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The purpose of this study was to determine the pitch and intensity 

level characteristics found in the vibrati of preferred oboe players whose 

vibrato was ranked by a panel of experts. The investigation also sought to 

discover factors that distinguish the preferred oboe vibrato from vibrato that 

is less preferred. 

A panel of three experts evaluated recordings of 34 subjects performing 

four musical excerpts taken from standard oboe recital literature. Two 

groups, each consisting of the six most- and least-highly rated subjects, were 

compared for factors associated with pitch modulation and intensity level 

modulation. 

The impact of the amount of pitch modulation and intensity level 

modulation present in the vibrato performed on a particular pitch was 

determined by calculating a multiple of the approximate just noticeable 

difference (JND) for that factor on that pitch. The results of this study 

indicated that, although it is possible for oboe vibrato to consist of a pitch 

modulation without an intensity level modulation and conversely, the 

preferred oboe vibrato consists of both. They also indicate that pitch 



modulation is a stronger component of the preferred oboe vibrato than is 

intensity level modulation. 

Factors involved in vibrato performance were compared for 

statistically significant difference between groups through the use of 

Student's t-tests and the examination of scatter plots. Only the percentage of 

time in which vibrato was present in the tone showed statistically significant 

difference between the groups. The percentage of modulation presence 

seems to vary considerably depending upon the musical context. 

Examination of the scatter plots suggests that vibrato rate may be another 

important distinguishing factor. For the group of subjects whose vibrato 

performance was preferred, there was a "range of goodness" in the vibrato 

rate of 5 Hz to 6 Hz that remained nearly constant regardless of tessitura or 

of the musical context in which vibrato was employed. 
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CHAPTER 1 

RATIONALE AND PURPOSE 

Introduction 

Vibrato has become an important component in current performance 

practice. Fletcher (1946) considered vibrato to be one of the six "physical 

aspects of a musical tone" (p. 215). Seashore (1936) considered the vibrato to 

be "the most important of the musical ornaments" (p. 7). By the mid-20th 

century vibrato had come to be expected of woodwind players (Hutchings, 

1947). 

Vibrato on the oboe results from a periodic pulsation of the airstream 

(Veazey, 1991). It is generally accepted that vibrato on the oboe presents 

unusual challenges in both playing and teaching due to the amount of 

resistance in the airstream of the player~an airstream resistance which is 

particular to the oboe. These problems stem largely from the unique makeup 

of the instrument and the fact that the aperture of the oboe reed is 

considerably smaller than apertures on other wind instruments. The oboe is 

conically-bored and has at its narrowest point the smallest bore of any of the 

woodwind instruments. The reduction in bore extends into the dimensions 

of the reed to the point that the reed tip opening is approximately 1 mm. 



Additionally, a certain amount of resistance created due to the unique 

construction of the reed is needed to provide stability of the pitch in the tone. 

This need for resistance is especially true of the style of reed making 

employed by most oboists in the United States. Together, these factors, 

coupled with the amount of air needed to produce an acceptable tone with 

acceptable pitch, create a greater degree of airstream resistance for the oboe 

player than for players of other woodwind instruments. In overcoming this 

increased airstream resistance, the oboist has to compensate by employing a 
i 

greater amount of force behind the airstream than do players of other 

woodwind instruments. As a result, the force behind the pulsation of the 

airstream required for the vibrato to be effective must be greater than that in 

other similarly-produced vibrati (C. O. Veazey, personal communication, 

March 27,1995). The exact amount of force required by various wind 

instruments has not been measured and would provide valuable 

information for similar studies. 

Historically, considerable disagreement has existed as to the acoustical 

properties that are added to the oboe tone as a result of vibrato. Central to the 

debate is the issue of change in the steady state of pitch and/or intensity level 

brought about by changes in the steady state of the airstream that occur in the 

production of vibrato. Some have suggested that vibrato alters the pitch of 

the note played. Others contend that the change occurs not in the pitch of the 

tone, but in the intensity level of the sound produced. Still others argue that 



both the pitch and the intensity level of the tone change when vibrato is 

produced. Inferences can be and have been drawn from literature written 

over the last 450 years, and oboists continue to align themselves among these 

camps. There exists a need for research to scientifically determine the changes 

that occur during the performance of vibrato on the oboe in order that 

misinformation can be swept aside. There is a need to determine whether in 

common practice there exists one result only or more than one result. To 

date, only a small amount of research in this area has been performed. Some 

of the research is flawed due to bias on the part of the researcher or problems 

in research design. All of the studies suffer from methodology lacking in 

technological sophistication, the fault not of the researcher but of the period 

in which the study was made. This study seeks to investigate certain 

acoustical properties of the oboe vibrato through the use of current diagnostic 

tools and thereby provide a visual model for a more effective teaching of this, 

"the most important element in music" (Seashore, 1936, p. 7). 

Background of the Study 

Research dealing with the qualitative acoustical properties of oboe 

vibrato was not performed until 1973 (Brown, 1973). Even then, the author of 

that study admitted to a lack of sophistication of equipment utilized for the 

study and a lack of training on his part in using the equipment. Hence, in 

exploring background information for such qualitative acoustical properties, 



it is helpful to include in the study of oboe vibrato the writings on similarly 

produced vibrati. 

Vibrato as Pitch Modulation 

The earliest specific instructions for a vibrato-like alteration of the tone 

come from the 18th century. Hotteterre in 1707 (1983), Corrette in 1735 

(1978)/ Quantz in 1752 (1966), Mahaut in 1759 (1989), Delusse in 1761 (1979), 

and Tromlitz in 1791 (Hadidian, 1979) all advocated the use of the 

flattement or bebung, an ornament produced by alternately closing and 

opening an open tone hole close to the actual fingering. This produced a 

downward alteration in the pitch of the tone, the degree of which was 

relative to the proximity of the tone hole employed to the last closed tone 

hole of the fingering itself. Delusse also advocated an alteration of the flute 

tone produced by radically altering the position of the head of the flute 

relative to the embouchure. This, too, would create a pitch modulation. 

The first modern writings concerning this type of vibrato in wind 

instruments were those describing the vibrato in terms of pitch modulation. 

Hattwick (1932) was one of a number of researchers who worked with 

Seashore (1936,1947) in studies of assorted aspects of the vibrato. Hattwick 

studied 14 performers on various instruments by examining their 

recordings on phonograph records. In his narrative, Hattwick compared 

string vibrato, which he described as "the rolling finger on the string" (p. 



276) with wind vibrato, which he called the "change in pitch and intensity of 

wind instruments" (p. 276). However, in the design of his study, Hattwick 

provided only for the measurement of a pitch-modulated vibrato: 

The criterion was set up that no deviation from fixed pitch should be 

counted as a vibrato unless there was evidence of fairly even 

periodicity of from five to ten oscillations per second in at least three 

successive vibratos in which the pitch extent was more than one-

tenth of a tone. (p. 276) 

This limitation in his design was probably necessitated by the fact that the 

tonoscope, which Hattwick used to analyze his recordings, was apparently 

able to measure only the pitch of the vibrato. As Seashore described it, 

The new model of the tonoscope . . . consists of the stroboscopic screen 

in the form of a drum. . . . A scale enables the observer to read the 

pitch of the tone directly. Depending upon the degree of steadiness of 

the tone, the reading may be made in terms of tenths, twentieths, or 

hundredths of a tone. (Seashore 1930, p. 77) 

No mention was made of the possibility of measuring intensity level 

modulation with this apparatus. Using this design, Hattwick found only 6 

of his 14 subjects to exhibit vibrato. 

Hutchings (1947) referred to vibrato as "wobbling" and said that it was 

"now expected of wood-wind players" (p. 156). His writing shows clear bias 

against the frequent use of vibrato in wind instruments, which he claimed 



was due to a change of pitch. He wrote, "A reporter complained that in a 

Handel organ concerto the 'dead' tone of the solo instrument did not blend 

with the 'live' tone of the wind. He thought, and I think too, that wood-

winds should be omitted from such works; but what did he mean by 'live' 

tone? A physicist would tell him: change of pitch." (p. 156). Hutchings 

offered no assessable support for his comments. 

Corso and Lewis (1950) investigated vibrato preferences of musicians 

and non-musicians using artificially-produced musical tones. Their study 

apparently assumed only a pitch-modulated vibrato, for they did not pursue, 

nor did they suggest the pursuit of, an intensity level-modulated vibrato. 

Hilton (1951) said that when performing on the oboe with vibrato, "the pitch 

or the tone should deviate only very slightly and intensity not at all" (p. 39). 

Lee (1954) believed more strongly in a pitch change. He claimed that 

"change of pitch is very important in establishing a good vibrato" (p. 16), and 

he described the degree to which the pitch should rise and fall in order to be 

recognizable as a vibrato. Taylor (1956) complained about flute players and 

their use of vibrato. He lamented flutists who use a "fluttery, indefinite-

pitched" (p. 36) vibrato from the beginning to the end of a rehearsal. He also 

accused them of using vibrato to cover discrepancies in their pitch acuity. Of 

the above, only Corso and Lewis (1950) offered assessable evidence to 

support their claims. However, since Corso and Lewis used only artificially-



produced tones, their study is suspect in its application to musical 

instrument performance. 

In his discussion of the teaching of vibrato to brass players, Nagel 

(1961) stated that the vibrato is "the result of fairly rapid but slight alterations 

of pitch, fluctuating above and below the mean tone" (p. 80). However, the 

methods of vibrato production advocated by Nagel were not those 

involving the periodic pulsation of the airstream used in the production of 

oboe vibrato. Timm (1964) described vibrato as a variation of pitch above 

and below the true pitch level. Though he described breath-related and 

jaw-related methods of vibrato production on woodwind instruments, 

Timm suggested that only the breath-related vibrato be used on instruments 

of the flute, oboe, and bassoon families. He claimed that the increase and 

decrease in air pressure brought about by a breath-related vibrato would 

cause the pitch to go sharp, then flat. Although he acknowledged the 

existence of an intensity level modulation, he claimed it to be a by-product 

of the technique used in producing the pitch modulation. No assessable 

evidence was offered by Timm to support his comments. Noble (1964) gave 

instructions for two types of a pitch-modulated vibrato, involving either 

horizontal movements of the hand or vertical movements of the jaw. 

Neither of these types of vibrato production involves the periodic pulsation 

of the airstream used in the performance of oboe vibrato. On the contrary, 

Noble warned brass players against an airstream pulsation to produce 
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vibrato on brass instruments when he said, "avoid vibrato methods which 

have recourse to action by the so-called 'diaphragm' . . . for they are 

generally considered unsatisfactory" (p. 76). 

Winckel (1967) was involved with the perception of vibrato tones at 

various rates per second. His study allowed only for a pitch-modulated 

vibrato created by artificial tones: "For a more detailed investigation we will 

use a tone generator with a wobble circuit, which permits a periodic change 

in a certain frequency area for any tone" (pp. 108-109). Winckel maintained 

that a pitch change was perceptible at between 1-5 cycles per second, and that 

at about 6 cycles per second the vibrato is perceived as a single tone. At a 

certain point, he said, the vibrato cycles become sufficiently numerous that 

they no longer are perceived as a single tone, but as a group of tones. 

Farnsworth (1969) stated that differences in pitch were involved in 

performance of vibrato. His claim that "the instrumentalist or vocalist 

produces a series of definite pitch spans whenever he oscillates two tones in 

creating his vibrato" (p. 34) was backed up only by one reference to the vocal 

trill. While Farnsworth specifically mentioned voice and violin, he made 

no mention of any wind instrument. 

Davis (1974) argued that the modulation of pitch in vibrato was a 

conscious effort. He described vibrato, on either voice or instrument, as a 

deliberate alteration of pitch, though he did not support his statements with 

any assessable evidence. Backus (1977) defined vibrato as "a periodic 



variation of the frequency of the tone about its average value," adding that 

the extent of the modulation "may be as much as three percent above and 

below the average value" (p. 120). Though the variation in pitch may well 

be accompanied by a modulation of intensity level, said Backus, it is not an 

essential part of the vibrato. Backus based his definition of vibrato on 

information in C. Seashore (1936), which in turn was based on the studies of 

H. Seashore (1935), Small (1937), and Metfessel (1932), none of whom dealt 

with wind instruments. Thus, Backus provided a definition of vibrato that 

may or may not be accurate for wind instruments and therefore needed to be 

examined. Davies (1978) differentiated between vibrato and tremolo. 

Vibrato, for Davies, was a pitch modulation, not to be confused with 

tremolo, which for him was an intensity level modulation. He also stated 

that the width and speed of the vibrato were "highly personal characteristics 

of individual players" (Davies, p. 56). Davies' only specific references to 

instrumental use of vibrato were to that of the violin. Catalinet (1979) said 

that vibrato in instrumental music followed that of vocal music. He 

claimed that both were a "change of pitch brought about by a physically 

manipulated oscillation" (p. 158), but he offered no assessable support for his 

claims. 

Although Chandler (1981), early in his study, defined vibrato as either 

an intensity level modulation or a pitch modulation, he later discussed only 

a modulation of pitch, stating, "obviously the use of vibrato causes a 
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fluctuation in pitch regardless of which direction it varies from the center of 

the tone." (p. 61). He used the same evidence from Seashore (1938) as did 

Backus (1977), which takes into account only the vibrati of voice and violin. 

Chandler also quoted Mark Hindsley's comment that the vibrato was "a 

variation of pitch" (p. 184), without supporting evidence. Brown (1986) 

defined vibrato as "the modulation of a frequency within a musical tone" (p. 

17). He, too, based his definition on Seashore (1938), who used no wind 

instrument studies to substantiate his conclusions. Brown required his 

subjects, who included flute, trumpet, and trombone players, to exhibit a 

periodic pitch modulation of at least 25 cents before he considered them to 

have performed with vibrato. 

Vroon (1989) offered a definition of vibrato as "a slight regular 

variation in pitch" (p. 6). He defined as tremolo any variation in intensity 

level. Debost (1992) said that for flutists vibrato was a pitch modulation 

caused by a pulsating airstream. Noe (1992) defined flute vibrato as "a fast 

controlled pulsation of the pitch" (p. 29). She, too, associated pitch 

modulation with control of the player's air column. None of the above 

offered assessable support for their comments. 

In summary, eighteenth-century forms of oboe vibrato were 

mechanically based, producing an artificially-derived vibrato, which, when 

applied, resulted in a modulation of pitch beneath that of the stable tone. 

Early 20th-century studies of instrumental vibrato by a member of the 
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Seashore group were biased from the outset toward a definition of vibrato as 

pitch modulation. Later descriptions of vibrato as pitch modulation were 

colored either by assumption on the part of the researcher, use of 

conclusions from studies that did not include wind musicians, conclusions 

from brass musicians who advocated other than the periodic pulsation of air 

used in the performance of oboe vibrato, lack of sophistication of existing 

technologies for measurement, or simple reasoning without any use of 

measurement tools. 

Vibrato as Intensity Level Modulation 

In 1528, Agricola advised the performer on the transverse flute to play 

"with quavering breath" (Agricola, 1896, p. 26), implying an intensity level 

modulation of the tone. The current idea of vibrato as an intensity level 

modulation seems to have come along somewhat later than the idea of 

vibrato as pitch modulation, but this idea, too, has had its champions. Moore 

(1958) described the teaching of "diaphragm vibrato" (p. 10). The second step 

of his description was "pointing out the function of the diaphragm in 

pronunciation of the syllable 'ha'" (p. 11). Moore went on to state that the 

vibrato is established by periodic pulsations of this syllable. While he made 

no comments as to the type of modulation produced, it is clear that this kind 

of vibrato production would, at the very least, produce a modulation of 

intensity level. 
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Winter (1964) differentiated between intensity level vibrato and pitch 

vibrato on brass instruments. He said that each was a distinct type produced 

in a distinct way. For Winter, an intensity level modulation was preferable, 

since "it does not involve any pitch change" (p. 61). Ciccarelli (1969) 

contended that the "diaphragm" vibrato was "basically an intensity vibrato" 

(p. 12). 

Brown (1973) was the first to study the oboe vibrato formally. 

Although his work primarily explored certain aspects of the physiology of 

vibrato on both flute and oboe, among his findings was the conclusion that 

the oboe vibrato was an intensity level modulation. No pitch modulation 

was found, though Brown added that this finding could have been due to 

the relative lack of sophistication of his equipment and /or inadequacy in his 

own training with the equipment. 

Hewitt (1973) described three distinct types of vibrato on the oboe: 

intensity level, pitch, and timbre (based on overtones). He advised the use 

of either the intensity level or timbre types and did not seem to consider a 

vibrato that might contain more than one aspect. Goossens and Roxburgh 

(1977), in describing vibrato on the oboe, said, "The physical reaction 

fundamental to real control may be thought of as an undulation of wind 

pressure rather than rapid changes of frequency." They went further to say, 

"Any attempt to produce it by varying the pitch of a note (frequency) will 

result in a quacking sound" (p. 88). Prodan (1979), in a questionnaire sent to 
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oboe performers and educators in the United States and Canada, received a 

number of varied and interesting responses to his question, "What kind of 

vibrato do you use and teach?" (p. 70). Of 74 responses, 32 mentioned 

intensity in some manner. None of the responses mentioned pitch. 

Cantwell (1983) claimed vibrato on the oboe to be a change in the intensity of 

the air. She acceded to the possibility that there may be a pitch change but 

said that the change would be, at best, secondary in nature. 

In summary, the argument of vibrato as intensity level modulation 

derives from the rationale that a periodic pulsation of air will produce only 

a periodic change in intensity level. According to this argument, any 

resulting pitch change is coincidental. Some of those who hold to vibrato as 

an intensity level modulation do so as a bias against any type of pitch change 

that might be brought about in the performance of vibrato. However, of 

those espousing oboe vibrato as solely an intensity level modulation, only 

Brown (1973) offered any assessable evidence for that view. Brown 

discounted his own findings, however, stating that both his skills and the 

methodology available to him were suspect. The most telling aspect of this 

school of thought, and the aspect that demands investigation, is Prodan's 

(1979) questionnaire finding that oboe performers and teachers consider 

their vibrato to be an intensity level modulation rather than a pitch 

modulation or a modulation of both pitch and intensity level, though no 

strong assessable evidence exists to support this position. 
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Vibrato as a Combined Modulation 

In addition to the previous two categories, there are those researchers 

who claim vibrato to be a modulation of both pitch and intensity level. 

Seashore (1936) defined the vibrato in music as "a periodic pulsation of pitch, 

loudness, or timbre, singly or in combination." He differentiated this generic 

definition of vibrato with his definition of a "good" vibrato. A good vibrato 

was, for Seashore, "a pulsation of pitch, usually accompanied with 

synchronous pulsations of loudness and timbre, of such extent and rate as to 

give a pleasing flexibility, tenderness, and richness to the tone" (1936, p. 7). 

Though most of the studies associated with him were of vocal and violin 

vibrati, Seashore conceded the possibility that vibrato occurred in wind 

instruments as well. In a later work, he addressed the nature of vibrato by 

stating that, "Sometimes it is a pitch vibrato, sometimes intensity, but usually 

both" (1947, p. 60). In this writing Seashore does not make specific references 

to studies, so the reader is left unsure as to the source of the data from which 

this conclusion is drawn. 

Some writers seem to have come to the conclusion of a combined 

modulation after having previously held contradictory opinions. In 1951, 

Sprenkle implied that vibrato on the oboe was an intensity level 

modulation by saying that vibrato should be "varied in speed and amplitude 

independently from the pitch, dynamics, and articulation of a given 

passage" (p. 9). Ten years later, Sprenkle and Ledet (1961) claimed that the 
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vibrato "may be described as regular, recurring cycles of intensity or of pitch 

variation (or both) in the tone" (p. 25). They stated that oboe vibrato was 

produced by an air pressure change, and that tonal intensity "fluctuates in 

direct proportion" (Sprenkle & Ledet, 1961, p. 26) to that change. 

Willoughby (1957) described vibrato on the flute as "a slight fluctuation of 

pitch . . . above or below a norm" (p. 34). However, he also implied that 

pitch and intensity level are inexorably linked: ". . . producing a vibrato is 

simply a matter of blowing alternately louder and softer The greater the 

difference in dynamic level the wider the vibrato, and vice versa" (p. 35). 

Neither Sprenkle (1951), Sprenkle and Ledet (1961), nor Willoughby (1964) 

offered any assessable evidence to support their statements. 

Stevens (1964) claimed that vibrato was "a complex attribute; in 

essence a variation in pitch . . . it is also a series of variations in intensity, 

and both pitch and intensity are measurable" (p. 54). Stevens made a generic 

reference to the studies of the Seashore group at the University of Iowa, 

apparently combining the findings of several of the studies into a blanket 

statement. Since Hattwick (1932) was the only member of the Seashore 

group to study wind instrumentalists, and since the design of the Hattwick 

study was biased toward a definition of vibrato as pitch modulation, 

Stevens' generalized definition of vibrato based on the findings of the 

Seashore group might not hold for wind instrumentalists. 
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Weisberg (1975) said that vibrato could be due to modulations of 

intensity level, pitch, or both. He gave instructions for the development of 

an intensity level-modulated vibrato, claiming that a modulation of pitch 

would occur as a desired by-product. Zorn (1977) claimed that all vibrato 

consisted of both intensity level and pitch modulations. He offered brass 

players a choice of various types of vibrato and said that whatever method of 

vibrato production they chose would emphasize one type of modulation 

over the other. Neither Weisberg nor Zorn supported their statements with 

assessable evidence. 

Meyer (1978) discussed the perception of vibrato and said that 

variations of the tone are attributable to either intensity level modulation or 

pitch modulation. He added, however, that one's sensitivity to intensity 

level modulation depends partly on the frequency of the modulated tone. 

As an illustration for this last statement, Meyer used the frequency 

oscillations of sine tones. He gave no specific references to the former 

statement, but if this conclusion was also reached through the manipulation 

of sine tones, little confidence can be placed in either statement until 

confirmed by studies using musical instruments. 

Herrick (1983) found that trumpet and trombone vibrato exhibit both 

intensity level and pitch modulation. Using 10 trumpet players and 10 

trombone players, each performing a musical exercise designed for the study, 

he sought to determine whether vibrato characteristics were the same in 
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various registers of these instruments and whether the instruments showed 

similar vibrato characteristics when playing the same pitches. Two different 

vibrato production techniques, hand and jaw, were used on each 

instrument. Out of a total of 180 recordings, Herrick found intensity level 

vibrato to exist in each musical example and pitch vibrato to exist in all but 4 

examples. Since neither type of vibrato used by Herrick involved a periodic 

pulsation of the air column, his study provides little benefit for those 

instruments whose vibrato is produced in that manner. In addition, 

whereas Herrick's apparatus for analysis of his recordings was a proven one, 

it was an apparatus that was neither easily portable nor readily affordable for 

the average user, thus limiting any widespread use in teaching studios or 

school classrooms. 

Lundin (1985) made a general statement that vibrato, whether in voice, 

string, or wind performance, could be a modulation of intensity level, pitch, 

or timbre. However, he gave no specific information on wind instruments 

and limited his focus to voice, piano, and violin. His assessable references 

were either to vocal studies or to Seashore (1947). As we have seen 

previously, the conclusions reached by Seashore in 1947 resulted from an 

amalgam of studies, only one of which utilized wind musicians (Hattwick, 

1932). Since the Hattwick study was limited to pitch modulation, the 

assessable bases for Lundin s statement are limited in their application to 

wind instruments. 
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Dayley (1986) performed a study of trumpet similar to that of Herrick 

(1983) but somewhat broader in scope. Dayley compared the vibrato of seven 

"exemplary performers" (p. 53) with 12 subjects who were participants in his 

analysis of various types of trumpet vibrato. Though both intensity level 

modulation and pitch modulation were present in each group, the average 

extent of both types of modulation of the exemplary players was considerably 

higher than that of the other group. Dayley's study went further than other 

brass studies in allowing a vibrato produced by a periodic pulsation of the 

airstream. However, his study, as that of Herrick (1983), was limited by the 

bulk and expense of his analysis apparatus. These factors effectively prohibit 

teachers in most studios and classrooms from utilizing this equipment for 

their own students. This, in turn, limits the practical use of such studies. 

Donnington (1988) referred to "the intimate relationship between pitch 

variation-vibrato strictly so called-and intensity variation-tremolo 

generally so c a l l e d . . ( p . 573). He also said, "It is very probable that pitch 

variation and intensity variation never do occur altogether apart from one 

another, and that their differentiation is in practice a matter of degree" 

(Donnington, 1988, p. 573). Hoberman (1989) also subscribed to the idea that 

vibrato is a modulation of both intensity level and pitch. In his description 

of a good flute vibrato and how to achieve it, he stated that by the use of his 

suggestions one can produce "a continuous tone with fluctuations in 
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volume and pitch" (p. 86). However, neither Donnington nor Hoberman 

supported their statements with assessable evidence. 

