; is it serious 
asthma Yes No ; is it serious 

mi Id 
mi id 
mi Id 

Does your child have a history of loss of voice? 
Yes No 
If yes, please explain: 

6, Does your child clear her throat often? Yes 

Q 

No 

Does your chiio complain of a sore throat after 
speaking a lot? Yes No 
singing a lot? Yes No 
yelling a lot? Yes No 
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Because this study is concerned with vocal changes Drought about Dy 
an increase in hormones in pre- and eariy adolescent girls, accurate 
answers to the following questions are necessary. 

10. Has your daughter experienced her first menstruation cycle? 
Yes No 
If yes, at what age? Years Months 
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LARYNGEAL EXAMINATION 

NAME 

DATE OF BIRTH 

DATE OF TESTING 

General appearance 
normal notable due to: 

Size of larynx 
normal notable due to: 

Movement of vocal folds 
normal notable due to: 

Approximation of vocal folds 
normal notable due to: 

ADnormality 
norma 1 notable due to: 

6. General comments: 
— redness minor swelling dryness 

excess fluid 

7. Student complaint of: 
c o l a - sore throat sinus 

how long? 
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HEIGHT AND WEIGHT MEASUREMENTS 

PILOT STUDY 

SuD.iect Numoer Age Height (inches) Weight (pounds) 

* 001 12.9 59 125 

* 002 14.1 64 144 

* 003 14,4 61 123 

004 12.5 57 71 

005 11.1 55 1/4 86 

006 9.2 56 1/2 89 

007 9.5 57 106 

008 11.7 57 85 

009 13.1 59 1/2 74 

010 10.5 61 1/4 94 

* Post-menarcheai Dy at least one year, 



VISI-PITCH VOICE ANALYZER INFORMATION SHEET 

S T A T I S T I C S . C O L 1 C O L 2 C H A N G E 

T i m e B e t . C u r s o r s — — y 

A v e r a g e F O 1 8 0. -r 1 5 3 . 6 2 6 . 7 H Z 
E x t e n d e d A v g . F 0 1 7 5 . 4 1 b 3 . S 2 2 . 1 H Z 
S t d . D e v i a t i o n F O 67. a 5 5 . 7 1 2 « 1 H Z 
A v e r a g e D B D B 
S t d - D e v i a t i o n D B — - D B 

P e r t u r b a t i o n 5 . 0 1 2 3 . 9 7 2 1 . 0 4 0 7. 

M a x i m u m F O 432,. 0 4 7 7 , 3 4 5 . H Z 
M i n i m u m F O 52. 7 "7 o ~r 2 b M 6 H Z 
F O R a n g e 379. 3 3 9 9 „ 0 1 9 . / H Z 

F O a t L e f t C u r s o r . . . H Z 
F O a t R i g h t C r s r . — H Z 
D B a t L e f t C u r s o r -

D B 
D B a t R i c j h t C r s r . - — D B 

N e x t S e t o f S t i 

( S p a c e b a r ) F o r P a g e 

11~') f q F' r i n t S c r s & n 

C o l 1 =; C u r r e n t 

C o 1 2 = F ' r e v j. o u s 

: i s t i . C 3 w i l l b e i n C o l 1 

h o r C o l u m n 

F o r M a i n O p t i o n s 

1 3 0 
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Pi lot Study 
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Student Number 

