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ABSTRACT 

Vocal warm-up is considered to be an important step for trained singers in 

preparation for a performance, yet the specific effects of vocal warm-up on subsequent 

singing are unknown. Some authors have suggested that it has immediate effects on vocal 

quality (e.g., Browning Henderson, 1991); however, there is no scientific evidence to 

support this (Sundberg, 1987; Hixon, 1991). The purpose of this investigation was to 

examine the immediate effects of vocal warm-up on vocal quality in subsequent singing, as 

measured by vocal perturbation and formant structure. Six singers served as subjects, 

each with at least one year of vocal training. Each subject participated in three 

experimental conditions, on three separate days: ( 1) condition A was completed without 

any vocal warm-up prior to data collection, (2) condition B was completed with data 

collection subsequent to individualized vocal warm-up, (3) condition C was completed 

with data collection subsequent to specified vocal warm-up. In each condition, vowel 

spectra were generated for each subject on three sustained sung productions of /a:/ at a 

comfortable pitch level and a high pitch level. The data were digitally recorded and then 

analyzed using C-Speech Software (Version 3. 1 ). Mean values of jitter, shimmer, signal

to-noise ratio, formants three and four were derived. Overall mean values calculated from 

each dependent variable were then compared between the three task conditions by 

conducting a repeated measures ANOV A, controlling for between-subjects variability. 

Statistical results of this investigation were nonsignificant. In other words, the directional 

hypothesis that vocal warm-up significantly affects subsequent vocal quality in singing was 

not supported by these results. Possible instances of individual effects are discussed, 

indicating that some subjects revealed probable improved vocal quality with warm-up as 

measured by vocal perturbation, while others revealed a probable opposite effect with 

individualized warm-up. Limitations and implications of this study are discussed. 
v 
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CHAPTER I 

INTRODUCTION AND REVIEW OF THE LITERATURE 

Introduction 

The importance of vocal warm-up is not well understood, for there is no scientific 

evidence to demonstrate any of the purported effects of warming-up. In his discussion of 

vocal warm-up, Sundberg ( 1987) speculated the following: "Many singers need warm-up; 

if they do not do it, their voices will not function as readily as otherwise. Warming up in a 

hurry or in the wrong way also tends to result in poorer voice function than normal. It 

seems that the poorly warmed-up voice is less durable than the appropriately warmed-up 

voice" (p. 192). The suggested importance of vocal warm-up seems to be based on the 

premise that the vocal folds are like any other muscle of the body. Analogies are often 

made to athletes and dancers, who commonly warm-up specific muscles prior to 

performances or practices. Like other muscles, the vocal folds depend upon proper blood 

circulation in order to retain optimal function, control, and viscosity (Sundberg, 1987). It 

is thought that vocal warm-up may stimulate this blood circulation. 

Long-term effects of vocal exercises have been postulated and investigated in 

vocal pedagogy. Guthmiller ( 1986) indicated that continual vocal exercises over time may 

create long-term effects, allowing a singer to do the following: 

(a) sing comfortable through a range of at least two octaves, (b) sing with accurate 
intonation, (c) produce an effective vibrato, (d) maintain a steady, controlled 
vibrato, (e) resonate all pitches effectively, (t) change the coloring of vowels 
without disturbing other qualities of tone, (g) sing with dramatic intensity, (h) sing 
with some measure of agility, and (i) maintain stamina and vocal "freshness." 
(p. 14) 

There have been investigations of the effects of continual vocal exercises as part of 

ongoing vocal training (e.g., Gonzo, 1973; Sipley, 1993); however, perceptual judgments 

were used to measure changes in vocal quality. Gonzo found that implementation of a 
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specific set of daily vocal exercises produced improvements in vocal quality as measured 

by perceptual judgments. Sipley ( 1993) compared the effects of different regimens of 

vocal training on both vocal quality and attitude (or "vocal self-image") of singers. He 

found that there were no significant group differences in perceived vocal quality, nor were 

there significant group differences in subject attitude. Neither of these studies examined 

immediate effects of vocal warm-ups on vocal quality, nor did they implement objective 

measurements. 

Immediate effects of vocal warm-up have also been contemplated in vocal 

pedagogy. Miller ( 1986) indicated that completing warm-ups, or vocalises, that are based 

on technical study, has the benefit of allowing the singer to begin a performance without 

the voice being "cold." According to Browning Henderson (1991), warming up has both 

immediate psychological and immediate physical effects. On a psychological level, 

warming up maintains or improves singers' self-esteems by getting them in "a good frame 

of mind to sing their best" (p. 171). Browning Henderson suggested that there were 

immediate physical effects of warming up as well, resulting in both a longer vocal 

endurance and a better vocal quality. She implied that warming up helps a singer to "feel 

the breath and the tone going together" (p. 175). Sipley (1993) suggested that warming 

up has physical effects: ". . . exercises before singing helps the surfaces of the vocal 

mechanism stretch and condition themselves" (p. 45). To the knowledge of this 

investigator, there have been no investigations of the immediate effects of warming up on 

subsequent singing as measured by perceptual judgments. Furthermore, there is a lack of 

objective evidence demonstrating any specific immediate effects of vocal warm-up. 

Although the specific effects of vocal warm-up are unknown, it has been 

considered to be a rudimentary step, both as a daily routine and prior to performances 

(Schumacher, 1974; Fioca, 1986; Doscher, 1988; Browning Henderson, 1991; Sipley, 

1993). Schumacher (1974) considered warm-up to be important and outlined several 
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exercises designed to be used both in training and in wamung up. Fioca (1986) 

recommended vocal warm-ups prior to each rehearsal and/or performance. Doscher 

( 1988) stressed the importance of an appropriate warm-up for at least 10 minutes prior to 

each rehearsal and performance. Browning Henderson ( 1991) discussed the importance 

of vocal warm-up for at least 15 minutes prior to each performance or rehearsal. She 

stressed that "warm-ups are imperative!" (p. 171). Sipley (1993) included a period of 

vocal warm-up in each experimental condition of training regimens in his investigation. 

Vocal warm-up procedures vary greatly between individuals. Each individual 

develops a warm-up routine that best fits her or his needs, based on personal preference 

and/or the specific requirements of the musical piece to be performed (Schumacher, 1974~ 

Sundberg, 1987~ Browning Henderson, 1991). Some singers prefer to warm-up by 

phonating at low pitch and intensity levels, making frequent and extended breaks between 

the warm-up exercises, while others prefer to warm-up by phonating at higher pitch and 

intensity levels, without resting in between exercises (Sundberg, 1987). Using material 

which is going to be rehearsed or performed for warming up was not considered 

appropriate by Doscher ( 198 8). Gill as ( 1993) suggested that some singers tend to have a 

specific routine of singing through various musical scales, with different articulations, 

while other singers have been known to simply massage the laryngeal area of the neck 

with their hands. Eating and/or drinking habits may also become a part of a singer's 

warm-up routine. For example, some prefer eating apples or oranges, or drinking warm 

tea in between warm-up exercises (Sundberg, 1987; Browning Henderson, 1991). 

Browning Henderson indicated that drinking any warm liquid "helps the voice by relaxing 

muscles of the throat and making the soft palate more supple" (p. 202)~ however, there 

was no evidence reported to corroborate this suggestion. 

In order to study the effects of warm-up on subsequent vocal quality, a specific set 

of warm-up exercises was developed for one of three experimental conditions in this 
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thesis. The set of specified warm-up exercises was chosen based on a review of some 

relevant literature in vocal pedagogy. It was comprised of a combination of a variety of 

techniques which were purported to have immediate effects on vocal quality. The 

following section provides basic assumptions and rationale for each warm-up technique 

chosen for this study. 

Warm-up Procedures Purported to Affect Vocal Quality in Singing 

Some vocal trainers have directly linked vocal warm-up with an improved vocal 

quality (Schumacher, 1974; Doscher, 1988; Browning Henderson, 1991). Selected warm

up procedures purported to have this immediate effect were incorporated into the 

development of a series of warm-up exercises to be used in one part of this investigation. 

Simplicity was desirable in the development of the specified set of warm-ups, due to 

individual differences regarding musical knowledge and ability. Sipley (1993) supported 

the need for simplicity in warming up the voice, stating that "spending too much time 

learning vocalises, either because of difficulty or large number, is counterproductive" (p. 

47). 

Warm-up exercises chosen for this investigation were derived from the literature of 

Schumacher ( 197 4 ), Miller ( 1986), and Browning Henderson (1991) in the field of vocal 

pedagogy. A description of each author's views and assumptions on vocal warm-up will 

be provided, followed by a description of the specific exercises chosen for the specified set 

of vocal warm-ups. 

Schumacher ( 197 4) described several vocal exercises used in his training studio 

purported to facilitate "correct muscle usage" (p. 7) for singing with optimal tone. He 

outlined various exercises for the cheeks, nose, lips, lower jaw, tongue, soft palate, and 

waist. The exercises he recommended seem to focus on affecting the transfer function, or 

resonance, rather than the voice source. He did not recommend any specific musical 

4 



scales to be sung for warm-up, but rather, suggested simple phonatory exercises which 

focused on specific musculature postures. Pictures were provided to accompany the 

exercises described. Each picture depicted a singer implementing one of Schumacher's 

techniques. Schumacher suggested that the singer look in the mirror and imitate the 

pictorial demonstration of each facial posture for each exercise. If this is done correctly, 

the singer is assumed to be singing correctly. 

Miller ( 1986) provided an extensive description of anatomical, physiological, and 

aerodynamic factors relevant to the singing voice. He stressed that understanding the 

basic physical and acoustic factors of vocal functioning is crucial. Miller indicated that 

there are several different viewpoints regarding proper vocal techniques in singing, but 

that "the success of any technical approach to singing must be measured by how nearly it 

arrives at the planned aesthetic result with the least cost" (p. xix). Miller outlined several 

different areas of the singing voice (e.g., resonance, vibrato, vowel definition, etc.) and 

provided descriptions of vocal exercises which might achieve a desired effect within each 

area. According to Miller, warm-up exercises must be based on technical foundations in 

order to achieve reliable, desired effects. 

Browning Henderson ( 1991) outlined a senes of body and vocal exercises 

specifically for warming up prior to performance or rehearsal. Vocal exercises are 

believed by this author to "warm the tiny muscles that control the vocal cords and the 

muscles that open the spaces of the nasal cavity and pharyngeal area" (p. 172). She 

recommended that a singer start each exercise "lightly" and in the low middle range. She 

suggested that a singer select only a few of these vocal warm-ups which best meet her or 

his needs. She also recommended that the person be silent for most of the day before 

performing. The following are vocal warm-ups recommended by these authors to 

establish optimal vocal quality. 
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The "Hum" Exercise 

According to Sipley (1993), "most authors advocate some form of humming for 

resonance" (p. 39). Schumacher (1974) recommended a humming exercise to facilitate 

correct muscle posture of the cheeks. For proper posture of these muscles during singing, 

he indicated that they should remain lifted at all times, to the point that the upper teeth are 

showing. The suggested purpose of this musculature posture was that it "allows the 

vibrating air or breath to flow up to the resonating bone structure and cavities of the head 

and brings to life the resonance to the voice" (p. 11 ). If the cheek muscles are not in this 

lifted posture, the voice supposedly sounds muffled. The humming technique described to 

facilitate this desired posture requires that the singer lifts the cheeks "gently," pouts the 

lips "softly," and hums, "with the sound of a soft M on your lips" (p. 83). Similarily, 

Miller (1986) recommended humming exercises to achieve optimal resonance in singing. 

The "Yawn" Exercise 

A desired vocal quality found in many trained singers is associated with a low, 

relaxed positioning of the larynx (Bartholomew, 1934; Sundberg, 1987). A common 

method used in vocal pedagogy and in speech-language pathology to facilitate this 

positioning is the yawn technique. Desired vocal resonance is also associated with proper 

velopharyngeal functioning (Miller, 1986). Schumacher (1974) indicated that the yawn 

technique facilitates movement and coordination of the velum. He suggested that the 

singer yawn several times facing a mirror, and eventually follow the yawn with a sung 

phonation of /a:/. 

Bilabial and Lingua-alveolar Vibration Exercises 

Sip ley ( 1993) indicated that it is desirable for the muscles of articulation to be 

relaxed during singing, so that phonation can be achieved freely and easily with optimal 

"acoustic mobility" (p. 39). According to Schumacher (1974), for proper singing 
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technique the singer should have the lips and tongue "loose and free" (p. 25). He 

suggested that if the articulators are relaxed in this manner, they can vibrate easily as air 

flow passes. A recommended exercise was for the singer to "pout" the lips and allow 

them to vibrate with an exhalation. A similar exercise involves lingua-alveolar vibration to 

facilitate "loose" and "free" movement of the tongue. 

The "Kee-kah-kee" Exercise 

Browning Henderson ( 1991) recommended this exercise to strengthen the velum 

and facilitate a more even vibrato and a better resonance. The singer begins by speaking 

/ka:/ "with an audible sigh" (p. 174), which was reported to automatically set up the 

desired velar posture. The singer then completes a specific vocal exercise using the 

/ki:ka:ki:/ consonant-vowel combination. 