In summary, Seashore (1936) was the first to claim that vibrato 

properly performed could be a combination of both a pitch and an intensity 

level modulation of the tone, though it is difficult to ascertain how he could 

have extended this statement to wind instruments, as the apparatus in use 

at the time for analysis of wind instrument vibrato measured only pitch 

(Seashore, 1930). Others have either based their comments on Seashore 

(1947) or have made their statements without any supporting empirical 

evidence. Others have used artificially-produced sine tones; as such, their 

findings cannot be successfully generalized to performance on musical 

instruments. Research with wind musicians that has yielded data 

supporting this idea has come as a result of the studies of brass players and 

their vibrati, only one type of which is a periodic pulsation of the air 

column. Since brass players employ various means of vibrato production at 

various times (Dayley, 1986), and oboists commonly use only one form of 

vibrato production, it is difficult to generalize results obtained in brass 

studies to the vibrato of the oboe. Additionally, the apparatus used in the 

studies with brass players was relatively inaccessible to most teachers due to 

its expense and lack of portability; thus, the application of these studies to 

common use in pedagogy was limited as well. However, the results of these 
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brass studies help to point out the need for further investigation, as was 

suggested by their authors. 

Summary of Apparati 

The first apparatus utilized for the purpose of vibrato analysis was the 

tonoscope, which consisted of "a stroboscopic screen in the form of a drum" 

(Seashore, 1930, p. 77). Though portable and considered accurate, it was 

apparently capable of analyzing only a modulation of pitch. As technology 

progressed with time, other methods of testing and analysis were developed, 

most involving the use of artificially-produced tones. These studies, though 

yielding valuable information concerning sound, its production, and its 

perception, cannot successfully be generalized to the complex sounds 

produced by musical instruments. Later studies of performing musicians 

utilized first the oscilloscope, then a combination of apparati: bandpass 

filters, discriminators to convert the signal of direct current, and graphic 

level recorders; low pass filters, pitch discriminators, and servo graphs; and 

the visi-pitch, band pass filters, digital oscilloscopes, wave analysis software, 

and plotters. Though these later apparati were more accurate in their 

analyses, they could not show pitch modulation and intensity level 

modulation at the same time. In addition, they were expensive, and their 

portability was limited. This, in effect, limited their use to the area of 

academic research and complicated their widespread use by music educators. 

Technology has advanced to the point that vibrato may now be analyzed 



21 

more clearly to determine the exact relationship between pitch modulation 

and intensity level modulation. This analysis is aided by the use of a 

personal computer, compatible hardware, and software that has as part of its 

design the purpose of visually representing vibrato performance and is 

within the financial capabilities of most schools and studios. 

Purpose and Questions for the Study 

There is obvious lack of agreement concerning the acoustical 

characteristics of oboe vibrato. Some maintain that vibrato is a modulation 

of the pitch of the tone, others assert that it is a modulation of the intensity 

level of the tone, while still others claim that neither pitch modulation nor 

intensity level modulation occur without the other. Musicians have lacked 

the equipment, and in some cases the expertise, to conduct extensive 

research into these characteristics; nor have collaborative studies between 

acousticians and musicians been conducted in order to address this issue. A 

study using valid and accessible equipment could help to determine the 

acoustical nature of the oboe vibrato. 

The purpose of the present study was to determine the pitch and 

intensity level characteristics found in the vibrati of preferred players as 

ranked by a panel of experts. Specifically, the following research questions 

were explored: 

1. To what degree is the preferred oboe vibrato a pitch modulation? 
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2. To what degree is the preferred oboe vibrato an intensity level 

modulation? 

3. What factors distinguish the preferred oboe vibrato from those less 

preferred? 



CHAPTER 2 

RELATED LITERATURE 

Introduction 

The study of oboe vibrato is complicated by the fact that there exists 

little early literature which includes such references. Early literature 

concerning the vibrato of woodwind instruments dealt principally with flute 

playing, with scant mention of oboe. The earliest mention of oboe vibrato 

was in Hotteterre's treatise of 1707 (1983), which is devoted primarily to the 

flute. His brief section on oboe playing contains only fingerings and 

instructions to refer to the section on the flute for all other aspects of playing, 

including vibrato. 

Flute vibrato "results when a deep, energetic air column passes 

through a relaxed chest and throat. . . (Clardy, 1993, p. 26). Oboe vibrato and 

flute vibrato are produced similarly (Veazey, 1991) and are often taught in the 

same manner (C. O. Veazey, personal communication, March 27, 1995). The 

major difference in vibrato production on the two instruments occurs as a 

result of the increased amount of airstream resistance on the oboe (C. O. 

Veazey, personal communication, March 27, 1995). Since there exists so little 

early literature concerning oboe vibrato and since the techniques of oboe and 
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flute vibrati are similar, it is helpful in studying oboe vibrato to examine the 

early literature of the flute in which vibrato is mentioned. 

An Historical Overview of Vibrato on Flute and Oboe - to 1900 

Reference to the use of vibrato on the flute dates back at least to the 

early 16th century. In 1528, Martin Agricola advised the performer of the 

transverse flute to learn to play "with quavering breath" (Johnson, 1992, p. 

25). Little else is mentioned in Renaissance literature about this method of 

performance. By the Baroque era, a breath-induced vibrato had apparently 

fallen out of favor, as Hotteterre (1983), in his famous treatise of 1707, 

mentioned as a vibrato only the fluttemcnt, which he said was 

produced almost like the regular trill, with this difference that the 

finger is always raised at the end, except on D. In addition, it is done on 

holes which are further away, and some on the edge of holes. Contrary 

to the trill, it involves a lower note. (p. 45) 

Clearly, this would produce a modulation of pitch, wherein any modulation 

of intensity level would be coincidental. This type of vibrato is 

distinguishable from embellishments such as the trill, mordent, or gruppetto, 

since it causes a slight modulation of the pitch but does not change the pitch a 

half-tone or more, as do musical ornaments. The comments of Corrette 

(1978) in his flute tutor of 1735 make this distinction clear. He described the 

technique of the "flattement" in much the same way as did Hotteterre (1983). 
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Corrette advocated the use of the "flattement" on "long notes in tender 

pieces" in order to "swell and diminish the sound" (p. 30). Probably the most 

famous flute tutor of the 18th century was written by Quantz (1966) in 1752. 

In the entirety of this extensive and detailed work, he only briefly mentioned 

the finger vibrato, which he called Bebung. 

If you must hold a long note for either a whole or a half bar, . . . you 

must first tip it gently with the tongue scarcely exhaling; then you 

begin pianissimo, allow the strength of the tone to swell to the middle 

of the note, and from there diminish it to the end of the note in the 

same fashion, making a vibrato with the finger on the nearest open 

hole. (pp. 165-166) 

The flattement is also the only type of vibrato mentioned in Mahaut's (1989) 

flute tutor of 1759. He described it as "a wavering of the tone which is slower 

than that of a trill and produces an interval narrower than a semitone" (p. 

19). In 1761, Delusse (1979) notated an ornament he called a tremblement 

flexible. This is described as "a kind of vibrato, produced by rolling the body 

of the flute with the left thumb, without losing the embouchure, and 

gradually increasing in speed" (p. ii). Delusse encouraged players to use this 

ornament as often as possible. He differentiated this type of vibrato from the 

finger vibrato, which he called "martellement" (Delusse, 1979, p. ii). 

Of all the 18th-century authors of flute tutors, Tromlitz had the most to 

say about the performance of vibrato. In his treatise of 1791, he advocated the 
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use of the Bebung, which he said was produced "by alternately covering and 

opening the hole next to the last one closed with the finger, covering it a 

little, or half way, or covering another hole completely, depending on what 

the circumstance calls for" (Hadidian, 1979, pp. 111-112). Tromlitz mentioned 

a type of breath-induced vibrato but gave contradictory advice about its usage. 

In one statement, he warned against any vibrato of this type. 

On the flute you do not do this with the breath, for it does not have a 

good effect, it whimpers, and whoever does it this way ruins his chest 

and his whole playing, for he loses his steadiness and therefore cannot 

hold a solid and pure tone. Whatever comes from his chest always 

quivers. (Hadidian, 1979, p. 112) 

However, in a statement that soon followed, he made limited allowances for 

its use. 

If, however, you wanted to have the chest help along, it would have to 

take place simultaneously with the movement of the fingers, for in 

raising the finger you would increase the air flow a little, and in 

putting it down you would decrease it, thereby making the tremolo 

somewhat stronger and clearer. (Hadidian, 1979, p. 113) 

The subject of wind instrument vibrato among writers of the 19th 

century was nearly non-existent (Philip, 1992). The 19th century brought 

many technological advances to wind instruments, including the flute and 

oboe. The addition of keys to what had previously been open-holed 
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instruments made the practice of a finger vibrato obsolete. Of the use of 

vibrato on wind instruments, Deacon (1879) said only, "It is sometimes heard 

on the flute and cornet" (p. 260). 

French teachers of the flute and oboe at the turn of the 20th century 

have been very influential on players in the United States. Particularly, the 

teachings of Paul Taffanel on flute and George Gillet on oboe had a major 

influence on performers and teachers in this country. Their followers in the 

United States continue to exert the principal influence on current 

performance practice of these instruments. Neither Taffanel nor Gillet used 

vibrato to any great extent; that practice came increasingly with succeeding 

generations (Philip, 1992). In fact, Taffanel and Gaubert (1958), in their flute 

method of 1923, advised the avoidance of vibrato altogether. 

There should be no vibrato or any form of quaver, an artifice used by 

inferior instrumentalists and musicians. . . . Vibrato distorts the 

natural character of the instrument and spoils the interpretation 

fatiguing quickly a sensitive ear. It is a serious error and shows 

unpardonable lack of taste to use these vulgar methods to interpret the 

great composers, (p. 186) 

This is a confusing and seemingly contradictory statement, as recordings of 

Taffanel show a light but distinct vibrato (Philip, 1992). In addition, it is 

somewhat in conflict with the comment made by Taffanel and Fleury 

published two years later in 1925: "La recherche du timbre, l'utilisation, dans 



28 

ce but, d'un leger, presque imperceptible vibrato. . ." ["Tire search for timbre, 

the use for this purpose of a light, almost imperceptible vibrato. . ."] (Taffanel 

& Fleury, 1925, p. 1523). Perhaps the contradiction was due to editorializing 

on the part of both Gaubert (Taffanel & Gaubert, 1958) and Fleury (Taffanel & 

Fleury, 1925), both seeking for their various opinions on the subject the 

posthumous endorsement of Taffanel, who had died in 1908 (Bate, 1980). 

Prior to 1900, vibrato on the flute and oboe was performed in two ways: 

by mechanical manipulation of the instrument through the use of the fingers 

or by a periodic pulsation of the air column. By the early 19th century the 

former technique had fallen out of favor, possibly as a result of technological 

advances to the instruments that precluded the use of this type of vibrato. 

Whether the latter technique was then adopted is a subject of some 

contention; until the late 1800's the subject of wind instrument vibrato was 

practically non-existent among 19th-century writers. The performance 

practices of French teachers and performers at the turn of the 20th century 

greatly influenced performance practice in the United States and fueled the 

controversy which was to come. 

The Vibrato Controversy in the 20th Century 

The 20th century has seen considerable change in the performance of 

vibrato on flute and oboe. For example, it marks the first mention in print of 

a vibrato specific to oboe performance since that of Hotteterre (1983) in 1707. 
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Considerable disagreement, particularly in the first half of the 20th century, 

existed over the questions of whether or not to use vibrato and if so, how 

much. 

Broadly speaking, early twentieth-century playing was characterized by 

• • • the general avoidance of vibrato on woodwind instruments by most 

players except those of the French school. . . 

By the 1930's there were clear trends away from these early 

twentieth-century characteristics: . . . [the] adoption [of continuous 

vibrato] by many woodwind-players, including a move towards slower 

vibrato than the fast tremor sometimes heard earlier in the century 

(Philip, 1992, p. 229) 

Taffanel and Fleury (1925) cautiously permitted the use of vibrato on 

flute, but they took care to remind French flutists that its use must be 

tempered by musical considerations. On the other hand, just a few years later 

in England, Rendell (1931) wrote that vibrato was "all but impracticable on 

the flute and oboe. What is possible is the merest tremor in the tone of the 

flute, an almost imperceptible quiver in the keen-edged tone of the oboe" 

(Rendell, 1931, p. 149). 

As late as 1936 there was confusion in some quarters about wind 

instrument vibrato. Forsyth wrote, 

On the Wood-Wind vibrato is made by lightly beating the air, with a 

disengaged finger, at an open hole. It is made naturally and easily. 
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The oboe, playing solo passages forte, has the best chance of making its 

"throb" come through, (p. 494) 

Forsyth (1936) clearly had not consulted performers on these instruments, or 

they would have advised him otherwise, since this type of vibrato, known as 

flattement or bebung, had not been in common use since the late 18th 

century. 

By 1942, performance with vibrato had become so common that 

Bartholomew wrote, 

The time seems almost to have come when instrumentalists who are 

unable to produce a satisfactory vibrato on their instrument. . . will not 

be considered to have technical mastery of their instruments. Possibly 

devices will be invented, or teaching methods improved, so as to make 

more easy the production of this most important aspect of good quality. 

(P- 26) 

However, some performers, especially those trained in the previous century, 

resisted. Barrere (1944), in response to the question of how he produced a 

vibrato on flute, recalled, "I had to declare my views frankly, and I stated to 

him that, for the fifty years I had been tooting my instrument, my daily care 

was to avoid the vibrato" (p. 194). John Mack (Harrison, 1990) recalled that 

the great oboist Marcel Tabuteau, though he performed with vibrato, never 

taught nor discussed the subject in his teaching of the instrument. 
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In current performance practice, the vibrato has evolved from its use 

as an ornament to its acceptance as an inherent part of the wind 

instrumentalist's palette of tone colors. The controversy over vibrato has 

become not so much whether to perform with vibrato as what vibrato is, 

how it is produced, and what constitutes a good vibrato. 

Research Studies 

The performance of vibrato on wind instruments in general has 

received relatively little serious inquiry when compared to that of the voice 

and stringed instruments. The first study of the vibrato in wind instruments 

is generally attributed to Hattwick (1932), who sought to determine the rate of 

vibrato on various wind instruments. His study used as subjects 14 

performers who had solo and lead parts recorded on phonograph records. 

Instruments studied were one piccolo, one flute, one oboe, three clarinets, 

one bassoon, one horn, one cornet, three trumpets, and two trombones. Each 

example was played at a speed one-third that of the original and examined by 

means of a tonoscope to discover the number of places in which vibrato 

occurred in each selection, the duration of each period of vibrato use, and the 

rate per second of the vibrato. Only those tones were counted as vibrato tones 

which exhibited a "fairly even periodicity of from five to ten oscillations per 

second in at least three successive vibratos in which the pitch extent was 

more than one-tenth of a tone" (p. 276). Since the study was conducted using 
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phonograph recordings, and since the solo part in an orchestra is at times 

covered by the orchestral accompaniment, only those solos that clearly 

predominated were used as examples for the study. 

The following instruments showed no evidence of the use of pitch-

modulated vibrato: piccolo, oboe, two clarinets, bassoon, horn, one trumpet, 

and one trombone. Those instruments that used a pitch-modulated vibrato 

to some extent were flute, one clarinet, cornet, two trumpets, and one 

trombone. The average extent of pitch modulation was .4 of a tone. Out of a 

total time observed for all subjects of 742 seconds, in only 9 seconds was an 

intensity level vibrato observed, primarily in unaccompanied passages. 

Hattwick also observed that, "There seemed to be a tendency for . . [vibrato] 

use in brass rather than reed instruments" (p. 279). 

In spite of Hattwick's conclusion, current performance practice, with 

the exception of clarinet, is the exact opposite. Though brass instruments, 

particularly trumpet, trombone, and euphonium, commonly use vibrato, its 

use is much more closely associated with woodwinds. Three possibilities 

exist for the discrepancy between the Hattwick study and current practice. 

One is that the relatively unsophisticated equipment in use at the time did 

not accurately describe the actual performance. This, however, is unlikely, as 

the tonoscope was an established piece of diagnostic equipment and its 

accuracy had been proven in previous studies. The second is that Hattwick's 

choice of music happened to be of a type to which musicians would apply 
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little or no vibrato. This, too, is unlikely, as the items chosen for the study 

were soloistic in nature and therefore more likely to have vibrato applied. 

The third and most reasonable possibility is that there has been a change in 

performance practice in the more than 60 years between the time of 

Hattwick's study and the present (Gartner, 1981). 

Winckel (1967) defined vibrato as pitch modulation, but he described 

the question of intensity level or pitch from another viewpoint. He 

maintained that a pitch-modulated vibrato produced at the speed of 1-5 cycles 

per second showed a clear "periodicity of pitch change" (p. 109), particularly at 

4 cycles per second. Beginning at about 6 cycles per second, 

one notices only the unequivocal pitch of the initial tone . . . with 

intensity fluctuations of the period of the vibrato. In the case of a still 

higher vibrato frequency—up to 12 per sec—one hears instead of a single 

tone something like a group of tones. This is already the unpleasant 

area of the tremolo (p. 109). 

However, Winckel also claimed that "an intonation fluctuation can be 

observed in wind instruments with increasing air pressure" (p. 131). 

Winckel's conclusions concerning vibrato were drawn not from his own 

research but from that of others. He drew these conclusions from research 

that dated to 1955 or before. Not only are the results suspect due to the lack of 

technological advancement of the time, but the data result from the use of 

artificially-produced tones, not actual musical performance. 
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A. Brown (1973) studied the physiology of flute and oboe vibrato 

through the use of cinefluoroscopy. Six subjects, consisting of four flutists 

and two oboists, were examined in his study. His subjects were prepared in 

the following manner: 

Each subject was seated in a dental chair. An adjustable head 

positioner consisting of ear rods and forehead bumper was suspended 

from the ceiling directly above the chair and attached to the subject's 

head to assure immobility. . . 

Each subject was instructed in the musical task and procedure. 

He played through the task before being positioned in the chair and 

played it again while in the chair, before being filmed. (Brown, 1973, 

p. 27) 

He described the musical task as follows: 

Each subject played three pitches-D, D', and D". He started each pitch 

without vibrato, began vibrato on the fifth beat, returned to a 

vibratoless tone on the ninth beat, and ended the tone on the 

thirteenth beat. Speed of the beats was one per second. (Brown, 1973, 

p. 29) 

No dynamic level was prescribed, so as to encourage the most natural 

performance possible. A metronome, which was audible throughout the 

event, was used for a click track. Four preparatory counts were given to each 

subject. 
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In addition to the cinefluoroscopic examination, each subject's 

performance was recorded on audio tape in order to examine the musical 

event separate from the physiological event. The recording was then played 

into an oscilloscope to which earphones were attached so that the musical 

event could be heard while the oscilloscope screen was being observed. 

Among his other findings, Brown noted a distinct cycle of change in the 

intensity level of the oboe vibrato. He found no indication of pitch change, 

though he noted that this could have been due to the relative lack of 

sophistication of the oscilloscope and his own lack of training in that area. 

He suggested a further oscilloscopic study of vibrato in order to answer 

questions concerning the amount of pitch, intensity, and timbre modulation 

in the performance of vibrato. 

Brown's confession of the limitations of his own capabilities and that 

of his equipment points out the need for additional study of the acoustical 

characteristics of oboe vibrato. Though his study dates only from 1973, 

cinefluoroscopic investigations have largely become outdated, as more 

advanced technologies for the investigation of the inner workings of the 

body have taken their place. Similarly, the use of the oscilloscope as a 

primary diagnostic tool for examination of the pitch modulation and 

intensity level modulation of musical tones has been replaced by more 

accurate computer applications. 
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Chandler (1981) described the vibrato as a slight periodic variation of 

the pitch or intensity level of a tone that may vary in speed and/or depth 

depending on the type of expression the performer is attempting to convey. 

He exhibited a bias toward the idea of vibrato as pitch modulation in stating, 

"There is some disagreement as to which direction the vibrato varies from 

the fundamental pitch" (p. 60) and "Obviously the use of vibrato causes a 

fluctuation in pitch regardless of which direction it varies from the center of 

the tone" (p. 61). Chandler later quoted Mark Hindsley, in referring to the 

vibrato used in the wind ensemble setting, as saying, "The problem lies in 

the fact that vibrato is a variation of pitch. . (p. 184). Chandler's remarks 

were very general in nature, as indicated by statements such as, "Vibrato is 

used almost universally by wind instrumentalists, and is generally reserved 

for solo passages" (p. 72). 

Since the use of vibrato by clarinetists and hornists is still relatively 

rare and the use of vibrato is much less common among brass players than 

among woodwind players other than clarinetists, Chandler's sweeping 

generalization concerning the use of vibrato by wind instrumentalists is 

inaccurate. As to his comment that vibrato is usually reserved for solo 

passages, many woodwind performers, particularly flutists, use vibrato in 

most of their playing, both solo and ensemble. In addition, the bias shown by 

Chandler toward vibrato as pitch modulation as well as the absence of 
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measurement in his investigation of the subject points again to the need for a 

new look into what constitutes vibrato. 

Herrick (1983) studied vibrato on trumpet and trombone in order to 

determine the amount of pitch modulation and intensity level modulation 

produced by various methods of vibrato on these instruments. Ten trumpet 

players and ten trombone players were recorded performing three musical 

exercises written for the study; each exercise was identical to the other two 

except for octave placement. This was done for two reasons: (1) to determine 

whether the vibrato characteristics observed were the same in various 

registers of these instruments, and (2) to examine the instruments playing the 

same pitches. Five performers in each group used a hand vibrato while the 

other five in each group used a jaw vibrato, neither of which is commonly 

used in oboe performance. 

Recordings were made in a soundproof room with recording baffles 

placed around the performer in order to reduce room resonance. To assure 

uniformity of performance tempo, each performer wore headphones through 

which he or she heard a metronome set at a predetermined rate. Each 

performer was given a copy of the exercises prior to the recording session. At 

the recording session, the following regimen was followed: (1) each 

performer had as much warm-up time as he or she deemed necessary, (2) the 

exercises were played in any order of the performer's choosing, and (3) each 
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exercise was attempted as many times as were needed to achieve three 

suitable recordings. 

For analysis, each recording was fed through a bandpass filter to a 

discriminator that converted the frequency signal into a direct current output. 

This output was then fed into a graphic level recorder which, in turn, 

graphed the entire exercise. 

A total of 180 recordings was made, using 20 performers. All 

recordings exhibited intensity level modulation in the vibrato. All but four 

exhibited pitch modulation. For only one subject were both intensity level 

modulations and pitch modulations present on all notes on each exercise. 

Only one other subject exhibited pitch modulations, but not intensity level 

modulations, on all notes studied. No subjects exhibited intensity level 

modulations for all notes studied without also exhibiting pitch modulations. 

The notes of longest duration were the notes that consistently showed both 

pitch and intensity level modulations. When both pitch and intensity level 

modulations were present, they were generally 180 degrees out of phase with 

each other. 

Herrick found a mean extent of pitch modulation among all subjects to 

be about 15.5 cents, with ranges from 7 cents to 43 cents. The mean pitch 

modulation between performers varied widely, with the largest performer 

mean 20.4 cents and the smallest performer mean 11 cents. Herrick 
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determined that the manner in which the vibrato was produced seemed to 

have no significant impact on the extent of pitch modulation. 

All performances of all exercises exhibited some intensity level 

modulation. The mean extent of intensity level modulation for all subjects 

was 1.5 dB, with ranges from .6 dB to 3.6 dB. In contrast to the pitch 

modulation means, the mean intensity level modulation between 

performers, according to Herrick, did not vary widely. The highest performer 

mean was 2.4 dB; the lowest performer mean was .8 dB. No mention was 

made of the impact on intensity level modulation by the manner in which 

the vibrato was produced. 

Among Herrick's suggestions were that further study include the 

performance of vibrato in performance of literature of varying style periods 

and that further studies be done with other brass instruments. This 

suggestion concerning other brass instruments should be expanded to include 

all wind instruments, since, although the vibrato of string instruments and of 

the voice has been studied extensively, the study of vibrato of wind 

instruments has by comparison been rather minuscule. Indeed, in light of 

advancements in technology, Herrick's own study should be replicated. 