* 001 

* 002 

* 003 

004 

005 

006 

007 

Age 

12.9 

Conversational Speech Reading Passage 

14.1 

14.4 

12 .5 

11.1 

9 . 2 

9 . 5 

008 11.7 

009 13.1 

average 
high 
low 
SD 

average 
nigh 
1 ow 
SD 

average 
high 
low 
SD 

average 
high 
low 
SD 

average 
high 
1 ow 
SD 

average 
high 
1 ow 
SD 

average 
high 
low 
SD 

average 
high 
low 
SD 

average 
high 
low 
SD 

223.1 
277 .7 

5 4 . 2 
37 .1 

224 .9 
579 .7 

52 .6 
8 1 . 9 

219.4 
716 .8 

51 .1 
102.3 

262 .4 
706.7 

52 .4 
104.7 

227 .2 
727 .3 

5 1 . 2 
92 .5 

236 .5 
386 .8 

5 9 . 9 
87 .0 

202 .3 
604 .2 

56 .1 
114 .3 

247 .3 
803 .2 

56.1 
8 1 . 3 

209.1 
722.0 

5 7 . 8 
5 0 . 9 

average 
high 
low 
SD 

average 
high 
low 
SD 

average 
high 
low 
SD 

average 
high 
low 
SD 

average 
high 
low 
SD 

average 
high 
low 
SD 

average 
high 
1 ow 
SD 

average 
high 
1 ow 
SD 

average 
high 
i ow 
SD 

227 .8 
298.1 
106.9 
2 1 . 4 

259.1 
836 .8 

4 9 . 9 
126.0 

247.0 
615 .4 

60.0 
9 0 . 9 

274.4 
873 .4 

5 2 . 3 
105.4 

231.0 
858 .4 

75 .6 
78 .4 

239 .8 
472 .8 

58 .2 
9 1 . 8 

261 .9 
843 .9 

5 0 . 3 
120.7 

273 ,3 
803 .2 

5 6 . 6 
92 .2 

243.0 
749.1 

7 3 . 3 
75 .6 
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1 0 a v e r a g e 235.6 average 278.6 
high 696.9 high 754.7 
low 55.8 low 96.7 
SD 99.7 SD 87.3 

* Post-menarcheal by at least one year. 
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PHYSIOLOGICAL VOCAL RANGE 

Pi iot Study 

Subject Number Age Mah 
Moo 

* U01 12.9 high 790.5 high 896.9 
low 258.1 low 52.4 

* 002 14.1 high 1117.0 high 995.0 
low 187.4 low 191.0 

* 003 14.4 high 956.9 high 1324.0 
low 164.3 1 ow 215.7 

004 12.5 high 1170.0 high 1439.0 
low 205.5 iow 75.6 

005 11.1 high 1638.0 high 1638.0 
low 73.6 low 194.0 

006 9.2 high 823.0 high 865.0 
low 85 low 53.0 

007 9.5 high 1342.0 high 1093.0 
low 80.0 low 78.2 

008 11.7 high 727.3 high 1070.0 
low 222.5 low 182.6 

009 13.1 high 881.1 high 784.3 
low 98.8 low 107.2 

010 10.5 high 836.8 high 843.9 
low 77.2 low 103.3 

* Post-menarcheal by at ieast one year. 



VOCAL QUALITY ASSESSMENT RATING SHEET 

PILOT STUDY 
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Subject Number Breathiness 

1 2 3 

001 (key of choice; 1 2 3 
(F major; 1 2 3 

002 (key of choice) i 2 3 
(F major) 1 2 3 

003 (key of choice) 1 2 3 
(F major) 1 2 3 

004 (key of choice) 1 2 3 
(F major) i 2 3 

005 (key of choice) i 2 3 
(F major) 1 2 3 

006 (key of choice) 1 2 3 
(F major) 1 2 3 

007 (key of choice) 1 2 3 
(F major) 1 2 3 

008 (key of choice) 1 2 3 
(F major) 1 2 3 

009 (key of choice) 1 2 3 
(F major) 1 2 3 

010 (key of choice) 1 2 3 
(F major) 1 2 3 

Degree of Breathiness: 

1) No audible breath or air in the tone 
2) Limited breath, some air in the tone 
3) Very breathy, excess air in the tone 

* Post menarcneai by at ieast one year 
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PERCEPTIONS ASSESSMENT 

1. Do you 1 ike to sing? 
Yes No 

2. Do you iiKe to sing now as much as you did last year? 
Yes No 

3. Does your throat Decome sore when you 
sing a lot? Seldom Sometimes Frequently 
speaK a iot? Seldom Sometimes Frequently 
yell a lot? Seldom Sometimes Frequently 

4. Do you like to sing songs with mostly 
high pitches low pitches Doth high and low pitches 

5. Are your nigher notes easy to sing? 
Seldom Sometimes Frequently 

6. Has the pitch of your speaking voice gotten iower in the last year? 
Yes No Don't Know 

7. Has the pitch of your speaking voice gotten higher in the last year? 
Yes No Don't know 

8. Has the pitch of your singing voice gotten iower in the iast year? 
Yes No Don't know 

9. Has the pitch of your singing voice gotten higher in the last year? 
Yes No Dont know 

iQ. Do you thinx your singing voice has a oreathy sound? 
Seldom Sometimes Frequently 

11. Do you think your singing voice sounds like an adult voice? 
Seldom Sometimes Frequently 

12. Do you thin* your singing voice has a husky sound? 
Seldom Sometimes Frequently 

13. Does your speaKing and/or singing voice ever sound funny or 
different to you? Seldom Sometimes Frequently 

q u a' l t y ° r s o u n d o f your singing voice inconsistent, that is, 
oes it ever change. Seldom Sometimes Frequently 

15. Does your voice ever do things that you don't expect it to do? 
Seldom Sometimes Frequently 

lb. Do you ever have times when your voice is not very strong ana/or 
iouc'i Seldom Sometimes Frequently 
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17. Do you ever have times when some of the s inging cones wil l not 
s o u n a - Seldom Some times Frequently 