The "SnuffZoh-zah-hum" Exercise 

Browning Henderson (1991) reported that the purpose this exercise is to "open the 

nasal cavity and cause the singer to feel support of the lower abdominal area" (p. 88). 

Miller (1986) referred to this effect as a "renewal of breath energy between onsets" (p. 

35). This exercise was also purported by Browning Henderson to facilitate a more regular 

vibrato. The singer places her or his hands on the waist and lightly "snuffs" the nose. This 

supposedly causes the lower abdominal area to quickly expand, at which point the person 

sings /zo:/, /za:l, and lhrn:/ in a specific musical scale. 

The "Zay-luh-zah-luh" Exercise 

Browning Henderson ( 1991) indicated that the purpose of this exercise is to 

facilitate the singer "in getting focus into the tone" (p. 90). She recommended that the 

singer use an "inside smile" posture. With this posture, the singer is to close the mouth, 

but not the teeth, and "smile as though he is smiling at someone in the room but does not 
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wish the other person to see him smiling" (p. 173). She contrasted this facial posture with 

a "grimace," which results in a "white tone, which will never allow a warm tone to come 

from those voices" (p. 174). The author did not describe these vocal qualities specifically. 

To complete this exercise, the singer uses the "inside smile" posture while singing a series 

of triplets on one breath while articulating a series of /ze:lu za:lu/. 

Objective Measures of Vocal Quality 

As stated previously, in vocal pedagogy, vocal quality is typically measured in 

terms of perceptual judgments (Gonzo, 1973~ Schumacher, 1974~ Miller, 1986~ Browning 

Henderson, 1991 ~ Sipley, 1993 ). Schumacher used perceptual terms and descriptions 

often. For example, contrary to techniques used by some singers and vocal trainers, 

Schumacher stated that one "should never try to place sounds anywhere. Trying to place 

them somewhere can cause tense and constricted muscles and harsh and strident sounds" 

(p. 87). Yet, in several suggested exercises, Schumacher used phrases such as, " ... let the 

sound float up freely and easily .... feel that your head is loose and free on your neck" (p. 

83). Browning Henderson also used perceptual, subjective descriptions. For example, 

when asked how one "can be sure of doing the exercises correctly," Browning Henderson 

responded, "by watching in a mirror and feeling that the tone is free. The tone has a spin 

to it" (p. 203). She suggested various imagery methods at other points in this text as well. 

For example, she said, "Always think of singing the tone front" (p. 174). 

Singers and vocal trainers must rely on such perceptual judgements (White, 1975), 

and aesthetic preference is relative to each listener. However, objective measurements can 

provide accurate feedback to a singer in establishing desired vocal quality with maximum 

effects and minimum effort (Sundberg, 1987; Hixon, 1991; Sipley, 1993). In order to 

objectively observe effects of warm-up on vocal quality in singing, scientific measures 
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must be used. Acoustic analyses of vocal perturbation and formant structure can reveal 

aspects of vocal quality that are unique to the singing voice. 

Vocal Perturbation 

Measures of vocal perturbation quantify the average variability of the vmce 

(Baken, 1990). Vocal perturbation measures are used typically to quantify vocal quality in 

the speaking voice. Three vocal perturbation measures used by Milenkovic to quantify 

vocal quality are jitter, shimmer, and signal-to-noise ratio (Milenkovic, 1987). Jitter can 

be defined as cycle-to-cycle variations in pitch. It is also referred to as frequency 

perturbation or modulation frequency. Shimmer, also known as amplitude perturbation or 

modulation extent, refers to cycle-to-cycle variations in intensity. Aperiodicity signal-to

noise ratio is defined as the ratio ". . . of the total energy in the speech signal to the energy 

in the aperiodic component ofthe speech signal. .. " (Milenkovic & Read, 1990, p. 13). 

Perturbations tend to be increased with the presence of a vocal pathology. 

Therefore, measurements of vocal perturbation have often been used to differentiate 

pathological from normal voices. For example, Eskenazi, Childers, and Hicks (1990) 

compared vocal qualities of normal subjects to subjects with vocal pathologies using 

several acoustic measures. They found that one of the most sensitive measurements for 

predicting vocal quality was a measure of vocal perturbation (specifically, the harmonics

to-noise ratio) which takes into account both jitter and shimmer values. Milenkovic 

( 1987) purports to have devised a means of measuring vocal perturbation that is sensitive 

enough to detect small changes in perturbation that might occur in a normal voice. 

Milenkovic and Read (1990) incorporated these vocal perturbation measurements in the 

acoustic analysis capabilities oftheir software program (C-Speech, Version 3.1). It seems 

logical that measurements such as these, which are sensitive enough to capture minimal 
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changes in normal vocal quality during speaking, could be applied to the singing voice as 

well. 

There is further support for using measures of vocal perturbation to analyze vocal 

quality in the singing voice. A unique characteristic of the singing voice exists which is 

created by various aspects of vocal perturbation: vocal vibrato. Kwalwasser (1926) 

described vocal vibrato as a complex relationship between jitter, shimmer, and time. The 

following is a review of some literature pertaining to vibrato in the singing voice. 

In studying the effect of vocal training on vibrato, K walwasser ( 1926) found that 

the majority of tones sung by trained singers had the characteristic of vibrato, while the 

majority of tones sung by untrained singers had the characteristic of no vibrato. In 

studying the effect of voice placement (or focused area of resonance) on vibrato, 

Kwalwasser concluded that a "nasal placement" (resulting in a perceived nasal quality) had 

the lowest values of jitter and shimmer, while a "throaty placement" (resulting in a 

perceived strained quality) had the highest values of jitter and shimmer. In studying the 

effect of vowel quality on vibrato, he found that there were no significant differences in 

vibrato across different vowel articulations. K walwasser further concluded that the 

magnitude of jitter and shimmer may be increased beyond "habitual boundaries" 

voluntarily and with little effort, but that voluntarily decreasing these functions below 

"habitual boundaries" is very difficult. The relationship between jitter and shimmer in 

vibrato was found to be dissynchronous, but the periodicity of these pulsations occur in 

somewhat regular intervals, "varying in rate of occurrence from 4 to 9 per second" (p. 

221). 

K walwasser also described a vocal phenomenon, closely related to vibrato, called 

tremolo. According to this investigator, tremolo often develops from strong continued 

use of vibrato, and it is a type of vibrato which causes injury due to an "outflow of breath 

against the vocal folds [which] occurs too immediately" (p. 222). Therefore, it has been 
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suggested by some investigators that singers avoid extensive use of vibrato, while others 

have thought it to be a desired artistic effect, which supposedly conveys emotions. 

K walwasser recommended that, contrary to many traditional techniques, vocal training 

should focus on decreasing vocal vibrato and increasing use of "pure" notes. 

Mason and Zemlin ( 1966) similarly described vibrato as a "periodic modulation 

involving rapid changes in pitch or intensity, or combinations of them in time" (p. 242). 

Mason and Zemlin concluded that vibrato does not change as a function of fundamental 

frequency. They also concluded that the cricothyroid muscle is extensively responsible 

(and the mylohyoid to a lesser degree) for control and modification of vibrato, and that 

this is independent from the mechanisms controlling phonation. These investigators 

suggested that vocal training include some facilitation of increasing control over the 

cricothyroid muscle. 

Sundberg (1987) described vibrato as being comprised of two parameters: rate and 

extent of undulations (i.e., jitter). According to Sundberg, highly skilled singers have a 

relatively regular vibrato, as defined by these two parameters. The amount of jitter 

comprising a singer's vibrato can be changed with training, and by the emotional affect 

(Sundberg). A frequency modulation rate that is typically perceived to be acceptable was 

reported to be between 5. 5 and 7. 5 undulations per second. The extent of undulations 

was reported to typically be plus or minus one to two semitones (i.e., musical steps which 

correspond to frequency changes of approximately 6%; p. 164). Sundberg indicated that 

jitter accounts for the main perceptual effect of vibrato, rather than shimmer. He 

discussed the mechanisms that are possibly responsible for creating and controlling 

vibrato. Because synchronous vibrations have been observed in both laryngeal and 

respiratory musculature, it is speculated that vibrato is created and/or controlled by these 

muscles. 
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Sundberg ( 1987) described a study conducted by Shipp, Leanderson, and Haglund 

( 1982~ in Sundberg, 198 7) which reported a synchronous relationship between 

electromyographic activity in the cricothyroid muscles and variations in fundamental 

frequency Gitter) during vibrato singing. A study by Rubin (1967) demonstrated 

synchronous relationships between both the subglottal pressure and airflow during vibrato 

singing. These synchronous aerodynamic fluctuations observed were speculated to either 

be caused by the vibrato or be the cause of the vibrato. Sundberg and Askenfelt (1983~ in 

Sundberg, 1987) suggested that when a singer is using his/her voice inefficiently or is 

under any vocal stress, vibrato is often absent. For example, Sundberg reported that 

vibrato is typically absent at extremely high pitches; if vibrato is present in such 

circumstances, it indicates that the singer is able to successfully sing these difficult tasks 

without a significant amount of vocal effort. Sundberg and Askenfelt pointed out that the 

absence of vibrato during singing may also be for artistic affect. Vibrato is also thought 

to enhance vowel intelligibility (Sundberg, 1987). 

Sundberg (1987) described two additional types of phonatory modulation in 

singing, similar to vibrato: tremolo and trillo. Tremolo is characterized by modulations 

that are less regular and more rapid, with a jitter factor of approximately seven undulations 

per second. Trillo is characterized by a jitter factor greater than two semitones 

(Sundberg, 1987). 

Fujimura (1988) reported hooked-wire electromyographic measurements of 

laryngeal muscles during different types of vibrato in singing, in an attempt to specify how 

it is produced and regulated. Four different types of vibrato were described. According 

to Fujimura, the types of vibrato could be differentiated by very fine changes of vocal, or 

tone quality. The four vibratos described are normal vibrato, with a jitter rate of 

approximately 4.5. Hz~ rapid vibrato, with a jitter rate of approximately five Hz, requiring 

of quick changes in pitch; trilla, with a jitter rate of 4.5 to five Hz; requiring large pitch 
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leaps; and tremolo, with a jitter rate of up to 10.5 Hz. Niimi, Horiguchi, Kobayashi, and 

Yamada (1988) suggested that trilla is the only type of vibrato over which the singer has 

volitional control. The investigators concluded that the vocalis muscle and lateral 

cricoarytenoid muscle are responsible for control of vibrato. This conclusion was based 

on their finding that the vocalis muscle and lateral cricoarytenoid muscle showed activities 

that were synchronous to the acoustic signal during vocal vibrato. They concluded that 

the cricothyroid muscle and sternothyroid muscle muscles did not contribute to the 

regulation or control of normal vibrato. These muscles were, however, found to be active 

during rapid vibrato and trilla. Niimi et al. (1988) speculated that the activity of the 

cricothyroid muscle and sternothyroid muscle muscles, during rapid vibrato and trilla only, 

was possibly responsible for the large pitch leaps and quick pitch changes characteristic of 

these vibrato types. Similarly, Martin, Thumfart, Jolk, and Klingholz (1990) studied the 

intrinsic laryngeal muscle activity during vibrato singing. Specifically, they observed 

electromyographic activity of the posterior cricoarytenoid, vocalis, and cricothyroid 

muscles. Martin et al. (1990) found that all three of these muscles showed fluctuations 

which were synchronous with the vibrato in the voice. 

Horii (1989) studied the frequency modulation characteristics of sustained /a:/ 

sung in vocal vibrato. According to this investigator, vocal vibrato "represents fine motor 

control of fundamental frequency adjustment" (p. 829). He described the rate of 

frequency modulation as ranging from approximately three to ten Hz, with average of five 

to six Hz. He described the average extent of frequency modulations as ranging from 0.5 

to two semitones. Horii pointed out that some investigators have found shimmer in 

vibrato to be nonmeasurable, while others have found it to be present in several decibels. 

Like Sundberg ( 198 7), Horii indicated that jitter is primarily the perceived characteristic of 

vibrato. He also indicated that jitter tends to be more regular than shimmer in vocal 
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vibrato, and concluded, therefore, that frequency modulations are more significant in the 

regulation ofvibrato than shimmer. 

In summary, vocal vibrato is a perceptual representation of a complex relationship 

between two measures of vocal perturbation, jitter and shimmer. If a singer chooses to 

have vibrato present in the singing voice, a desired vocal quality is perceived to have an 

even, regular vibrato. 

Formant Structure 

Spectral analysis of a sung vowel reveals two different regions of definition: a 

region of vowel definition (frequencies up to about 1800Hz) and a region of the "singing 

formant" (2800 - 3200 Hz) (Sengupta, 1990). The formant structure of a sustained vowel 

in the speaking voce has a region of definition up to approximately 1800 Hz (Sengupta, 

1990). The frequency values of formants one and two comprise this region of vowel 

definition. These values vary with each vowel produced. The following is a review of 

some literature pertaining to this unique characteristic of the singing voice: the singing 

formant. 