S. Brown (1986) studied the perception of pitch within the vibrato, 

particularly as concerns the differences in the perceptions of musicians and 

non-musicians. He considered vibrato to be strictly a pitch modulation, 

defmmg vibrato as "the modulation of the frequency of a musical tone" (p. 
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17). This definition is an outgrowth of a conclusion from his review of 

previous research that "the frequency vibrato exists in all musical 

performances, unless the tone is intentionally altered to remove this factor" 

(p. 143), even though the Herrick (1983) study, which contradicts this 

conclusion, was included in his research. Brown's pilot study included two 

wind instrument performances, one on flute and the other on trumpet. The 

main study used these instruments but included trombone as well. All 

examples in his pilot study were required to exhibit a modulation of at least 

25 cents. 

Recordings of the performances were made in soundproof booths. 

Though the performers were separated physically, the recording experience 

was one of an ensemble, as each performer was issued headphones in order to 

hear the other players and the conductor. Each performer also was able to see 

the other performers and the conductor. 

Harmonics of each recording were removed through the use of a low-

pass filter. The recordings were then converted to a printed form through 

the use of a servo graph. A pitch discriminator was used to align the 

midpoint of the graph to specific frequencies. 

Brown found that, as a group, musicians tended to perceive a stable 

pitch within a vibrato-modulated tone at a point higher in the frequency 

spectrum than did non-musicians. Brown attributed this fact to the training 
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of musicians. He concluded that "there is a significant difference in the 

perceptual processes and abilities of musicians and nonmusicians" (p. 137). 

Though Brown's study is valuable in that it points out the effect of 

musical training upon musical perceptions, it provides little, if any, 

pedagogical applications for the aspiring performer. By definition, successful 

performers are already accepted by both musicians and non-musicians. The 

challenge for the teacher of performance is to guide the student toward 

emulating the various aspects of the playing of successful performers, 

including that of vibrato. 

Dayley (1986), in his study of trumpet vibrato, investigated possible 

correlations between pitch, intensity level, and timbre modulation and the 

physical manipulations that induce vibrato. He analyzed performances of 

seven "recognized trumpet artist/teachers" (p. 34). He also analyzed the 

performances of 12 trumpet players "representing differing levels of ability, 

varied instructional backgrounds and several methods of vibrato 

production" (p. 35). All performers were compared with the others in their 

respective groups. The groups were then compared with each other. 

Samples of vibrato from Dayley's first group, which he referred to as 

exemplary performers (p. 53), were copied from analog recordings. Five 

samples of vibrato, taken from unaccompanied passages in the recordings, 

were extracted from each performance. 
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Persons in Dayley's second group, which he referred to as 

"participants" (p. 103), were recorded in both an audio format and a video 

format. Each participant performed ten different examples of a melody 

designed for the study. The first example was performed, with no vibrato; 

the second was played with the vibrato that the participant was accustomed 

to utilizing. The other eight examples were performed by executing various 

types of vibrato production described in trumpet literature. Prior to each 

recording sequence, a sampling was made of room ambiance in an effort to 

avoid complications in subsequent analysis. Each participant was situated 

approximately eight feet from the microphone, and a test tone was recorded 

for an example of the normal acoustical characteristics of each participant's 

tone. Time was allowed between each example in order for the participant 

to reassess the physical sensations and/or manipulations associated with 

each type of vibrato. 

A digital audio processor was used to allow digital recording of the 

participants as well as a transfer of the analog recordings of the exemplary 

group to a digital format. Three samples of each musical example were then 

extracted from the recordings. In order to examine the intensity level and 

frequency of the fundamental, a visi-pitch coupled with a bandpass filter and 

a digital oscilloscope coupled with wave analysis software were employed 

for the processing and analyzing of one sample of each musical example. A 

second sample, which included both intensity level and timbre waveforms, 
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was analyzed using only the digital oscilloscope. A plotter was used to 

obtain hard copy printouts. 

The extent of pitch modulation of the vibrato was presented as a 

percentage of an equal-tempered half-step. The average pitch modulation 

among "exemplary performers" was 47.22%, with an average high of 78.42% 

and a low of 23.17%. "Participants," when performing with their normal 

vibrato, exhibited an average pitch modulation of 22.72%, with an average 

high of 41.08% and a low of 7.34%. The average extent of intensity level 

vibrato observed among "exemplary performers" was .99 dB, with a high of 

1.27 dB and a low of .73 dB. "Participants," when performing with their 

normal vibrato, exhibited an average pitch modulation of .49 dB, with a 

high of .76 dB and a low of .23 dB. 

Dayley found the extent of pitch modulation to be unaffected "in any 

particular way" (p. 170) by the specific method of vibrato production. 

This suggests that the extent of frequency modulation may be the 

result of taste rather than application of a particular method, or that it 

may result from the level of individual physical comfort present 

while producing the vibrato, as a consequence of posture, balance and 

relaxation. (Dayley, 1986, p. 170) 

Similarly, Dayley observed, "It seems that there is no clear relationship 

between the normal method of vibrato production [whatever method that 

may be for any particular performer] and differences in the extent of 
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amplitude modulation that is observed" (p. 171). Another conclusion was 

that, regardless of the method of vibrato employed, non-synchronous rates 

of intensity level modulation and pitch modulation exist in the tone. 

Dayley suggested that a study of the use of vibrato by current 

performers on both voice and instrument was needed, and that such a study 

should "examine the characteristics of vibrato in various musical styles, 

geographic areas, performance mediums, and spheres of pedagogical 

influence" (p. 190). He also suggested that the studies conducted by Seashore 

be replicated using digital equipment. 

Since Dayley's study allowed various means of production of vibrato, 

it has little application for the study of oboe vibrato, although it may be a 

valuable study for trumpet performance. Additionally, although equipment 

used in his study was more advanced than that of previous studies, 

computer applications now available for sound analysis were not available 

at the time of his study. His suggestions for the further study of vibrato on 

various instruments are welcome and timely, especially in the light of 

recent technological advances. 

Overview of Previous Analysis by Technical Apparatus 

Analysis of oboe vibrato by means of technical apparatus did not occur 

until the 20th century. Hattwick (1932) studied the vibrato of 14 performers 

who had solo and lead parts recorded on phonograph records. Each example 
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was played at a speed one-third that of the original and examined by means 

of a tonoscope to discover the number of places in which vibrato occurred, 

the duration of each period of vibrato use, and the rate per second of the 

vibrato. Although actual musical examples were used, since Hattwick 

extracted his musical examples from phonograph records, this gave him 

little selection in specificity. Due to the relatively small number of 

phonograph recordings available in 1932, the ability to duplicate specific 

musical examples as performed by a variety of performers was also lacking. 

In addition, although by 1932 the tonoscope was an established piece of 

diagnostic equipment whose accuracy had been proven in previous studies, 

it was apparently limited solely to the measurement of pitch modulation: 

"A tone is picked up by a microphone and amplified and delivered through 

a neon light which illuminates the moving screen. A scale enables the 

observer to read the pitch of the tone directly" (Seashore, 1.930, p. 77). It was 

only useful to determine where in the music the vibrato occurred, at what 

rate, and for how long. 

Corso and Lewis (1950) and Winckel (1967) used artificially-produced 

tones for their studies. These types of studies generally involved a tone 

generator with a wobble circuit. The subject typically was asked to match the 

pitch-modulated tone with a steady tone to determine steady-tone 

placement within the vibrato. These studies also helped determine the 

range of vibrato rates at which the vibrated tones are perceived as a steady 
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tone. However, such studies provide less practical application to the 

performer, as the conclusions utilized data derived neither from musical 

performances, from musical literature, nor from musical examples written 

for the particular study, but from artificially-produced tones. 

Brown (1973) utilized cinefluoroscopy in his study of the physiology of 

flute and oboe vibrato, and he employed an oscilloscope to examine the 

musical event apart from the physiological event. Several improvements to 

Brown's methodology were needed in order to make it practical for current 

use. First, his subjects' heads were immobilized by an adjustable head 

positioner consisting of ear rods and forehead bumpers suspended from the 

ceiling. This is entirely impractical, as performers seldom if ever play 

without some movement of the head. Second, cinefluoroscopy is no longer 

commonly used as a diagnostic tool due to the danger of overexposure to 

radiation. Third, the oscilloscope as a primary diagnostic tool has been 

replaced by increasingly accurate computer applications. Though Brown did 

record performers for his study, he did not use musical examples from 

representative oboe literature to obtain his data. Instead, his musical 

examples consisted of the note D in three different octaves. Performance 

instructions were specific as to when to play with and when to play without 

vibrato. Tempo was also predetermined. The data produced by such a 

design are artificial and should not be generalized to performance situations. 
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Herrick (1983) used taped recordings of his subjects performing three 

musical exercises written for his study. All exercises were identical, except 

for octave placement. The performers wore headphones through which 

they heard a metronome set at a predetermined rate. These recordings were 

passed through a bandpass filter to a discriminator that converted the 

frequency signal into a direct current output. This output was then fed into 

a graphic level recorder, which in turn graphed the recorded data. 

However, Herrick's instructions to his subjects were such that they did not 

produce a vibrato that resulted from a periodic pulsation of the airstream; 

therefore, the results of his study cannot be applied to instruments such as 

the oboe, whose vibrato is produced by an airstream pulsation. In addition, 

the limitations of the technology available to Herrick were such that his 

apparatus lacked portability and was financially prohibitive for use in most 

teaching situations. Whereas this in no way invalidates Herrick's findings, 

it hampers the practical application of his study by most music educators and 

pomts out the need for a measurement apparatus that is both portable and 

affordable. 

Brown (1986) recorded members of an ensemble separately in 

soundproof booths m order to isolate the individual sounds for the purpose 

of analysis. As had Herrick three years earlier, Brown utilized a low-pass 

filter to remove undesired partials from the sound. This signal was then 

converted to a printed form through the use of a servo graph. He also used 
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a pitch discriminator to align the midpoint of the graph to specific 

frequencies. The isolation of subjects, the lack of portability of the 

equipment available to Brown, and the expense of that equipment also 

prevented his study from being applicable to most teaching situations. 

Dayley (1986) used a combination of audio sources for his data analysis. 

Recordings of his group of "exemplary performers" were copied from analog 

recordmgs. Recordings of his "participant" group were made in both an 

audio format and a video format. Though recordings were not made in a 

sound-proof booth, a sampling was made of room ambiance prior to each 

recording sequence in order to avoid complications in subsequent analysis. 

Dayley used a digital audio processor to allow digital recording of the 

participants as well as a transfer of the analog recordings of the exemplary 

group to a digital format. A visi-pitch coupled with a bandpass filter and a 

digital oscilloscope coupled with wave analysis software were employed for 

processing and analysis of one sample of each musical example. A second 

sample, which included both intensity level and timbre waveforms, was 

analyzed usmg only the digital oscilloscope. A plotter was used to obtain 

hard copy printouts. Though Dayley's analysis apparatus was advanced at 

the time of his study, its use as a pedagogical tool suffered from the same 

practical limitations of portability and expense as the apparatus used by 

Hernck (1983) and Brown (1986). Additionally, this apparatus was incapable 

of a simultaneous visual analysis of pitch modulation and intensity level 
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modulation. Present technology not only allows pitch- and intensity level-

modulation to be viewed concurrently, it also allows them to be viewed in 

real time in a portable package, affordable to most studios and educational 

institutions. Little training is required for its use; plotters, band-pass filters, 

and the like are not needed. 

Recent improvements in technology, particularly computer 

applications capable of more accurate analysis than has heretofore been 

possible, allow greater efficiency to be given to this subject than ever before. 

Most of the research studies previously performed in the area of vibrato 

have been concerned with the rate of the vibrato, how the vibrato was 

perceived by listeners, or physiological factors involving vibrato. Those 

studies that have examined the acoustical properties of vibrato are 

incomplete for the oboist. Some have been designed for other instruments, 

particularly brass, whose vibrati may be performed in manners other than 

that by which oboe vibrato is produced. Others suffer from bias, assumption, 

or the researcher s lack of expertise with a particular methodology. Still 

others utilized artificially-generated tones in their studies instead of tones 

produced by musical instruments. All suffer, to a greater or lesser extent, 

depending on the age of the study, from technologies that lack the efficiency 

of computer applications for analysis that are currently available. Such an 

analysis of present-day performance practice will help to clarify this area in 

the research literature. 



CHAPTER 3 

METHODOLOGY 

Introduction 

Over the years, various authors and teachers have disagreed as to 

whether vibrato as performed on the oboe consists of pitch modulation, 

intensity level modulation, or a combination of the two. This study 

investigated the vibrato of oboe players to determine to what degree the 

vibrato is pitch modulation and to what degree it is intensity level 

modulation. These issues were addressed by means of examining digital 

recordings of selected performers playing excerpts of four pieces 

representative of oboe recital literature. 

This chapter will provide information concerning how the objectives 

of the study were met. Included is a discussion of the subjects, the excerpts 

to be examined, the equipment used for analysis, preliminary tests to 

determine feasibility of procedures and equipment, the procedures for the 

main study, and data analysis. 

Excerpts 

Each subject played excerpts from the following literature: (a) Handel, 

sonata Mo. l i n C minor, 1st movement, measures 1-4; (b) Mozart, Oboe 

Kn 
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Concerto in C major, 1st movement, measures 32-38; (c) Schumann, 

Romance No. 1, measures 3-9; and (d) Poulenc, Sonata for Oboe and Piann 

1st movement, measures 3-8. The pieces were selected by the researcher, 

with the help of a prominent professional oboist/educator not included in 

the study. These selections were deemed to be representative of oboe recital 

literature; they come from different periods and represent different musical 

styles. The excerpts were selected because each contained notes that would 

likely be performed with vibrato. As a group, those notes are representative 

of the various registers of the oboe: (a) low (g4 and below); (b) middle (g#4-

g#5); and (c) high (a5 and above) and have sufficient length to demand the 

use of vibrato. Copies of the excerpts can be found in Appendix A. 

Equipment Used for Analyse 

All recordings were made on digital audio tape using an Aiwa™ 

Model HD-S100 portable digital tape recorder and an audio-technica™ 

Model AT822 stereo microphone. The recordings were eventually 

transferred to a standard analog cassette format for evaluators' use. Since it 

was not possible to utilize a line-in method of input into the Pitch 

Explorer™ s y s t e m / the standard analog format also was used for input 

purposes. For the pilot study, the tape was played via a JVC™ model TD-

W307 stereo double cassette deck through a pair of Yamaha™ model YST-

M15 powered speakers into an electrostatic microphone supplied with the 
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Pitch Explorer™ system. However, the output produced in this manner 

provided inconclusive and somewhat confusing visual representations of 

data due to the inability to achieve the optimum distance between the 

speakers and the input microphone. In short, it was discovered that in order 

to produce a clear graphic picture of the data, the speakers and the 

microphone had to be near one another, which was not possible with the 

electrostatic microphone provided. After experimentation with several 

microphones, a Shure™ Beta 58 microphone provided the best results and 

was used for input of the main study data into the Pitch Explorer™ system. 

All data gathered were analyzed through the use of the Pitch Explorer™ 

system in conjunction with a Macintosh™ 7100/80AV computer with color 

monitor. Hard copies of graphs were printed using a laser printer. Copies of 

pilot study graphs can be found in Appendix B; copies of main study graphs 

can be found in Appendix C. 

The Pitch Explorer™ system is a software and hardware system that 

became available to the public in June 1995 and, according to its developer, is 

designed to extract pitch and dynamics information from a sound and send 

that information to a Macintosh™ or IBM™ compatible computer. The 

hardware includes a high speed RISC microprocessor and proprietary 

technology dedicated to processing pitch and dynamics. Hie computer 

receives 100 measurements of pitch and dynamics each second. Pitch 

measurements are accurate to 250 nanoseconds and are precise to one cent or 
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less over a range of 33-4000 Hz. with a response time of 1 centisecond (csec). 

Dynamics are measured over a 50 dB range with a precision of 1 dB, typically 

0.1 dB. The system adjusts to all pitch and dynamic levels automatically and 

does not require any user adjustments. The time over which pitch and 

dynamics can be measured is limited by the memory of the computer, but is 

typically 30-60 seconds, hence the use of relatively short musical examples. 

The system processes for pitch content only those sounds which are 65 dB or 

greater, thus discriminating against unwanted sounds such as room noises. 

This capacity permits recording to occur in other than soundproof areas, 

which in turn provides a more realistic setting for the performer. 

A Fourier analysis was conducted on the Pitch Explorer™ system to 

verify the reliability of its measurement output prior to its use in the main 

study. An expert in musical acoustics at the University of North Texas 

verified the measurement output of the Pitch Explorer™ system to be 

accurate and reliable. 

Pilot Study 

A pilot study was conducted to determine the following: (a) the ability 

of the Pitch Explorer™ system to provide simultaneous measurement of 

pitch and intensity level for the analysis of oboe vibrato, and (b) the 

feasibility of recording musical examples in a variety of physical 

environments. The pilot study utilized recordings of four subjects. Subjects 
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whose musical example recordings were used in the pilot study included the 

following: (a) an oboe teacher at a large state university in the upper 

midwestern United States, and (b) an oboe teacher at a large state university 

in the southwestern United States, (c) a freshman oboe major at a music 

conservatory in the upper midwestern United States, and (d) a freshman 

oboe major at a small private university in the upper midwestern United 

States. 

Each subject was allowed to warm up as long as desired before 

beginning the recording. When ready, each was asked to perform the 

musical examples selected for the study. No direction as to tempo was 

given, unless the subject was unfamiliar with the musical example and 

asked for assistance. 

Data Collection 

In order for the subjects to be at ease with the recording process, they 

were allowed as much time as necessary between musical examples and 

were allowed to play through each musical example as many times as 

needed before the recording was made. Subjects also were allowed as many 

trial recordmgs as they deemed necessary, with the trial of their choice being 

used for the analysis. 
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Data Analysis 

Each recording was analyzed aurally and visually to determine those 

places in the music that showed periodic modulation of pitch and/or 

intensity level. Pitches in common to all subjects that lasted at least 0.5 

seconds and that exhibited vibrato were noted. Three of these pitches from 

one subject were selected to test the capabilities of the Pitch Explorer™ 

system. Each pitch was graphed separately so that the vibrato cycles would 

be more easily observed; each observed cycle of vibrato was then selected. 

The Pitch Explorer™ system then was used to produce statistical data for the 

cycle selected. Pitch modulation was measured in cents, intensity level 

modulation was measured in decibels, and length was measured in csec. 

Each sample was examined in an effort to determine whether the 

recordings made in a variety of physical surroundings would be 

compromised by background noise. Subjects were recorded in three 

locations; two subjects were recorded in the same location. 

Results 

The first note analyzed was C5. There was no evidence of regular 

periods of pitch modulation. 21 periods of intensity level modulation 

observed. Length of each vibrato period ranged from 14 to 24 csec; the 

length was 20 csec. Intensity level modulation of each vibrato period ranged 

from .80 to 2.07 dB; the mean range was 1.35 dB. 

were 

mean 
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The second note analyzed was D5. There was no evidence of regular 

periods of pitch modulation. 13 periods of intensity level modulation were 

observed. Length of each vibrato period ranged from 7 to 15 csec; the mean 

length was 10 csec. Intensity level modulation of each vibrato period ranged 

from .54 to 2.88 dB; mean range was 1.58 dB. 

The last note analyzed was Eb5. There was inconclusive visual 

evidence of regular periods of pitch modulation; further analysis through 

the use of exported data showed insufficient regularity in the pitch 

modulation to support a pitch modulated vibrato. Six periods of intensity 

level modulation were observed. Length of each vibrato period ranged from 

8 to 18 csec; the mean was 13 csec. Intensity level modulation of each vibrato 

period ranged from 1.56 to 3.62 dB; the mean range was 2.59 dB. 

As a result of the analysis of the pilot test data and the availability of 

output graphs and measurements, it was determined that the Pitch 

Explorer™ system would provide valuable output data for the main study. 

In addition, all examples were recorded successfully with no evidence of 

background noise appearing on the graphs. From this evidence it was 

determined that the recording of musical examples in a variety of physical 

environments was suitable for the purposes of the main study. 
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Main Study 

The information gained from the pilot investigation helped to direct 

the scope of the main study. Whereas the Pitch Explorer™ system clearly 

defined periodicity in intensity level modulation, it did not indicate 

evidence of periodic pitch modulation. Instead, there was evidence of pitch 

movement that existed as random fluctuations. This was to be expected, 

because tones produced by human performers on musical instruments "will 

show fluctuations in the vibration pattern and frequency of the tone, due to 

the inability of the musician to exert perfectly steady forces or pressures on 

the instrument" (Backus, 1977, p. 95). Backus asserts that these fluctuations 

are not undesirable and add "life" to the tone, as long as they are not overly 

large. The brain works to organize these fluctuations into an orderly pattern 

within a range of frequencies called a critical band. Critical bands "severely 

limit our ability to discriminate between signals whose frequencies are 

within about 15% of each other.. ." (Hall, 1980, p. 430). This does not 

explain, however, the discovery that the Pitch Explorer™ system seemed to 

give varying focus to output graphs dependent on the proximity of the tape 

output speaker to the system input microphone. As previously stated, 

experimentation with a variety of microphones eventually produced an 

input set-up that provided well-focused output graphs displaying conclusive 

evidence of the presence or absence of modulations of pitch in the 

recordings of subjects involved in the main study. Pitch Explorer™ 
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hardware and software is currently undergoing modifications by the 

developer; this should yield more useable data in future studies of this kind. 

Subjects 

The subject pool of the main study was a group of volunteers from a 

potential pool of oboists residing within the continental United States. 

Recordings of musical examples were made at the following locations: (a) 

an oboe camp in North Carolina, (b) an oboe conference held at a private 

university in Ohio, (c) a state university in Texas, (d) a private university in 

Alabama, and (e) a state university in Louisiana. A total of 36 subjects, 

representing various geographical sections of the continental United States, 

was included in the subject pool. This was done in an attempt to avoid the 

possibility of results that may have been indicative more of a regional style 

of playing than of oboe playing in the United States in general. While the 

use of volunteers was not a randomized sampling, the subjects' willingness 

to participate in the study indicates an interest in the project; thus they were 

more likely to give their best effort. The researcher endeavored not to 

divulge the nature of the study to subjects until after recording the musical 

examples. However, he acknowledges that in some cases third parties (for 

example, private teachers) who had knowledge of the study may have 

informed subjects of the nature of the study; this is an unfortunate but not 

infrequent occurrence when conducting this type of study. 
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Preparation of Subjects 

The preparation of subjects for the main study was the same as for the 

pilot study. Subjects were allowed to warm up as long as desired before 

performing the musical examples selected for the study. No direction as to 

tempo was given unless requested by the subject. 

Data Collection 

Each subject was given the musical examples before the recording 

session so that he or she could become familiar with them. The subjects 

could start and stop as they needed, but at least one uninterrupted 

performance of each selection was completed by each subject. The subjects 

were allowed to make as many recordings as they wished and were allowed 

to designate which of their recordings was to be used for etnalysis. 

Equipment used for the recording of data was the same as that used in the 

pilot study. 

Evaluation of Subject Recordings 

A panel of three well-known North American oboists agreed to judge 

independently each of the recordings in the subject pool. They included an 

oboe teacher at a large state university in the southwestern United States, an 

oboe teacher at a large state university in the southeastern United States, and 

an oboe player in a major symphony orchestra in the midwestern United 

States. They were each given an analog cassette copy of the original digital 
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recording of the musical excerpts of the subject pool. Recordings of two of 

the panelists had been a part of the original subject pool; these were excluded 

to avoid possible bias toward the panelists' own recording. As a result, a 

total of 34 subjects' recordings were submitted to the panel for adjudication. 

In order to insure independence of evaluation, no judge knew the identity 

of the other judges. 

The panelists were asked to judge each tape in three areas of 

"goodness": (a) vibrato, (b) tone, and (c) musicality. Since the study centered 

on vibrato, the judgments of tone and musicality were to be used only as 

potential tie-breakers. Each category was judged using a ten-point Likert 

scale, with 1 as the lowest number and 10 as the highest (see Figure 1). 

Selection of Subjects as "Preferred" for Detailed Analysis 

After all completed adjudication forms were collected, Microsoft 

Excel™ was used to provide the following calculations on the data gathered: 

(a) means, variances, and standard deviations for each adjudicator, on each 

area of "goodness"; (b) means and standard deviations for each subject, in 

each area of "goodness"; (c) Cronbach's Coefficient Alpha for inter-rater 

reliability among the three panelists; and (d) a single-factor Analysis of 

Variance across adjudicators for each area of "goodness." 

The calculation of Cronbach's Alpha showed a correlation of .86, which 

for music education, according to Leonard and House, is in the range of 
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L 
Vibrato 1 7 8 

J I 
10 

I L J I l l I 

Tone 1 2 3 4 5 6 7 8 9 10 

I L 
Musicality 1 

l I I L . 1 I 

7 8 10 

Figure 1. Example of adjudication form. 

