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The purpose of this study was to investigate aspects 

of pitch perception of auditors when presented with musi-

cal tones whose frequencies were modulated. Research 

problems were: estimation of the effect of musical train-

ing upon pitch perception; estimation of the effect of 

stimuli of differing tonal qualities and frequency ranges 

upon perception; and estimation of the effect of solo and. 

ensemble performances upon pitch perception. 

Subjects for the study were thirty musicians and 

thirty nonmusicians. Subjects were students at North Texas 

State University and Paris Junior College who had volun-

teered for the study. A test containing thirty-six items 

was developed which required subjects to match a tone cre-

ated by a sawtooth wave generator to a simultaneously 

presented musical tone performed with vibrato. Each subject 

was tested individually, and allowed three attempts to 

match each test item. After the third playing of each 
I 

item, a reading was taken of the frequency selected by the 

subject, Using the split half method, reliability for the 

test was found to be .86 for nonmusicians and .88 for 

musicians. 



A N O V A evaluation of responses of subjects indicated 

that there was a significant difference.in the location of 

pitch among musicians and nonmusicians, with musicians lo-

cating the pitch somewhat higher in the frequency spectrum 

than nonmusicians. Neither group located the pitch of 

modulated musical tones at the geometric mean of the modu-

lation. Differences located in responses of the groups 

were consistant with regard to stimuli of varying frequency 

levels and timbres, and were unaffected by either solo or 

ensemble performance of the stimulus. Subsidiary findings 

indicated that among musicians no significant differences 

in pitch perception may be traced to the major performing 

instrument of the subject; differences in these subgroups 

and nonmusicians were consistant with the findings compar-

ing musicians as"a whole and nonmusicians. Suggestions 

were made concerning application of the findings to musi-

cal training and concerning possibilities for further 

investigation in perception of pitch. ^ y'; 
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CHAPTER 

INTRODUCTION 

The presence of frequency modulation, or vibrato, has 

been well documented in studies of the voice, stringed 

instruments and wind instruments. Carl Seashore has pro-

vided this quantitative definition of vibrato: "An artistic 

vibrato consists of a periodic oscillation in pitch at an 

average rate of six or seven cycles per second, and is usu-

ally accompanied by synchronous intensity and timbre oscil-

lations which play a secondary role," (22, p. 108). 

The study of existence of the vibrato led to investiga-

tion of its effect upon performance. Seashore, of the 

University of Iowa, was among the first researchers in this 

century to examine the vibrato in performance settings. His 

work centered upon the nature of the vibrato in vocal 

production, and was aided by the use of the tonoscope, an 

instrument best described by Schoen: 

The machine converts sound vibrations into pictures on 
a screen. This screen has 18,095 holes so placed that 
when acted upon by a sensitive flame the holes arrange 
themselves in characteristic figures for every possi-
ble pitch within the range of the human voice. The 
holes are arranged in 110 rows. When a tone is 
sounded the row which has the hole frequency that 
corresponds to the vibration frequency will stand 
still, while all the other rows move and tend to blur. 
The row that stands still . . . points to a number on a 
scale which designates pitch of the tone (21, p. 194). 



Seashore's initial studies with the tonoscope were 

structured to examine the vibrato as it existed in the per-

formances of nine professional singers. In some instances 

the tonoscope measurements were made from recordings, and in 

other instances, actual performances were evaluated. The 

tonoscope was used to determine how well the singers main-

tained the pitch they were attempting within the context of 

various songs. The findings indicated that in twenty-five 

per cent of the cases, the performers did not achieve the 

intended pitch, and in the remaining seventy-five per cent, 

the target pitch was sounded only momentarily within the 

span of the note. The tendency of singers to vary above and 

below the intended pitch was ascribed by Seashore to the 

vibrato as well as unidentified "other devices" (23). In 

reference to perception of the pitch within the vibrato 

spectrum, Seashore suggested that we hear the approximate 

mean between the crest and trough of the vibrato cycle. In 

a further tonoscope study of the vibrato as employed by the 

violin Seashore found that while several facets of its use 

were slightly different (the violin possessing, for instance 

a vibrato slower and more narrow than the voice), the loca-

tion of the target pitch at the mean frequency of the spec-

trum was a constant in both voice and instrument, given that 

the performers in each instance employed vibrato and were 

able to achieve the desired pitch for any length of time 

(22) . 