Bartholomew (1934) was the first to describe the "singing formant," a term coined 

by Sundberg (1970), as a unique acoustic characteristic of a trained singer. It refers to the 

clustering and lowering of the third formant (F 3) and fourth formant (F 4) of vowel sounds 

sung by a trained singer, creating an exceptionally high spectrum envelope peak near three 

kHz. The energy concentration characteristic of the singing formant is thought to be 

indicative of a good vocal quality in singing. It is also thought to enhance a singer's ability 

to project the voice over orchestral accompaniment (Sundberg, 1973). An interesting 

caveat was added by Winckel ( 1971 ), who pointed out that this central frequency range of 

the singing formant coincides somewhat with the maximal sensitivity of the human ear, 

thus the singing formant may make sound easier to perceive by listeners. This formant 
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region of F 3 to F 4 is most influential to the "brightness" of timbre in good voices. It is 

related to what we perceive as vocal quality (Carlsson & Sundberg, 1991). The singing 

formant which comprises this region is considered the most important sign of a correctly 

trained singing voice (Bartholomew, 1934). It is not typical of the untrained voice in 

singing, nor is it typical of sustained spoken vowels. 

Sundberg ( 1973) compared the spectrum shape of sung vowels with that of spoken 

vowels in trained singers. He concluded that the two are relatively similar, with the 

exception of the wide-band energy region centering around three kHz, thus vocal quality 

differs between speech and trained singing. According to Sundberg, untrained singers 

tended to show an increased vocal effort, indicated by activity at the vocal source (i.e., the 

sound generated at the level of the glottis). He indicated that vocal training in the 

development of good vocal quality or timbre should not focus on vocal functioning at the 

level of the vocal source, but rather focus on the transfer function (i.e., the contribution of 

resonance properties from the vocal tract). According to Sundberg, the transfer function 

is the mechanism responsible for the presence of the singing formant in properly trained 

singers. Sundberg offered this as objective support for the use of imagery techniques in 

vocal pedagogy. He also indicated that his findings did not support the hypothesis that 

there is any contribution from resonances outside the vocal tract (e.g., the nose) to the 

singing formant. Rather, he suggested that the timbre quality that results from the singing 

formant is due to laryngeal height. 

Bums ( 1986) also compared the spectrum shapes of spoken and sung vowels; 

however he added the variable of vocal style by comparing the spectra of country and 

western singers to those of opera singers. He focused on the formant structure ofF 1 to 

F 4, but found that the most effective parameter in contrasting the two groups was the 

formant values ofF3 and F 4, the singing formant. Specifically, Bums found that the mean 

value of F 4 in the opera singers was significantly lowered in the singing voice relative to 
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the speaking voice, which corresponded with the singing formant. To the contrary, the 

mean value ofF 4 in the country and western singers was not lowered, and in some cases, 

it was increased. The entire F 1 to F 4 structure of this latter group was similar for both 

spoken and sung vowels. Burns interpreted this as an indication of a "faulty" vocal 

technique which could possibly contribute to vocal abuse and fatigue often seen in this 

group of singers. 

In summary, the lowering and clustering of the third formant (F3) and the fourth 

formant (F 4) commonly found in acoustic samples of properly trained singers defines the 

"singing formant." It is thought to enhance the tone of the voice as well as reduce vocal 

effort and is thought to be an effect of changes in the transfer function of the voice (Burns, 

1986). In other words, the singing formant is evidence of a trained singer's ability to 

minimize vocal effort while achieving a desired vocal tone. Carlsson and Sundberg ( 1991) 

supported the use of vocal training techniques which incorporate the use of visual 

feedback displays of formant frequency. They suggested that such displays could be used 

to reduce vocal effort in singing. They referred to this as formant-frequency "shaping" or 

"tuning." 

Rationale and Statement of the Problem 

As indicated previously, there are many different strategies used in vocal warm-up 

which are thought to affect vocal quality in singing (Hixon, 1991). Warm-up techniques, 

which vary highly between trainers and singers, seem to have been based on personal 

experience and have been passed down among vocal trainers (Coltan & Casper, 1990). 

Techniques used in vocal pedagogy have been questioned by several investigators in 

speech-language pathology and related fields (e.g., Watson & Hixon, 1985; Sundberg, 

1987; Coltan & Casper, 1990). For example, Coltan and Casper indicated that "there is 

no evidence that these techniques actually do what they are purported to do" (p. 6). They 
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went further to suggest that while some techniques seem to have been successful in 

producing the desired results, others may have even been damaging to the voice. Watson 

and Hixon (in Hixon, 1991) suggested that a "rich folklore surrounds singing, and there 

are many opinions about the process among teachers of singing and singers" (p. 337). To 

illustrate this point further, Howard, Lindsey, and Allen (1990) stated the following: 

There are many kinds of imprecision in qualitative techniques of singing 
pedagogy. Some relate to descriptions and instructions given by singing 
teachers that bear little or no relation to physical reality in either physiological 
or acoustic terms. Others concern the psychological images often used to 
help the student to focus on a particular attribute, which may work for 
one student but not for another. (p. 205) 

It seems evident that the effects of warm-up on the voice are not well understood, 

yet it is considered to be essential to singing properly. There is a need for a more 

objective basis to the approaches used in facilitating optimal vocal quality in singing. 

Sundberg concluded his discussion of vocal warm-up by stating, "Let us hope that 

research will soon start to pay attention to this important but very poorly understood 

issue!" (p. 193). 

The purpose of this study was to examine the immediate effects of vocal warm-up 

on vocal quality in subsequent singing, as measured by aspects of vocal perturbation and 

formant structure. The null hypothesis of this investigation is that there will be no 

difference in vocal quality between three experimental conditions as measured by 

dependent variables of vocal perturbation (jitter, shimmer, and SNR) and formant 

structure (F3 and F 4). In other words, it is predicted that there will not be significant 

immediate effects of vocal warm up in terms of these measurements of vocal quality. The 

alternative hypothesis is that there will be differences in these acoustic measurements as a 

function of vocal warm-up. 
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CHAPTER II 

MrnTHODSANDPROCEDURES 

Review 

Vocal warm-up is considered by many smgers and vocal trainers to be an 

important step in preparation for vocal performances (Schumacher, 1974; Fioca, 1986; 

Doscher, 1988; Browning Henderson, 1991 ). It is suggested by some that warming up 

facilitates a desired vocal quality in singing (e.g., Schumacher, 1974; Browning 

Henderson, 1991 ). Some specific examples of vocal warm-up purported to directly affect 

vocal quality were presented in the preceding chapter (Schmuacher, 1974; Browning 

Henderson, 1991). These have been incorporated into a set ofvocal warm-ups to be used 

in one of three experimental conditions for this thesis. The actual effects of vocal warm

up are unknown (Sundberg, 1987). Objective measures of vocal quality in singing can be 

provided through the use of acoustic analysis of vocal perturbation and formant structure. 

Vocal perturbation measures indicate the amount of variability in the voice from 

cycle-to-cycle. Three measures of vocal perturbation capable of revealing small changes 

in vocal quality are jitter, shimmer, and aperiodicity signal-to-noise ratio (Milenkovic, 

1987). A characteristic unique to the singing voice is vocal vibrato, in which jitter and 

shimmer work together in a complex relationship. Some warm-up techniques described in 

the preceding chapter were purported to facilitate an even, or regular rate of vibrato, and 

therefore would seem to affect measures of jitter and shimmer. 

The formant structure of trained singers is characterized by a lowering and 

clustering together of the third and fourth formants, known as the "singing formant" 

(Bums, 1986). Bums concluded that the most useful measure for detecting acoustical 

differences between classically trained and untrained singers was a measure of formant 

structure, specifically that ofF3 and F4. He described the singing formant as an "acoustic 

18 



enhancement and protection mechanism" (p. 553) and concluded that its absence in 

untrained singers indicates a faulty vocal technique. Some of the warm-up techniques 

described in the preceding chapter were purported to facilitate some change in perceived 

vocal resonance, and therefore would seem to affect measures of formant structure. 

Subjects 

Six trained singers served as subjects for this experiment. The group of subjects 

was comprised of three male and three female singers between the ages of 20 years and 29 

years (mean= 25 years). All subjects were required to have received formal training at the 

collegiate level in classical vocal performance for a minimum of one year. Volunteers 

were requested via an announcement describing criteria for participation which was 

circulated throughout the School of Music at Texas Tech University (cf, Appendix A). 

At the time of initiation of data collection, six persons agreed by telephone or sign-up to 

participate in this study. All subjects were free from any health problems at the time of the 

voice recordings. Due to the within-subjects design of this study, extraneous variables 

such as age and height posed no threat to external validity, and, therefore, were not 

controlled (Ventry & Schiavetti, 1986). Furthermore, according to Shipp, Leanderson, 

and Sundberg (1979; in Doscher, 1988), measurements of jitter and shimmer at a given 

pitch level do not vary as a function of gender. Table 2.1 summarizes demographic 

information for this group of subjects. 

Speech Sample 

Vowel Spectra 

Vowel spectra were generated from each subject on sustained productions of /a:/ 

in their singing voice. Singing voice was not defined for the subjects, and none requested 

definition. It was assumed that each subject incorporated vocalization techniques used in 

their typical singing mode which differentiate that from their speaking mode, hence the 

19 



subject criteria of "trained singers." In each of the three different experimental conditions, 

three samples were taken at two pitch levels: comfortable pitch and high pitch. Each 

subject continued phonation of /a:/ sung in his/her most natural singing voice for three 

seconds at a comfortable loudness and pitch level. Each subject then repeated this at a 

high pitch level, which was defined as being two musical whole steps below the top of 

each subject's range. Mean values of the acoustic parameters measured were calculated 

for each subject. 

Only one vowel was chosen for the acoustic samples in this study based on 

information from studies by K walwasser (1926), Rzhevkin ( 1956), Bums ( 1986), and 

Eskenazi et al. ( 1990). Regarding jitter and shimmer relationships, K walwasser (1926) 

found that there were no significant differences in these acoustic parameters across several 

different sung vowels. This was supported by Horii (1982; in Baken, 1987), who found 

that there were no significant differences in values of jitter and shimmer between 1 0 

English vowels. Regarding formant structure, Rzhevkin (1956) concluded that while the 

structure and position of the third and fourth formant regions in speech are highly variable 

across vowels, they are relatively constant for all vowels in song. Bums ( 1986) also found 

the third and fourth formant regions to be constant across three different vowels in sung 

vocalizations. 

Acoustic Measurements 

The following acoustic measurements served as dependent variables: jitter factor, 

percent shimmer, signal-to-noise ratio, third formant frequency value, and fourth formant 

frequency value. Three measures of vocal perturbation were obtained, as well as two 

measures of formant structure. 
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Measures of Vocal Perturbation 

The jitter factor specifically refers to "the mean difference between the frequencies 

of adjacent cycles divided by the mean frequency, multiplied by 100" (Baken, 1987, 

p. 175). It is expressed in milliseconds (ms). Milenkovic (1987) reported natural jitter 

factor values for the production of the vowel /a:/ to range from .01 ms to .037 ms. 

Shimmer can be expressed in percent, referring to the percentage of "fluctuation of 

waveform amplitude between pitch periods" (Milenkovic & Read, 1990, p. 13). 

Milenkovic (1987) reported typical shimmer values for production of the vowel /a:/ to 

range from 1.23% to 2. 99%. Aperiodicity signal-to-noise ratio is expressed in decibels 

(dB), referring to the "ratio of the total energy in the speech signal to the energy in the 

aperiodic component ofthe speech signal" (Milenkovic & Read, 1990, p. 13). Milenkovic 

( 1987) reported typical signal-to-noise in the acoustic signal for production of the vowel 

/a:/ to range from 18.7 to 24.1 dB. 

Measures of Formant Structure 

The formant frequency values of formants three (F 3) and four (F 4) were obtained. 

Together, F3 and F4 comprise the "singing formant." Bums (1986) found that typical 

values of F 3 and F 4 in sung vocalizations by trained singers comprised a wide-band of 

resonance in the range of 2,500 Hz to 3,000 Hz. Sengupta (1990) reports this region of 

the "singing formant" to be 2,800 Hz to 3,200 Hz. 

Instrumentation for Data Analysis 

Data were collected via digital recording using a Sony Digital Audio Tape-corder 

(Model TCD-D3 7) with one Sony digital audio cassette tape (DT -60) and two TDK 

digital audio cassette tapes (DA-R 120). A Sony electric condenser stereo microphone 

(ECM-S220) with a calibrated frequency response of 150 - 12,000 Hz was used to 

transduce the voice samples. Data were then transferred into a Club 3 86 PC (Model 
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325D) through a Krohn-Hite active filter (Model 3550) to be analyzed using C-Speech 

(Software Version 3.1). Acoustic signals were displayed on a Club Super VGA monitor. 

The following conditions for analysis were chosen, based on information from studies by 

Bums (1986), Milenkovic (1987), and Eskenazi et al. (1990): four-second sampling 

interval; 20 kHz sampling rate; high-pass filter; five-second buffer length; five-tokenized 

sample; Hamming window type. 