"high to very high; of value for individual measurement and diagnosis" 

(1972, p. 398). As a result, it was determined that three panelists were 

sufficient for the selection of preference and that additional adjudicators 

were not needed. 

Results of the Analysis of Variance at the 95% confidence level 

revealed that, although Chronbach's Alpha showed the panelists to have a 

high degree of agreement in the rating of subjects relative to one another, 

there was too great a difference in panelists' raw scoring to utilize the raw 

scores for calculation in any area of "goodness." (See Appendix D for results 

of ANOVA.) As a result, subjects' raw scores, means, and standard 

deviations were converted to z-scores in order to transform the scores into a 
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standard unit normal distribution (Wagner, 1992). Means of the z-scores 

were calculated for each subject, and the subjects were ranked according to z-

score. (See Appendix E for raw data, Chronbach's Alpha, and z-score 

calculations.) 

Results of the conversion of the data to z-scores showed no need for 

the tone and musicality scores as tie-breakers. As a result, only the vibrato 

scores were considered as the study progressed. Results of ranking by z-score 

revealed six subjects ranked at z equals -1.0 or lower; only four subjects were 

ranked at z equals 1.0 or greater. However, the next two subjects in rank 

showed z-scores sufficiently close to 1.0 (.99 and .96, respectively) to be 

included with those subjects above the 1.0 level. Since the next highest 

ranking z-score was .69, that subject's data was not included for analysis with 

the most highly-ranked players. As a result, based on panelists' ratings of 

subjects' vibrati, recordings of six subjects in each group were selected for 

further analysis using the Pitch Explorer™ system. 

Data Analysis 

Each of the recordings selected for analysis was examined to determine 

those places in the music where vibrato was utilized by the performer. For 

each musical example, the longest note which exhibited vibrato was 

considered for detailed analysis. The following notes were chosen for 

analysis: (a) for the Handel excerpt, the opening note (C5); for the Mozart 
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excerpt, the downbeat of measure 33 (C6); for the Schumann excerpt, the 

downbeat measure 6 (A4); and for the Poulenc excerpt, the second beat of 

measure 3 (G4). (See Figure 2.) 

0 Handel 

"f r •iruif| p n n i 

32 Mozart 

4'' 
M ^ r r i r f r ? i 

0 Schumann 

;i v Pi I M iftjjffl 'I- .. IJr P ifapffi '1 ? 

Poulenc 

s 
5 

Figure 2. Musical excerpts. Notes marked with an asterisk are those chosen 

for main study analysis. 

The recordings were saved as computer files for the purposes of 

simultaneous aural and visual analysis. As previously stated, the Pitch 

Explorer™ system provided graphs for each note selected. It measured pitch 
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and intensity level every csec and exported this information to a spreadsheet 

for computation purposes. An example of the exported data for one subject 

can be found in Appendix F. 

Each vibrato period was defined visually and confirmed aurally. The 

definition of these cycles was independently confirmed by a colleague of the 

researcher who is a member of the instrumental music faculty at Samford 

University. In the course of the definition of the modulation periods, it was 

discovered that the pitch modulation periods and the intensity level 

modulation periods often were not in phase with one another. (See Figure 

3.) Additionally, there often existed two or more intensity level modulation 

periods for one pitch modulation period. (See Figure 4.) As a result, pitch 

modulation periods and intensity level modulation periods were defined 

separately. 

Wave forms of the modulation periods were complex wave forms, in 

many cases, particularly those of intensity level modulation, most clearly 

defined by an abrupt change of direction in the trough. For this reason, each 

period was measured trough-to-trough. Length was measured in csec; pitch 

range, mean, and standard deviation from the mean were measured in cents 

relative to C, 16.352 Hz, where 16.352 Hz equals 0 cents and A, 440 Hz equals 

5700 cents. Intensity level range, mean, and standard deviation from the 

mean were measured in dB. Steady states for each note also were measured. 

For each steady state of each note, calculations of pitch mean and standard 
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Figure 3. Out-of-phase pitch and intensity level modulations. Troughs of 

each intensity level modulation are marked; several pitch modulation 

troughs and intensity level modulation troughs do not coincide. 

deviation from the mean were measured in cents; intensity level mean and 

standard deviation from the mean were measured in dB. 

Once the calculations for separate modulation periods were completed, 

overall calculations for each musical example were made. The following 

calculations were performed: (a) mean and standard deviation of pitch For 

each steady state of each note, calculations of pitch mean and standard means 

in cents; (f) mean and standard deviation of overall modulation period 

intensity level means in dB; (g) percentage of total note length in which pitch 
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MM 90 
Measure 1 

Figure 4. Multiple intensity level modulations per some pitch modulations. 

Troughs of each intensity level modulation are marked. 

vibrato presence was exhibited; and (h) percentage of total note length in 

which intensity level vibrato presence was exhibited. An example of a 

spreadsheet showing these calculations can be found in Appendix G. 

After the above calculations were completed, two-tailed Student's t-

tests assuming unequal variances were performed in order to determine 

statistical significance or lack thereof between the group of most highly 

ranked players (Group 1) and the group of least highly ranked players 

(Group 2). Student's t was calculated for the following: (a) mean and 

standard deviation of pitch period length in csec; (b) mean and standard 
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deviation of intensity level period length in csec; (c) mean and standard 

deviation of pitch period range in cents; (d) mean and standard deviation of 

intensity level period range in dB; (e) percentage of total note length in 

which pitch vibrato presence was exhibited; and (f) percentage of total note 

length in which intensity level vibrato presence was exhibited. 

The last calculations to be performed were those that would determine 

to what degree the vibrato for each of the members of Group 1 was a pitch 

modulation and to what degree it was an intensity level modulation. This 

was determined by calculating the multiple of the just noticeable difference 

(JND) that occurred for each vibrato type in each musical example. The JND 

is a measurement of the minimum detectable change in either frequency or 

intensity level. Since sensitivity to change in any human sensation varies 

from person to person, and since experimental results are sensitive to details 

of experimental procedure, the JND is not an exact measurement. It is 

however, a reliable and commonly used approximation. The JND for 

frequency, according to Hall, "is around a constant value of 1 Hz for all 

frequencies below 1 KHz" (1980, p. 108). For the purposes of this study, C6 

(1046.5 Hz), the highest note used for analysis, was considered to have the 

same JND characteristics as frequencies of less than 1 KHz. The JND for 

intensity level "for most sounds of musical interest" (Hall, 1980, p. 107) is 

between .5 dB and 1 dB. For the purposes of this study, the JND for intensity 

level was considered to be .75, the mean of the parameters reported by Hall. 
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Since the present study dealt with pitch change and since a 1 Hz 

modulation represents a differing amount of cents modulation dependent 

upon the reference frequency, it was necessary to convert a 1 Hz modulation 

to cents for each of the notes used for further analysis. The frequency-to-

cents conversion for each note analyzed is given in Table 1. 

Table 1. 

Cents modulation equivalent to a 1 Hz frequency modulation 

Note Frequency Cents 
G3 3910 44" 
A4 440.0 3.9 
C5 523.3 3.3 
C6 1046.5 1.7 



CHAPTER 4 

RESULTS 

Introduction 

This chapter is designed to present the result of the methodological 

procedures utilized to investigate the preferred oboe vibrato. Specifically, it 

will address to what degree the preferred oboe vibrato is a pitch modulation 

and to what degree it is an intensity level modulation. In addition, it will 

address the issue of factors that distinguish the preferred oboe vibrato from 

those vibrati that are less preferred. The results reported in this study are 

based on the sample used in this study; care should be taken before inferring 

these results to be representative of any other population group. 

Preparation of the Data 

Once all evaluations were completed by the three judges, Chronbach's 

Coefficient Alpha was calculated for inter-rater reliability. The coefficient 

produced was 0.86, which showed a high degree of agreement among 

panelists' evaluations. However, a computation of the Analysis of Variance 

among panelists' raw scores revealed that the panelists were dissimilar in 

their individual assignment of numbers to the subjects. As a result, subjects' 

£LCk 
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raw scores, means, and standard deviations were converted to z-scores in 

order to convert the scores into a standard unit normal distribution. 

Ranking of subjects by z-score showed the six most highly ranked 

subjects (Group 1) to be above or near z=l, the representation of the first 

standard deviation above the mean. The six least highly ranked subjects 

(Group 2) were positioned below z=-l, the representation of the first standard 

deviation below the mean. As a result, the recordings of six subjects in each 

group were selected for further analysis. This analysis was performed by 

means of the Pitch E x p l o r e r ™ system, which had proven in the pilot study to 

provide valuable information in the analysis of the vibrato of oboe tones. 

The recordings of the Handel excerpt and the Mozart excerpt for one of the 

subjects in Group 1, subject 02, were of insufficient volume for analysis, 

apparently due to a problem that occurred in the initial recording of that 

subject. As a result, only the Schumann recording and the Poulenc recording 

were analyzed for all six members of Group 1. 

For each musical example, the longest note that showed evidence of 

vibrato was selected to represent that subject's vibrato on that example. 

Output graphs for these notes for each subject were provided by the Pitch 

Explorer™ system. Pitch modulation periods and intensity modulation 

periods were identified separately. Each modulation period was measured 

trough-to-trough, the lowest point in each period (see Figure 5). 
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reak-to-Peak 

Trough-to-Trough 

Figure 5. Example (using sine wave) of peak-to-peak and trough-to-trough 
measurement. 6 

Range of pitch modulation was measured in cents; range of intensity level 

modulation was measured in dB. Means derived for each subject were 

converted into multiples of the just noticeable difference for human beings as 

reported in the literature. Since the quantity of cents change equivalent to 

one JND varies from note to note, each note examined was considered 

separately. Summary calculations for pitch and intensity cycles are presented 

in Appendix H. 

Vibrato as Pitch Modulation 

The first question to be answered by the study was to what degree the 

preferred oboe vibrato is a pitch modulation. For C5 in the Handel excerpt, 

the range of mean pitch modulation was 16.8 cents to 62.1 cents; the mean 

range was 37 cents. For C in the Mozart excerpt, the range of mean pitch 

modulation was 28.7 cents to 47.4 cents; the mean range was 38.2 cents. For 

A4 in the Schumann excerpt, the range of mean pitch modulation was 23.9 
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cents to 48.7 cents; the mean range was 31.3 cents. For G4 in the Poulenc 

excerpt the range of mean pitch modulation was 20.3 cents to 39.3 cents; the 

mean range was 27.3 cents. Mean pitch modulation results for all subjects in 

Group 1 are presented in Table 2. 

Table 2. 

Mean ranges of pitrh modulation of Group 1 suhj^tc 

Subject number 
N o t e U4 11 12 08 25 0T~ Mean 

c (Handel) 16.8 35.9 62.1 40.3 29.8 
C6 (Mozart) 38.3 28.7 35.6 41.1 47.4 
A4 (Schumann) 23.9 28.4 25.2 31.8 29.8 48 7 rT l 
G (Poulenc) 39.3 20.3 31.7 26.6 25.2 20 8 27 3 

37.0 
38.2 

When each subject's range of pitch modulation for C5 in the Handel 

excerpt was converted to an approximate multiple of JND for pitch, the range 

was a multiple of JND of 5 to 18.8; the mean multiple was 11.2. For C6 in the 

Mozart excerpt, the range of multiple of JND was 16.9 to 27.9; the mean 

multiple was 22.5. For A4 in the Schumann excerpt, the range of multiple of 

JND was 6.1 to 12.5; the mean multiple was 8. For G4 in the Poulenc excerpt, 

the range of multiple of JND was 4.6 to 8.9; the mean multiple was 6.2. 

Approximate multiples of JND for pitch modulation among all Group 1 

subjects are presented in Table 3. All subjects exhibited their largest multiple 

of JND for pitch modulation on C6 in the Mozart excerpt; relativity of JND 

results for the other notes measured varied among the subjects. This may be 
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Table 3. 

Mean ranges Qf pitch modulation of Group 1 subjects as approximatp 

multiples of TNT") 

Subject number 
N o t e 04 11 12 08 25 02 

(Handel) 5.0 10.9 18.8 1Z2 97) ~ 
Mean 
11.2 
22.5 

8.0 

C (Mozart) 22.5 16.9 21.0 24.2 27.9 
A4 (Schumann) 6.1 7.3 6.5 8.2 76 12 5 
G* (Poulenc) 8.9 4.6 7.2 6.0 5.7 4.7 6.2 

due to the fact that the tessitura {?, A', and Cs are grouped within the interval 

of a perfect fourth, while C6 is an octave or more above these notes. It may 

also be due to the character of the production of C« on the oboe as opposed to 

the character of the production of the other three notes. The varying 

relativity of the approximate multiple of JND among Group 1 subjects for G4, 

A1, and C5 may be due to differences among subjects in the emotional or 

stylistic interpretations of the music. The results suggest that pitch 

modulation is a strong component of oboe vibrato, but that the strength of 

that component may vary according to the range or tessitura. 

Vibrato as Intensity Level Modulation 

The second question to be answered by the study was to what degree 

the preferred oboe vibrato is an intensity level modulation. For C5 in the 

Handel excerpt, the range of mean intensity level modulation was 0.90 dB to 

3.60 dB; the mean range was 2.02 dB. For C* in the Mozart excerpt, the range 
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of mean intensity level modulation was 1.50 dB to 7.37 dB; the mean range 

was 3.22 dB. For A4 in the Schumann excerpt, the range of mean intensity 

level modulation was 1.30 to 4.66 dB; the mean range was 2.98 dB. For G4 in 

the Poulenc excerpt, the range of mean intensity level modulation was 1.09 

dB to 3.04 dB; the mean range was 2.53 dB. Mean pitch modulation results 

for all subjects in Group 1 are presented in Table 4. 

Table 4. 

Mean ranges of intensity level modulation of Croup 1 snhjpr+Q 

Subject number 
^i, , ^ ^ 12 08 25 02 Mean 
C

fi (Handel) 1.10 1.79 2.72 3.60 0.90 
C (Mozart) 2.50 7.37 2.22 1.50 2.50 -
A4 (Schumann) 4.66 2.63 2.98 1.30 3.50 2 80 
G (Poulenc) 3.04 1.09 2.97 3.00 2.90 2.20 

When each subject's range of intensity level modulation for C5 in the 

Handel excerpt was converted to a multiple of JND for intensity level, the 

range was a multiple of JND of 1.2 to 4.8; the mean multiple was 2.7. For C6 in 

the Mozart excerpt, the range of multiple of JND was 2.0 to 9.8; the mean 

multiple was 4.3. For A4 in the Schumann excerpt, the range of multiple of 

JND was 1.7 to 6.2; the mean multiple was 4.0. For G4 in the Poulenc excerpt, 

the range of multiple of JND was 1.5 to 4.1; the mean multiple was 3.4. 

Approximate multiples of JND for intensity level modulation among all 

Group 1 subjects are presented in Table 5. In all cases except one (Subject 04 

2.02 
3.22 
2.98 
2.53 
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Table 5. 

Mean ranp-es of intensity WpI modulation of Crrmp \ suhjprta as 

approximate multiplps nf JMn 

Subject number 
w. N ° ? f "4 11 12 08 25 02 ' Mean 
C (Handel) 1.5 1A 36 48 12 - 2 7 
C6 (Mozart) 3.3 9.8 3.0 2.0 3.3 - 43 
^4 /Schumann) 6.2 3.5 4.0 1.7 4.7 3.8 4 0 
G (Poulenc) 4.1 1.5 4.0 4.0 3.9 2.9 3.4 

on A4 m the Schumann excerpt), the approximate multiple of JND for pitch 

modulation is greater than that for intensity level modulation. Unlike the 

approximate JND for pitch modulation, the approximate JND for intensity 

level modulation is not consistently greater for one note more than others, 

but varies among subjects for all notes. The results suggest that intensity 

level modulation is a component of oboe vibrato, that the strength of 

intensity level modulation is more consistent across musical settings than 

that of pitch vibrato, and that intensity level modulation is less of a factor in 

oboe vibrato than is pitch modulation. 

The Preferred Oboe Vibrato 

The third question to be answered by the study was a determination of 

the factors that distinguish the preferred oboe vibrato from those less 

preferred. Results from the analysis of data of subjects in each group were 

compared for statistical significance through the calculation of a two-tailed 
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Student ' s t-test, assuming unequal variances, at the 95% confidence level. A 

s u m m a r y of the results of the calculation of Student 's t is presented in Table 

6, a complete listing along wi th data for individual subjects is presented in 

Append ix I. 

Table 6. 

Summary of the results of Student's t 

Factor Probability 

m e a n length of pi tch modula ted per iods (csec) .67 .52 .92 .74 
m e a n length of i-level modula ted periods (csec) .09 .82 .69 03 
percentage of pitch modula t ion presence .03 .05 .21 .02 
percentage of i-level modula t ion presence .01 .01 .97 01 
m e a n range of pitch modula t ion (cents) .38 .69 .22 03 
mean range of intensity level modula t ion (dB) .99 .80 .17 .39 
s.d. of m e a n length of pitch modula ted periods .84 .02 .54 26 
s.d. of mean length of i-level modula ted per iods .32 .10 .40 56 
s.d. of m e a n range of pi tch modula t ion .77 .86 80 06 
s.d. of mean range of i-level modula t ion .71 .60 .19 .56 
s.d. of mean pitch of each period (cents) .77 .99 22 40 
s.d. of m e a n i-level of each period (dB) .09 '75 .15 25 

^ probabili ty of .05 or lower shows statistical significance at the 95% 

confidence level. Standard deviation is abbreviated as s.d. Intensity level is 

abbreviated as i-level. 

For no factor of vibrato was there found significant difference be tween 

the t w o g roups on every note measured. Three of the notes, C5 in the Hande l 

excerpt, C m the Mozart , and G4 in the Poulenc, showed significant difference 

for percentage of pi tch modula t ion presence and percentage of intensity level 
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modulation presence. These factors measured the percent of time that 

vibrato was used in the note. (See Table 7.) 

Table 7. 

Student s t results for percentage of vibrato presence in the note 

, N 0 t e . . F a c t o r Probability ' 
(riandel) percentage of pitch modulation presence .03 

percentage of i-level modulation presence .01 

C6 (Mozart) percentage of pitch modulation presence .05 
percentage of i-level modulation presence .01 

A (Schumann) percentage of pitch modulation presence .21 
percentage of i-level modulation presence .97 

G (Poulenc) percentage of pitch modulation presence .02 
percentage of i-level modulation presence .01 

^ probability of .05 or lower shows statistical significance at the 95% 

confidence level. Intensity level is abbreviated as i-level. 

Data for percentage of pitch modulation presence are presented in Table 

8; data for intensity level modulation are presented in Table 9. For C5 in the 

Handel excerpt, Group 1 subjects exhibited a range of pitch modulation 

presence of 67.9% to 84.5%; the mean was 75.4%. In comparison, the Group 2 

range was 28.7% to 88.8%; the mean was 49%. The range of intensity level 

modulation presence among Group 1 subjects was 67.9% to 85.2%; the mean 

was 75.8. In comparison, the Group 2 range was 29.1% to 74.5%; the mean was 

49.4%. 
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Table 8. 

Mean percentages of pitch modulation prpspnrp 

Group 1 subject number 
Note 04 12 

C (Handel) 
C6 (Mozart) 
A4 (Schumann) 
G4 (Poulenc) 

78.5 
89.9 
56.8 
65.1 

84.5 67.9 68.4 77.8 
85.6 97.7 61.5 93.9 
53.8 82.1 60.6 72.5 
62.1 85.9 71.0 80.2 

39.6 
75.3 

ivicdll 
75.4 
85.7 
60.9 
73.3 

Note 
C3 CHanHpn 

Group 2 subject number 
Note 

C3 CHanHpn 
30 

•as n 
28 1 22 16 

AH C ETA A nor. 
15 Mean 

C6 (Mozart) 57.9 75.9 19.5 95.6 
A4 (Schumann) 55.1 51.8 61.2 54.3 
G4 (Poulenc) 32.4 82.7 15.6 46.2 

45.9 
53.9 
28.6 

48.6 
21.7 
11.5 

49.0 
57.2 
49.7 
36.2 

Table 9. 

Mgan percentages of intensity l eve l m o d u l a t i o n prespnrp 

Note 04 
C5 (Handel) 85.2 
C6 (Mozart) 91.1 
A4 (Schumann) 48.2 
G4 (Poulenc) 67.9 

Note 
C5 (Handel) 
C6 (Mozart) 
A4 (Schumann) 
G4 (Poulenc) 

Group 1 subject number 
11 

80.5 
85.8 
56.5 
66.1 

12 
67.9 
98.5 
86.9 
87.3 

08 
69.9 
77.4 
54.2 
64.6 

25 
75.5 
98.0 
82.2 
76.8 

42.1 
78.0 

53.3 
64.5 87.2 
56.3 83.8 
36.2 74.1 

35.0 
37.8 
70.1 
31.2 

74.5 
76.9 
53.5 
47.8 

57.0 29.1 
52.9 57.8 
87.2 22.0 
49.2 17.3 

Mean 
75.8 
90.2 
61.7 
73.5 

Group 2 subject number 

Mean 
49.4 
62.9 
62.2 
42.6 
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For C6 in the Mozart excerpt, Group 1 subjects exhibited a range of pitch 

modulation presence of 61.5% to 97.7%; the mean was 85.7%. In comparison, 

the Group 2 range was 19.5% to 95.6 %; the mean was 57.2%. The range of 

intensity level modulation presence among Group 1 subjects was 77.4% to 

98.5%; the mean was 90.2%. In comparison, the Group 2 range was 37.8% to 

87.2%; the mean was 49.4%. 

For G4 in the Poulenc excerpt, Group 1 subjects exhibited a range of pitch 

modulation presence of 62.1% to 85.9%; the mean was 73.3%. In comparison, 

the Group 2 range was 11.5% to 82.7%; the mean was 36.1%. The range of 

intensity level modulation presence among Group 1 subjects was 64.6% to 

87.3%; the mean was 73.5. In comparison, the Group 2 range was 17.3% to 

74.1%; the mean was 42.6%. 

Measurements for A4 in the Schumann excerpt did not show significant 

difference at the 95% confidence level between the two groups. For A4, Group 

1 subjects exhibited a range of pitch modulation presence of 53.8% to 82.1%; 

the mean was 60.9%. In comparison, the Group 2 range was 21.7% to 61.2%; 

the mean was 49.7%. The range of intensity level modulation presence 

among Group 1 subjects was 42.1% to 86.9%; the mean was 61.7%. In 

comparison, the Group 2 range was 22% to 87.2%; the mean was 62.2%. 

No clear pattern was established among subjects for the percentage of 

vibrato used on a particular exceipt. On the contrary, the percentage of 

vibrato use on a given excerpt seemed to be individualistic in nature. 
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However, Group 1 subjects consistently showed a greater percentage of 

vibrato presence in the note than did Group 2 subjects on every excerpt. 

Results of Student's t showed three additional factors to have significant 

difference on one of the four notes measured; they are: mean length of 

intensity level modulated periods, mean range of pitch modulated periods, 

and standard deviation of pitch modulated period length. (See Table 10.) 

Table 10. 

Student's t results for mean length of intpnsjtv IPVP I v ibrato ppHork mean 

r ange of p i tch vibrato, and s t andard deviation of pitch vibrato ppripd Ipripf-h 

Factor Probability 
mean length of i-level vibrato periods 

mean range of pitch vibrato 

s.d. of pitch vibrato period length 

Note 
C3 (Handel) 
C6 (Mozart) 
A4 (Schumann) 
G4 (Poulenc) 

C5 (Handel) .38 
C6 (Mozart) .69 
A4 (Schumann) .22 
G4 (Poulenc) .03 

C5 (Handel) .84 
C6 (Mozart) .02 
A4 (Schumann) .54 
G4 (Poulenc) .26 

Note , A probability of .05 or lower shows statistical significance at the 95% 

confidence level. Standard deviation is abbreviated as s.d. Intensity level is 

abbreviated as i-level. 
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Mean length of modulation period is the average of the trough-to-

trough length in csec of each period. Significant difference for mean length of 

intensity level modulated periods was shown only for G4 in the Poulenc 

excerpt. Data for mean length of intensity level modulated periods are 

presented in Table 11. 

Table 11. 