Schoen also used the tonoscope in his study of the 

vibrato, analyzing recordings of five professional soloists 

performing the same work. While his results indicated that 

professional singers were able to sustain a specific pitch 

for up to one-half second (where Seashore had noted an ina-

bility to sustain such a pitch longer than one-tenth of a 

second), Schoen's most intriguing findings were in regard to 

the direction and extent of the vibrato as compared to the 

intended pitch. He stated that there was a tendency for all 

singers to sing sharp "• • • in the sense that the devia-

tions above the predominant tone are more numerous than 

those below . . . " (21, p. 249). Papich and Rainbow 

reported similar findings in a study of stringed instruments 

which showed that, especially in solo performance, there 

exists a tendency for the performer to employ vibrato pri-

marily above the intended pitch (17, p. 37). 

Both Seashore and Schoen found that the rate of modula-

tion in vocal vibrato was between six and eight cycles per 

second, while that of stringed instruments was between five 

and one—half and six and one—half. Backus (1, p. 208) found 

a slower rate for violin modulation, ranging from five to 

six cycles per second. Later work by Metfessel (15) was in 

general agreement with Seashore and Schoen as regards the 

rate of the vibrato, but improvements in measurement capa-

bilities allowed Metfessel to closely examine the extent of 

the vibrato as well. His studies of vocal performances with 



vibrato led to the conclusion that the modulation of fre-

quency may vary from a tenth of a step to over one whole 

step, with an average extent of one-half step. Tiffin's 

study of ten professional singers supported these findings 

of Metfessel, while at the same time noting that the pres-

ence of rather large individual differences in extent of 

modulation was one of the most significant factors about the 

vibrato (29). Tiffin found that among his tenor performers 

the extent of the vibrato ranged from about .99 of a step 

for one singer to about .49 of a step for another. Among 

female singers, the extent was found to range from .59 of a 

step to .41 of a step. Such extreme individual differences 

were not found in regard to the rate of vibrato. These 

findings concerning both rate and extent of vibrato in vocal 

performance were again supported by a more recent study by 

Large and Iwata (13). Both Metfessel and Tiffin noted that 

vibrato exists in ninety-five per cent of all artistic vocal 

performances. Backus noted that the extent of the vibrato 

in string performance was more standardized than that of 

vocalists, with extents ranging from thirty-five to forty 

cents. Tiffin included a necessary warning concerning 

generalizations about the vibrato: "Since it is not true 

that all artists have a vibrato of the same pitch extent or 

the same rate, the artistic vibrato cannot be defined in 

terms of a general average" (p. 164). 



These early studies of performance with vibrato centered 

upon trained artists, normally vocalists and string perform-

ers. That vibrato exists in the performances of these vocal 

artists was demonstrated by the works mentioned as well as 

in later works of Herzberg (8) and Kwalwasser (12). 

Kwalwasser, however, noted that the vibrato existed in only 

about twenty-seven per cent of the tones of untrained 

singers. 

The extreme extent and rate of certain vibratos, as 

reported above, led to some initial questions concerning 

perception of the vibrato. In almost all studies, the 

vibrato is heard as a pleasing element of a musical tone, an 

ornament according to Seashore, without which the perfor-

mance of even professional musicians seems strained and 

uninteresting. But the vibrato requires production of a 

band of frequencies within which, it is assumed, lies the 

desired tone. Yet upon listening to a vibrato, most audi-

tors define a single pitch as being present. Only in 

situations where the rate of the vibrato was slowed consid-

erably, or the extent was increased a great deal, did 

subjects attend to more than a single pitch. Tiffin sug-

gested that the wider vibratos should be rightfully 

considered trills, while the vibratos with slower modula-

tions should by termed tremolo. These distinctions, 

however, beg the question of how the subtle variations of 

the vibrato are perceived as a single pitch. 