Procedures 

Prior to participation, a consent form was reviewed with each subject to establish 

agreement of participation in this study (cf, Appendix B). Each subject participated in 

three experimental conditions, varying in the type of vocal warm-up procedure completed. 

Each subject was instructed to refrain from any type of vocal warm-up or singing 

throughout the day of participation (i.e., "come in cold"). On the day of Condition A ("no 

warm-up"), singing samples were collected without any prior vocal warm-up being 

completed. On the day of Condition B ("individualized warm-up"), each subject was 

instructed to carry out his/her most typical warm-up routine prior to collecting singing 

samples. These individualized warm-up procedures are detailed in Appendix C. The 

amount of time taken for each subject to complete an individualized warm-up ranged from 

4.5 minutes to 12.78 minutes, with a mean time of8.81 minutes. On the day of Condition 

C ("specified warm-up"), subjects were instructed to carry out a specific set of vocal 

warm-up exercises derived from recommendations suggested by Schumacher (1972) and 

Browning Henderson (1991) to improve vocal quality. These specified warm-up methods 

were discussed in the previous chapter and instructions provided to each subject can be 

found in Appendix D. The amount of time taken for each subject to complete this set of 

warm-up exercises ranged from 5.78 minutes to 8.72 minutes, with a mean time of 7.33 

minutes. 
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The order of participation in the experimental conditions was randomized to 

reduce possible threats of sequencing effects to the validity of this study. A randomization 

table (Blalock, 1960) was utilized to assign each subject to one of six possible orders of 

conditions. Procedures used for data sampling were identical in each condition. With the 

exception of order of experimental conditions and individual warm-up routines completed, 

conditions were equivalent for each subject. 

Recordings of the speech samples were made at the School of Music at Texas 

Tech University. The level of environmental noises was reduced to a minimum. Each 

subject stood in front of the microphone at a constant mouth-to-microphone distance of 

six inches, which was maintained by a six-inch ruler being held at the chin by each subject. 

Each was instructed to sing the vowel /a:/ as in "father" with their typical vibrato, at a 

comfortable loudness and pitch. Clarifications of "vibrato" and "singing voice" were not 

necessary for any subject. The sung phonations were sustained for five seconds, and this 

task was completed three times for each subject. This was then repeated at a high pitch 

level which was determined by having each subject identify what they considered to be the 

ceiling of their vocal range, and subsequently identifying two musical whole steps below 

that pitch. Hence, three vowel spectra at two different pitch levels were generated for 

each subject in three experimental conditions. 

Recordings were processed in the Speech Physiology Laboratory at Texas Tech 

University. Data were analyzed using the C-Speech (Version 3.1) software program. 

After each data transfer process was complete, the sample was high-pass filtered, in order 

to reduce any artifact that might have been present in the acoustic signal. The center two

second portion of each sung vocalization sample was then selected and displayed on 

screen. The center two-second segment chosen was judged to be the most steady and 

regular portion in terms of amplitude and frequency and therefore was used to derive the 

data of interest. A representative waveform can be seen in Figure 2. 1. 
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The following five acoustic measurements were then calculated from each sample: 

(1) jitter factor, (2) percent shimmer, (3) signal-to-noise ratio, (4) frequency value ofF3, 

(5) frequency value ofF4. Mean values for each dependent variable were calculated from 

the three samples collected at two different pitch levels in each experimental condition. 

Measurements of perturbation were calculated by the C-Speech vocal perturbation 

analysis which provided overall mean values of jitter, shimmer, and SNR, derived from a 

five-tokenized sampling of the two-second waveform. Measurements of formant 

frequencies three and four were estimated by using the C-Speech spectral analysis, 

overlaying the Fourier and LPC functions for optimal estimation of formant frequency 

values. A representative sample display of this spectral analysis can be seen in Figure 2.2. 

Statistical Analysis 

This was a within-subjects, multivalent experiment. Five dependent variables were 

measured as a function of three experimental conditions at two separate pitch levels 

(comfortable pitch level and high pitch level). The following experimental conditions 

served as independent variables: (1) no warm-up; (2) individualized warm-up; and (3) 

specified warm-up. The following five acoustic measurements served as dependent 

variables: (1) jitter factor, (2) percent shimmer, (3) signal-to-noise ratio, (4) frequency 

value ofF 3, ( 5) frequency value ofF 4. Samples were taken at two levels of pitch: ( 1) 

comfortable pitch level; and (2) high pitch level. 

Using SAS Software (Version 6.07), a 2 x 3 analysis of variance procedure 

(ANOV A) was conducted on each dependent variable. A repeated measures analysis was 

employed, controlling for between-subject variability, and therefore increasing the 

sensitivity of the statistical analysis while using relatively few subjects (Cody & Smith, 

1987). 
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Table 2.1. Subject Demographics. 

Subject Gender Age Years Training Vocal Classification 

1 female 20 4 alto 

2 female 29 10 soprano 

3 male 26 9 baritone 

4 male 23 1 tenor 

5 female 29 6 soprano 

6 male 24 6 tenor 
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Figure 2.1 . Representative acoustic waveform for sustained sung phonation of /a:/ at a 
comfortable pitch for one trained singer in individualized warm-up condition, 
representing amplitude (mV) as a function of time (ms). 
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Freq (kHz) 
2.598 

tlag (dB) 
-14.4 

Figure 2.2. Representative acoustic spectrum for sustained sung phonation of /a:/ at a 
comfortable pitch for one trained singer in individualized warm-up condition, 
representing amplitude (dB) as a function of frequency (kHz). 
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CHAPTER III 

RESULTS 

In order to visually assess the degree of homogeneity of variance across the data, 

scatterplots were developed for each dependent variable at both pitch levels. A total of 

ten scatterplots were generated. Figures 3. 1 through 3. 5 represent bar charts displaying 

each acoustic measurement as a function of subject within experimental warm-up 

conditions during sustained sung vocalizations of /a:/ at two different levels of pitch. 

Visual inspection of intrasubject variability in each bar chart revealed a highly 

variable dispersion of data, with no readily apparent group relationships or trends across 

the three experimental conditions. Acoustic measurements appeared to be relatively stable 

for subjects across conditions, with a few exceptions. 

A repeated measures analysis of variance (ANOVA) test was completed on each 

dependent variable at each level of pitch, using SAS Software (Version 6.07). The 

statistical analysis was designed to control for between-subject variability in order to 

increase statistical sensitivity with relatively few subjects. Comparisons were made 

between each of the three conditions at both pitch levels in order to analyze two main 

effects of warm-up condition and pitch level. The effect of pitch level was not of interest 

in this investigation; in other words, it was not of interest to observe changes in the 

acoustic measurements as a function of pitch level. Rather, the factor of pitch level was 

included as a means of increasing the amount of effort, or "load," on each singer's voice 

(i.e., taxing the system) in order to increase the possibility of observing any changes in 

vocal quality as a function of warm-up. Interaction effects between condition and level 

were analyzed. 

Results of the analyses revealed no significant group differences in vocal quality 

between the three warm-up conditions as measured by vocal perturbation and formant 
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structure at the .05 level of confidence. The lack of significant differences in vocal quality 

as a function of warm-up condition was consistent at both levels of pitch. There were no 

significant interaction effects found between warm-up condition and pitch level. There do, 

however, appear to be possible instances of individual effects. Each dependent variable is 

discussed separately below, with descriptions of group statistical analysis results, 

followed by a description of possible individual effects. Statements regarding possible 

individual effects are based on visual inspections of scatterplots and are only speculative. 

Measures of Vocal Perturbation 

Jitter 

Table 3.1 displays individual and group mean values of jitter factor obtained for 

each subject at both pitch levels. In the "no warm-up" condition at the level of 

comfortable pitch, individual mean values of jitter ranged from . 006 ms to . 026 ms, with a 

group mean of .014 ms. Jitter values obtained in the "no warm-up" condition at the high 

pitch level ranged from . 001 ms to . 020 ms, with a group mean of . 006 ms. In the 

"individualized warm-up" condition, jitter values obtained at comfortable pitch ranged 

from . 008 ms to . 021 ms, with a mean of . 014 ms; those obtained at a high pitch resulted 

in a range of .001 to .010 ms, with a mean of .004 ms. In the "specified warm-up" 

condition, prolonged phonations of /a:/ at a comfortable pitch level resulted in a mean 

jitter range of . 008 ms to . 018 ms, with a group mean of . 013 ms. The mean jitter range 

obtained at the higher pitch level in this condition was . 001 ms to . 007 ms, with a group 

mean of. 004 ms. There were no significant changes found in jitter as a function of warm

up condition (p>.OS). 

Visual inspection of the bar charts in Figures 3.1 and 3.2 reveal a seemingly 

dramatic effect of warm-up condition on measures of jitter for subject 3 at both levels of 

pitch. Specifically, it appears that jitter values obtained during prolongations of sung /a:/ 
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at a comfortable level of pitch decreased as a function of wann-up~ the highest level of 

jitter being found in the "no wann-up" condition (mean= .026 ms), the median level of 

jitter being found in the "individualized wann-up" condition, and the lowest level of jitter 

being found in the "specified wann-up" condition (mean = .01 ms). Jitter values for 

subject 3 obtained at the higher level of pitch also appear to vary dramatically as a 

function of wann-up~ the highest level of jitter again being found in the "no warm-up" 

condition (mean = .02 ms), the median level of jitter being found in the "individualized 

wann-up" condition (mean = .01 ms), and the lowest level of jitter being found in the 

"specified wann-up" condition (mean= .003 ms). Such dramatic individual effects of jitter 

do not appear for the remaining subjects, for whom obtained jitter values appear to be 

relatively constant across experimental conditions at both pitch levels. 

Shimmer 

The individual and group mean values of percent shimmer at both pitch levels can 

be found in Table 3.2. Prolongations of /a:/ in the "no warm-up" condition resulted in the 

following shimmer values: a range of 1.53% to 2.22%, with a group mean of 2% at the 

comfortable pitch level; and a range of .048% to 2.48%, with a group mean of 1.4% at the 

high pitch level. The "individualized wann-up" condition revealed a mean range of 1.55% 

to 2.81%, with a group mean of2.33% at the comfortable pitch level~ and a mean range of 

. 5% to 1. 56%, with a group mean of 1. 10 at the high pitch level. The mean shimmer 

range obtained at the comfortable pitch level in the "specified wann-up" condition was 1% 

to 2.85%, with a group mean of 2.1%~ while that obtained at the high pitch level was 

.54% to 1.64%, with a group mean of 1%. No significant changes in shimmer as a 

function ofwann-up condition were found (p>.05). 

Visual inspection of bar charts depicted in Figures 3. 3 and 3. 4 reveals some 

possible individual effects ofwann-up condition on vocal quality as measured by shimmer. 
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At the comfortable level of pitch, it appears that subjects 1 and 4 had seemingly dramatic 

increases in percent shimmer in the "individualized warm-up" condition (means = 2. 79% 

and 2.81%, respectively) as compared to the "no warm-up" condition (means= 1.88% and 

2.13%, respectively) and the "specified warm-up" condition (means= 1.81% and 1.96%, 

respectively)~ while subjects 2 and 5 had seemingly dramatic increases in percent shimmer 

in the "specified warm-up" condition (means = 2.81% and 2.85%, respectively) as 

compared to the "no warm-up" condition (means= 2.22% and 2.09%, respectively) and 

the "individualized warm-up" condition (means = 2.30% and 2.17%, respectively). 

Subject 3 appears to have a dramatically reduced level of shimmer in the "specified warm

up" condition at the comfortable level of pitch (mean = 1%) as compared to the relatively 

constant levels of shimmer obtained in the "no warm-up" and "individualized warm-up" 

conditions (means= 1.53% and 1.55%, respectively). At the high pitch level, there appear 

to be three possible individual effects on shimmer. Subject 3 has a high level of percent 

shimmer in the "no warm-up" condition at high pitch (mean = 2.48%), decreasing 

dramatically in the "individualized warm-up" condition (mean = 1.49%), and decreasing 

further yet in the "specified warm-up" condition (mean= .65%). For subject 1, shimmer 

values at the high pitch appear to be reduced dramatically from the "no warm-up" 

condition (mean = 1.98%) to the remaining experimental conditions (means= .52% and 

.54%)~ while shimmer values for subject 5 appear to be reduced markedly from the "no 

warm-up" condition (mean .93%) to the "individualized warm-up" condition (mean .5%). 