Mean length fin csec) of intensity level modulated periods 

Group 1 subject number 
Note 04 11 12 08 25 02 Mean 

Cs (Handel) 15.4 16.5 20.0 17.0 13.2 - 16.4 
C6 (Mozart) 18.9 17.0 19.8 18.9 18.4 - 18.6 
A4 (Schumann) 18.1 9.4 19.2 12.3 20.1 19.5 16.4 
G4 (Poulenc) 14.4 11.4 18.3 11.3 19.9 19.5 15.8 

Group 2 subject number 
Note 30 28 1 22 16 15 Mean 

C (Handel) 20.8 19.3 19.3 22.0 15.4 18.3 19.2 
C6 (Mozart) 20.8 18.3 20.2 16.6 14.1 20.0 18.3 
A4 (Schumann) 15.4 16.5 21.9 19.1 13.3 17.8 17.3 
G4 (Poulenc) 22.7 20.6 19.5 22.0 23.3 16.5 20.8 

For G4, the range of mean length of intensity level modulated periods 

for Group 1 subjects was 11.3 csec to 19.9 csec; the mean was 15.8 csec. In 

comparison/ the Group 2 range was 16.5 csec to 23.3 csec; the mean was 20.8 

csec. 

Mean range of pitch modulated periods is the average of the pitch range 

in cents measured during each period. Significant difference for mean range 

of pitch modulated periods was shown only for G4 in the Poulenc excerpt. 



82 

Data for mean length of intensity level modulated periods are presented in 

Table 12. 

Table 12. 

Mean range fin cents) of pitch modulated periods 

Group 1 subject number 
Note 04 11 12 08 25 02 Mean 

C (Handel) 
C6 (Mozart) 
A4 (Schumann) 
G4 (Poulenc) 

16.8 
38.3 
23.9 
39.3 

35.9 62.1 
28.7 35.6 
28.4 25.2 
20.3 31.7 

40.3 29.8 
41.1 47.4 
31.8 29.8 
26.6 25.2 

48.7 
20.8 

37.0 
38.2 
31.3 
27.3 

Note 
Group 2 subject number 

Note 30 28 1 22 16 15 Mean 
Cb (Handel) 
C6 (Mozart) 
A4 (Schumann) 
G4 (Poulenc) 

37.7 
31.0 
23.9 
19.7 

21.4 20.3 
37.8 54.3 
25.0 29.8 
14.3 21.0 

20.9 21.3 
39.6 25.7 
27.1 15.8 
23.8 19.0 

49.5 
28.0 
31.5 
12.0 

28.5 
36.1 
25.5 
18.3 

Group 1 subjects exhibited a range of the mean range of pitch 

modulated periods of 20.3 cents to 39.3 cents; the mean was 27.3 cents. In 

comparison, the Group 2 range was 12 cents to 23.8 cents; the mean was 18.3 

cents. 

Standard deviation is a measurement of the degree of consistency of a 

measured entity-the lower the standard deviation, the greater the consistency 

of the entity. Standard deviation of period length measures the consistency of 

the length of the vibrato, in csec, from period to period as performed by a 

subject on a particular note. Significant difference for the standard deviation 

of pitch modulated period length was shown for C6 in the Mozart excerpt (see 
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Table 10). Standard deviations of pitch modulated period lengths are 

presented in Table 13. In Group 1, the range for standard deviation of pitch 

modulated period length was 1.99 to 3.47; the mean was 2.82. In comparison, 

the Group 2 range was 3.27 to 4.23; the mean was 3.65. 

Table 13. 

Standard deviation of pitch modulated period length fin rspr) 

Note 
Group 1 subject number 

Note 04 11 12 08 25 02 Mean 
C (Handel) 
C6 (Mozart) 
A4 (Schumann) 
G4 (Poulenc) 

3.95 
3.47 
3.71 
3.15 

2.46 2.89 3.63 2.81 
1.99 3.02 2.76 2.86 
1.76 3.45 1.17 3.47 
2.55 2.45 1.96 4.03 

3.94 
2.79 

3.15 
2.82 
2.92 
2.82 

Note 
Group 2 subject number 

Note 30 28 1 22 16 15 Mean 
Cs (Handel) 
C6 (Mozart) 
A4 (Schumann) 
G4 (Poulenc) 

4.31 
3.86 
1.50 
2.36 

2.86 2.86 4.19 1.79 
4.23 3.82 3.65 3.27 
5.12 3.90 5.24 2.75 
4.84 1.50 1.79 0.00 

3.46 
3.07 
2.06 
1.00 

3.2 
3.7 
3.4 
1.9 

The results of Student's t seem to suggest that only the percentage of 

vibrato presence, whether pitch modulation or intensity level modulation, is 

important in a preferred vibrato, as these factors were found to show 

statistical significance on three of the four notes analyzed. Since, for both 

pitch modulation and intensity level modulation, the percentage of vibrato 

presence was greater for Group 1 than for Group 2, the results suggest that 

vibrato on the oboe should be used more often rather than less often. 

Because significant difference was found on only one note for the following 
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factors: (a) mean length of intensity level modulated periods, (b) mean range 

of pitch modulated periods, and (c) standard deviation of pitch modulated 

period length, no inferences should be drawn as a result of these findings. 

Measurements of Modulation Period Length 

Measurement of the length of pitch modulated periods, more 

commonly referred to as vibrato rate, provided valuable information on the 

speed at which the preferred oboe vibrato is produced (see Table 14). 

Table 14. 

Mean length of pitch modulated periods fin cser^ 

Note 
Group 1 subject number 

Note 04 11 12 08 25 02 Mean 
C (Handel) 
C6 (Mozart) 
A4 (Schumann) 
G4 (Poulenc) 

17.8 
18.7 
19.0 
19.7 

17.3 20.0 
17.8 19.6 
17.9 19.2 
17.4 17.6 

16.7 18.8 
18.3 19.0 
18.9 19.5 
17.9 18.4 

18.3 
18.8 

18.1 
18.7 
18.8 
18.3 

Note 
Group 2 subject number 

Note 30 28 1 22 16 15 Mean 
C (Handel) 
C6 (Mozart) 
A4 (Schumann) 
G4 (Poulenc) 

20.3 
20.0 
19.4 
20.3 

17.3 20.0 
19.8 24.8 
20.4 19.1 
16.4 19.5 

22.2 14.3 
20.7 14.8 
24.3 10.9 
21.3 18.0 

18.0 
17.7 
17.5 
11.0 

18.7 
19.6 
18.6 
17.8 

For C5 in the Handel excerpt, the range of pitch modulated period 

length was 16.7 csec to 20 csec; the mean was 18.1 csec. For C6 in the Mozart 

excerpt, the range was 17.8 csec to 19.6 csec; the mean was 18.7 csec. For A4 in 

the Schumann excerpt, the range was 17.98 csec to 19.5 csec; the mean was 18.8 
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csec. For G4 in the Poulenc excerpt, the range was 17.4 csec to 19.7 csec; the 

mean was 18.3 csec. As a group, the subjects in Group 1 consistently showed 

pitch modulation period length of between 16.7 csec and 20 csec, which, when 

converted to the more easily understood rate of vibrato cycles per second (Hz) 

is 5 Hz to 6 Hz. In comparison, the pitch modulation rate of subjects in Group 

2 covered a range of 4 Hz to 9.2 Hz. This suggests that there may be an "area 

of goodness" for the rate of pitch modulation within which players should 

strive consistently to perform. No statistically significant difference was 

shown for this factor (Table 15); statistical determination of significance of an 

"area" of this type requires a larger sampling than was used for this study. 

Table 15. 

Student's t results for mean length of pitch modulated periods 

Note Probability 
Cs (Handel) £7 
C6 (Mozart) .52 
A4 (Schumann) .92 
G4 (Poulenc) .74 

Npte. A probability of .05 or lower shows statistical significance at the 95% 

confidence level. 

Measurement of the intensity level modulated period length also 

provided information on the speed at which the preferred oboe vibrato is 

produced, though this information is less valuable than that provided by 

measurement of pitch modulated period length (see Table 16). 
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Table 16. 

Mean length of intensity level modulated periods fin csecl 

Note 04 11 12 08 25 02 Mean 
Cs (Handel) 15.4 16.5 20.0 17.0 13.2 - 16.4 
C6 (Mozart) 18.9 17.0 19.8 18.9 18.4 - • 18.6 
A4 (Schumann) 18.1 9.4 19.2 12.3 20.1 19.5 16.4 
G4 (Poulenc) 14.4 11.4 18.3 11.3 19.9 19.5 15.8 

Group 2 subject number 
Note 30 28 1 22 16 15 Mean 

C (Handel) 20.8 19.3 19.3 22.0 15.4 18.3 19.2 
C6 (Mozart) 20.8 18.3 20.2 16.6 14.1 20.0 18.3 
A4 (Schumann) 15.4 16.5 21.9 19.1 13.3 17.8 17.3 
G4 (Poulenc) 22.7 20.6 19.5 22.0 23.3 16.5 20.8 

For C5 in the Handel excerpt, range of intensity level modulated period 

length was 13.2 to 20 csec; the mean was 16.4 csec. For C6 in the Mozart 

excerpt, the range was 17 to 19.8 csec; the mean was 18.6 csec. For A4 in the 

Schumann excerpt, the range was 9.4 to 20.1 csec; the mean was 16.4 csec. For 

G4 in the Poulenc excerpt, the range was 11.3 to 19.9 csec; as reported earlier in 

this chapter, the mean was 15.8 csec. Neither group exhibited the kind of 

consistency of performance for intensity level modulation rate shown in the 

pitch modulation data for Group 1; the range of intensity level modulation 

rate for Group 1 was 5 Hz to 10.6 Hz, while the range for Group 2 was 4.3 Hz to 

7.5 Hz. Charts illustrating the results for pitch modulated period rate and 

intensity modulated period rate are presented in Appendix J. 
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Combined Factors 

Upon closer examination of the data presented earlier in this chapter, it 

became apparent that one of the most distinctive factors of the preferred oboe 

vibrato might instead be a combination of two factors: pitch modulation rate 

and the percentage of presence of pitch modulation. Group 2 subjects fell out 

of the range established by Group 1 subjects for pitch modulation rate a total 

of 13 notes out of 24 notes measured (six subjects-four notes per subject). For 

percentage of pitch modulation presence, Group 2 subjects fell out of the 

Group 1 range on 16 of the 24 notes measured. However, when these factors 

were combined, Group 2 subjects fell out of the combined range established by 

Group 1 subjects on 21 of the 24 notes measured. No subject in Group 2 

placed within this combined range on more than one of the four notes 

measured for each subject. This was an unexpected finding, one which 

suggests that preference in oboe performance is given to a vibrato whose rate 

of speed falls within a given "area" of goodness and whose duration 

comprises a majority of the total time of the note in which it is employed. 

Though statistical significance for combined factors is possible through 

multivariate analysis, the procedure requires a larger sampling than was 

designed for this study. 
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Results of Related Observations 

Investigation of the research questions provided opportunity to observe 

factors relating to the pitch modulation and intensity level modulation of the 

preferred oboe vibrato that, though related, did not provide answers to the 

research questions. These included: measurement of standard deviations for 

range and period length for pitch modulation; measurement of standard 

deviations for range and period length for intensity level modulation; and 

observation of simultaneous graphic representations of pitch and intensity 

level modulation. 

Standard deviation of modulation range measures the consistency of 

the width of the range of the vibrato of the two groups. This was measured in 

cents for pitch modulation and dB for intensity level modulation, from 

period to period as performed by a subject on a particular note. Data for 

standard deviation of pitch modulation range are presented in Table 17. 

For C5 in the Handel excerpt, range of the standard deviation of pitch 

modulation range among Group 1 subjects was 3.27 to 17.32; the mean was 

9.9. In comparison, the range among Group 2 subjects was 3.72 to 22.05; the 

mean was 8.78. For C6 in the Mozart excerpt, the range among Group 1 

subjects was 8.51 to 13.60; the mean was 10.20. In comparison, the range 

among Group 2 subjects was 5.95 to 19.38; the mean was 9.80. For A4 in the 

Schumann excerpt, the range among Group 1 subjects was 3.46 to 10.53; the 

mean was 6.09. In comparison, the range among Group 2 subjects was 2.95 to 



89 

Table 17. 

Standard deviations of pitch modulation ranges 

Group 1 subject number 
Note 04 11 12 08 25 02 Mean 

Cb (Handel) 3.27 8.86 17.32 12.50 7.57 - 9.90 
C6 (Mozart) 8.82 10.28 9.81 13.60 8.51 - 10.20 
A4 (Schumann) 4.98 4.03 5.36 3.46 10.53 8.16 6.09 
G4 (Poulenc) 8.31 5.19 16.06 3.77 5.05 5.40 7.30 

Group 2 subject number 
Note 30 28 1 22 16 15 Mean 

C" (Handel) 10.21 6.08 3.98 3.72 6.63 22.05 8.78 
C6 (Mozart) 5.95 9.14 19.38 10.36 6.31 7.67 9.80 
A4 (Schumann) 2.95 5.83 9.58 4.86 3.34 7.53 5.68 
G4 (Poulenc) 4.03 4.23 2.00 5.26 0.82 0.00 2.72 

9.58; the mean was 5.68. For G4 in the Poulenc excerpt, the range among 

Group 1 subjects was 3.77 to 16.06; the mean was 7.30. In comparison, the 

range among Group 2 subjects was 0 to 5.26; the mean was 2.72. 

Data for intensity level modulation range are presented in Table 18. For 

C5 in the Handel excerpt, range of the standard deviation of intensity level 

modulation range among Group 1 subjects was 0.27 to 1.5; the mean was 0.69. 

In comparison, the range among Group 2 subjects was 0.34 to 0.92; the mean 

was 0.59. For C6 in the Mozart excerpt, the range among Group 1 subjects was 

0.56 to 5.29; the mean was 1.72. In comparison, the range among Group 2 

subjects was 0.70 to 5.98; the mean was 2.39. For A4 in the Schumann excerpt, 

the range among Group 1 subjects was 0.52 to 1.96; the mean was 1.14. In 

comparison, the range among Group 2 subjects was 0.52 to 6.95; the mean 
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Table 18. 

Standard deviations of intensity IPVPI mnHnla+INR. ranp-pt; 

Note 
Group 1 subject number 

Note 04 11 12 08 25 02 Mean 
Cs (Handel) 
C6 (Mozart) 
A4 (Schumann) 
G4 (Poulenc) 

0.27 
1.15 
0.69 
2.27 

0.60 
5.29 
1.59 
0.55 

0.75 
0.56 
1.34 
0.39 

1.50 
0.65 
0.52 
0.83 

0.31 
0.94 
1.96 
1.62 

0.71 
0.09 

0.69 
1.72 
1.14 
0.96 

Note 
Group 2 subject number 

Note 30 28 1 22 16 15 Mean 
C (Handel) 
C6 (Mozart) 
A4 (Schumann) 
G4 (Poulenc) 

0.61 
5.98 
3.28 
0.59 

0.39 
0.75 
6.95 
8.36 

0.72 
1.84 
2.04 
0.76 

0.92 
3.65 
1.74 
0.31 

0.57 
0.70 
0.98 
0.60 

0.34 
1.43 
0.52 
0.16 

0.59 
2.39 
2.59 
1.80 

was 2.59. For G4 in the Poulenc excerpt, the range among Group 1 subjects 

was 0.09 to 2.27; the mean was 0.96. In comparison, the range among Group 2 

subjects was 0.16 to 8.36; the mean was 1.80. 

The results indicate that the consistency of the width of the range of 

both pitch modulation and intensity level modulation varied widely among 

subjects in each group. No pattern was established that distinguished one 

group from the other. 

Standard deviation of intensity level modulation period length 

measures the consistency of the length of intensity level vibrato, in csec, from 

period to period as performed by a subject on a particular note. Data for 

standard deviation of intensity modulated period length are presented in 

Table 19. Data for standard deviation of pitch modulated period length were 
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difference on one note for this factor. 
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Table 19. 

Standard deviation of intensity Wei modulated pprinrl length fin rspr) 

Note 
Group 1 subject number 

Note 04 11 12 08 25 02 Mean 
C (Handel) 
C6 (Mozart) 
A4 (Schumann) 
G4 (Poulenc) 

4.66 
2.29 
0.60 
5.31 

4.51 2.65 3.88 4.90 
4.24 1.99 2.97 3.46 
2.50 4.65 4.24 2.39 
4.50 2.26 3.95 3.41 

3.69 
1.98 

4.12 
2.99 
3.01 
3.57 

Note 
Group 2 subject number 

Note 30 28 1 22 16 15 Mean 
C (Handel) 
C6 (Mozart) 
A4 (Schumann) 
G4 (Poulenc) 

1.85 
4.40 
4.97 
5.91 

3*96 3.96 4.84 4.03 
4.31 1.82 6.20 4.89 
6.05 3.96 7.37 1.85 
1.50 3.64 4.74 8.79 

2.11 
4.08 
0.43 
1.50 

3.46 
4.28 
4.11 
4.35 

For C5 in the Handel excerpt, range of the standard deviation of 

intensity level period length among Group 1 subjects was 2.65 to 4.9; the 

mean was 4.12. In comparison, the range among Group 2 subjects was 1.85 to 

4.84; the mean was 3.46. For C6 in the Mozart excerpt, the range among Group 

1 subjects was 1.99 to 4.24; the mean was 2.99. In comparison, the range 

among Group 2 subjects was 1.82 to 6.2; the mean was 4.28. For A4 in the 

Schumann excerpt, the range among Group 1 subjects was 0.60 to 4.65; the 

mean was 3.01. In comparison, the range among Group 2 subjects was 0.43 to 

7.37; the mean was 4.11. For G4 in the Poulenc excerpt, the range among 
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Group 1 subjects was 1.98 to 5.31; the mean was 3.57. In comparison, the range 

among Group 2 subjects was 1.50 to 5.91; the mean was 4.35. 

As was the case for consistency of the width of vibrato range, the results 

indicate that the consistency of modulation period length of both pitch 

modulation and intensity level modulation varied widely among subjects in 

each group. No pattern was established that distinguished one group from 

the other. No important evidence separating the two groups was found in 

the examination of the minor factors. 

Observation of simultaneous graphic representations of pitch and 

intensity level modulation showed that an oboe vibrato consisting of pitch 

modulation without a corresponding intensity level modulation sometimes 

occurs (Figure 6). Conversely, an oboe vibrato consisting of an intensity level 

modulation without a corresponding pitch modulation sometimes occurs 

(Figure 7). However, except for brief periods of time, neither phenomenon 

seems to occur among those whose vibrati are preferred. The preferred oboe 

vibrato consistently seems to contain elements of both pitch modulation and 

intensity level modulation (Figure 8). 
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Figure 6. Example of pitch modulation without corresponding intensity level 

modulation (taken from subject in non-preferred group). 
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Figured. Example of vibrato consistently comprised of both pitch modulation 

and intensity level modulation (taken from subject in preferred group). 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Summary 

The purpose of this study was to determine the frequency and intensity 

level characteristics found in the vibrati of preferred oboe players as ranked 

by a panel of experts. Specifically, the following research questions were 

explored: 

1. To what degree is the preferred oboe vibrato a frequency 

modulation? 

2. To what degree is the preferred oboe vibrato an intensity level 

modulation? 

3. What factors distinguish the preferred oboe vibrato from those less 

preferred? 

A panel of experts evaluated recordings of 34 subjects, each of whom 

had performed four musical excerpts taken from standard oboe recital 

literature. Recordings of 12 of these subjects, clustered in two groups of six 

subjects each whose vibrati were most and least highly rated, were analyzed 

for factors associated with pitch modulation and intensity level modulation. 

For each musical excerpt, the longest note exhibiting the presence of vibrato 
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was chosen for analysis. Graphs showing pitch and intensity level for each 

note analyzed were produced for each subject in each group. Modulation 

cycles were defined for each recording; pitch modulation cycles and intensity 

modulation cycles were defined and analyzed separately. 

Findings 

The findings of this study should be interpreted in view of the scope of 

the study. Though subjects represented various geographical regions of the 

United States, the sample was not randomized, and the sample size was 

relatively small. For this reason, care should be taken before inference is 

made to all oboists within the United States or to any other population. 

In order to answer the first two research questions, analysis was made of 

the range of pitch modulation and intensity level modulation on each note 

performed by each subject. Pitch modulation extent was measured in cents; 

intensity level modulation was measured in dB. Means were calculated for 

each note of each subject; means were then calculated for each group. A 

conversion of these means into an approximate multiple of the just 

noticeable difference (JND) was performed in order to allow a direct 

comparison of pitch modulation and intensity level modulation. 

The calculation of the multiple of JND for pitch modulation indicated 

that the extent of the effect of this factor varied widely among Group 1 

subjects and varied depending upon the musical situation. For C5 in the 
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Handel excerpt, the range of the approximate multiple of pitch JND for Group 

1 was 5.8 to 18.8; the mean was 11.2. For C6 in the Mozart excerpt, the range 

was 16.9 to 27.9; the mean was 22.5. For A4 in the Schumann excerpt, the 

range was 6.1 to 12.5; the mean was 8.0. For G4 in the Poulenc excerpt, the 

range was 4.6 to 8.9; the mean was 6.2. 

The calculation of the multiple of JND for intensity level modulation 

indicated that the extent of this factor also varied among subjects and varied 

depending upon the musical situation, though not to as great an extent as did 

the multiple of JND for pitch modulation. For C5 in the Handel excerpt, the 

range of the approximate intensity level JND for Group 1 was 1.2 to 4.8; the 

mean was 2.7. For C6 in the Mozart excerpt, the range was 2 to 9.8; the mean 

was 4.3. For A4 in the Schumann excerpt, the range was 1.7 to 6.2; the mean 

was 4. For G4 in the Poulenc excerpt, the range was 1.5 dB to 4.1; the mean 

was 3.4. 

Contemporaneous visual and aural examination of real-time graphs of 

the vibrato performance for each subject revealed synchronous movement in 

pitch modulated periods and asynchronous movement in intensity level 

modulated periods. These findings, coupled with the propensity for pitch 

modulation to be a greater multiple of JND than was intensity level 

modulation, indicate that preferred vibrato performance on the oboe is 

primarily a modulation of pitch. Further, they suggest that intensity level 

modulation, though it exists in the tone in the performance of oboe vibrato, 
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occurs incidentally during vibrato production and has little if any bearing on 

the vibrato itself. 

In order to answer the third research question, measurements from the 

recordings were made for a number of factors in addition to those already 

analyzed, including: (a) period length in csec, (b) percentage of time of vibrato 

presence, (c) standard deviation of period length, (d) standard deviation of 

modulation range, (e) standard deviation of the mean pitch, and (f) standard 

deviation of the mean intensity level. Measurements were made for each 

pitch modulation period and each intensity level modulation period. Means 

were calculated for each note of each subject; means were then calculated for 

each group. Student's t at the 95% confidence level was then calculated to 

determine statistical significance between the groups for each factor. 

Comparison also was made by examining scatter charts produced for two of 

the factors, period length and percentage of time of vibrato presence. 

Statistical significance between Group 1 and Group 2 was found for five 

factors. However, on only two factors, namely percentage of pitch 

modulation presence and percentage of intensity modulation presence, was a 

significant difference found on more than one note. Three of these notes, C5 

in the Handel excerpt, C6 in the Mozart excerpt, and G4 in the Poulenc excerpt 

showed significant difference for both factors; the other note, A4 in the 

Poulenc excerpt, showed significant difference between the groups for neither 

factor. For all measurements of both pitch modulation and intensity level 
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modulation, percentage of the presence of vibrato was greater for Group 1 

than for Group 2. Percentage of pitch modulation presence among Group 1 

subjects varied depending upon the musical situation, but for all except one 

subject on one note (Subject 02 on A4 of the Schumann excerpt) the 

percentage was greater than 53%. For notes showing statistical significance, 

Group 1 members utilized a pitch modulated vibrato at least 61.5% of the 

time. The results suggest only that (a) vibrato remains an important 

component of contemporary oboe performance that, when employed, should 

be present for at least half of the note value; and (b) the use of vibrato may 

vary depending upon either musical style, tessitura, or both. 

Little, if any, meaning can be derived from factors showing significant 

difference for only one of the four notes. Consequently, the factors of (a) 

mean length of intensity level modulated periods in G4 of the Poulenc 

excerpt; (b) mean range of pitch modulated periods in G4 of the Poulenc 

excerpt; and (c) mean standard deviation of pitch modulated period length in 

C6 of the Mozart excerpt will not be discussed. 

Scatter charts provided information suggesting that, for the rate of pitch 

modulation in cycles per second, there may be an "area of goodness," which, 

to test for significant difference, would require a larger population than that 

supplied by this study. All subjects within the preferred group exhibited pitch 

modulation rates of 5 Hz to 6 Hz for all notes measured. In comparison, 

subjects in Group 2 exhibited pitch modulation rates of as low as 4 Hz and as 
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high as 9.2 Hz. There was no apparent "area of goodness" shown for the rate 

of intensity level modulated periods, due likely to a combination of the 

following factors: (a) vibrato was more clearly associated with pitch 

modulation than with intensity level modulation; and (b) there were 

numerous instances in which two or more intensity level modulated periods 

were observed in the time of one pitch modulated period. 