18. Does your voice ever sound d i f f e r e n t throughout the day? 
Seiaom Sometimes Frequently 

19. Does your voice ever break, crack, or suddenly stop when you speak? 
Seldom Sometimes Frequently 

20. Does your voice ever Dreak, crack, or suddenly stop when you sing~? 
Seldom Sometimes Frequently 
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PERCEPTIONS ASSESSMENT 

Singing Voice: 

ao^ot^s" aQ ?
y° U e x p e r i e n c e times when some of your singing tones 

2. How often does your throat become sore when you sing? 
3. How often do you think your singing voice sounds husky or breathy? 
4. now often do you think your s inging voice sounds l ike an adult 

remaie voice? 
5. How often do you think your singing voice does not sound verv 

strong ana/or ioud? 

Speaking Voice: 

1. How often does your speaking voice break, crack, or suddenly stop 
when you speak? 

2. How often does your throat become sore when you speak'* 
3. How often do you experience times when some of your speaking tones 

do not sound? 
4' thrnnoKnnrCl^y0U e * p e r i e n c e V°uc speaking voice sounding different 

throughout the day? 
5. How often do you think your voice does rjfii sound very strong 

and/or loua? y 



NAME 

Singing Voice: 

PERCEPTIONS ASSESSMENT 

RESPONSE SHEET 

i) (not often) i 2 3 4 5 (very often) 

2) (not often) 1 2 3 4 5 (very often) 

3) (not often) i 2 3 4 5 (very often) 

4) (not often) 1 
A 2 3 4 5 (very often) 

5) (not often) 1 2 3 4 5 (very often) 
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Speaking Voice: 

i> (not often) 

2) (not often) 

3) (not often) 

4) (not often) 

5) (not often) 

2 3 4 5 (very often) 

2 3 4 5 (very often) 

2 3 4 5 (very often) 

2 3 4 5 (very often) 

2 3 4 5 (very often) 
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HEIGHT AND WEIGHT MEASUREMENTS 

PRE-MENARCHEAL BY 6 MONTHS 

Subject Numoer 

01 

02 
03 

04 

05 

06 
07 

06 

09 

10 
11 
12 
13 

14 

15 

16 
17 

Qht (inches) Weight (pounds) 

57.75 93 
62 85 
59.5 84 
58 67 
60 80 
60 85 
55.5 100 
58 80 
58 74 
62 109 
67 105 
60 102 
60 131 
58 79 
55.5 81 
60.5 87 
57 72 
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HEIGHT AND WEIGHT MEASUREMENTS 

POST-MENARCHEAL BY 10 MONTHS 

SuDject Number Height (inches) Weight (pounds) 

67 110 
02 66 133 
0 3 65 H O 
04 65 143 
05 63 
06 66.5 
0? 62 
08 63 
09 65 
10 66 
Ji 61.5 148 
11 62 145 
1 3 67 109 
14 61 145 
15 59 j j y 

127 
140 
105 
138 
117 
110 

1 6 65 125 
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TESTING PROCEDURES 

(1) Laryngeal examination by otolaryngologist 

<2) Height and weight measurements by trained personnel of UNT using 

calibrated UNT scales. 

(3) Hearing screening by trained personnel of UNT. 

(4) Conversational fundamental frequency: 

Researcher, What is your name? How old are you? When were you born? 

Would you please talk to me about your family, pets, 

school, friends, vacation, or whatever you choose until 

I tell you to stop? 

(5) Reading fundamental frequency: 

Researcher, Please read this passage out loud. 

(6) Physiological vocal range: 

Researcher, Please sing up the scale as high as you can on mah. 

I 11 demonstrate for you. Please sing down the scale 

as iow as you can on nmh. I'll do it once for you. 

Sing up the scaie as high as you can on moo. Sing 

down the scale as iow as you can on moo. 

Researcher, Let's sing high and low again, but this time I'm going 

to help you go even higher and lower by giving you 

visual cues with my arms. Mah as high as you can, 

mah as low as you can, moo as high as you can, and 

mQ2 as low as you can. 
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(7) Singing-voice quality: 

Researcher, Please sing "America", here are the woras for you to 

use. Would you please sing "America" again, but this 

time start on this pitch. (Researcher plays F above 

middle C on pitch-pipe and hums it for the subject). 
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FUNDAMENTAL FREQUENCY SPEAKING PITCH READING PASSAGE 

Movies are made by people with different skills working together as 

a team. A film crew can be made up of many people or just a few. It 

depends on the kind of film being produced. No matter what its size, 

the crews job is to record the action and the sound that are what films 

are made of. 

The producer has the job of raising the money to pay for the 

production of the film. She hires the director and takes care of the 

crews needs. She aiso guides the film through ail the steps to the 

f i n i sh. 