Signal-to-Noise Ratio (SNR) 

Table 3.3 represents the individual mean and group mean values of signal-to-noise 

ratio obtained at both pitch levels. The "no warm-up" condition resulted in a mean range 

of 18.82 dB to 23.21 dB, with a group mean of21.15 dB at a comfortable pitch level. A 

mean range of 21.6 dB to 30.98 dB, with a group mean of 26.3 dB was obtained in the 
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"no warm-up" condition at the high pitch level. Prolongations of /a:/ at a comfortable 

pitch in the "individualized warm-up" condition resulted in a mean range of 18.79 dB to 

23.82 dB, with a group mean of 21.14 dB; while those at a high pitch in this condition 

resulted in a mean range of22.7 dB to 35.36 dB, with a group mean of28.26 dB. In the 

"specified warm-up" condition, SNR values at a comfortable pitch ranged from a mean of 

19.27 dB to a mean of 27.6 dB, with a group mean of 22 dB~ SNR values at a high pitch 

in this condition ranged from 22.19 dB to 31.76 dB, with a group mean of 28.02 dB. 

There were no significant effects of warm-up condition on SNR found (p>.05). 

Visual inspection of the bar charts displayed in Figures 3. 5 and 3. 6 reveals possible 

individual effects on vocal quality as measured by SNR. At the comfortable pitch level, 

subject 3 appears to have markedly increasing levels of SNR across the experimental 

conditions, ranging from the lowest level of SNR in the "no warm-up" condition (mean= 

21.37 dB), to the median level of SNR in the "individualized warm-up" condition (mean= 

23.82 dB), to the highest level of SNR in the "specified warm-up" condition (mean 27.6 

dB). Subject 1 appears to have a markedly decreased level of SNR in the "specified 

warm-up" condition at the comfortable pitch level (mean = 18.79 dB) as compared to the 

levels ofSNR in the remaining experimental conditions (means= 23.21 dB and 23.56 dB). 

At the high level of pitch, there only appears to be one individual effect on SNR. Subject 

1 has a markedly increased level of SNR in the "individualized warm-up" condition (mean 

= 35.36 dB) as compared to that in the "no warm-up" condition (mean= 23.21 dB). 

Measures ofFormant Structure 

Third Formant (F3) 

Table 3.4 depicts individual and group means of F3 at both pitch levels. The "no 

warm-up" condition revealed a mean range of 2.57 kHz to 4.00 kHz, with a group mean 

of 3.05 at the comfortable pitch level; and a mean range of 2.68 kHz to 4.07 kHz, with a 
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group mean of 3.14 kHz at the high pitch level. In the "individualized warm-up" 

condition, prolonged phonations of /a:/ resulted in a mean range of2.55 kHz to 3.86 kHz, 

with a group mean of 3.03 kHz at the comfortable pitch level, and a mean range of 2.69 

kHz to 3.36 kHz, with a group mean of2.97 kHz at the high pitch level. The values ofF3 

derived in the "specified warm-up" condition ranged from a mean of 2.54 kHz to a mean 

of 3 .40 kHz, with a group mean of 3. 00 kHz at a comfortable pitch level, and ranged from 

a mean of2.67 kHz to a mean of3.36 kHz, with a group mean of3.00 kHz at a high pitch 

level. Statistical analysis of the effects of warm-up on F 3 revealed nonsignificant results (p 

> .05). 

Visual inspection of the bar charts displaying F 3 as a function of warm-up 

conditions in Figures 3.7 and 3.8 reveals only four possible individual effects. For subject 

5, the estimated frequency value of F 3 at the comfortable level of pitch appears to be 

markedly increased in the "no warm-up" condition (mean= 3.997 kHz) as compared to 

the "individualized warm-up" condition and the "specified warm-up" condition (means = 

3.288 kHz and 3.398 kHz, respectively). Subject 2 has a markedly higher frequency 

value ofF3 in the "individualized warm-up" condition (mean= 3.861 kHz) as compared to 

that in the remaining experimental conditions (means= 3.320 kHz and 3.333 kHz). At the 

high pitch level, only subject one appears to have a remarkable change in F3, with an 

increased frequency value in the "no warm-up" condition (mean = 4.069 kHz) as 

compared to the remaining conditions (means= 3.203 kHz and 3.275 kHz). 

Fourth Formant (F 4) 

Individual and group mean values ofF 4 can be seen in Table 3. 5. Prolongations of 

sung /a:/ in the "no warm-up" condition resulted in a mean range of 2.878 kHz to 4.674 

kHz at comfortable pitch, with a group mean of 3.630 kHz, and a mean range of 3.404 

kHz to 5.293 kHz at a level of high pitch, with a group mean of 3.927 kHz. In the 
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"individualized warm-up" condition, the mean frequency value ofF 4 ranged from 2.897 

kHz to 4.349 kHz, with a group mean of 3.535 kHz at the comfortable pitch level, while 

the mean frequency value ofF4 ranged from 3.053 kHz to 4.466 kHz, with a group mean 

of 3.653 kHz at the high pitch level. Values ofF 4 obtained in the "specified warm-up" 

condition ranged from a mean of 2.878 kHz to a mean of 4.108 kHz, with a group mean 

of 3. 518 at the comfortable level of pitch, and ranged from a mean of 3. 066 kHz to a 

mean of 4. 492 kHz, with a group mean of 3. 724 kHz at the high level of pitch. There 

were no significant changes in F4 as a function of warm-up condition (p>.05). 

Inspection of Figures 3. 8 and 3. 9 which represent frequency values of F 4 as a 

function of warm-up condition reveals two possible individual effects. At the comfortable 

level of pitch, F 4 for subject 5 was found to be markedly higher in the "no warm-up" 

condition (mean = 4.674 kHz) than in the "individualized" and "specified" warm-up 

conditions (means= 2.897 kHz and 2.878 kHz, respectively). At the higher level of pitch, 

F 4 for subject 1 was found to be markedly higher in the "no warm-up" condition (mean = 

5.293 kHz) than in the remaining experimental conditions (means= 3.834 kHz and 4.036 

kHz). 

Summary of Results 

These results indicated no significant differences in vocal quality as a function of 

warm-up condition. The overall within-subjects group effect of vocal warm-up was 

nonsignificant, as was the interaction ofvocal warm-up by level of pitch (p > .05). Table 

3. 6 represents a summary of the repeated measures analysis of variance for each 

dependent variable. These results fail to support the directional hypothesis that vocal 

warm-up has immediate effects on subsequent vocal quality in singing, as measured by 

vocal perturbation and formant structure during prolonged phonations of /a:/ at two levels 

of pitch (comfortable and high). There appear to have been some instances of possible 
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individual effects of vocal warm-up on vmce quality, as revealed in the scatterplots 

displaying each dependent variable as a function of warm-up condition~ however this is 

only speculative. These results will be discussed in further detail in Chapter IV. 

35 



Table 3.1. Individual and Group Means for Jitter (in milliseconds) in Sung Phonations of 
/a:/ at Comfortable and High Pitches. (Condition A= no warm-up, Condition 
B = individualized warm-up, Condition C = specified warm-up) 

Suq~t 
~rrl~DII A ~rrl~onA ~rrli!iln B ~rxfdiln B ~rxfdilnC ~rrliDII C 
rartali! ~h ~rnbribS ~h CcmortabE Hijl 

1 O.OC9 0.003 0.016 0.002 0.013 0.003 

2 O.OC6 Q.CIJ2 0.00! 0.002 0.00! 0.002 

3 0.026 0.02 0.021 0.01 0.01 0.003 

4 0.016 O.Oli 0.015 0.004 0.017 O.OC6 

5 0.013 0.001 0.012 0.001 0.014 0.001 

6 0.014 O.OC6 0.013 O.OC6 0.018 0.007 

MEAN 0.014 O.OC6 0.014 0.004 0.013 0.004 
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Table 3.2. Individual and Group Means for Shimmer (in percent) in Sung Phonations of 
/a:/ at Comfortable and High Pitches. (Condition A= no warm-up, Condition 
B = individualized warm-up, Condition C = specified warm-up) 

Subja;t 
CcrrJiiln A CcrrJiiln A CcrrJiiln B Qm:liiln B OlrrJron C CooomnC 
Ccniorla~e High Ccrnfora~e ti~ Ccrmor!able H9! 

1 Zl21 :11.13 18.79 35.! 23.56 31.76 

2 18.81 3J.~ ~.00 33.43 19.56 31.74 

3 21.31 21.fKl ~.82 25.~ 27.60 26.55 

4 22.51 2i.45 21.04 24.fll 21.93 24.52 

5 19.92 3J.81 21.00 ~.33 19.27 31.34 

6 21.00 Z1.84 Z1.01 22.70 ~.09 2~19 

MEAN 21.15 :11.00 21.14 ~.:II ~00 ~.02 
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Table 3.3. Individual and Group Means for Signal-to-Noise Ratio (in dB) in Sung 
Phonations of /a:/ at Comfortable and High Pitches. (Condition A= no warm
up, Condition B = individualized warm-up, Condition C = specified warm-up) 

SOOja:t 
O>rxliti>n A Q)rx!~i>n A CorxlitDn B Qlrxl~i>n B CorxlitDn C QlrxlitDn C 
Qlmforlable High Co rnfo rtable High Qlrnbrtable High 

1 1.~ 1.i ~79 1.07 1.81 1.re 

2 ~12 0.48 ~30 0.52 2.81 0.54 

3 1.53 ~48 1.55 1.49 1.00 0.65 

4 ~13 1.:! ~81 1.~ 1.~ 1.64 

5 ~I» 0.~ ~17 O.&l 2.!) 0.70 

6 ~13 1.12 ~37 1.43 2.15 1.44 

MEAN ~00 1.40 ~33 1.10 2.10 1.00 
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Table 3.4. Individual and Group Means for Frequency of the Third Formant (in kHz) in 
Sung Phonations of /a:/ at Comfortable and High Pitches. (Condition A= no 
warm-up, Condition B = individualized warm-up, Condition C = specified 
warm-up) 

Sub~t 
Qlrdit~n A QlmnA Qlood~n 8 Qloomon 8 ~oomonC Qlrdit~n C 
Qlmor&bE Hgh fAlrnbrtabe Hgh ~mlortabe Hgh 

1 3.118 4.1& 3.1~ 3.~ 3.079 3.275 

2 3.3ro 2.943 3.ffi1 2.~1 3.:m 3.021 

3 ~617 ~754 2.552 2.78J 2.Si 2.702 

4 2.~ 2.~ ~~ 2.910 2.774 2.9:E 

5 3.~7 3.4ai 3.~ 3.1J9 3.:BJ 3.383 

6 2.572 2.ffi2 2.559 2.~ 2.Si 2.sm 

MEAN 3.C62 3.137 3.027 2.972 2.944 2.994 
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Table 3.5. Individual and Group Means for Frequency of the Fourth Formant (in kHz) in 
Sung Phonations of /a:/ at Comfortable and High Pitches. (Condition A= no 
warm-up, Condition B = individualized warm-up, Condition C = specified 
warm-up) 

Subjs:t 
CooottK!nA Cooo~Kin A Cooo~on B CoooiK!n B ~oottK!n c OloottK!nC 
Comfortable High Comfortable Hgt ~IRortable High 

1 4.076 5.2J3 4.010 3.a34 3.919 4.CCE 

2 3.!7 3.!7 4.349 3.848 4.1al 4.017 

3 3.190 3.$3 3.021 3.312 3.151 3.:Bl 

4 3.073 3.496 3.032 3.321 3.001 3.346 

5 4.674 4.492 3.8~ 4.4&1 4.049 4.492 

6 2878 3.040 2897 3.~ 2818 3.tl'S 

MEAN 3.~0 3.927 3.5$ 3.~ 3.518 3.7~ 
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Table 3.6. Summary ofRepeated Measures ANOVA for Acoustic Measurements of 
Vocal Quality as a Function of Three Warm-up Conditions, at Two Levels of 
Pitch. 

Dependent 
OF ANOVA SS F Value Pr>F Variable 

Jitter Main Effect 2 0.00004 0.27 0.7652 

Jitter Interaction Effect 2 0.00003 1.88 0.2021 

Shimmer Main Effect 2 0.57517 0.44 0.6532 

Shimmer Interaction Effect 2 1.99911 2.76 0.1111 

SNR Main Effect 2 32.24291 1.44 0.2828 

SNR Interaction Effect 2 17.44657 0.58 0.5802 

F3 Main Effect 2 0.31061 1.36 0.3007 

F3 lnteractio Effect 2 0.09406 0.035 0.7161 

F4 Main Effect 2 0.71218 1.61 0.2470 

F4 Interaction Effect 2 0.14340 0.32 0.7316 

41 



jitter (ms) 

0.03r-------------. 

0.025 ....... . 

0.02 ....... . 

0.015 . 