One of the most distinctive factors of the preferred oboe vibrato may 

instead be a combination of two factors: pitch modulation rate and percentage 

of presence of pitch modulation. When data for these factors from Group 1 

subjects was used to create a combined "area of goodness" for each note, 

corresponding Group 2 subject measurements fell outside of the range of 

acceptability on 21 notes out of the total 24 notes measured (six subjects—four 

notes per subject). No subject in Group 2 placed within the combined range 

on more than one of the four notes measured for each subject. As with the 

possible "area of goodness" for rate of pitch modulation, testing for significant 

difference would require a larger population than that supplied by this study. 

Implications of the Study 

Opinions concerning the modulation characteristics of wind 

instrument vibrato can be divided into three groups: (a) those claiming 

vibrato to be pitch modulation, (b) those claiming vibrato to be intensity level 

modulation, and (c) those claiming vibrato to be a combination of pitch 
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modulation and intensity level modulation. The research literature 

exploring pitch and intensity level modulations of wind instruments (Brown, 

1973; Herrick, 1983; Dayley, 1986) are conflicting in their findings. Brown 

(1973) found only an intensity level modulation present in oboe vibrato, 

while Herrick (1983) and Day ley (1986) found both a pitch modulation and an 

intensity level modulation present in trumpet vibrato. 

The results of the present study show that, although it is possible for the 

vibrato of the oboe to consist of a pitch modulation without an intensity level 

modulation or the converse, the preferred oboe vibrato consists of both a 

pitch modulation and an intensity level modulation whose periods may or 

may not be in phase with one another. Further, the results show that pitch 

modulation is a stronger component of the preferred oboe vibrato than is 

intensity level modulation. 

There appear to be no precedents in the literature to identify the 

components of the preferred vibrato in wind instruments; here the present 

study breaks new ground. Aside from the aforementioned measurements of 

pitch modulation and intensity level modulation, the results show that, 

although vibrato use will vary depending upon the musical situation, vibrato 

should be present at least one-half of the time in any note in which it is 

employed. The results also show that rate (speed) of the vibrato is an 

important factor, and that there is an "area of goodness" for vibrato rate 

within which an oboist should strive to perform. 
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Educators involved in the teaching of oboe vibrato should recognize the 

existence of both pitch modulation and intensity modulation within the 

vibrato. They should also recognize that pitch modulation is a more 

dominant factor in the preferred vibrato than is intensity level modulation. 

This does not mean that the vibrato should be perceived as a pitch change; an 

effect of this type would require a larger modulation than that exhibited by 

subjects in the preferred group. Emphasis should be placed instead on a 

vibrato that is within the preferred range of rate, is appropriate for the 

musical context, and is consistent in its usage during the time employed. 

The seemingly exponential advancement of the computer in the last 

half of the 20th century has brought with it advancements in the ability to 

analyze musical tones. In particular, recent advancements in technology are 

allowing a closer scrutiny of the modulation characteristics of vibrato. This is 

a valuable and welcomed development; persons involved in these 

technologies should be encouraged to continue toward further advancement 

of such diagnostic tools. 

Backus (1977) suggested a need for research that would investigate the 

character of the "goodness" of the musical tone. The present study indicates 

that experts judging independently can agree strongly on the "goodness" of 

certain aspects of the oboe tone. It also indicates that judgment and rank by 

preference can be valuable for analysis in order to give a clearer picture to 
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educators and students alike of the desired goal for a particular aspect of 

performance. 

Since the ultimate goal of a study of various aspects of the tone 

produced by musicians should be the enhancement of musical training and 

performance, the setting of the study should be as realistic as possible. This 

means that, when possible, the sounds analyzed should be not of sine or 

other artificially-produced tones, but of those complex tones produced on 

musical instruments. Additionally, excerpts used for such a study should be 

drawn from music literature instead of using exercises fabricated for a 

particular study. 

Discussion 

Vibrato has become an important component of oboe performance in 

the 20th century, particularly during the last half of the century. Claims and 

counterclaims have been made about the acoustical makeup of the vibrato of 

wind instruments. A few of these claims have been supported by research; 

most have not. The studies for wind instruments that, to date, have 

provided the most complete information have been those for trumpet and 

trombone (Herrick, 1983; Dayley, 1986). Since Hattwick (1932), only Brown 

(1973) has investigated the acoustical makeup of oboe vibrato. No study since 

Hattwick (1932) has examined oboe vibrato based on performance of musical 

excerpts, and no study heretofore has examined simultaneous graphs of the 
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pitch modulation and intensity level modulation characteristics of oboe 

vibrato. Observations of these graphs showed that, to a certain extent, all of 

the general categories of opinions concerning the acoustical makeup of oboe 

vibrato have merit. As shown in Figure 6, an oboe vibrato consisting of pitch 

modulation without a corresponding intensity level modulation sometimes 

occurs. Conversely, as shown in Figure 7, an oboe vibrato consisting of an 

intensity level modulation without a corresponding pitch modulation 

sometimes occurs. However, except for brief periods of time, neither 

phenomenon seems to occur among those whose vibrati are preferred. As 

shown in Figure 8, the preferred oboe vibrato consistently seems to contain 

elements of both pitch modulation and intensity level modulation. 

Results of the study indicate that pitch modulation is a more distinctive 

component of the preferred vibrato than is intensity level modulation. Not 

only does pitch modulation account for a greater multiple of JND than does 

intensity level modulation, examination of graphs of vibrato performance 

show it to be the element that more closely corresponds with the aural 

experience of vibrato. This finding was unanticipated by the researcher, who, 

from his training, had expected to find a strong component of intensity level 

modulation accompanied by little if any pitch modulation. Intensity level 

modulations present in the vibrato may or may not be synchronous with 

corresponding pitch modulations, though they usually occur in proximity. 

They may occur before, concurrent with, or after the beginning of the 
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corresponding pitch modulation. In addition, even for subjects in the 

preferred group, there are occasions in which two intensity level modulations 

occur during the time of one pitch modulation. 

Findings of the present study suggest that the range of the preferred 

vibrato rate may be 5 Hz to 6 Hz, somewhat slower and with a somewhat 

more narrow range than that of "around 6 or 7 Hz" (Hall, 1980, p. 336) 

reported for singers. The range of the preferred oboe vibrato rate seems to 

remain nearly constant regardless of tessitura or of the musical context in 

which vibrato is employed. In contrast, percentage of modulation presence, 

which was also shown to be an important factor of the preferred vibrato, 

seems to vary considerably depending upon the musical context. 

Another possible factor, which could not be measured by the researcher, 

was of consistency of the vibrato once it was employed. Subjects in the 

preferred group, once they began to use vibrato in a given note, maintained 

continuous use of the vibrato until they reverted to the steady state of the 

tone. The vibrato was either "on" or "off." Subjects in the non-preferred 

group, however, not infrequently seemed unable to maintain a consistent 

state of vibrato once employed. Rather, to varying degrees, they performed 

with intermittent states of vibrato and steady tone. 
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Implications for Further Study 

Results of the present study suggest that an "area of goodness" exists for 

the preferred rate of vibrato among oboists. The results also suggest that the 

rate of vibrato remains relatively constant regardless of tessitura or style 

period. Additional study of vibrato rate as it relates to these two areas is 

needed. 

Another area of interest is the discovery that a major factor 

distinguishing the preferred oboe vibrato may instead be a combination of 

vibrato rate and percentage of vibrato presence in the tone. As with the 

implications of tessitura and style period, this was a supplementary finding 

that the present study was not designed to investigate. The possibility exists 

that, as for vibrato rate, an "area of goodness" may be present for percentage of 

vibrato use that may or may not vary depending upon style period. Since 

combined factors of this type require a larger population than that provided 

in this study, additional study to investigate potential combinations of factors 

is needed. 

One of the more curious findings of the present study was that of 

multiple intensity level modulations occurring during the time of one pitch 

modulation. A related and equally curious factor was that a particular 

intensity level modulation period might have its onset before, concurrent 

with, or after its corresponding pitch modulation period. These findings 

would seem to negate the conventional wisdom explaining the existence of 
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both pitch modulations and intensity level modulations in the vibrato; that 

is, in a breath-induced vibrato, a modulation of the intensity level of the 

airstream will cause a corresponding modulation of the pitch (Seashore, 1936; 

Willoughby, 1957; Sprenkle & Ledet, 1961; Timm, 1964; Winckel, 1967; 

Donnington, 1988; Debost, 1992). Additional study that would explain this 

phenomenon is encouraged. 

Examination of output graphs seemed to suggest that the vibrato of the 

oboe modulates in a downward direction from the previous steady state of 

the pitch. Further investigation in this area should be conducted to 

determine this factor not only for the oboe, but for all orchestral instruments 

in their capacities both as soloists and as ensemble members. For example, if, 

in their performance of vibrato, different instruments modulate in different 

directions from the steady state of the pitch; and if, as reported in the 

literature (Backus, 1977), the human ear processes input frequencies in a way 

that discerns a pitch equivalent to the mean of these frequencies; what does 

this bode for ensemble tuning? How does this affect the perception of 

intonation for the individual performer in the ensemble? 

The fact that some vibrati were found to occasionally consist of a pitch 

modulation without a coexisting intensity level modulation suggests that the 

performers may be producing their vibrato in a manner other than a periodic 

pulsation of the airstream. Further studies should consider comparing the 

results of analyses with players' perceptions of their own performance. 
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Finally, since the present study is one of a very few of its kind in the 

investigation of wind instruments and since it appears to be the first one of its 

kind in the investigation of the preferred oboe vibrato, replication of this 

study is needed in order to confirm or contradict its findings. Replication 

should be made, if possible, with a larger population so that the findings can 

be applied to a broader population with a greater degree of confidence. 

Replication of the study should be made on other instruments, particularly 

wind instruments, with implications for the teaching of those instruments. 

Results from replication with other instruments should be compared for 

similarity or lack thereof; these findings could influence both the teaching 

and performance of these instruments. 



APPENDIX A 

MUSICAL EXCERPTS 



110 

Handel 

r frrr^fir^r 

Mozart 

I(' f [ j W ^ 

Schumann 

4 i > ' r ' i @ M i W ' i i r ' ' ' W c r i a 

Poulenc 

4 a » ! j g J i J T m g P J <j j f l j g f i f i J T ? J u % r p ' ' 



APPENDIX B 

PILOT STUDY GRAPHS 



112 

Subject 06 

MM 9 
Measure 

i 
" " • • • .. • \ . • V * s" • • . • • V • • 

a _ mm mm • • mm • » - • * • * . . • ! a • # 

m 100 
CJ yb 
1 so 

85 s ai 80 
B 75 

70 dB 

C5 (Handel) 

MM 16 
Measure 

D5 

1 ' , • • .. 
•vV • - ••• • ' . v - V 

-J! *' ' 

M 100 
o 95 
l i s 

80 S 75 
70 

dB 

D5 (Handel) 



113 

Subject 06 

MM 17 
Measure 

I * 
Q . 

M 100 
U 95 

1 90 5 85 

v V" •" » " 

v ' • v > ^ 

I * 
Q . 

M 100 
U 95 

1 90 5 85 

. 

I * 
Q . 

M 100 
U 95 

1 90 5 85 

- 7 - * — 

I * 
Q . 

M 100 
U 95 

1 90 5 85 K -
£ 75 

70 
i dB 

f 

£ 75 
70 

i dB 

Eb5 (Handel) 



APPENDIX C 

MAIN STUDY GRAPHS 



115 

Subject 04 

MM 60 

dB 

1 
- A £ Js

 

"5
a.

 V 

4... . . . . / . V 7 

C5 (Handel) 

MM 120 
Measure 1 

Db» 

*S. t ** 
V*. A* :> * \. 

:># 
rj;-jguj£ 
•jr'Vk ^ 

u 
a g 90 
«S 
§1 85 
B 

dB 

ftfljlNl WW fNAf; Aft A 

C6 (Mozart) 



116 

Subject 04 

MM 90 
Measure 

Bb 

£ 
K 

A 

m 
u 

! " 

• 

Bb 

£ 
K 

A 

m 
u 

! " 

v . .'•» _ " • , 
• » # • • • 

• ' 

• 

Bb 

£ 
K 

A 

m 
u 

! " 

Bb 

£ 
K 

A 

m 
u 

! " 

. / s i v / y 

Bb 

£ 
K 

A 

m 
u 

! " j o 8 0 

dB 

• : 

A4 (Schumann) 

MM 90 
Measure 

• 1 » 

"V' 
m # % f • • 

' -.v 
• v . ' - • 

1 , , • • ' 
• N» • , " • * „ " •• 

(L ..JS 

Y k . X ' rt^ f v\ Nf 

G* 

U 
B g 85 
m 
S i so 

B 

dB 

G4 (Poulenc) 



117 

Subject 11 

MM 60 

Db5 

o 
•••I Ob V w . • *,|i« s 

, . - • 
^ / * _ M: 

. v • • y n - ^ j- • 
• *_ v. -L" 

...:: v - ? : 
, v ^ y t . \ y o 

Q j v , . . . . ^ 
y r s 

I r ~ ~ s 
dB 

C5 (Handel) 

MM 120 
Measure 

Db6 

< h A •m 7 * • fT , . I ft * « $s-

85 

80 

dB 

C6 (Mozart) 



Subject 11 

118 

MM 9 0 

* " • " •. 
• ' i J ' • • 
• IV i a i t a 
A ' • 

w ^ . 

' > - v • * -, 
v \ . -A>" 
1- -V" ' . ' y •/-• 

i •• 1 * 
jt* . 1 . ", * . • ' 1 I I • • | " , l , l l 
" • » * 

(V 
/ • • ' . / ' I , . .' 
•%; . • • * . , 

9 

a • 

MVyw/!Vyv\ 
« 

MVyw/!Vyv\ 

Mi V \ S 
dB 

A4 (Schumann) 

MM 6 0 
Measure 1 

At? 

-V- . ; / ' ; . / V * -
, «P " i«A" 

v - - • 

dB 

G4 (Poulenc) 



119 

Subject 12 

M M 6 0 

M e a s u r e 

D b 5 

U 
K 

c 

•i 
U 
i " 
S 80 

d B 

-

D b 5 

U 
K 

c 

•i 
U 
i " 
S 80 

d B 

• • 
• i 

- V 

v , 

: _ v — • • 

. % • • « " -

O " * 4 " - * + m \ m \ 
• • • • « • / ' 

. . . A 

V-> 

D b 5 

U 
K 

c 

•i 
U 
i " 
S 80 

d B 

J1 

D b 5 

U 
K 

c 

•i 
U 
i " 
S 80 

d B 

m r 

+/*(*1 / 

D b 5 

U 
K 

c 

•i 
U 
i " 
S 80 

d B 

j - s A / * \ M r v v ' 

'Kr 

r 

D b 5 

U 
K 

c 

•i 
U 
i " 
S 80 

d B 

C5 (Handel) 

M M 1 2 0 

1 > *3 5 4 E 

, 

¥* # , 
m M* 

* 
m vV ft & V . 

« 

# 

• i 

*• 

M Vf VTN M/ vYi NY tWVY VW iyv w /W Vy 
I r ' 

1 

1 

D b * 

1 

8 
I 9° 
CD 

S 85 

d B 

C6 (Mozart) 



120 

Subject 12 

MM 90 
Measure 

• 

Bb 
U 
K 

A 

.a 0. 

. " "•£ • • . 1 

&
 :K
 v'-X '̂V'V' y* „* • • 

Bb 
U 
K 

A 

.a 0. 

Bb 
U 
K 

A 

.a 0. j v \ A / V 
/ w v ' W ^ 

" V W 

ul 1 3 80 B 
dB 

¥ V ^ v y... * 

ul 1 3 80 B 
dB 

[If 
A4 (Schumann) 

MM 60 
Measure 1 

• 

Pi
tc

h 
o 

3 *3 

% » m - J|V« • * K" J • •>- V . %«W %y» , V .V.sV'''' ̂  " 

# *•• •* •• .". """" 

S 
MM AC / ^ y ^ \ A * V / V /w - j 
g 85 

05 
£ 80 
dB 

l^r A; W 

Y 
g 85 

05 
£ 80 
dB 

"T f 
G4 (Poulenc) 



121 

Subject 08 

MM 40 

1"* • • . " v "w . • •. • • * » : / . w * i>'.ym: . • •' / • %'"" 
• • • 

:'»V; 
,¥ ». • • " » • •• 1/ •" j-f. 
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Raw Scores 
Vibrato Tone Musicality 

Sub. Judge #1 Judge #2 Judge #3 Judge #1 Judge #2 Judge #3 Judge #1 Judge #2 Judge #3 

#01 2 3 3 3 3 3 4 3 5 

#02 10 6 6 9 6 8 9 6 8 

#03 8 7 5 8 7 7 9 7 7 

#04 10 8 9 9 8 9 9 8 9 

#05 5 2 5 6 2 5 5 2 3 

#06 8 6 6 8 6 7 8 6 6 
#07 8 4 7 8 4 6 8 4 5 
#08 8 8 7 8 8 7 8 8 6 
#09 7 2 6 6 2 6 3 1 3 

#10 6 2 4 3 2 3 7 3 7 
#11 10 9 8 10 9 9 10 9 9 

#12 10 7 7 10 7 8 10 7 7 
#13 5 6 6 7 5 5 6 5 5 

#14 8 5 7 8 5 7 9 5 5 
#15 1 2 1 7 3 5 7 2 4 
#16 2 2 2 7 2 4 3 2 3 
#17 3 3 3 7 3 6 7 3 5 
#18 7 3 5 8 3 7 8 3 4 
#19 9 4 6 9 4 5 9 3 6 
#20 8 4 6 8 4 5 9 4 7 
#21 6 3 3 5 2 4 5 2 3 
#22 4 2 2 5 2 4 5 1 2 
#23 6 2 6 6 2 5 7 1 4 
#24 9 4 7 7 3 4 8 3 5 
#25 9 6 7 9 6 6 9 6 8 
#26 6 3 2 7 3 4 6 2 3 
#27 8 4 3 7 3 4 7 3 5 
#28 5 2 2 4 1 4 3 3 
#29 4 2 6 4 1 6 4 4 
#30 4 1 4 5 1 5 4 6 
#31 8 2 6 7 1 7 4 6 
#32 6 2 5 4 2 6 5 4 
#33 6 2 7 7 2 8 5 8 
#34 7 3 6 7 2 8 6 2 7 
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ANOVA Results 
Vibrato 

SUMMARY 
Groups Count Sum Average Variance 

Column 1 34 223 6.56 5.95 
Column 2 34 131 3.85 4.67 
Column 3 34 175 5.15 4.01 
ANOVA 

Source of Variation SS df MS F P-value F crif 
Between Groups 124.55 2 62.27 12.77 1.17E-05 3.09 
Within Groups 482.91 99 4.88 
Total 607.46 101 

Tone 
SUMMARY 

Groups Count Sum Average Variance 

Column 1 34 233 6.85 3.46 
Column 2 34 124 3.65 5.08 
Column 3 34 197 5.79 2.77 
ANOVA 

Source of Variation SS df MS F P-value F crif 
Between Groups 181.43 2 90.72 24.04 3.09E-09 3.09 
Within Groups 373.59 99 3.77 
Total 555.02 101 

Musicality 
SUMMARY 

Groups Count Sum Average Variance 
Column 1 34 226 6.65 4.66 
Column 2 34 117 3.44 5.77 
Column 3 34 182 5.35 3.57 
ANOVA 

Source of Variation SS df MS F P-value F crif 
Between Groups 176.88 2 88.44 18.96 0.00 3.09 
Within Groups 461.91 99 4.67 
Total 638.79 101 
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Subject Evaluations 
Judge #1 Judge #2 Judge #3 

Sub. Vib. Tone M'ty Vib. Tone M'ty Vib. Tone M'ty Mean Vib. S.D. Vib. Sum, Vib. 
#01 2 3 4 3 3 3 3 3 5 2.67 0.47 8.00 
#02 10 9 9 6 6 6 6 8 8 7.33 1.89 22.00 
#03 8 8 9 7 7 7 5 7 7 6.67 1.25 20.00 
#04 10 9 9 8 8 8 9 9 9 9.00 0.82 27.00 
#05 5 6 5 2 2 2 5 5 3 4.00 1.41 12.00 
#06 8 8 8 6 6 6 6 7 6 6.67 0.94 20.00 
#07 8 8 8 4 4 4 7 6 5 6.33 1.70 19.00 
#08 8 8 8 8 8 8 7 7 6 7.67 0.47 23.00 
#09 7 6 3 2 2 1 6 6 3 5.00 2.16 15.00 
#10 6 3 7 2 2 3 4 3 7 4.00 1.63 12.00 
#11 10 10 10 9 9 9 8 9 9 9.00 0.82 27.00 
#12 10 10 10 7 7 7 7 8 7 8.00 1.41 24.00 
#13 5 7 6 6 5 5 6 5 5 5.67 0.47 17.00 
#14 8 8 9 5 5 5 7 7 5 6.67 1.25 20.00 
#15 1 7 7 2 3 2 1 5 4 1.33 0.47 4.00 
#16 2 7 3 2 2 2 2 4 3 2.00 0.00 6.00 
#17 3 7 7 3 3 3 3 6 5 3.00 0.00 9.00 
#18 7 8 8 3 3 3 5 7 4 5.00 1.63 15.00 
#19 9 9 9 4 4 3 6 5 6 6.33 2.05 19.00 
#20 8 8 9 4 4 4 6 5 7 6.00 1.63 18.00 
#21 6 5 5 3 2 2 3 4 3 4.00 1.41 12.00 
#22 4 5 5 2 2 1 2 4 2 2.67 0.94 8.00 
#23 6 6 7 2 2 1 6 5 4 4.67 1.89 14.00 
#24 9 7 8 4 3 3 7 4 5 6.67 2.05 20.00 
#25 9 9 9 6 6 6 7 6 8 7.33 1.25 22.00 
#26 6 7 6 3 3 2 2 4 3 3.67 1.70 11.00 
#27 8 7 7 4 3 3 3 4 5 5.00 2.16 15.00 
#28 5 4 3 2 1 1 2 4 3 3.00 1.41 9.00 
#29 4 4 4 2 1 1 6 6 4 4.00 1.63 12.00 
#30 4 5 4 1 1 1 4 5 6 3.00 1.41 9.00 
#31 8 7 4 2 1 1 6 7 6 5.33 2.49 16.00 
#32 6 4 5 2 2 1 5 6 4 4.33 1.70 13.00 
#33 6 7 5 2 2 1 7 8 8 5.00 2.16 15.00 
#34 7 7 6 3 2 2 6 8 7 5.33 1.70 16.00 

Max. 10 10 10 9 9 9 9 9 9 9 2.49 
Mean 6.56 6.85 6.65 3.85 3.65 3.44 5.15 5.79 5.35 5.19 1.36 
S.D. 2.40 1.83 2.13 2.13 2.22 2.37 1.97 1.64 1.86 1.92 0.63 
Var. 5.78 3.36 4.52 4.54 4.93 5.60 3.89 2.69 3.46 Sum of variances 14.20 

Sum, added scores 529.00 
Var., added scores 33.31 

i Cronbach's alpha 0.86 
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Subject Evaluations - z-scores 
Judge #1 Judge #2 Judge #3 

Sub. Vib. Tone M'ty Vib. Tone M'ty Vib. Tone M'ty Mean Vib. 