The director is in charge of the crew and the making of the film. 

She decides what to shoot, where to shoot it, and what the style will 

oe. She will direct people to produce what is in her mind and what she 

wants the movie to communicate. 

The cameraperson, working with the director, chooses the rest of 

the crew. He photographs the action. By using lights, color filters, 

and movement, he will create the mood that the director wants. 

The soundperson records the sound as the cameraperson shoots. With 

headphones, she listens to the sounds as they are recorded on a portable 

tape recorder. Before the camera is turned off, the soundperson flashes 

a number, which the cameraperson shoots. 

This number identifies the recorded sound with the action just shot. In 

this way the sound can be found on the tape and put together with the 

right picture. 

Bold Dreams, pps. 163-165, grade 5. 



FUNDAMENTAL FREQUENCY - CONVERSATION 

PRE-MENARCHEAL BY 6 MONTHS 
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Subject Average SD Maximum Minimum % % % 
Numoer FO FO FO FO Voiced Unvoiced Pause 

01 194.3 26.7 373.8 77.5 43.56 17.94 38.50 
02 211.0 9.8 299.0 187.4 31.87 5.07 63.06 
03 222.0 16.4 296.3 97.2 45.73 27.93 26.34 
04 232.1 31.8 322.1 97.9 57.00 19.20 23.80 
05 224.1 55.7 347.8 69.2 31.67 14.82 53.51 
06 243.3 61.4 402.4 56.9 36.01 18.46 45.53 
07 210.6 29.2 337.3 55.9 41.22 17.69 41.09 
08 235.7 23.1 292.0 114.9 48.43 16.53 35.04 
09 220.1 43.3 313.0 71.1 27.37 13.51 59.12 
10 214.0 46.8 459,8 51.6 48.70 29.60 21.70 

11 206.3 32.5 291.1 54.0 37.44 23.20 39.36 
12 164.8 58.8 291.1 52.7 53.03 22.88 24.09 
13 240.3 15.0 288.6 206.0 42.42 .97 56.61 
14 225.9 21.2 430.1 110.7 38.56 6.83 54.61 
15 213.9 15.9 275.9 184.0 38.37 .29 61.34 
16 236.4 29.5 389.9 121.1 27.39 8.00 64.61 
1? 217.0 17.2 381.0 84.9 43.52 20.33 36.15 



FUNDAMENTAL FREQUENCY - CONVERSATION 

POST-MENARCHEAL BY 10 MONTHS 
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SuDject Average SD Maximum Minimum % % % 
Number FO FO FO FO Voiced Unvoiced Pause 

01 227.5 17.0 375.2 117.6 57.02 15.62 27.36 
02 202.6 18.7 260.1 72,1 42.37 13.36 44.27 
03 212.4 13.1 262.1 164.9 54.00 18.20 27.80 
04 199.0 26.0 249.7 61.9 40.51 21.19 38.30 
05 230.2 35.2 501.3 56.1 70.26 23.18 6.56 
06 177.4 10.6 303,5 105.8 54.90 19.62 25.48 
07 200.9 35.8 281.3 60.2 36.84 18.02 45.14 
08 186.1 22.0 322. i 61.9 60.21 18.77 21.02 
09 185.6 25.8 412.4 95.2 48.19 25.77 26.04 

10 200.2 19.3 282.9 67.4 59.14 17.21 23.65 
11 197.6 27.9 249.1 59.9 43.43 25.39 31.18 
12 228.0 91.3 447.4 52.7 42.87 37.72 19.41 
13 207.2 34.0 412.4 64.3 40.11 21.76 38.13 
14 214.5 21.0 272.1 69.0 56.08 18.03 25.89 
15 226.1 23.8 278.9 106.0 34.41 2.92 62.67 
16 205.2 18.4 296.3 73.7 34.56 14.84 50.60 
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FUNDAMENTAL FREQUENCY - READING 