0.01 

0.005 

0 
1 2 3 4 5 6 

Subjects 

.No Warm -up 

E:J lnclvtduallzed Warm-up 

0 &p.cllled W.,.... up 

Figure 3. 1. Bar chart for jitter (in milliseconds) in sung phonations of I a:/ at a 
comfortable pitch as a function of warm-up condition. 
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jitter (ms) 
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.No Warm-up 

Ej lnctvlduallzed Warm -up 

0 Speclt~d Warm -up 

Figure 3.2. Bar chart for jitter (in milliseconds) in sung phonations of /a:/ at a 
high pitch as a function of warm-up condition. 
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shimmer (percent) 
3r-------------------------~ 

1 2 3 4 5 6 

Subjects 

.No Warm-up 

EJ lndivlduallud Warm-up 

Ds~olled Warm-up 

Figure 3.3. Bar chart for shimmer (in percent) in sung phonations of /a :/ at a 
comfortable pitch as a function of warm-up condition. 
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shimmer (percent) 
3r-------------------~ 
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Subjects 

.No Warm-up 

~ ln~alll.cl Warm-up 

0 Speom.ct Warm-up 

Figure 3.4. Bar chart for shimmer (in percent) in sung phonations of /a:/ at a 
high pitch as a function of warm-up condition. 
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SNR (dB) 
40r---------------------~ 

1 2 3 4 5 6 

Subjects 

.No Warm-up 

r::J I nctlllduallled Warm· up 

0 8peoltled Warm-up 

Figure 3.5. Bar chart for signal-to-noise ratio (in decibels) in sung phonations of /a:/ 
at a comfortable pitch as a function of warm-up condition. 
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r::JindlvlduaiiZ•d Warm-up 

Ds~l'-d Warm-up 

Figure 3 .6. Bar chart for signal-to-noise ratio (in decibels) in sung phonations of /a:/ at a 
high pitch as a function of warm-up condition. 
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F3 (kHz) 

5r-----------------------~ 

4 - ----- - - --- .... -
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• No Warm-up 

Q lndivlduahzed warm-up 

D Specoft ed Warm-up 

Figure 3. 7. Bar chart for third formant (in killihertz) in sung phonations of Ia:/ at a 
comfortable pitch as a function of warm-up condition. 
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F3 (kHz) 

5r-----------------------

4 
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Subjects 

.No Warm-u p 

E:llndivlduahz.ed Warm·up 

0 Spec•lied Warm-up 

Figure 3.8. Bar chart for third formant (in killihertz) in sung phonations of Ia:/ at a 
high pitch as a function of warm-up condition. 
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F4 (kHz) 

5r-------------------~ 

1 2 3 

Subjects 

.No Warm-up 

E:J lndtvtduahzed Warm-up 

0 Speoofoed Warm· up 

Figure 3.9. Bar chart for fourth fonnant (in killihertz) in sung phonations of /a:/ at a 
comfortable pitch as a function of warm-up condition. 
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.No Warm-up 
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D Spoo•fi od Warm-up 

Figure 3.10. Bar chart for fourth formant (in killihertz) in sung phonations of /a:/ at a 
high pitch as a function of warm-up condition. 
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CHAPTER IV 

DISCUSSION AND CONCLUSION 

Review of Rationale. Methodology. and Results 

Many singers and vocal trainers consider vocal warm-up to be an essential 

preparatory step prior to a performance. Some have suggested that warm-up, if done 

properly, affects vocal quality immediately by stimulating blood circulation, much like an 

athlete might warm up prior to an athletic event (e.g., Miller, 1986). Others have 

suggested that warm up might establish a desired resonance balance (Schumacher, 1975; 

Browning Henderson, 1991). Still others suggest that warm up might have psychological 

effects (Browning Henderson, 1991). The specific immediate effects of warm-up on 

subsequent vocal quality in singing are unknown. Some previous studies have focused on 

long-term effects of various vocal training regimens as measured by subjective, perceptual 

judgments (e.g., Sipley, 1993). However, to the knowledge ofthis investigator, objective 

data regarding the immediate effects of warm-up on vocal quality in singing are 

nonexistent. 

The purpose of this investigation was to observe any possible changes in vocal 

quality as a function of vocal warm-up in trained singers as measured objectively by jitter, 

shimmer, signal-to-noise ratio, frequency value of formant three, and frequency value of 

formant four. The null hypothesis was that there would be no significant differences in 

any of the vocal quality measurements across three different warm-up conditions: ( 1) no 

warm-up, (2) individualized warm-up, and (3) specified warm-up. The directional 

hypothesis was that there would be significant differences in vocal quality as measured by 

these dependent variables between the three experimental conditions. 

It was anticipated that any changes in vocal quality, as slight as they may be, might 

be revealed in the objective measurements of vocal perturbation and formant structure. 
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Measures of vocal perturbation are typically used to differentiate normal voices (Baken, 

1987) from pathological voices~ however, Milenkovic indicated that the software program 

(C-Speech, Version 3.1) he designed for acoustical analysis is sensitive enough to detect 

small changes that might occur in normal voices. It was anticipated that these 

measurements of vocal perturbation would detect significant differences in the singing 

voice across the three different experimental conditions. Measures ofF 3 and F 4 have been 

used to differentiate trained from untrained singers (e.g., Bums, 1986). Specifically, these 

formants have been described as typically being lesser and more "concentrated" in 

sustained sung vocalizations of trained singers than in that of untrained singers. While the 

formant structures in sustained sung vocalizations of untrained singers tend to parallel 

those in spoken vocalizations. The concentration of this energy concentration is thought 

to reflect changes in resonance (Sundberg, 1990). It was anticipated that measurements of 

F 3 and F 4 might detect any significant changes in vocal resonance. 

A repeated measures analysis of variance, controlling for between-subjects 

variability, revealed nonsignificant results for each dependent variable. In other words, the 

directional hypothesis was not supported. While there were no significant group effects of 

warm-up on vocal quality revealed, there appear to have been possible individual effects. 

A Comparison to Existing Data 

A companson was made between the acoustic measurements obtained from 

sustained sung phonations of /a:/ in this investigation and data from sustained spoken 

phonations of /a:/ provided by Milenkovic (1987) and Bums (1986). Milenkovic (1987) 

reported the following to be typical measurement values of vocal perturbation with the 

spoken, sustained production of the vowel /a:/: jitter factor ranging from .01 ms to .037 

ms~ percent shimmer ranging from 1.23% to 2.99%; and signal-to-noise ratio ranging from 

18.7 dB to 24.1 dB. In this thesis the following ranges of vocal perturbation measures 
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were obtained with sung productions of the vowel /a:/ at a comfortable pitch: jitter factor 

ranging from .006 ms to .026 ms; percent shimmer ranging from 1.00% to 2.85%; and 

signal-to-noise ratio ranging from 18.79 dB to 27.60 dB. The ranges of vocal 

perturbation measures obtained with the sung production of the vowel /a:/ at a high pitch 

are as follows: jitter factor ranging from .001 ms to .02 ms; percent shimmer ranging from 

.48% yo 2.48%; and signal-to-noise ratio ranging from 21.60 dB to 35.36 dB. The data 

obtained in this study for measurements of vocal perturbation while singing at a 

comfortable pitch closely approximate those reported by Milenkovic ( 198 7); however, 

measurements obtained while singing at a high pitch are less consistent with Milenkovic's 

data. 

Bums ( 1986) reported typical values ofF 3 and F 4 in sung vocalizations by trained 

singers to comprise a range of 2,500 Hz to 3,000 Hz. Frequency values of F3 and F4 

estimated in this study ranged from 2.552 kHz to 4.674 kHz with sung phonations at a 

comfortable pitch. The formant structure of F 3 and F 4 obtained at a high pitch ranged 

from 2.682 kHz to 5.293 kHz. The values of formant structure as defined by F3 and F4 

obtained in this study seem to extend beyond the range reported by Bums (1986) which 

comprises the energy concentration known as the "singing formant." This indicates that, 

at least for some subjects, the "singing formant" was absent. 

Discussion of Results 

No Warm-up versus Individualized Warm-up versus Specified Warm-up 

It was suggested by Schumacher (1974) and Browning Henderson (1991) that the 

completion of specific vocal warm-ups prior to singing would result in changes in vocal 

quality. Exercises were recommended by these authors to facilitate changes in vocal 

resonance (e.g., the "hum" and "yawn" exercises), vibrato (e.g., the "kee-kah-kee" and 

"snuff zoh-zah-hum" exercises), and overall vocal quality (e.g., the "bilabial and lingua-
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alveolar vibration" and "zay-luh-zah-luh" exercises) Results of this thesis did not support 

such immediate group effects using specific warm-ups. 

As suggested in the review of the literature (e.g., Sundberg, 1987), these singers 

were highly variable in their methods of warming up. Some subjects participating in this 

study warmed up by using gentle phonatory exercises, beginning in the center of their 

range and then expanding towards the upper and lower limits of their pitch range. Other 

subjects used more effortful, and seemingly exhaustive phonatory exercises, with louder 

phonations extending to the limits of their pitch range immediately. As with the "specified 

warm-up" condition, there were no significant immediate group effects observed when 

using individualized warm-ups. 

Although there were no significant group effects of specific or individual warm-up 

on vocal quality, there did seem to be evidence of possible individual effects. Each subject 

will be discussed separately in a comparison between the three experimental conditions, 

"no warm-up," "individualized warm-up," and "specified warm-up." This discussion will 

include only those differences which are remarkable and readily observable by visual 

inspection of the bar charts developed and presented previously. 

Subject 1 

It appears that subject 1 had a greater amount of jitter present in the acoustic 

signal when sustaining a vowel phonation at a comfortable pitch in the "specified warm

up" condition than in the "no warm-up" condition. This amount was even greater in the 

"individualized warm-up" condition. For this singer, the amount of shimmer present 

during the sung phonation at a comfortable pitch was also greater in the "individualized 

warm-up" condition as compared to the remaining two conditions. The increased jitter 

and shimmer present in the acoustic signal is the opposite of the desired effect of warm-up 

on vocal quality. Increased levels of jitter and shimmer are associated with a more 
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"throaty" placement (Kwalwasser, 1926), resulting in a perceived strained vocal quality. 

The signal-to-noise ratio while singing the high-pitched vowel phonation was increased in 

the two warm-up conditions as compared to the "no warm-up" condition. This is a 

seemingly desired effect, resulting in a vocal quality with minimal amount of noise in the 

acoustic signal (i.e., a more periodic tone). Another desirable effect observed in this 

subject with vocal warm-up was a lowering of the third and fourth formants when 

phonating at a high pitch level. It seems that the "singer's formant" was more pronounced 

with warm-up preceding singing, at least for high-pitched phonations. 

Subject 2 

Subject 2 had only two instances of possible effects on vocal quality which were 

readily observable. When singing at a comfortable level of pitch, the percentage of 

shimmer present in the acoustic signal was markedly increased in the specified warm-up 

condition. This is the opposite of the desired effect, adhering to speculations discussed 

previously of immediate effects of these specific warm-ups. An optimal effect of warm-up 

on vocal quality would include a decrease in vocal perturbation measures rather than an 

mcrease. Another observed effect, which was the opposite of that desired, was an 

increased frequency ofF 3 when singing at a comfortable pitch level in the "individualized 

warm-up" condition. An increased frequency of F3 has been associated with faulty, 

inefficient vocal use (Bums, 1986). 

Subject 3 

This subject had the most dramatically apparent effects of warm-up on vocal 

quality. Both measures of jitter and shimmer were markedly decreased as a function of 

warm-up condition. These measures were highest in the "no warm-up" condition, 

somewhat reduced in the individualized warm-up condition, and most dramatically 

reduced in the specified warm-up condition. This was true for measurements of jitter at 

56 



both comfortable and high pitch levels, and for shimmer at a high pitch level. These 

decreased levels of vocal perturbation may be associated with a less strained, more 

efficient vocal quality. The signal-to-noise ratios (SNR) derived for this subject also 

showed a desirable effect, being increased as a function of warm-up, with the highest SNR 

being in the "specified warm-up" condition. This subject did not reveal any apparent 

effects of warm-up as measured by formant structure. Overall, this subject seemed to 

have achieved the more desirable, efficient vocal quality subsequent to warming up than 

subsequent to no warm-up. Furthermore, the "specified warm-up" condition seemed to be 

the most effective method of warm-up for this subject, supporting speculations made by 

Schumacher (1972) and Browning Henderson (1991). 

Subject 4 

Subject 4 had an increased percent shimmer in the "individualized warm-up" 

condition when singing at a comfortable pitch and at a high pitch. This was also true in 

the "specified warm-up" condition when singing at a level of high pitch. Again, this is the 

opposite of the desired effect of warm-up on vocal quality, for measures of vocal 

perturbation are expected to decrease with optimal vocal quality. Effects of warm-up on 

vocal quality were not observable for this subject as measured by any other means. 

Subject 5 

Measurements of vocal perturbation revealed an increased percent shimmer when 

singing at a comfortable level of pitch in the "specified warm-up" condition. Percent 

shimmer was decreased when singing at a high pitch level in both warm-up conditions. 

These inconsistencies are unexplainable. It appears that the "specified warm-up" condition 

had possible deleterious effect on vocal quality when singing at a comfortable pitch level, 

but a desirable effect on vocal quality when singing at a high pitch level. Nevertheless, it 

can be said that this warm-up condition was not effective in facilitating optimal quality 
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throughout the singer's vocal range. In both warm-up conditions, the frequency value of 

F 4 was reduced, indicating a more pronounced presence of the "singer's formant" which is 

associated with optimal vocal quality. 