Goodwin indicated that when listening to a vibrato, a 

subject " . . . fuses the successive oscillations which are 

heard, and through a process of normal illusion, such as 

occurs in the visual sense, perceives a pitch which [is] 

almost as clear as a single unmodulated tone " (5, p. 133). 

This smoothing process, according to the findings of Tiffin 

and Metfessel, seems to be related to rate and extent of the 

modulation more than to changes in intensity or timbre, 

which have been seen to be concomitant parts of the vibrato. 

This proposal was reaffirmed by the work of Nordmark (16, p. 

1535), who showed discrimination of pitch, as well as of 

duration, to be a time measuring process only slightly 

affected by intensity. Much more work is needed to 

determine whether a correlation of the rate and extent of 

modulation creates an auditory threshold, beyond which the 

fusion of which Goodwin speaks can take place. 

An additional reason for the perception of a specific 

tone when presented with a modulating stimulus was noted by 

H.G. Seashore (25). By creating synthetic vibratos and 

asking subjects to estimate the extent of the modulations, 

he found that only a fraction (one-fourth to one-half) of 

the physical frequency change is heard by listeners. In 

most cases, subjects in the Seashore study estimated vibrato 

extents far more restricted than that which was actually 

occurring. Again, Seashore ascribes this factor to the same 

sort of auditory fusion mentioned by Goodwin. 



While the vibrato in singing was found to be more or 

less involuntary, that of the stringed instrument performers 

was found to be created by a highly controlled manipulation 

of the hand. In voices, vibrato was found to exist in all 

tones, including transitions, attacks and releases. 

Hollinshead noted that the vibrato in the stringed instru-

ment is confined to sustained stopped tones (10). This was 

consistent with the results of the study of Reger (20), who 

measured the modulations of a performance by Kreisler and 

found that vibrato was employed at all times other than 

attacks, releases and transitions. 

Hattwick (6) was responsible for one of the earliest 

studies of the vibrato in brass and wind instruments. He 

stated that the pitch vibrato was present in the playing of 

the trumpet, trombone, clarinet and flute approximately 

eighteen per cent of the time. While there is an aural 

perception that vibrato in these instruments exists more 

often than the figure given, Hattwick offered evidence that 

much of this perception was the result of changes in inten-

sity which occur involuntarily in instruments which are 

sounded by breath impulse. Hattwick emphasized that in most 

wind and brass instruments variations of less than one-half 

step, common in voice and stringed instruments, result not 

from performance of the tone but from the handling of the 

instrument, with the trombone being an obvious exception. 

Most brass and wind instruments, he explained, are fashioned 
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so that one-half step is the smallest interval commonly pro-

duced. He added that this was not a definitive statement 

concerning the vibrato in these instruments, but it illus-

trated the relative infrequency of vibrato in brasses and 

woodwinds as compared with the strings and the voice. 

Additional acoustic phenomena were found to be created 

along with the pitch vibrato, usually in the form of inten-

sity or timbre vibrato. It should be noted that previous 

research has found that a phenomenon similar to vibrato 

results from the impulse of breath or changes in intensity 

level (2, p. 94; 22, p. 114). While changes in intensity 

alone may at times create the illusion of a vibrato (as 

mentioned by Hattwick above), by far the more common occur-

rence is the coupling of intensity variation with pitch 

fluctuation. Tiffin (29, p. 161) has noted that the average 

extent of intensity vibrato is about two decibels, though 

changes of up to nine decibels had been measured among 

trained singers. Frequently, according to Tiffin, the 

cycles of vibration of pitch and intensity are symmetrical, 

meaning that the rate of intensity vibrato is the same as 

that of the pitch vibrato. This parallel vibrato occurs 

when the crests of the intensity and pitch vibratos are 

achieved at the same time. In certain cases, Tiffin refer-

red to opposite vibratos, where the cyclic movement of the 

two functions are not in phase. Of the two factors. Tiffin 

indicated that the pitch vibrato was the more important. 
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Changes in timbre which result from the alteration of pitch 