PRE-MENARCHEAL BY 6 MONTHS 

Suoject 

Numoer 

Average 

FO 

SD 

FO 

Maximum 

FO 
Minimum 

FO 

% 
Voiced 

% 
Unvoiced 

% 
Pause 

01 

Av 

207.6 

207.2 

207.4 

51.0 

51.0 

51.0 

455.6 

313.0 

70.0 

61.4 

48.92 

56.08 

39.89 

34.14 

11.19 

9.78 

02 

Av 

210.8 

205.3 

208.0 

9.9 

17.7 

13.8 

271,4 

344.2 
119.0 

96.9 
46.87 

44.28 
15.03 

16.42 
38.10 

39.30 

03 

Av 

210.4 

208.2 

209.3 

43.8 

33.3 

38.5 

439.6 

269.2 

49.1 

58.8 

55.38 

59.81 
24.72 

24.87 

19.90 

15.32 

04 

Av 

253.9 

229.9 

241.9 

86.3 

94.9 

90.6 

409.0 

359.1 
50.4 

60.0 
48.29 

51.04 

40.26 

33.68 
11.45 

15.28 

05 

Av 

234.1 

222.7 

228.4 

35.1 
45.3 

40.2 

519.5 
372.4 

73.7 

56.5 
55.83 
45.34 

27.53 

25.03 
16.64 

29.63 

06 

Av 

244.8 

246.0 

245.4 

26.4 

32.9 

29.6 

339.6 

376.6 

107.8 

69.0 

49.26 

50.92 

20.87 

19.03 

29.87 

30.05 

07 

Av 

209.2 

209.4 

209.3 

45.8 

46.2 

46.0 

308.2 

382.4 

63,8 

57.7 
41.10 

32.49 

26.81 

20.01 

32.09 

47.50 

08 

Av 

242.6 
239.2 
240.9 

36.0 
51.9 
43.9 

324.1 
328.4 

74.2 
59.9 

53.57 

56.38 
25.59 

25.61 
20.84 

18.01 

09 

Av 

208.8 

209.2 

209.0 

80.8 

81.0 

80.9 

701.8 

315.0 
63.7 

56.2 
43.08 

45.04 
23.72 

27.70 
33.20 

27.26 

10 

Av 

219.4 

227.1 

223.2 

41.6 

55.1 

48.3 

316.0 

547.9 
53.1 

52.2 
55.41 
46.69 

34.03 
38.87 

10.56 

14.44 

11 

Av 

212.6 
211.0 
211.8 

34.7 
43.5 
39.1 

506.3 
317.0 

61.3 
56.1 

54.00 
57.17 

30.97 
27.50 

15.03 
15.33 
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12 171 .7 5 3 . 9 3 8 3 . 9 5 4 . 5 4 6 . 6 1 3 4 . 7 7 1 8 . 6 2 
187 ,3 4 8 . 5 4 1 0 . 7 5 5 . 5 5 9 . 8 9 3 4 . 3 3 5 . 7 8 

Av 179 .5 5 1 . 2 

13 2 5 5 . 1 2 3 . 6 3 0 9 . 1 1 2 8 . 3 4 0 . 5 4 1 . 4 2 5 8 . 0 4 
2 5 3 . 7 2 9 . 5 2 9 2 . 8 8 6 . 5 3 7 . 6 2 3 . 1 0 5 9 . 2 8 

Av 2 5 4 . 4 2 6 . 5 

14 2 6 2 . 1 3 1 . 7 3 6 8 . 3 1 7 4 . 1 5 0 . 1 9 9 . 2 8 4 0 . 5 3 
2 7 6 . 9 4 0 . 5 4 1 9 . 3 191 .0 4 9 . 7 1 8 . 6 7 4 1 . 6 2 

Av 2 6 9 . 5 3 6 . 1 
4 1 . 6 2 

15 2 4 3 . 1 2 1 . 5 3 2 8 . 4 1 8 0 . 7 5 1 . 7 3 6 . 0 6 4 2 . 2 1 
2 3 9 . 5 2 9 . 1 3 3 0 . 6 7 9 . 6 5 4 . 6 1 6 . 3 1 3 9 . 0 8 

Av 2 4 1 . 3 2 5 . 3 

16 2 2 1 . 5 8 1 . 1 2 8 3 . 7 5 6 . 4 5 2 . 5 3 2 4 . 8 2 2 2 . 6 5 
2 2 2 . 7 7 8 . 7 2 9 9 . 9 5 2 . 7 4 7 . 0 1 2 6 . 9 1 2 6 . 0 8 

Av 2 2 2 . 1 7 9 . 9 

17 2 3 1 . 2 2 1 . 3 4 4 1 . 5 8 0 . 5 5 4 . 4 7 2 6 . 2 9 19 .24 
2 2 7 . 8 3 3 . 8 4 1 4 . 1 7 5 . 0 5 6 . 0 1 2 7 . 3 4 1 6 . 6 5 

Av 2 2 9 . 5 2 7 . 5 
1 6 . 6 5 



FUNDAMENTAL FREQUENCY - READING 

POST-MENARCHEAL BY 10 MONTHS 
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Subject 