#01 -1.90 -2.10 -1.24 -0.40 -0.29 -0.19 -1.09 -1.70 -0.19 -1.13 

#02 1.43 1.17 1.11 1.01 1.06 1.08 0.43 1.34 1.42 0.96 

#03 0.60 0.63 1.11 1.48 1.51 1.50 -0.07 0.73 0.88 0.67 

#04 1.43 1.17 1.11 1.95 1.96 1.93 1.95 1.95 1.96 1.78 

#05 -0.65 -0.47 -0.77 -0.87 -0.74 -0.61 -0.07 -0.48 -1.26 -0.53 

#06 0.60 0.63 0.64 1.01 1.06 1.08 0.43 0.73 0.35 0.68 

#07 0.60 0.63 0.64 0.07 0.16 0.24 0.94 0.13 -0.19 0.54 

#08 0.60 0.63 0.64 1.95 1.96 1.93 0.94 0.73 0.35 1.16 

#09 0.18 -0.47 -1.71 -0.87 -0.74 -1.03 0.43 0.13 -1.26 -0.08 

#10 -0.23 -2.10 0.17 -0.87 -0.74 -0.19 -0.58 -1.70 0.88 -0.56 

#11 1.43 1.72 1.58 2.42 2.41 2.35 1.45 1.95 1.96 1.76 

#12 1.43 1.72 1.58 1.48 1.51 1.50 0.94 1.34 0.88 1.28 

#13 -0.65 0.08 -0.30 1.01 0.61 0.66 0.43 -0.48 -0.19 0.26 

#14 0.60 0.63 1.11 0.54 0.61 0.66 0.94 0.73 -0.19 0.69 
#15 -2.31 0.08 0.17 -0.87 -0.29 -0.61 -2.10 -0.48 -0.73 -1.76 
#16 -1.90 0.08 -1.71 -0.87 -0.74 -0.61 -1.60 -1.09 -1.26 -1.45 
#17 -1.48 0.08 0.17 -0.40 -0.29 -0.19 -1.09 0.13 -0.19 -0.99 
#18 0.18 0.63 0.64 -0.40 -0.29 -0.19 -0.07 0.73 -0.73 -0.10 
#19 1.02 1.17 1.11 0.07 0.16 -0.19 0.43 -0.48 0.35 0.51 
#20 0.60 0.63 1.11 0.07 0.16 0.24 0.43 -0.48 0.88 0.37 
#21 -0.23 -1.01 -0.77 -0.40 -0.74 -0.61 -1.09 -1.09 -1.26 -0.57 
#22 -1.06 -1.01 -0.77 -0.87 -0.74 -1.03 -1.60 -1.09 -1.80 -1.18 
#23 -0.23 -0.47 0.17 -0.87 -0.74 -1.03 0.43 -0.48 -0.73 -0.22 
#24 1.02 0.08 0.64 0.07 -0.29 -0.19 0.94 -1.09 -0.19 0.67 
#25 1.02 1.17 1.11 1.01 1.06 1.08 0.94 0.13 1.42 0.99 
#26 -0.23 0.08 -0.30 -0.40 -0.29 -0.61 -1.60 -1.09 -1.26 -0.74 
#27 0.60 0.08 0.17 0.07 -0.29 -0.19 -1.09 -1.09 -0.19 -0.14 
#28 -0.65 -1.56 -1.71 -0.87 -1.19 -1.03 -1.60 -1.09 -1.26 -1.04 
#29 -1.06 -1.56 -1.24 -0.87 -1.19 -1.03 0.43 0.13 -0.73 -0.50 
#30 -1.06 -1.01 -1.24 -1.34 -1.19 -1.03 -0.58 -0.48 0.35 -1.00 
#31 0.60 0.08 -1.24 -0.87 -1.19 -1.03 0.43 0.73 0.35 0.05 
#32 -0.23 -1.56 -0.77 -0.87 -0.74 -1.03 -0.07 0.13 -0.73 -0.39 
#33 -0.23 0.08 -0.77 -0.87 -0.74 -1.03 0.94 1.34 1.42 -0.05 
#34 0.18 0.08 -0.30 -0.40 -0.74 -0.61 0.43 1.34 0.88 0.07 
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Z-score Subject Evaluations - by Rank 
Judge #1 Judge #2 Judge #3 

Sub. Vib. Tone M'ty Vib. Tone M'ty Vib. Tone M'ty Mean Vib. 

#04 1.43 1.17 1.11 1.95 1.96 1.93 1.95 1.95 1.96 1.78 

#11 1.43 1.72 1.58 2.42 2.41 2.35 1.45 1.95 1.96 1.76 

#12 1.43 1.72 1.58 1.48 1.51 1.50 0.94 1.34 0.88 1.28 

#08 0.60 0.63 0.64 1.95 1.96 1.93 0.94 0.73 0.35 1.16 

#25 1.02 1.17 1.11 1.01 1.06 1.08 0.94 0.13 1.42 0.99 

#02 1.43 1.17 1.11 1.01 1.06 1.08 0.43 1.34 1.42 0.96 

#14 0.60 0.63 1.11 0.54 0.61 0.66 0.94 0.73 -0.19 0.69 

#06 0.60 0.63 0.64 1.01 1.06 1.08 0.43 0.73 0.35 0.68 

#24 1.02 0.08 0.64 0.07 -0.29 -0.19 0.94 -1.09 -0.19 0.67 

#03 0.60 0.63 1.11 1.48 1.51 1.50 -0.07 0.73 0.88 0.67 

#07 0.60 0.63 0.64 0.07 0.16 0.24 0.94 0.13 -0.19 0.54 

#19 1.02 1.17 1.11 0.07 0.16 -0.19 0.43 -0.48 0.35 0.51 

#20 0.60 0.63 1.11 0.07 0.16 0.24 0.43 -0.48 0.88 0.37 

#13 -0.65 0.08 -0.30 1.01 0.61 0.66 0.43 -0.48 -0.19 0.26 

#34 0.18 0.08 -0.30 -0.40 -0.74 -0.61 0.43 1.34 0.88 0.07 

#31 0.60 0.08 -1.24 -0.87 -1.19 -1.03 0.43 0.73 0.35 0.05 

#33 -0.23 0.08 -0.77 -0.87 -0.74 -1.03 0.94 1.34 1.42 -0.05 

#09 0.18 -0.47 -1.71 -0.87 -0.74 -1.03 0.43 0.13 -1.26 -0.08 

#18 0.18 0.63 0.64 -0.40 -0.29 -0.19 -0.07 0.73 -0.73 -0.10 
#27 0.60 0.08 0.17 0.07 -0.29 -0.19 -1.09 -1.09 -0.19 -0.14 
#23 -0.23 -0.47 0.17 -0.87 -0.74 -1.03 0.43 -0.48 -0.73 -0.22 
#32 -0.23 -1.56 -0.77 -0.87 -0.74 -1.03 -0.07 0.13 -0.73 -0.39 
#29 -1.06 -1.56 -1.24 -0.87 -1.19 -1.03 0.43 0.13 -0.73 -0.50 
#05 -0.65 -0.47 -0.77 -0.87 -0.74 -0.61 -0.07 -0.48 -1.26 -0.53 
#10 -0.23 -2.10 0.17 -0.87 -0.74 -0.19 -0.58 -1.70 0.88 -0.56 
#21 -0.23 -1.01 -0.77 -0.40 -0.74 -0.61 -1.09 -1.09 -1.26 -0.57 
#26 -0.23 0.08 -0.30 -0.40 -0.29 -0.61 -1.60 -1.09 -1.26 -0.74 
#17 -1.48 0.08 0.17 -0.40 -0.29 -0.19 -1.09 0.13 -0.19 -0.99 
#30 -1.06 -1.01 -1.24 -1.34 -1.19 -1.03 -0.58 -0.48 0.35 -1.00 
#28 -0.65 -1.56 -1.71 -0.87 -1.19 -1.03 -1.60 -1.09 -1.26 -1.04 
#01 -1.90 -2.10 -1.24 -0.40 -0.29 -0.19 -1.09 -1.70 -0.19 -1.13 
#22 -1.06 -1.01 -0.77 -0.87 -0.74 -1.03 -1.60 -1.09 -1.80 -1.18 
#16 -1.90 0.08 -1.71 -0.87 -0.74 -0.61 -1.60 -1.09 -1.26 -1.45 
#15 -2.31 0.08 0.17 -0.87 -0.29 -0.61 -2.10 -0.48 -0.73 -1.76 
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Pitch Explorer™ Exported Data 
Pitches listed are concert pitch. Cents are given relative to C, 16.352 Hz. 
AmDlitude values are dB relative to 0.0002 dynes per centimeter squared. 

Note that statistical calculations such as mean cent values are done from 
raw data which have been processed to exclude nonperiodic noise and to 
correct for brief harmonics or subharmonics which may appear in the raw data. 

Raw Data Listing 
Time (centisec) Cents dB 

1 1087 122.55 
2 0 60.14 
3 0 60.14 
4 0 60.14 
5 0 60.14 
6 0 60.14 
7 0 60.14 
8 0 60.14 
9 0 60.14 

10 0 60.14 
1 1 0 60.14 
12 0 60.14 
13 0 60.14 
14 0 60.14 
15 0 60.14 
16 0 60.14 
17 0 60.14 
18 0 60.14 
1 9 0 60.14 
20 0 60.14 
21 0 60.14 
22 0 60.14 
23 0 60.14 
24 0 60.14 
25 0 60.14 
26 0 60.14 
27 0 60.14 
28 0 60.14 
29 0 60.14 
30 0 60.14 
31 0 60.14 
32 0 79.45 
33 0 84.88 
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34 0 84.14 
35 6040 84.50 
36 6038 84.89 
37 6037 85.96 
38 6046 85.23 
39 6038 85.51 
40 6041 85.61 
41 6041 85.52 
42 6037 86.05 
43 6050 86.44 
44 6025 .86.54 
45 6038 86.57 
46 6040 86.86 
47 6045 86.70 
48 6037 86.77 
49 6039 86.18 
50 6032 87.20 
51 6032 86.81 
52 6039 86.58 
53 6041 87.07 
54 6046 86.70 
55 6045 87.08 
56 6043 87.28 
57 6043 87.70 
58 6031 87.61 
59 6042 87.65 
60 6042 87.56 
61 6040 87.77 
62 6032 87.71 
63 6032 87.62 
64 6040 88.29 
65 6038 88.06 
66 6033 88.17 
67 6032 87.66 
68 6039 87.96 
69 6044 88.37 
70 6044 87.98 
71 6046 88.10 
72 6035 88.27 
73 6044 88.70 
74 6039 89.03 
75 6039 88.87 
76 6025 88.80 
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77 6038 88.90 
78 6044 88.87 
79 6035 89.08 
80 6048 89.24 
81 6030 89.37 
82 6027 89.49 
83 6041 89.38 
84 6035 89.50 
85 6032 89.66 
86 6029 89.45 
87 6034 88.06 
88 6022 87.26 
89 6034 87.06 
90 6038 87.18 
91 6036 88.67 
92 6033 88.90 
93 6033 88.74 
94 6040 89.00 
95 6036 89.08 
96 6016 89.48 
97 6049 89.33 
98 6046 89.18 
99 6028 89.29 

100 6038 89.25 
101 6046 89.39 
102 6039 89.34 
103 6032 89.89 
104 6028 89.18 
105 6027 87.84 
106 6025 87.33 
107 6019 87.19 
108 6028 88.81 
109 6028 89.46 
110 6036 89.64 
111 6027 89.71 
112 6032 89.80 
113 6038 89.81 
114 6039 89.79 
115 6037 89.69 
116 6046 89.57 
117 6040 89.61 
118 6044 89.34 
119 6036 89.44 
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120 6029 89.19 

121 6045 89.00 

122 6031 88.84 

123 6029 88.65 

124 6023 87.76 

125 6023 87.56 

126 6022 88.88 

127 6029 89.21 

128 6023 89.57 

129 6031 89.71 

130 6036 89.44 

131 6036 89.32 

132 6042 89.73 

133 6032 89.64 

134 6036 89.24 
135 6043 88.79 
136 6042 89.06 
137 6009 88.92 
138 6012 88.82 
139 6031 88.82 
140 6040 88.88 
141 6038 88.58 
142 6030 88.23 
143 6023 88.22 
144 6027 88.64 
145 6029 89.35 
146 6029 89.87 
147 6033 90.01 
148 6038 89.80 
149 6012 89.75 
150 6051 89.89 
151 6025 89.84 
152 6033 89.42 
153 6044 88.88 
154 6029 88.77 
155 6041 88.71 
156 6033 88.70 
157 6030 88.74 
158 6026 88.87 
159 6031 88.76 
160 6027 88.70 
161 6033 88.77 
162 6026 89.29 
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163 6021 89.48 
164 6037 89.87 
165 6040 90.06 
166 6034 90.01 
167 6022 89.77 
168 6025 89.86 
169 6030 90.09 
170 6025 89.99 
171 6036 89.29 
172 6045 89.22 
173 6024 88.99 
174 6044 88.87 
175 6050 88.74 
176 6043 88.74 
177 6036 88.88 
178 6031 88.92 
179 6033 89.22 
180 6016 89.65 
181 6025 89.72 
182 6015 89.55 
183 6022 89.91 
184 6028 89.85 
185 6029 89.57 
186 6037 89.39 
187 6035 89.39 
188 6034 89.49 
189 6020 89.34 
190 6040 89.19 
191 6040 89.18 
192 6032 89.28 
193 6026 89.63 
194 6033 90.04 
195 6033 90.45 
•196 6028 90.73 
197 6035 90.81 
198 6026 90.55 
199 6016 89.72 
200 6022 89.35 
201 6022 89.22 
202 6022 89.95 
203 6038 90.49 
204 6032 90.40 
205 6034 90.23 
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206 6032 90.14 

207 6038 89.86 

208 6037 90.17 

209 6037 89.81 

210 6038 89.57 
211 6033 89.56 
212 6037 89.69 
213 6030 90.06 

214 6040 90.32 
215 6034 90.49 
216 6032 90.53 
217 6023 90.34 
218 6017 89.80 
219 6008 89.67 
220 6019 89.63 
221 6027 89.99 
222 6022 90.27 
223 6034 90.19 
224 6032 89.80 
225 6040 89.80 
226 6040 89.73 
227 6021 89.85 
228 6035 89.98 
229 6045 89.99 
230 6033 90.34 
231 6034 90.54 
232 6038 90.63 
233 6023 90.69 
234 6029 90.63 
235 6030 90.53 
236 6006 89.62 
237 6006 89.16 
238 6009 89.44 
239 6038 90.40 
240 6023 90.91 
241 6040 90.71 
242 6036 90.48 
243 6040 90.43 
244 6038 90.37 
245 6060 90.25 
246 6029 90.10 
247 6028 90.00 
248 6032 90.00 
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249 6026 90.28 
250 6025 90.36 
251 6028 90.46 
252 6020 90.70 
253 6022 90.64 
254 6013 90.27 
255 5998 89.54 
256 6025 89.66 
257 6027 90.17 
258 6029 90.64 
259 6033 90.91 
260 6034 90.87 
261 6035 90.47 
262 6036 90.43 
263 6033 90.55 
264 6034 90.49 
265 6030 90.13 
266 6034 90.13 
267 6035 90.25 
268 6027 90.51 
269 6027 90.60 
270 6027 90.79 
271 6024 90.79 
272 6016 90.72 
273 6014 89.94 
274 6022 89.52 
275 6010 90.37 
276 6021 91.19 
277 6021 91.30 
278 6029 91.11 
279 6033 90.72 
280 6037 90.51 
281 6040 90.56 
282 6040 90.48 
283 6033 90.42 
284 6043 90.39 
285 6044 90.55 
286 6034 90.75 
287 6027 90.72 
288 6019 90.81 
289 6025 90.60 
290 6016 90.09 
291 6018 89.89 
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292 6020 90.17 

293 6016 90.98 

294 6027 91.22 

295 6028 91.28 
296 6034 90.95 

297 6047 90.69 

298 6029 90.55 
299 6040 90.38 
300 6034 90.31 
301 6033 90.21 
302 6027 90.19 
303 6032 90.22 
304 6025 90.65 
305 6027 91.05 
306 6022 91.15 
307 6013 90.64 
308 6013 90.30 
309 6028 89.98 
310 6017 89.67 
311 6011 90.09 
312 6035 90.47 
313 6031 90.94 
314 6033 90.69 
315 6033 90.62 
316 6033 90.11 
317 6027 90.06 
318 6036 89.78 
319 6023 89.80 
320 6038 90.00 
321 6025 90.17 
322 6031 90.43 
323 6023 90.82 
324 6014 90.82 
325 6028 90.57 
326 6025 90.57 
327 6014 90.60 
328 6020 90.71 
329 6019 91.02 
330 6026 91.35 
331 6023 91.21 
332 6032 91.01 
333 6029 91.12 
334 6025 91.25 
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335 6026 91.09 
336 6027 90.99 
337 6027 90.98 
338 6028 91.04 
339 6016 91.16 
340 6028 91.35 
341 6012 91.69 
342 6019 91.87 
343 6010 91.97 
344 6008 91.75 
345 6003 90.52 
346 6011 89.98 
347 6018 90.63 
348 6028 91.34 
349 6015 91.61 
350 6045 91.82 
351 6039 91.91 
352 6013 91.84 
353 6041 91.49 
354 6029 91.32 
355 6025 91.49 
356 6025 91.69 
357 6027 91.85 
358 6022 91.94 
359 6026 91.88 
360 6022 92.14 
361 6019 92.36 
362 6016 92.28 
363 6011 91.73 
364 6002 90.88 
365 6003 90.63 
366 5994 91.09 
367 6028 91.64 
368 6016 91.78 
369 6035 92.11 
370 6035 91.96 
371 6029 91.73 
372 6039 91.42 
373 6027 91.58 
374 6028 91.53 
375 6026 91.42 
376 6026 91.30 

I 377 6040 91.31 
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378 6014 91.62 
379 6028 91.99 
380 6021 92.03 
381 6010 91.93 
382 6012 91.42 
383 6005 91.10 
384 6007 91.08 
385 6013 91.61 
386 6022 91.81 
387 6037 92.22 
388 6037 92.33 
389 6024 92.15 
390 6034 91.88 
391 6040 92.02 
392 6032 92.02 
393 6024 92.04 
394 6034 92.07 
395 6034 92.23 
396 6027 92.35 
397 6027 92.52 
398 6022 92.36 
399 6016 92.01 
400 6016 91.80 
401 6015 91.53 
402 6020 91.36 
403 6025 91.71 
404 6030 92.18 
405 6031 92.64 
406 6029 92.64 
407 6023 92.59 
408 6026 92.61 
409 6032 92.52 
410 6026 92.53 
411 6024 92.64 
412 6023 92.58 
413 6025 92.45 
414 6020 92.23 
415 6025 92.15 
416 6022 91.82 
417 6016 91.13 
418 6021 90.22 
419 6023 89.86 
420 6009 90.03 
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421 6015 90.59 

422 6033 91.48 

423 6028 91.94 

424 6024 91.78 

425 6029 91.70 

426 6023 91.76 

427 6030 91.67 

428 6031 91.49 

429 6029 91.40 

430 6030 91.33 

431 6020 91.08 
432 6023 90.75 
433 6018 90.09 
434 6018 89.29 
435 6006 88.76 
436 6048 88.99 
437 6021 89.16 
438 6035 89.38 
439 6032 89.33 
440 6028 89.32 
441 6023 89.45 
442 6030 89.67 
443 6030 89.33 
444 6031 89.26 
445 6026 89.24 
446 6020 89.38 
447 6025 89.32 
448 6030 88.94 
449 6015 88.81 
450 6028 88.46 
451 6012 88.36 
452 6030 88.14 
453 6031 87.94 
454 6014 87.63 
455 6023 87.31 
456 6015 87.23 
457 6030 87.05 
458 6027 87.29 
459 6025 87.04 
460 5989 86.70 
461 6083 82.08 
462 6083 84.94 
463 6061 87.11 
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464 6072 86.96 

465 6072 86.89 

466 5638 86.75 

467 6387 86.64 

468 5209 86.80 

469 5194 86.74 

470 5143 86.69 

471 5155 86.87 

472 5164 86.93 

473 5139 87.05 
474 5169 87.26 
475 6365 87.33 
476 6336 87.41 
All 6329 87.50 
478 6334 87.72 
479 6361 88.14 
480 6352 88.06 
481 6346 88.43 
482 6336 88.59 
483 6361 88.86 
484 6344 89.23 
485 6338 89.29 
486 6343 89.38 
487 6335 89.60 
488 6341 89.66 1 

489 6332 89.63 
490 6338 89.73 
491 6341 89.66 
492 6336 89.46 
493 6346 89.28 
494 6318 89.06 
495 6321 88.61 
496 6229 86.90 
497 6245 88.49 
498 6248 89.93 
499 6241 89.04 
500 6217 89.54 
501 6250 89.61 
502 6253 88.95 
503 6235 89.42 
504 6236 89.97 
505 6235 90.40 
506 6241 90.90 
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507 6238 90.49 
508 6235 90.56 
509 6230 90.75 
510 6237 90.73 
511 6229 90.72 
512 6234 90.96 
513 6250 90.78 
514 6232 90.95 
515 6228 90.69 
516 6234 90.32 
517 6207 90.78 
518 6285 90.48 
519 6242 90.56 
520 6244 90.96 
521 6243 91.06 
522 6276 90.66 
523 6237 91.08 
524 6210 91.34 
525 6228 91.23 
526 6246 90.99 
527 0 60.14 



APPENDIX G 

EXAMPLE OF MICROSOFT® EXCEL CALCULATIONS 

OF VIBRATO FACTORS 
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Pitches listed are concert pitch. Cents are given relative to C, 16.352 Hz. 
Amplitude values are dB re ative to 0.0002 dynes per centimeter squared. 
Note - C5 t (csec) 431 

t w/vib. 364 % of t w/vib. 84.5 
Raw Data Listing 

Time 
(csec) Cents dB 

Time 
(csec) Cents dB 

Time 
(csec) Cents dB 

88 6022 87.26 107 6019 87.19 126 6022 88.88 
89 6034 87.06 108 6028 88.81 127 6029 89.21 
90 6038 87.18 109 6028 89.46 128 6023 89.57 
91 6036 88.67 110 6036 89.64 129 6031 89.71 
92 6033 88.90 111 6027 89.71 130 6036 89.44 
93 6033 88.74 112 6032 89.80 131 6036 89.32 
94 6040 89.00 113 6038 89.81 132 6042 89.73 
95 6036 89.08 114 6039 89.79 133 6032 89.64 
96 6016 89.48 115 6037 89.69 134 6036 89.24 
97 6049 89.33 116 6046 89.57 135 6043 88.79 
98 6046 89.18 117 6040 89.61 136 6042 89.06 
99 6028 89.29 118 6044 89.34 

100 6038 89.25 119 6036 89.44 
101 6046 89.39 120 6029 89.19 
102 6039 89.34 121 6045 89.00 
103 6032 89.89 122 6031 88.84 
104 6028 89.18 123 6029 88.65 
105 6027 87.84 124 6023 87.76 
106 6025 87.33 125 6023 87.56 

Period (csec) 19 Period (csec) 1 9 Period (csec) 1 1 
Range 33 Range 27 Range 21 
Mean 6034.0 Mean 6033.2 Mean 6033.8 
Standard Dev. 8.24 Standard Dev. 7.60 Standard Dev. 6.90 

# of cycles f 21 Standard deviation 
Avg. f (csec) 17.33 Avg. f /sec. 5.8 Period (csec) 2.46 
Avg. range 32.86 Range 8.86 
Mean 0 I 6028.0 Mean 3.81 
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Time 
(csec) Cents dB 

Time 
(csec) Cents dB 

Time 
(csec) Cents dB 

137 6009 88.92 149 6012 89.75 163 6021 89.48 

138 6012 88.82 150 6051 89.89 164 6037 89.87 

139 6031 88.82 151 6025 89.84 165 6040 90.06 

140 6040 88.88 152 6033 89.42 166 6034 90.01 

141 6038 88.58 153 6044 88.88 167 6022 89.77 

142 6030 88.23 154 6029 88.77 168 6025 89.86 

143 6023 88.22 155 6041 88.71 169 6030 90.09 

144 6027 88.64 156 6033 88.70 170 6025 89.99 

145 6029 89.35 157 6030 88.74 171 6036 89.29 

146 6029 89.87 158 6026 88.87 172 6045 89.22 

147 6033 90.01 159 6031 88.76 173 6024 88.99 

148 6038 89.80 160 6027 88.70 174 6044 88.87 
161 6033 88.77 175 6050 88.74 
162 6026 89.29 176 6043 88.74 

177 6036 88.88 
178 6031 88.92 
179 6033 89.22 
180 6016 89.65 
181 6025 89.72 

Period (csec) 12 Period (csec) 14 Period (csec) 19 
Range 31 Range 39 Range 34 
Mean 6028.3 Mean 6031.5 Mean 6032.5 
Standard Dev. 9.25 Standard Dev. 9.05 Standard Dev. 9.10 
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Time 
(csec) Cents dB 

Time 
(csec) Cents dB 

Time 
(csec) Cents dB 

182 6015 89.55 199 6016 89.72 219 6008 89.67 

183 6022 89.91 200 6022 89.35 220 6019 89.63 

184 6028 89.85 201 6022 89.22 221 6027 89.99 

185 6029 89.57 202 6022 89.95 222 6022 90.27 

186 6037 89.39 203 6038 90.49 223 6034 90.19 

187 6035 89.39 204 6032 90.40 224 6032 89.80 

188 6034 89.49 205 6034 90.23 225 6040 89.80 

189 6020 89.34 206 6032 90.14 226 6040 89.73 

190 6040 89.19 207 6038 89.86 227 6021 89.85 

191 6040 89.18 208 6037 90.17 228 6035 89.98 

192 6032 89.28 209 6037 89.81 229 6045 89.99 

193 6026 89.63 210 6038 89.57 230 6033 90.34 
194 6033 90.04 211 6033 89.56 231 6034 90.54 
195 6033 90.45 212 6037 89.69 232 6038 90.63 
196 6028 90.73 213 6030 90.06 233 6023 90.69 
197 6035 90.81 214 6040 90.32 234 6029 90.63 
198 6026 90.55 215 6034 90.49 235 6030 90.53 