and/or intensity may also have a bearing upon the vibrato, 

in a manner not yet understood. Finally, Tiffin listed 

three reasons for refusing to consider changes in intensity 

necessary for the existence of vibrato. First, he noted 

that the intensity vibrato, even when present, was less 

prominent in that its average extent was about one-eighth 

that of the frequency vibrato. Additionally, Tiffin noted 

that intensity vibrato was present during a much smaller 

percentage of the duration of the tone than was the fre-

quency vibrato. Tiffin concluded with the observation that 

when subjects were asked to deliberately exaggerate the 

vibrato, the extent of the frequency modulation increased 

while the rate of intensity change remained relatively con-

stant. Based upon these findings of Tiffin, as well as 

those of Backus which stated that such anomalies are not a 

part of the vibrato (1, p. 117), this study will be con-

cerned with only the vibrato formed by frequency modulation. 

Examination of the vibrato extended to the consideration 

of its effects upon an ensemble. Winckel (30, p. 130) noted 

that in a section of like instruments each playing the same 

pitch, no two performers will begin the pitch at exactly the 

same frequency, and neither will two performers oscillate at 

exactly the same rate and to exactly the same extent. This 

facet of performance creates a band of sound more complex 

than the simple oscillation of a single instrument. Goodwin 
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reported on a study of the harmonics of a vocal ensemble as 

displayed by sonograms which indicated the same results as 

those suggested by Winckel. According to Goodwin, the 

singers in his study " . . . never sang precisely the same 

fundamental frequency, except for mere fractions of a second 

as their individual frequency oscillations happened to cross 

one another" (5, p. 132). Goodwin further stated that in 

actual performance, there was never a moment in which the 

singers mentioned that the target pitch of the ensemble was 

unclear. It would appear, as a result of these findings, 

that the fusion mentioned earlier by Goodwin and others may 

extend beyond the simple modulation of a single vibrato, and 

mediate the complex modulations of an entire ensemble. 

The studies mentioned above revealed that most instru-

ments performing a vibrato locate the desired pitch in the 

lower extremes of the frequency spectrum (17; 21). While 

providing valuable information on the location of pitch 

during the performance of a vibrato, none of the studies so 

far mentioned have considered the vibrato from the perspec-

tive of the individual listening to the performance. Though 

previous studies have shown that the target frequency of a 

tone played with vibrato is located in the lower part of the 

frequency band, studies of the perception of that band have 

yielded different results. This discrepancy between perfor-

mance and perception has tremendous implications for musical 

training. One must wonder whether a greater level of 
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training in the discriminatory process would allow perform-

ers to center their modulations more nearly upon a target 

frequency, and whether such an alteration in practice would 

be perceived as an improvement in the quality of perfor-

mance. Winckel has shown that there are situations in which 

a certain amount of mistuning is desired within an ensemble 

(30, p. 131)• Questions arise as to whether listeners medi-

ate the vibratos produced by performers; if so, it seems 

likely that the pitch perceived by the listener is not that 

intended by the composer or attempted by the performer. 

Metfessel (15) conducted one of the first studies inten-

ded to determine the perception of subjects when presented 

with a modulating tone. The basis of the work was a process 

of presenting subjects with a set of tones produced by an 

air siren. One tone would be modulated, while a second 

would be constant. Subjects were asked to determine whether 

the second tone of each set was higher, lower, or the same 

as the first. Metfessel reported that the subjects in his 

study perceived the pitch as being somewhere between the two 

extremes of the frequency spectrum; this finding led to his 

conclusion that . . . the perceived pitch of a frequency 

vibrato is located at the mean physical frequency" (p. 56). 