Numfier 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

Av 

Av 

Av 

Av 

Av 

Av 

Av 

Av 

Av 

Av 

Av 

Average SD 

FO FO 

228.5 64.6 

234.4 66.8 

231.4 65.7 

214.3 26.8 
210.8 30.9 

212.5 28.8 

213.3 36.0 

216.4 28.1 

214.8 32.0 

200.0 37.3 
199.8 34.1 

i99.9 35.7 

221.3 53.9 
216.5 63.2 

218.9 58.5 

191.9 33.6 

189.0 32.6 

190.4 33.1 

202.5 27.6 
202.6 30.4 

202.5 29.0 

196.9 29.0 
184.4 28.4 
190.6 28.7 

219.7 39.7 

214.7 37.9 

217.2 38.8 

217.2 20.1 
217.0 15.9 

217.1 18.0 

218.0 25.8 
209.8 35.4 
213.9 30.6 

Maximum Minimum % 

FO FO Voiced 

336,1 

365.6 

286.1 
282.1 

383.9 

453.5 

343.1 

333.9 

327.3 
319.0 

276.0 

255.4 

579.7 

453.5 

409.0 

343.1 

506. 

410. 

443,5 
316.0 

536.2 

466.2 

51.7 

55.3 

71.4 

76.4 

52.3 

59.8 

58.9 

60.3 

49.0 

52.0 

70.2 

56.4 

83.7 

56.0 

105.2 

54.5 

50.1 

77.4 

77.3 

170.5 

104.9 

62.2 

46.08 

42.84 

45.18 

47.12 

49.70 

52.76 

42.86 

48.87 

61.63 

56.09 

54.98 

59.23 

49.42 

46.52 

52.26 

53.22 

42.53 

50.54 

57.82 
50.89 

50.69 
59.88 

% 
Unvoiced 

38.34 

34.09 

35.49 

29.48 

31.31 

41.57 

27.76 

31.57 

34.50 

34.31 

28.93 

19.03 

28.67 

31.84 

22.49 

24.28 

24.97 

25.20 

23,57 

26.13 

24.46 

27.18 

% 
Pause 

15.58 

23.07 

19,33 

23.40 

18.99 

5.67 

29,38 

19.56 

3.87 

9.60 

16.09 

21.74 

21.91 

21.64 

25.25 

22.50 

32.50 

24.26 

18.61 
22.98 

24.85 
12.94 
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12 

Av 

258.2 
249.9 
254.0 

57.1 
48.7 
52.9 

615.4 
394.5 

62.3 
59.9 

46.72 
50.61 

37.22 
33.90 

16.06 
15.49 

13 

Av 

220.3 
217.9 
219.1 

43.1 
46.1 
44.6 

322.1 
332.8 

83.0 
66.1 

46.53 
48.40 

35.13 
42.73 

18.34 
8.87 

14 

Av 

215.1 
212.1 
213.6 

36.9 
49.1 
43.0 

516.8 
275.9 

54.3 
58.1 

52.83 
55.48 

30.44 
25.19 

16.73 
19.33 

15 

Av 

224.3 
219.4 
221.8 

18.0 
22.9 
20.4 

293.7 
328.4 

168.5 
69.7 

45.28 
44.44 

21.84 
23.40 

32.88 
32.16 

16 

Av 

212.3 
225.2 
218.7 

40.8 
33.3 
37.0 

349.0 
545.0 

52.9 
105.0 

59.96 
48.42 

24.73 
30.63 

15.31 
20.95 



PHYSIOLOGICAL VOCAL RANGE 

PRE-MENARCHEAL BY 6 MONTHS 

i 51 

Subject Vowel HTP HTP LTP LTP 
Numoer (True) (Extraneous Air) (True) (Extraneous 

01 mah 1460.0 148.0 
moo 1198.0 134.1 
mah 1550.0 135.8 64.2 
moo 1575.0 128.653 65.2 

02 mah 668.9 190.7 
moo 590.0 204.7 
mah 511.5 179.7 67.0 
moo 583.1 163.8 84.1 

03 mah 435.7 182.3 
moo 743.5 168.8 
mah 459.8 156.6 59.8 
moo 816.3 184.0 

04 mah 1117.0 205.1 
moo 678.0 199.0 
mah 1143.0 184.7 
moo 939.0 196.3 

05 mah 590.0 153.5 72.0 
moo 597.0 154.7 
mah 947.9 164.3 74.2 
moo 1026.0 120.0 50.2 

06 mah 1093.0 328.4 
moo 1324.0 266.3 
mah 1047.0 1638.0 198.6 66.5 
moo 1290.0 1638.0 183.7 79.8 

07 mah 664.5 167.6 
moo 551.0 178.4 
mah 843.9 199.0 
moo 668.9 211.6 

08 mah 466.2 206.4 
moo 457.7 201.4 
mah 851.1 105.8 
moo 947.9 206.0 
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09 mah 913.2 
moo 851.1 
man 995.0 
moo 966.2 