Subject 6 

Subject 6 had an increased jitter factor when singing at a comfortable pitch level in 

the "individualized warm-up" condition, as well as an increased percent shimmer when 

singing at a high level of pitch in both warm-up conditions. Again, this is the opposite of a 

desired effect of warm-up on vocal quality. Other measurements obtained for this subject 

were unremarkable. 

Limitations of this Study and Areas of Future Research 

The following is a discussion of several variables which may have influenced the 

results of this study. One such variable is the sample size (N = 6). Singers' voices are 

highly variable as are their warm-up techniques. This created complications in the 

development of the design for this thesis. Typically, a larger sample size will yield results 

more representative of an entire population; however, since the singing voice seemed to be 

so variable between subjects and since there is a lack of nonnative data regarding the 

singing voice, a greater number of subjects would not necessarily have provided data 

which could have been generalized to all trained singers. Without nonnative data, 

predictions regarding homogeneity of variance could not be made. Other options might 

have been to increase the sample size while using more strict subject criteria (e.g., female, 

soprano singers, aged 22 years to 26 years, with five years of vocal training); or to use 

only a single subject while increasing the number of longitudinal analyses over a greater 

period of time. However, the indications from one subject would be equally as difficult to 

generalize due to high intrasubject variability. Since there were no readily available data 
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to indicate amount of intrasubject variability to be expected, this thesis design may serve 

effectively as a pilot study. 

Another limitation of this study was in the singing task elicited for acoustic 

measurements. Speech samples obtained consisted of sung phonations of the vowel /a:/ at 

a comfortable pitch and at a pitch which approached the upper limit of the singers' ranges. 

Perhaps significant changes in vocal quality might have been observed with speech 

samples selected from portions of continuous sung productions while having all subjects 

sing a specific musical piece. However, sustained vowel phonations in spoken 

productions are effectively used to measure vocal perturbation as well as formant structure 

(Baken, 1987). As Sundberg ( 1987) suggested, perhaps warming up affects a singer's 

ability to endure greater duration and demand of singing tasks. This study did not analyze 

the ability of singers to sing for longer durations of time, nor did it analyze their ability to 

complete vocal tasks with high demands on vocal functioning and control. 

Another possible interacting variable is time. In the two experimental conditions 

which included a period of vocal warm-up prior to data collection, the amount of time 

taken to complete the warm-up was not controlled. The time taken to complete the 

specified warm-up task ranged from 5.78 minutes to 8.72 minutes, with a mean of 7.33 

minutes. In the individualized warm-up condition, the amount of time taken to complete 

the task ranged from 4.5 minutes, to 12.78 minutes, with a mean of8.81 minutes. Perhaps 

there is a threshold of time beyond which vocal warm-up is effective or ineffective. 

One might question how these results relate to perceptual changes. Perhaps 

objective measurements of such slight changes in vocal perturbation and formant structure 

are subjectively perceivable, yet objectively undetectable. Research could be done to 

determine the degree to which subjective and objective measurements of vocal quality, or 

vocal "readiness" are compatible. Another consideration is the singer's vocal self-image. 

Perhaps there are no immediate effects of vocal warm-up on subsequent vocal quality as 
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measured by objective means, and rather there are immediate psychological effects. As 

suggested by Browning Henderson ( 1991 ), warm-up may have a positive effect on a 

singer's overall performance by increasing the singer's self-esteem. 

Implications of this Study 

The Importance ofVocal Warm-up 

As to the immediate effects of warm-up on vocal quality in subsequent singing, it 

was suspected by some to promote a better vocal quality with optimal resonance and even 

vibrato (Schumacher, 1975~ Browning Henderson, 1991). Some authors in vocal 

pedagogy advocated individual variability of warm-up procedures, finding what method 

seems to work best for the singer as an individual, based on personal preference, 

knowledge of personal history and familiarity with his/her own voice, the piece of music to 

be performed, and various other factors (Sundberg, 1987~ Doscher, 1988). Other authors 

in vocal pedagogy advocated specific procedures from which to choose in developing a 

warm-up routine. Some of these recommended procedures were included in the 

experimental condition, "specified warm-up." The warm-up techniques chosen for this 

condition were used collectively; and therefore, one cannot single out one technique from 

the others in order to determine its effectiveness. 

Although there were no overall significant group effects of warm-up on vocal 

quality found, it was interesting to find that some individual subjects appeared to have 

possible changes in vocal quality across the different experimental conditions. For 

example, subject 3 revealed possible changes in measures of vocal perturbation which may 

have been associated with an improved vocal quality as a function of vocal warm-up. 

Interestingly, this subject felt indifferently about the neccessity of vocal warm-ups and did 

not perceive any changes in his vocal quality as a result of warming up. Other subjects 

may have experienced deleterious effects of warming up. For example, subjects 1 and 4 
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revealed some instances of possible deleterious effects of their individual warm-ups, as 

indicated by increased measurements of vocal perturbation in the individualized warm-up 

condition. It appears that their individual methods of warming up may have been related 

to increased measures of vocal perturbation, and therefore were counterproductive. As 

suggested by Sundberg (1987), "warming up in a hurry or in the wrong way ... tends to 

result in poorer voice function than normal" (p. 192). Interestingly, these two subjects 

both perceived increased vocal "readiness" with warm-ups preceding singing tasks. The 

specific immediate effects of vocal warm-up on subsequent singing still remain unclear. 

The Usefulness of Objective Measurements 

The results of this study seem to further support indications of the usefulness of 

objective measurements in effectively and efficiently achieving a desired vocal quality 

(Carlsson & Sundberg, 1991; Hixon, 1991). It appears that of all the objective 

measurements utilized in this investigation, measurements of jitter and shimmer were more 

sensitive indicators of slight changes in vocal quality of the singing voice. 

Some singers perceived that their individual method of vocal warm-up was related 

to an improved vocal quality, yet measures of vocal perturbation obtained revealed that 

their individual method of warmin!}-Up was either ineffective or was possibly associated 

with a detriment in vocal quality. Using objective measurement techniques might be 

effective in helping a singer to develop an individualized warm-up routine which is 

designed to achieve desired effects on vocal quality with maximum efficiency and mimimal 

effort. 

Four of the six subjects in this experiment perceived improvements in vocal quality 

with warm-up. These perceived changes were not reflected in objective measurements of 

vocal perturbation and formant structure. These singers indicated that subsequent to 

completing warm-ups, they felt more physically prepared and confident to sing. This 
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perception was not consistent with the objective measurements employed. It seems 

logical that the vocal "self-image" of a singer might affect vocal performance in a positive 

manner, at least in terms of the emotional content of the musical piece. However, if a 

singer is warming up in a manner which is producing the opposite of the desired effect, 

which might even be harmful to the voice, it would be to the singer's advantage to have 

this objective information available in developing a more appropriate warm-up technique. 

It seems evident that there is potential for developing an effective warm-up 

technique, based on instances of improved vocal quality in some subjects with warm-up 

preceding singing. It also seems evident that each singer is extremely different in terms of 

the manner in which warm-up affects the voice, such that a singer might achieve the 

maximum effects when developing a technique for warming up which is specific to 

him/her, rather than simply adhering to some guidelines based on perceptual, imagery 

techniques recommended by some in vocal pedagogy. Visual feedback displays, such as 

those provided in the C-Speech software program (Version 3.1), might be useful tools in 

successfully developing a means of warming up which is not only not damaging to the 

voice but beneficial in facilitating an optimal vocal quality. Using these objective measures 

of vocal quality, one could develop a warm-up technique to establish an enhanced tone 

and increased projection with minimal effort through the use of measures of formant 

structure. One could also develop a warm-up technique to establish a vocal quality with 

minimal vocal perturbation (i.e., pure tone quality) and minimal variation in vocal 

perturbation (i.e., even vibrato), through the use of measures ofvocal perturbation. 

Post Hoc Analysis 

Referal to Table 2.1 will indicate several different vocal classifications into which 

the subjects for this study were categorized. It was questioned as to whether the acoustic 

measurements of jitter, shimmer, signal-to-noise ratio, F 3, and/or F 4 as derived via 
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C-Speech (Software Version 3.1) would differ significantly as a function of vocal 

classification. Since physiological characteristics, such as overall body size and larynx 

size, are suspected to affect vocal quality, it was suspected that these vocal classifications 

might reflect the same effects. A post hoc analysis was completed on each dependent 

variable, comparing the two soprano subjects to the two tenor subjects. Table 4.1 

represents the mean values of each acoustic measurement for sopranos and tenors. 

Significant differences between the sopranos and tenors were found for each acoustic 

measurement (p > .05). A between-subjects comparison was also completed on the two 

soprano singers, indicating significant differences as well. This suggests a great deal of 

variance within these two groups (i.e., a lack of homogeneity of variance). Based upon 

such small groups with a wide variance within each group, the statistical significant 

differences found between the two groups are rendered inconclusive. However, the 

drastic differences found between these two small groups of subjects warrant future 

research. 
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Table 4.1. Mean Values of Acoustic Measurements for Sopranos and Tenors. 

Acoustic 
Sopranos Tenors Measurement 

jitter 0.00594 ms 0.01058 ms 

shimmer 1.50889% 1.84389% 

SNR 25.4481 dB 22.5831 dB 

formant 3 3.09350 kHz 2.98622 kHz 

formant 4 4.18019 kHz 3.09072 kHz 
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ATTENTION TRAINED SINGERS! 

Your expertise in vocal performance is 
needed! 

I am a graduate student in speech and hearing sciences 
doing a master's thesis investigating certain aspects of 
vocal quality in singing. I am in need of volunteers. 
each with at least one year of vocal training at the 
collegiate level, to serve as subjects in this three-part 
experiment. Each subject will be recorded on three 
separate occassions. singing a sustained vowel for three 
seconds. The total time taken will comprise less than 
45 minutes. Each participant in this experiment will 
receive one recital credit. as well as knowledge gained 
from the results of this experiment. If you are 
interested. please provide your name and telephone 
number below. and you will be contacted. Your 
participation is GREATLY appreciated!! 

Thank you. 

Carla Helmbrecht. B.S. 
phone: 747-5017 
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CONSENT FORM 

I hereby give my consent for my participation in the project entitled: "Changes in 
Vocal Quality as a Function ofWarm-up in Trained Singers." I understand that the person 
responsible for this project is: Carla Helmbrecht, B.S., under the guidance of Dr. 
Raymond Linville (telephone number: 742-3908). 

She has explained that these studies are part of a project that has the following 
objective: to gather voice recordings of sung productions of the vowel /a:/ on three 
separate occasions. She has explained the procedures to be followed and has described 
benefits to be expected. Information concerning payment for my participation in this study 
has been explained to me as follows: upon completion of participation in this project, one 
recital credit will be provided for partial fulfillment of requirements for applied lessons in 
the Department of Music. 

It has been explained to me that there are no risks involved in participation of this 
experiment. It has further been explained to me that the total duration of my participation 
will be less than 60 minutes, separated over a three-day period; that only Carla Helmbrecht 
will have access to the data collected for this study; and that all data associated with this 
study will remain strictly confidential. Carla Helmbrecht, under the guidance of Dr. 
Raymond Linville, has agreed to answer any inquiries that I may have concerning the 
procedures and has informed me that I may contact the Texas Tech University 
Institutional Review Board for the Protection of Human Subjects by writing them in care 
of the Office of Research Services, Texas Tech University, Lubbock, Texas 79409, or by 
calling 742-3884. 

If this research project causes any physical injury to participants in this project, 
treatment is not necessarily available at Texas Tech University or the Student Health 
Center, nor is there necessarily any insurance carried by the University or its personnel 
applicable to cover any such injury. Financial compensation for any such injury must be 
provided through the participant's own insurance program. Further information about 
these matters may be obtained from Dr. Robert M. Sweazy, Vice Provost for Research, 
742-3884, Room 203 Holden Hall, Texas Tech University, Lubbock, Texas 79409-1035. 
I understand that I may not derive therapeutic treatment from participation in this study. I 
understand that I may discontinue this study at any time I choose without penalty. 

Signature of Subject: _________________ Date: _____ _ 

Signature of Project Investigator: ____________ Date: _____ _ 

Signature ofProject Supervisor: _____________ Date: _____ _ 
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Subject #1 
(10 min. 47 sec.) 
sang along with recordings of the following songs: 
1. first half of "I'll Take You There" by BB & CC Wianan 
2. second half of "Different Lifestyles" by BB & CC Wianan 
3. entire "Heaven" by BB & CC Wianan 
4. entire "Come Unto Me" by Take 6 
**Subject always warms up using these selections. She feels they work best in terms 
of adequately warming up her voice, and she enjoys the songs. 

Subject #2 
(9 min. 50 sec.) 
sang the following vocalises: 
1. "ng" on scale: 54321 (E4-Fs) 

2. arpeggio on scale: 13531 (Ab3-Bb6) 

3. arpeggio on scale: 1351531 (D4-C6) 

4. triplets on scale: 132435etc. 
5. scale down octaves (Eb5-D6) 

6. fast arpeggios on scale: 13513531531 
7. triplets on scale: 1321 
**Subject warms up differently according to what she is going to be singing in her 
performance (e.g., a third above highest note in song). Sometimes she does not warm up 
at all. She chose this warm-up according to the description given of data collection 

Subject #3 
(4 min. 30 sec.) 
sang the following vocalises: 
1. /a: o: u: i:/ on scale of triads: 13531 
2. /bra: vra:/ on scale of triads: 51531 
3. scale down in triplets: 321 
4. entire scales with different vowels 
**Subject feels warming-up is not neccessary; "If you need to warm up then you're 
not singing correctly." 