This response was noted more frequently in limited vibratos 

than in those with wider modulations. Tiffin (29, p. 199) 

used an apparatus similar to that of Metfessel, and found 

that perception was dependent upon the width of the vibrato 
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band, with perception in each instance being below the mean 

frequency. Hirose (9, p. 31) used the same methodology and 

showed the perception of pitch to be slightly above the mean 

for tones with a small vibrato, and well below the mean for 

tones with a wide vibrato. 

In more recent years, Sundberg investigated the percep-

tion of the location of pitch among six subjects, and found 

that there was no clear pattern to such perception (28, p. 

16). In the Sundberg study, the modulating tone began with 

no modulation and increased through the course of the exam-

ple until a maximum modulation of fifty-nine cents was 

reached. Shonle and Horan, based upon the results of their 

study of five subjects, have provided evidence that the 

perceived pitch of vibrato tones corresponds to the mean 

(27, p. 251). In this instance, the modulating waveform was 

either sinusoid or square configuration. In each of these 

works, control of the various parameters of the vibrato was 

possible, but again the tones were produced electronically, 

through the use of a sine wave generator, and may bear no 

relation to tones of the voice or any other musical instru-

ment. Indeed, the fact that such parameters were controlled 

removes these studies from the realm of those concerned with 

analysis of musical tones, since the irregularity of fre-

quency modulation is a hallmark of music performed by 

humans. 
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Certain other studies, though not as incisive as those 

already mentioned, deserve attention. Shackford asked three 

string performers from the Boston symphony to play a note 

which would match that of a modulation. While in each case, 

the performers played a tone below the mean of the 

modulation/ the difference in the mean and the notes played 

was small, and according to Shackford was " . . . probably 

not significant" (26, p.28). Kuttner (11, p. 372) stated 

that the pitch of vibrato tones matched the lower extent of 

the frequency spectrum, but offered no evidence or other 

support of this claim. McClelland and Brandt (14, p. 1497) 

in a study of sine tones showed that few subjects per-

ceived the pitch as being near the mean; many matches were 

made at or near the extremes of the frequency range. Modu-

lation rate and extent contrived for the study render the 

results useless in consideration of a musical vibrato. 

A comparison of these studies of perception and works 

dealing with performance clearly raises the issue of whether 

the tone intended by the performer is actually that per-

ceived by the auditor. Studies of performance such as those 

of Papich and Rainbow, Goodwin, D. Herrick (7), Large and 

Iwata (13), and Fletcher, Blackham and Geersten (3), showed 

that musicians uniformly employ vibrato above the intended 

frequency, playing the desired frequency at or near the 

bottom of the vibrato cycle. The music perception studies 

of such authors as Metfessel, Tiffin, Hirose, Sundberg, and 
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Shonle and Horan, gave evidence that auditors perceived the 

pitch of vibrato tones at or near the mean frequency of the 

range, though the results of this second set of studies were 

not at all conclusive. 

An issue not often addressed by these early studies on 

perception is the nature of that very process. Several 

unstated assumptions within the works bear examination. 

There is initially the problem of transferring the findings 

of the studies to a musical setting; findings based upon 

nonmusical tones may or may not hold within the realm of 

music. More importantly, however, there is the question of 

the foundation of the perceptual process itself. Most early 

studies accept that discrimination may form the observable 

basis of perception, but the assumption is left unexamined. 

There appear to be two distinct schools of thought on the 

issue. The writings of Gibson and Gibson (4) indicated that 

discrimination forms the basis of perception, and as such, 

perception may be strengthened by training to improve dis-

crimination. Leo Postman, however, argues that the percep-

tual process is more complex than discrimination allows and 

that experience alone cannot account for many instances of 

observable differences in perception (19). 

This is more than an adjunct issue in perception of 

location of pitch. If perception may be reduced to dis-

crimination, it would seem likely that those subjects with a 
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greater degree of musical training would possess a percep-

tual pattern different from subjects with little or no 

training. The implications of such a finding could well 

include the location of a different method of processing 

aural stimuli, brought about by training. The result might 

extend to eventual changes in the manner in which both 

musicians and nonmusicians are trained in the understanding 

of music. 