10 man 539.1 
moo 593.5 
mah 743.5 
moo 975.6 

il mah 766.3 
moo 696.9 
mah 727.3 
moo 754.7 

12 mah 360.4 
moo 
man 481.9 
moo 579.7 

13 mah 524.9 
moo 593.5 
mah 754.7 
moo 790.5 

14 mah 749.1 
moo 784.3 
mah 888.9 
moo 930.2 

15 mah 527.7 
moo 586.5 
mah 732.6 
moo 738.0 

16 mah 639.0 
moo 551.0 
mah 619.2 
moo 639.0 

17 mah 539.1 
moo 593.5 
mah 687.3 
moo 711.7 

i 66.8 
189.6 
192,1 
235.0 

150.7 
232.3 
152.1 
220.0 

158.1 
158.6 
157.1 

159.6 

147.4 

135.2 
133.2 

216.7 
213.9 
217.6 
191.4 

328.4 

230.1 
210.3 
188.1 

209.9 
190.7 
179.4 
170.8 

240.7 
212.5 
233.4 

219.1 
233.4 
250.9 
232.8 

52.0 
88.5 

80.0 
60.3 

82.1 
86.6 

82.3 

59.6 

86.2 

91.1 



PHYSIOLOGICAL VOCAL RANGE 

POST-MENARCHEAL BY 10 MONTHS 
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Sudject Vowei HTP 
Number (True; 

01 mah 701.8 
moo 604.2 
mah 1307.0 
moo 1242.0 

02 mah 560.2 
moo 557.1 
mah 888.9 
moo 766.3 

03 mah 660.1 
moo 696.9 
mah 896.0 
moo 823.0 

04 mah 410.7 
moo 435.7 
mah 415.8 
moo 455.6 

05 mah 716.8 
moo 508.9 
mah 470.6 
moo 402.4 

06 mah 643.1 
moo 590.0 
mah 716.8 
moo 651.5 

07 mah 586.5 
moo 503.8 
mah 516.8 
moo 522.2 

08 mah 619.2 
moo 475.1 
mah 484.3 
moo 493.8 

HTP 

1638.0 
1418.0 

1227.0 

1130.0 

LTP LTP 
(True) (Extraneo 

217.6 
252.8 
122.0 91.8 
131.7 

206.4 
215.7 
180.0 96.4 
181.0 

179.4 

173.8 
148.0 104.5 
139.2 68.9 

200.2 
213.9 
225.5 
200.2 

171.4 66.3 
188.5 
278.9 

248.4 68.7 

195.1 
157.1 
157.9 
176.2 

172.6 
167.4 

178.1 66.0 
170.8 86.6 

209.4 100.4 
178.7 
134.9 
226.0 
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09 mah 
moo 
mah 
moo 

985.2 
716.8 

1550.0 
1290.0 

143.6 
110.2 
150.5 
126.5 

51.5 
56.2 
60.7 
70.1 

10 mah 
moo 
mah 
moo 

778.2 
542.0 
486.6 
461.9 

228.1 
174.7 
200.2 
201.8 

169.1 

11 mah 
moo 
mah 
moo 

732.6 
554.0 
414.1 
437.6 

166.8 
163.3 
193.6 
173.8 

12 mah 
moo 
mah 
moo 

966.2 
790.5 

1117.0 
1070.0 

128.3 
194.0 
146.5 
173.5 

53.8 
55.5 
93.7 

13 mah 
moo 
mah 
moo 

682.6 
651.5 
930.2 

1183.0 

151.9 
141.7 
142.6 
124.6 

105.9 

14 mah 
moo 
mah 
moo 

687,3 
655.7 

1258.0 
1242.0 

215.3 
233.4 
242.4 
246.0 

78.3 
59.3 
67.6 

15 mah 
moo 
mah 
moo 

803.2 
873.4 

1047.0 
1093.0 

100.8 
205.1 
182.6 
185.4 

52.6 
72.3 
62.6 
93.1 

16 mah 
moo 
mah 
moo 

506.3 
457.7 
913.2 

1070.0 
1212.0 

212.5 
204.3 
169.1 
156.9 90.5 



VOCAL QUALITY ASSESSMENT 

PRE-MENARCHEAL BY 6 MONTHS 
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Subject Number 