216 6032 90.53 236 6006 89.62 
217 6023 90.34 
218 6017 89.80 

Period (csec) 17 Period (csec) 20 Period (csec) 18 
Range 25 Range 24 Range 39 
Mean 6030.2 Mean 6030.7 Mean 6028.7 
Standard Dev. 6.71 Standard Dev. 7.38 Standard Dev. 10.31 
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Time 
(csec) Cents dB 

- Time 
(csec) Cents dB 

Time 
(csec) Cents dB 

237 6006 89.16 255 5998 89.54 275 6010 90.37 
238 6009 89.44 256 6025 89.66 276 6021 91.19 
239 6038 90.40 257 6027 90.17 277 6021 91.30 
240 6023 90.91 258 6029 90.64 278 6029 91.11 
241 6040 90.71 259 6033 90.91 279 6033 90.72 
242 6036 90.48 260 6034 90.87 280 6037 90.51 
243 6040 90.43 261 6035 90.47 281 6040 90.56 
244 6038 90.37 262 6036 90.43 282 6040 90.48 
245 6060 90.25 263 6033 90.55 283 6033 90.42 
246 6029 90.10 264 6034 90.49 284 6043 90.39 
247 6028 90.00 265 6030 90.13 285 6044 90.55 
248 6032 90.00 266 6034 90.13 286 6034 90.75 
249 6026 90.28 267 6035 90.25 287 6027 90.72 
250 6025 90.36 268 6027 90.51 288 6019 90.81 
251 6028 90.46 269 6027 90.60 289 6025 90.60 
252 6020 90.70 270 6027 90.79 290 6016 90.09 
253 6022 90.64 271 6024 90.79 291 6018 89.89 
254 6013 90.27 272 6016 90.72 292 6020 90.17 

273 6014 89.94 
274 6022 89.52 

Period (csec) 18 Period (csec) 20 Period (csec) 18 
Range 54 Range 38 Range 34 
Mean 6028.5 Mean 6027.0 Mean 6028.3 
Standard Dev. 12.46 Standard Dev. 8.97 Standard Dev. 9.88 

I 
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Time 
(csec) Cents dB 

Time 
(csec) Cents dB 

Time 
(csec) Cents dB 

293 6016 90.98 311 6011 90.09 327 6014 90.60 

294 6027 91.22 312 6035 90.47 328 6020 90.71 

295 6028 91.28 313 6031 90.94 329 6019 91.02 

296 6034 90.95 314 6033 90.69 330 6026 91.35 

297 6047 90.69 315 6033 90.62 331 6023 91.21 

298 6029 90.55 316 6033 90.11 332 6032 91.01 

299 6040 90.38 317 6027 90.06 333 6029 91.12 

300 6034 90.31 318 6036 89.78 334 6025 91.25 

301 6033 90.21 319 6023 89.80 335 6026 91.09 

302 6027 90.19 320 6038 90.00 336 6027 90.99 
303 6032 90.22 321 6025 90.17 337 6027 90.98 
304 6025 90.65 322 6031 90.43 338 6028 91.04 
305 6027 91.05 323 6023 90.82 339 6016 91.16 
306 6022 91.15 324 6014 90.82 340 6028 91.35 
307 6013 90.64 325 6028 90.57 341 6012 91.69 
308 6013 90.30 326 6025 90.57 342 6019 91.87 
309 6028 89.98 343 6010 91.97 
310 6017 89.67 344 6008 91.75 

Period (csec) 18 Period (csec) 16 Period (csec) 18 
Range 34 Range 27 Range 24 
Mean 6027.3 Mean 6027.9 Mean 6021.6 
Standard Dev. 8.74 Standard Dev. 7.33 Standard Dev. 6.96 
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Time 
(csec) Cents dB 

Time 
(csec) Cents dB 

Time 
(csec) Cents dB 

345 6003 90.52 364 6002 90.88 383 6005 91.10 
346 6011 89.98 365 6003 90.63 384 6007 91.08 
347 6018 90.63 366 5994 91.09 385 6013 91.61 
348 6028 91.34 367 6028 91.64 386 6022 91.81 
349 6015 91.61 368 6016 91.78 387 6037 92.22 
350 6045 91.82 369 6035 92.11 388 6037 92.33 
351 6039 91.91 370 6035 91.96 389 6024 92.15 
352 6013 91.84 371 6029 91.73 390 6034 91.88 
353 6041 91.49 372 6039 91.42 391 6040 92.02 
354 6029 91.32 373 6027 91.58 392 6032 92.02 
355 6025 91.49 374 6028 91.53 393 6024 92.04 
356 6025 91.69 375 6026 91.42 394 6034 92.07 
357 6027 91.85 376 6026 91.30 395 6034 92.23 
358 6022 91.94 377 6040 91.31 396 6027 92.35 
359 6026 91.88 378 6014 91.62 397 6027 92.52 
360 6022 92.14 379 6028 91.99 398 6022 92.36 
361 6019 92.36 380 6021 92.03 399 6016 92.01 
362 6016 92.28 381 6010 91.93 400 6016 91.80 
363 6011 91.73 382 6012 91.42 

Period (csec) 19 Period (csec) 1 9 Period (csec) 18 
Range 42 Range 46 Range 35 
Mean 6022.9 Mean 6021.7 Mean 6025.1 
Standard Dev. 10.52 Standard Dev. 12.68 Standard Dev. 10.17 
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Time 
(csec) Cents dB 

Time 
(csec) Cents dB 

Time 
(csec) Cents dB 

401 6015 91.53 420 6009 90.03 435 6006 88.76 

402 6020 91.36 421 6015 90.59 436 6048 88.99 

403 6025 91.71 422 6033 91.48 437 6021 89.16 

404 6030 92.18 423 6028 91.94 438 6035 89.38 

405 6031 92.64 424 6024 91.78 439 6032 89.33 

406 6029 92.64 425 6029 91.70 440 6028 89.32 

407 6023 92.59 426 6023 91.76 441 6023 89.45 

408 6026 92.61 427 6030 91.67 442 6030 89.67 

409 6032 92.52 428 6031 91.49 443 6030 89.33 

410 6026 92.53 429 6029 91.40 444 6031 89.26 

411 6024 92.64 430 6030 91.33 445 6026 89.24 

412 6023 92.58 431 6020 91.08 446 6020 89.38 

413 6025 92.45 432 6023 90.75 447 6025 89.32 

414 6020 92.23 433 6018 90.09 448 6030 88.94 

415 6025 92.15 434 6018 89.29 449 6015 88.81 

416 6022 91.82 450 6028 88.46 

417 6016 91.13 451 6012 88.36 

418 6021 90.22 
419 6023 89.86 

Period (csec) 1 9 Period (csec) 15 Period (csec) 17 
Range 17 Range 24 Range 42 
Mean 6024.0 Mean 6024.0 Mean 6025.9 
Standard Dev. 4.46 Standard Dev. 6.65 Standard Dev. 9.30 
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Time 
(csec) Cents dB 

Time 
(csec) Cents dB 

Time 
(csec) Cents dB 

35 6040 84.50 62 6032 87.71 452 6030 88.14 

36 6038 84.89 63 6032 87.62 453 6031 87.94 

37 6037 85.96 64 6040 88.29 454 6014 87.63 

38 6046 85.23 65 6038 88.06 455 6023 87.31 

39 6038 85.51 66 6033 88.17 456 6015 87.23 

40 6041 85.61 67 6032 87.66 457 6030 87.05 

41 6041 85.52 68 6039 87.96 458 6027 87.29 
42 6037 86.05 69 6044 88.37 459 6025 87.04 
43 6050 86.44 70 6044 87.98 460 5989 86.70 
44 6025 86.54 71 6046 88.10 461 6083 82.08 
45 6038 86.57 72 6035 88.27 462 6083 84.94 
46 6040 86.86 73 6044 88.70 463 6061 87.11 
47 6045 86.70 74 6039 89.03 464 6072 86.96 
48 6037 86.77 75 6039 88.87 465 6072 86.89 
49 6039 86.18 76 6025 88.80 
50 6032 87.20 77 6038 88.90 
51 6032 86.81 78 6044 88.87 
52 6039 86.58 79 6035 89.08 
53 6041 87.07 80 6048 89.24 
54 6046 86.70 81 6030 89.37 
55 6045 87.08 82 6027 89.49 
56 6043 87.28 83 6041 89.38 
57 6043 87.70 84 6035 89.50 
58 6031 87.61 85 6032 89.66 
59 6042 87.65 86 6029 89.45 
60 6042 87.56 87 6034 88.06 
61 6040 87.77 

Average 6038.2 Average 6039.6 
Std. Deviation 5.76 Std. Deviation 28.10 



APPENDIX H 

SUMMARY CALCULATIONS OF PITCH 

AND INTENSITY LEVEL PERIODS 



169 

Pitch vibrato - Group 1 

Subject no. 4 11 12 8 25 2 

Excerpt Subject z-score 1.78 1.76 1.28 1.16 0.99 0.96 
Individual subject findings Mean 

Handel Mean period length (csec) 17.8 17.3 20.0 16.7 18.8 - 18.1 

C 5 % of t exhibiting vib. presence 78.5 84.5 67.9 68.4 77.8 - 75.4 

Mean modulation range (cents) 16.8 35.9 62.1 40.3 29.8 - 37.0 

Approx. multiple of JND 5.0 10.9 18.8 12.2 9.0 - 11.2 

S.D. of period length 3.95 2.46 2.89 3.63 2.81 - 3.15 

S.D. of range 3.27 8.86 17.32 12.50 7.57 - 9.90 

S.D. of mean pitch 1.05 3.81 6.21 4.07 2.16 - 3.46 

Mozart Mean period length (csec) 18.7 17.8 19.6 18.3 19.0 - 18.7 

C 6 % of t exhibiting vib. presence 89.9 85.6 97.7 61.5 93.9 - 85.7 

Mean modulation range (cents) 38.3 28.7 35.6 41.1 47.4 - 38.2 

Approx. multiple of JND 22.5 16.9 21.0 24.2 27.9 - 22.5 

S.D. of period length 3.47 1.99 3.02 2.76 2.86 - 2.82 

S.D. of range 8.82 10.28 9.81 13.60 8.51 - 10.20 

S.D. of mean pitch 5.20 2.39 2.51 3.90 5.03 - 3.81 

Schumann Mean period length (csec) 19.0 17.9 19.2 18.9 19.5 18.3 18.8 

A 4 % of t exhibiting vib. presence 56.8 53.8 82.1 60.6 72.5 39.6 60.9 
Mean modulation range (cents) 23.9 28.4 25.2 31.8 29.8 48.7 31.3 
Approx. multiple of JND 6.1 7.3 6.5 8.2 7.6 12.5 8.0 
S.D. of period length 3.71 1.76 3.45 1.17 3.47 3.94 2.92 
S.D. of range 4.98 4.03 5.36 3.46 10.53 8.16 6.09 
S.D. of mean pitch 3.81 1.93 1.63 1.53 5.62 2.71 2.87 

Poulenc Mean period length (csec) 19.7 17.4 17.6 17.9 18.4 18.8 18.3 
G 4 % of t exhibiting vib. presence 65.1 62.1 85.9 71.0 80.2 75.3 73.3 

Mean modulation range (cents) 39.3 20.3 31.7 26.6 25.2 20.8 27.3 
Approx. multiple of JND 8.9 4.6 7.2 6.0 5.7 4.7 6.2 
S.D. of period length 3.15 2.55 2.45 1.96 4.03 2.79 2.82 
S.D. of range 8.31 5.19 16.06 3.77 5.05 5.40 7.30 
S.D. of mean pitch 2.70 1.55 4.72 0.81 1.46 0.75 2.00 
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Intensity level vibrato - Group 1 

Subject no. 4 11 12 8 25 2 
Excerpt Subject z-score h—

* 

00
 

1.76 1.28 1.16 0.99 0.96 
Individual subject findings Mean 

Handel Mean period length (csec) 15.4 16.5 20.0 17.0 13.2 - 16.4 

C5 % of t exhibiting vib. presence 85.2 80.5 67.9 69.9 75.5 - 75.8 

Mean modulation range (dB) 1.10 1.79 2.72 3.60 0.90 - 2.02 

Approx. multiple of JND 1.5 2.4 3.6 4.8 1.2 - 2.7 

S.D. of period length 4.66 4.51 2.65 3.88 4.90 - 4.12 

S.D. of range 0.27 0.60 0.75 1.50 0.31 - 0.69 

S.D. of mean intensity level 1.69 0.94 2.40 4.06 0.60 - 1.94 

Mozart Mean period length (csec) 18.9 17.0 19.8 18.9 18.4 - 18.6 

C 6 % of t exhibiting vib. presence 91.1 85.8 98.5 77.4 98.0 - 90.2 

Mean modulation range (dB) 2.50 7.37 2.22 1.50 2.50 - 3.22 

Approx. multiple of JND 3.3 9.8 3.0 2.0 3.3 - 4.3 

S.D. of period length 2.29 4.24 1.99 2.97 3.46 - 2.99 

S.D. of range 1.15 5.29 0.56 0.65 0.94 - 1.72 
S.D. of mean intensity level 2.24 1.40 0.39 0.70 0.80 - 1.11 

Schumann Mean period length (csec) 18.1 9.4 19.2 12.3 20.1 19.5 16.4 

A4 % of t exhibiting vib. presence 48.2 56.5 86.9 54.2 82.2 42.1 61.7 
Mean modulation range (dB) 4.66 2.63 2.98 1.30 3.50 2.80 2.98 
Approx. multiple of JND 6.2 3.5 4.0 1.7 4.7 3.8 4.0 
S.D. of period length 3.71 1.76 3.45 1.17 3.47 3.94 2.92 
S.D. of range 0.69 1.59 1.34 0.52 1.96 0.71 1.14 
S.D. of mean intensity level 0.38 1.69 1.70 0.83 3.27 1.84 1.62 

Poulenc Mean period length (csec) 14.4 11.4 18.3 11.3 19.9 19.5 15.8 
G4 % of t exhibiting vib. presence 67.9 66.1 87.3 64.6 76.8 78.0 73.5 

Mean modulation range (dB) 3.04 1.09 2.97 3.00 2.90 2.20 2.53 
Approx. multiple of JND 4.1 1.5 4.0 4.0 3.9 2.9 3.4 
S.D. of period length 5.31 4.50 2.26 3.95 3.41 1.98 3.57 
S.D. of range 2.27 0.55 0.39 0.83 1.62 0.09 0.96 
S.D. of mean intensity level 2.33 0.63 0.94 0.44 1.35 0.34 1.01 



APPENDIX I 

RESULTS OF STUDENT'S T-TESTS 
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Pitch vibrato - Group 1 

Subject no. 04 11 12 08 25 02 
Subject z-score 1.78 1.76 1.28 1.16 0.99 0.96 

Excerpt Factor Individual subject findings 

Handel Mean period length (csec) 17.8 17.3 20.0 16.7 18.8 -

C5 % of t exhibiting vib. presence 78.5 84.5 67.9 68.4 77.8 -

Mean modulation range (cents) 16.8 35.9 62.1 40.3 29.8 -

S.D. of period length 3.95 2.46 2.89 3.63 2.81 -

S.D. of range 3.27 8.86 17.32 12.50 7.57 -

S.D. of mean pitch 1.05 3.81 6.21 4.07 2.16 -

Mozart Mean period length (csec) 18.7 17.8 19.6 18.3 19.0 -

C6 % of t exhibiting vib. presence 89.9 85.6 97.7 61.5 93.9 -

Mean modulation range (cents) 38.3 28.7 35.6 41.1 47.4 -

S.D. of period length 3.47 1.99 3.02 2.76 2.86 -

S.D. of range 8.82 10.28 9.81 13.60 8.51 -

S.D. of mean pitch 5.20 2.39 2.51 3.90 5.03 -

Schumann Mean period length (csec) 19.0 17.9 19.2 18.9 19.5 18.3 
A4 % of t exhibiting vib. presence 56.8 53.8 82.1 60.6 72.5 39.6 

Mean modulation range (cents) 23.9 28.4 25.2 31.8 29.8 48.7 
S.D. of period length 3.71 1.76 3.45 1.17 3.47 3.94 
S.D. of range 4.98 4.03 5.36 3.46 10.53 8.16 
S.D. of mean pitch 3.81 1.93 1.63 1.53 5.62 2.71 

Poulenc Mean period length (csec) 19.7 17.4 17.6 17.9 18.4 18.8 
G4 % of t exhibiting vib. presence 65.1 62.1 85.9 71.0 80.2 75.3 

Mean modulation range (cents) 39.3 20.3 31.7 26.6 25.2 20.8 
S.D. of period length 3.15 2.55 2.45 1.96 4.03 2.79 
S.D. of range 8.31 5.19 16.06 3.77 5.05 5.40 
S.D. of mean pitch 2.70 1.55 4.72 0.81 1.46 0.75 
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Pitch vibrato - Group 2 

Subject no. 30 28 1 22 16 15 
Subject z-score -1.00 -1.04 -1.13 -1.18 -1.45 -1.76 

Excerpt Factor Individual subject findings T-test 
2,* 

Handel Mean period length (csec) 20.3 17.3 20.0 22.2 14.3 18.0 0.67 

C5 % of t exhibiting vib. presence 35.0 47.8 50.0 88.8 43.5 28.7 0.03 
Mean modulation range (cents) 37.7 21.4 20.3 20.9 21.3 49.5 0.38 
S.D. of period length 4.31 2.86 2.86 4.19 1.79 3.46 0.84 
S.D. of range 10.21 6.08 3.98 3.72 6.63 22.05 0.77 
S.D. of mean pitch 4.39 2.08 2.64 3.07 3.31 3.53 0.77 

Mozart Mean period length (csec) 20.0 19.8 24.8 20.7 14.8 17.7 0.52 
C6 % of t exhibiting vib. presence 57.9 75.9 19.5 95.6 45.9 48.6 0.05 

Mean modulation range (cents) 31.0 37.8 54.3 39.6 25.7 28.0 0.69 
S.D. of period length 3.86 4.23 3.82 3.65 3.27 3.07 0.02 
S.D. of range 5.95 9.14 19.38 10.36 6.31 7.67 0.86 
S.D. of mean pitch 2.79 4.44 3.82 3.44 4.86 3.56 0.99 

Schumann Mean period length (csec) 19.4 20.4 19.1 24.3 10.9 17.5 0.92 
A4 % of t exhibiting vib. presence 55.1 51.8 61.2 54.3 53.9 21.7 0.21 

Mean modulation range (cents) 23.9 25.0 29.8 27.1 15.8 31.5 0.22 
S.D. of period length 1.50 5.12 3.90 5.24 2.75 2.06 0.54 
S.D. of range 2.95 5.83 9.58 4.86 3.34 7.53 0.80 
S.D. of mean pitch 2.67 1.19 1.54 2.25 2.03 1.92 0.22 

Poulenc Mean period length (csec) 20.3 16.4 19.5 21.3 18.0 11.0 0.74 
G4 % of t exhibiting vib. presence 32.4 82.7 15.6 46.2 28.6 11.5 0.02 

Mean modulation range (cents) 19.7 14.3 21.0 23.8 19.0 12.0 0.03 
S.D. of period length 2.36 4.84 1.50 1.79 0.00 1.00 0.26 
S.D. of range 4.03 4.23 2.00 5.26 0.82 0.00 0.06 
S.D. of mean pitch 1.18 1.51 1.06 2.54 0.21 1.78 0.40 
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Intensity level vibrato - Group 1 

Subject no. 04 11 12 08 25 02 
Subject z-score 1.78 1.76 1.28 1.16 0.99 0.96 

Excerpt Factor Individual subject findings 

Handel Mean period length (csec) 15.4 16.5 20.0 17.0 13.2 -

C 5 % of t exhibiting vib. presence 85.2 80.5 67.9 69.9 75.5 -

Mean modulation range (dB) 1.10 1.79 2.72 3.60 0.90 -

S.D. of period length 4.66 4.51 2.65 3.88 4.90 -

S.D. of range 0.27 0.60 0.75 1.50 0.31 -

S.D. of mean intensity level 1.69 0.94 2.40 4.06 0.60 -

Mozart Mean period length (csec) 18.9 17.0 19.8 18.9 18.4 -

C 6 % of t exhibiting vib. presence 91.1 85.8 98.5 77.4 98.0 -

Mean modulation range (dB) 2.50 7.37 2.22 1.50 2.50 -

S.D. of period length 2.29 4.24 1.99 2.97 3.46 -

S.D. of range 1.15 5.29 0.56 0.65 0.94 -

S.D. of mean intensity level 2.24 1.40 0.39 0.70 0.80 -

Schumann Mean period length (csec) 18.1 9.4 19.2 12.3 20.1 19.5 
A4 % of t exhibiting vib. presence 48.2 56.5 86.9 54.2 82.2 42.1 

Mean modulation range (dB) 4.66 2.63 2.98 1.30 3.50 2.80 
S.D. of period length 0.60 2.50 4.65 4.24 2.39 3.69 
S.D. of range 0.69 1.59 1.34 0.52 1.96 0.71 
S.D. of mean intensity level 0.38 1.69 1.70 0.83 3.27 1.84 

Poulenc Mean period length (csec) 14.4 11.4 18.3 11.3 19.9 19.5 
G4 % of t exhibiting vib. presence 67.9 66.1 87.3 64.6 76.8 78.0 

Mean modulation range (dB) 3.04 1.09 2.97 3.00 2.90 2.20 
S.D. of period length 5.31 4.50 2.26 3.95 3.41 1.98 
S.D. of range 2.27 0.55 0.39 0.83 1.62 0.09 
S.D. of mean intensity level 2.33 0.63 0.94 0.44 1.35 0.34 
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Intensity level vibrato - Group 2 

Subject no. 30 28 1 22 16 15 
Subject z-score -1.00 -1.04 -1.13 -1.18 -1.45 -1.76 

Excerpt Factor Individual subject findings T-test 
2,* 

Handel Mean period length (csec) 20.8 19.3 19.3 22.0 15.4 18.3 0.09 
C5 % of t exhibiting vib. presence 47.6 53.3 35.0 74.5 57.0 29.1 0.01 

Mean modulation range (dB) 2.90 1.60 2.13 2.30 1.80 1.36 0.99 
S.D. of period length 1.85 3.96 3.96 4.84 4.03 2.11 0.32 
S.D. of range 0.61 0.39 0.72 0.92 0.57 0.34 0.71 
S.D. of mean intensity level 0.49 0.38 0.65 0.69 0.67 0.43 0.09 

Mozart Mean period length (csec) 20.8 18.3 20.2 16.6 14.1 20.0 0.82 
C 6 % of t exhibiting vib. presence 64.5 87.2 37.8 76.9 52.9 57.8 0.01 

Mean modulation range (dB) 5.00 1.90 6.81 2.70 1.80 3.17 0.80 
S.D. of period length 4.40 4.31 1.82 6.20 4.89 4.08 0.10 
S.D. of range 5.98 0.75 1.84 3.65 0.70 1.43 0.60 
S.D. of mean intensity level 1.00 0.62 1.18 1.50 0.57 1.04 0.75 

Schumann Mean period length (csec) 15.4 16.5 21.9 19.1 13.3 17.8 0.69 
A 4 % of t exhibiting vib. presence 56.3 83.8 70.1 53.5 87.2 22.0 0.97 

Mean modulation range (dB) 4.50 8.60 7.54 3.70 3.00 1.58 0.17 
S.D. of period length 4.97 6.05 3.96 7.37 1.85 0.43 0.40 
S.D. of range 3.28 6.95 2.04 1.74 0.98 0.52 0.19 
S.D. of mean intensity level 0.68 1.84 0.74 0.88 0.38 0.79 0.15 

Poulenc Mean period length (csec) 22.7 20.6 19.5 22.0 23.3 16.5 0.03 
G 4 % of t exhibiting vib. presence 36.2 74.1 31.2 47.8 49.2 17.3 0.01 

Mean modulation range (dB) 4.60 11.30 2.04 1.30 3.30 1.54 0.39 
S.D. of period length 5.91 1.50 3.64 4.74 8.79 1.50 0.56 
S.D. of range 0.59 8.36 0.76 0.31 0.60 0.16 0.56 
S.D. of mean intensity level 0.14 1.18 0.51 0.82 0.72 0.06 0.25 
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VIBRATO RATE CHARTS 
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Intensity Level Vibrato Rate 
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