Subject #4 
(9 min. 3 sec.) 
sang the following vocalises: 
1. /bri: bre: bra:/ on scale: 123 three times, then up entire scale chromatically 
2. /y/ and /n/ + /a: a: a: ei: a: a: a:/ on scale: 13 56531; then with different vowels 
3. "ng" + "ah" down scalar octaves 
**Subject typically does this warm up routine. She indicated she can tell when vocally 

ready. 
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Subject #5 
(12 min. 47 sec.) 
sang the following vocalises: 
1. "ng", "m", "n", and vowels on scale: 5432123454321 (E4 up to A5) 

2. /li la ri ra ni na Oi Oaf on scale: 121 down and up octave 
3. /u:/ and /a:/ on octave stretch: 181 
4. /Oa vra Oa gra Oa bra 0 dra/ on scale: 1321 down octave 
5. /i:/ and /a:/ on scale: 5432123456789:87654321 
**This is a typical warm-up for this subject. She often warms up for a longer period of 
time than this. Subject feels warm-up is imperitive. 

Subject #6 
(5 min. 27 sec.) 
sang the following vocalises: 
1. humming up and down scale: 123454321 
2. /ya ya ya ya ya/ down scale: 54321 
3. /bra: bre: bri: bro: bru:/ on scale: 151:54321 
4. different CV combinations on scale: 1321 and down 
**Subject typically uses these vocalises for warm-up. Time spent warming up varies as 
subject feels neccessary. Subject reports many rituals (e.g., drinking water). 
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I. THE HUM 

Purpose: to exercise the muscles of the cheeks; to facilitate proper posture of these 
muscles durin~ singing, so that they remain lifted at all times, to the point that the upper 
teeth are shoWing. It "allows the vibrating air or breath to flow up to the resonating bone 
structure and cavities of the head and brings to life the resonance to the voice." 

When you hum correctly, you lift the muscles of your cheeks gently and 
have the sound of a soft M on your lips. Hum the melody of the song "Oh, What a 
Beautiful Morning", or just a phrase at first if you would rather, until you get used 
to humming. Lift your cheeks gently, pout your lips softly and hum, with the 
sound of a soft M on your lips, as in Figure 21. Let the sound ofthe hum float up 
freely and easily. Take a breath as often as you need it. As you continue to hum, 
feel that your head is loose and free on your neck, as if it could nod gently. (p. 
83). 

Source: Schumacher, W. (1974). Voice therapy and voice improvement: a simple and 
practical approach through correct muscle usage. Springfield, Illinois: Charles C. 
Thomas. 

IT. THE YAWN-" AW" 

Purpose: to help strengthen the muscles of your soft palate; to facilitate movement of the 
soft palate in coordination with the cheek muscles for proper vocal resonance. 

Take your mirror. Lift your cheeks and let your lower jaw drop loosely and freely 
as you open your mouth. Now yawn, gently and easily, as in Figure 18. The arch 
of your soft palate will lift as you yawn. If you would like to see how it lifts, take 
a look at it in your mirror. It is not necessary to look at it as you continue to 
practice yawning. It will lift as you yawn. Hold it a moment. Let i~ drop. ":awn 
again, gently and easily. Hold it a moment. Let it drop. Yawn agam. Hold 1t. 
Let it drop. Repeat this and follow with phonation of"aw" (3 times). 

Source: Schumacher, W. (1974). Voice therapy and voice improvement: a simple and 
practical approach through correct muscle usage. Springfield, Illinois: Charles C. 

Thomas. 
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m BILABIAL AND LINGUA-ALVEOLAR TRILLS 

Purpose: to help the tongue and lips be "loose" and "free"; to reduce tension so they can 
vibrate easily as air flow passes. 

Sing the following exercise, beginning in your low middle range, and continuing 
through the entire octave (i.e., 8 times). (p. 25) 

If JDJO.OJJ I 
& 

~ilab~al vibration with phonation -) 
(lingw-alveolar vibration with phonation -) 

Source: Schumacher, W. (1974). Voice therapy and voice improvement: a simple and 
practical approach through co"ect muscle usage. Springfield, illinois: Charles C. 
Thomas. 

IV. THE "KEE-KAH-KEE" EXERCISE 

Purpose: to strengthen the velum and facilitate a more even vibrato and a better 
resonance. 

Before starting, speak "kah" with an audible sigh. This spoken "kah" 
automatically sets up the correct position of the soft palate. Never sing back on 
the soft palate; always think of singing the tone front. Sing the following exercise, 
beginning in your low middle range, and continuing through the entire octave. (p. 
174) 

• • • • 

Kee kah keekah kee kee keeah eeah eeah eeaheeah 

Source: Browning Henderson, L. (1991). How to Train Singers (2nd ed). West Nyack, 
New York: Parker Publishing Company. 

n 
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V. THE "SNUFF ZOH-ZAH-HUM" EXERCISE 

Purpose: to open the nasal cavity and cause the singer to feel support of the lower 
abdominal area~ to facilitate a more regular vibrato. 

Put your hands on your waist and do a short snuff, just as though you were 
snuffing your nose, very easily. The lower abdominal area should spring out (not 
be pushed out) on the snuff. Sing the following exercise, beginning in your middle 
range. (p. 88) 

Zoh------------- zoh----- zoh h -- ------------ zo ----------
Z~------------ zah------------ zah------------ zah ---------

zoh 
zah 

Hum----------- hum---- hum ------- ------------ hum------ hum 

Source: Browning Henderson, L. (1991). How to Train Singers (2nd ea.). west Nyac~ 
New York: Parker Publishing Company. 

VI. THE "ZAY-LUH-ZAH-LUH" EXERCISE 

Purpose: to help you get focus into the tone. 

Use the "inside smile" posture: close the mouth, but not the teeth, and smile as 
though you are smiling at someone in the room but do not wish the other person to 
see you smiling. Use this posture while singing the following series of triplets on 
one breath, beginning in your upper middle range. Complete this five times. (p. 
173) 

II 

J IJ * II 
3 3 

Zay-luhzah~h zay-luh zah~uh zay-luhzah-luh 
'---" 

~y-lu~----------

Source: Browning Henderson, L. (1991). How to Train Singers (2nd ed). West Nyack, 
New York: Parker Publishing Company. 
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TEXAS TECH UNIVERSITY 

PROPOSAL FOR ACTMTY USING HUMAN SUBJECTS 

I. Title: 

"Changes in Vocal Perturbation and Formant Structure as a Function of Warm-up in 
Trained Singers" (by Carla A. Helmbrecht, B.S.) 

II. Rationale: 

Vocal warm-up prior to performance in singers is considered a rudimentary 
step, however, the specific affects of it are unknown. Some authors have suggested that 
vocal warm-up has immediate affects on vocal quality (Schumacher, 1974; Browning 
Henderson, 1991 ), however, there is no scientific evidence to support this (Sundberg, 
1987; Hixon, 1991). The suggested importance of vocal warm-up seems to be based on 
the premise that the vocal folds are like any other muscle of the body. Like other muscles, 
the vocal folds depend upon proper blood circulation in order to retain optimal function, 
control, and viscosity (Sundberg, 1987). It is speculated that vocal warm-up may 
stimulate this blood circulation with gentle phonations, and in turn, facilitate a desired 
vocal quality in singing. 

Warm-up procedures vary greatly between individuals. Techniques used 
seem to have been based on personal experience and have been passed down among vocal 
trainers (Coltan & Casper, 1990). Techniques used in vocal pedagogy purported to 
directly improve vocal quality have been questioned by several investigators in the speech
language pathology and related fields (e.g., Watson & Hixon, 1985; Sundberg, 1987; 
Coltan & Casper, 1990). 

The purpose of this investigation is to examine the immediate affects of 
vocal warm-up on vocal quality in subsequent singing, as measured by aspects of vocal 
perturbation and formant structure. Specifically, the hypothesis tested is that there will be 
no significant differences in vocal quality as measured by jitter, shimmer, signal-to-noise 
ratio, and formants three and four between the two experimental conditions, singing 
subsequent to vocal warm-up versus singing subsequent to no warm-up. 

A benefit of this study will be to supplement the existing literature 
regarding techniques used in vocal pedagogy to facilitate desired vocal quality. It is 
anticipated that there will be no significant differences in vocal quality as a function of 
vocal warm-up. If results of this study support the null hypothesis, there may be possible 
implications of a need for more objective measures to facilitate optimal vocal quality in 
singing. An additional benefit of this study will be to provide useful information to singers 
helping them to achieve optimal performances. 
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III. Subjects: 

Thirty trained singers will serve as volunteer subjects for this experiment. 
All s~bjects will be required to have received formal training at the collegiate level in 
classtcal vocal performance for a minimum of one year. Subjects will be recruited from 
the Texas Tech University Department of Music. Mr. John GiBas, a professor specializing 
in vocal performance, has offered his support in recruiting subjects for this experiment. A 
sign-up sheet identical to the one attached will be provided to Mr. GiBas to present to 
students studying vocal performance who meet the criteria. 

IV. Protocol: 

Each subject will review and sign the consent form. There will be two 
experimental conditions, each completed on separate days. Order of experimental 
conditions will be randomly assigned to each subject, so that half of them will participate 
in condition A first, while the other half participate in condition B first. Procedures for 
collecting speech samples will be identical in both conditions, however, 1 0 minutes of 
vocal warm-up will precede one condition. Warm-up exercises recommended by vocal 
trainers to facilitate improved vocal quality in singing will be incorporated into this 1 0-
minute warm-up. To gather speech samples, each subject will be instructed to sustain the 
vowel /a:/ as in "father" in their singing voice, with vibrato, at a comfortable loudness 
level. Pitch level will be specified (musical note ofC4). Sung phonations will be sustained 

for three seconds, and each subject will repeat this task three times within each 
experimental condition. 

Speech samples will be digitally recorded using a Sony Digital Audio Tape
corder (Model TCD-D3). The samples will then be transferred into a Club 386 PC 
(Model 325D) to be analyzed acoustically using C-Speech (Software Version 3.1). 
Overall mean values of jitter, shimmer, signal-to-noise ratio, and formants three and four 
will be calculated for each experimental condition. Statistical analysis will be carried out 
to determine if there is a significant difference in any of the dependent variables between 
the two experimental conditions. The level of statistical analysis determined to be 
appropriate for this bivalent, within-subjects design is a series oft-tests or z-Ratio analyses 
(Ventry & Schiavetti, 1986). . . . . . 

There are no foreseen potential risks incurred by parttctpatlOn m this 
investigation. Procedures employed will be non-invasive .. Con?dentiality for_ each 
subject's voice recording will be highly regarded, and each subject wtl_l have the opt~on of 
being excluded from the study at any point throughout the data collect10n and analysts. 
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Dr. Roman Taraban 
Department of Psychology 
Reviewer for Research Services 
Texas Tech University 

Re: Notification of Changes in Experimental Design 

Department of Speech & Hearing Sciences 
Texas Tech University 
Box42073 
Lubbock. TX 79409-2073 
May 12, 1993 

I would like to notify Research Services of three changes in the experimental design of the thesis 
in-progress entitled, "Changes in Vocal Perturbation and Formant Structure as a Function of Warm-up in 
Trained Singers." 

Firstly, the original design was to be comprised of two conditions of the independent variable: 
(1) vocal quality subsequent to no warm-up, and (2) vocal quality subsequent to warm-up exercises 
specified by the investigator. The design has been changed to include a third condition: (3) vocal quality 
subsequent to warm-up exercises chosen by each individual subject. The consent form has been revised to 
indicate subject participation in three separate conditions. A copy of the revised consent form is enclosed. 

Secondly, a change has been made regarding the voice samples taken. The original samples were 
to be of sustained phonations of the vowel /a:/ at a specified pitch level. Rather than this, samples will be 
taken of the vowel/a:/ sung at both ( 1) a comfortable pitch level, and (2) a pitch level that approaches the 
higher limit of each subject's vocal range. 

Thirdly, the original experimental design proposed the use of 30 subjects. I will now begin 
collecting data on only six subjects. This will serve somewhat as a pilot study. A test for homogeneity 
will be conducted on these data. If there is great intrasubject variability, then these six subjects will 
complete the data collection, and a single-subjects design will be persued. If there is considerable 
homogeneity, then data collection will be continued on 30 subjects for a within-subjects design (as 
originally proposed). 

These changes have all been approved by the chairperson of this thesis committee, as indicated 
by his signature below. Thank you very much. 

Sincerely, 

Carla Helmbrecht, B.S. 

Approved by: 

Raymond Linville, Ph.D., CCC-SLP 

Enclosure: revised consent form 
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