01 Key of Choice 
F Major 

02 Key of Choice 
F Major 

03 Key of Choice 
F Major 

04 Key of Choice 
F Major 

05 Key of Choice 
F Major 

06 Key of Choice 
F Major 

07 Key of Choice 
F Major 

08 Key of Choice 
F Major 

09 Key of Choice 
F Major 

10 Key of Choice 
F Major 

11 Key of Choice 
F Major 

12 Key of Choice 
F Major 

13 Key of Choice 
F Major 

14 Key of Choice 
F Major 

15 Key of Choice 
F Major 

No Audible 
Breath 

Limited Excessive Mean 
Breath Breath 

2 3 i .33 
2 3 2.0 

2 3 2.0 
2 3 2.0 

2 3 2.0 
2 3 3.0 

2 3 2.0 
2 3 2.0 

2 3 1.66 
2 3 2.0 

2 3 2.0 
2 3 2.33 

2 3 3.0 
2 3 3.0 

2 3 i.O 
2 3 1.0 

2 3 3.0 
2 3 3.0 

2 3 2.66 
2 3 2.66 

2 3 1.0 
2 3 2.0 

2 3 2.0 
2 3 3.0 

2 3 3.0 
2 3 3.0 

2 3 2.0 
2 3 2.0 

2 3 2.0 
2 3 2.0 



16 Key of Choice 
F Major 

17 Key of Choice 
F Major 

1 2 3 2.0 
i 2 3 2.66 

i 2 3 2.33 
l 2 3 2.66 
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POST-MENARCHEAL BY 10 MONTHS 
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Subject Number 

01 Key ot Choice 
F Major 

02 Key of Choice 
F Major 

03 Key of Choice 
F Major 

04 Key of Choice 
F Major 

05 Key of Choice 
F Major 

06 Key of Choice 
F Major 

07 Key of Choice 
F Major 

08 Key of Choice 
F Major 

09 Key of Choice 
F Major 

10 Key of Choice 
F Major 

11 Key of Choice 
F Major 

12 Key of Choice 
F Major 

13 Key of Choice 
F Major 

14 Key of Choice 
F Major 

15 Key of Choice 
F Major 

No Audible 
Breath 

imited Excessive Mean 
Breath Breath 

2 3 1.66 
2 3 3.0 

2 3 2.33 
2 3 2.66 

2 3 2.0 
2 3 2.0 

2 3 3.0 
2 3 3.0 

2 3 2.66 
2 3 3.0 

2 3 3.0 
2 3 3.0 

2 3 2.0 
2 3 2.0 

2 3 2.0 
2 3 2.0 

2 3 2.0 
2 3 2.66 

2 3 2.0 
2 3 2.66 

2 3 3.0 
2 3 3.0 

2 3 3.0 
2 3 3.0 

2 3 2.0 
2 3 3.0 

2 3 2.0 
2 3 2.33 

2 3 2.0 
2 3 2.0 
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16 Key of Choice l 2 3 2 0 
F Major 1 2 3 3^0 



159 

QUALITATIVE PERCEPTIONS ASSESSMENT 

Name 

Birthaate Age Grade _ 

School choir voice part 

Church choir voice part 

Private lessons: voice piano dance 

Singing Voice: 

1) Does your voice ever stop when you are singing? If so, is it mainly 
on high notes or low notes? Tell me about it. 

2) Do you ever get a sore throat when you sing? If so, does it mainly 
occur on high notes or low notes? 

3) Do you like to sing with the radio? What kind of music do you like 
to sing with on the radio? Why? Are there mainly high notes or low 
notes with your favorite music on the radio? 

4) Do you like to sing with your favorite tapes? What are your 
favorites? Do they have mainly high or low notes? 

5) Can you describe the sound of your singing voice? Would you say it 
is breathy, squeaky, sounds like a little girl's voice, sounds like a 
ladys voice, anything else? 

6) Would you describe your singing voice as loud? soft? strong? weak? 
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7) Can you s ing very nigh tones? iow tones? I s i t fun to s ing those high 
tones? those iow tones? How do you think you sound on the high/low 
tones? Which do you p re fe r? 

Speaking Voice: 

1) Does your voice ever stop when you are speaking? Teii me about i t , 

2) Do you ever get a sore throat when you speak? If so, i s i t mainly 
when you speak a lo t? ye l l ? 

3) Can you describe the sound of your speaking voice? Would you say 
that i t i s squeaky? high-pitched? low-pitched? sounds l ike a l i t t l e 
g i r l s voice? sounds l ike a lady ' s voice? 

4) Would you say that your speaking voice i s usual ly p r e t t y loud? s o f t ? 
s trong? weak? 

5) Does your voice ever crack or break when you speak? If so, why do 
you think i t does tha t? Does i t ever do things that you don ' t expect i t 
to do? Tell me about i t . 

Closure: 
6) Do you l ike your s inging voice? What do you l ike or not l ike about 
i t ? Does i t sound l ike your f r i e n d s ' s inging voices? Tell me about the 
di f f e r e n c e s . 

7) Do you l ike your speaking voice? What do you l ike or not l ike about 
i t ? Does i t sound l ike your friends'1 speaking voices? Tell me about 
the d i f f e r e n c e s or s i m i l a r i t i e s . 

8) Can you think of anything that you can t e l l me about your s inging or 
speaking voice that I have not mentioned or we have not discussed? 
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