There appears to have existed two types of studies on 

vibrato, as shown above. The first, dealing with the per-

formance of vibrato, has evaluated sounds produced by 

musical instruments or voices. The second set of studies, 

dealing with perception of vibrato, has used various sound 

sources other than musical instruments to produce sounds, 

with the untested assumption that these sounds will be pro-

cessed by listeners in the same manner as musical tones 

played with vibrato. A need was evident for a study of 

musical perception which would employ musical instruments as 

the stimulus source. Until completion of such a study, it 

seemed unlikely that these two types of earlier studies 

could be drawn together to help fashion a theory of musical 

perception. Such a study would at the same time examine the 

most recent findings concerning the perceptual process in an 

effort to determine whether it is actually feasible to 

assess the aural perception of an individual. Additionally, 

in light of the findings of Winckel (30, p. 117) and Backus 
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(1, p. 104) attention would be paid to the perception of 

pitch when auditors are presented with stimuli produced by 

an ensemble. Polakowski (18, p.53) indicated that two 

aspects of musical memory—perception and reproduction—are 

functions of the nature of the stimulus, with a difference 

noted in solo and ensemble presentation of the stimulus. 

Previous studies using mechanical or electronic tones as the 

stimulus made use of only a single tone, with no 

consideration of the confounding effects of ensemble per-

formance. 

The need for such a study was also obvious in light of 

current attempts to establish a theory of musical percep-

tion. Early works of Seashore, Metfessel and Tiffin pro-

vided much insight concerning perception of a musical trait 

— t h e vibrato—but little information on perception of the 

trait in it's natural environment. 

Purpose of the Study 

The purpose of this present study was the investigation 

of auditors* perception of the pitch of frequency modulated 

tones produced by musical instruments, and comparison of 

perceptions to those earlier reported. 

Research Problems 

Problems investigated in the study were 

1. Estimation of the effect of musical training upon 

pitch perception; 
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2. Estimation of the effect of stimuli of differing 

tonal qualities and frequency ranges upon perception; 

3. Estimation of the effect of solo vs. ensemble per-

formances of stimuli upon perception; 

4. Investigation of the effect of gender upon 

perception; 

5. Estimation of the effect of musical training upon 

modes of processing aural stimuli. 

Definition of Key Terms 

1. The term vibrato refers to the modulation of the 

frequency of a musical tone. 

2. A carrier tone is the stimulus tone in a test of 

pitch-matching ability to which the subject is expected to 

align another tone. 

3. A matching tone is the response tone in a test of 

pitch-matching ability which the subject manipulates in an 

effort to duplicate the frequency of the carrier tone. 

4. A modulation rate is the number of complete cycles an 

oscillating tone creates in the space of one second. 

5. A modulation extent is the width of the frequency 

spectrum created by an oscillating tone; it is usually 

expressed in Hertz or cents. 



18 

Limitations 

1. The study is limited to those tones normally produced 

by standard musical instruments. 

2. The study is limited to those tones isolated from any 

other melodic, harmonic or rhythmic context. 

3. Results of the study may be generalized only to 

similar populations. 

Basic Assumptions 

1. Subjects in the study are capable of hearing, 

analyzing and aligning a pair of tones. 

2. Subjects in the study are representative of the 

populations from which they are drawn. 
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CHAPTER II 

RELATED LITERATURE 

Vibrato 

Research into the perception of vibrato can be roughly 

divided into two eras. The first occurred generally from 

1920 to 1940 and was initiated by the work of Carl Seashore 

and his associates. Then in 1960 a new flurry of interest 

developed which has continued through the following two 

decades. Much of this latter interest may be linked to the 

development of new techniques for producing, recording and 

interpreting frequency modulations. 

One of the earliest studies attempting to discern the 

aural perceptual capabilities of subjects was that of 

Metfessel (28). The technology which formed the basis of 

the study centered around a revolving drum containing sets 

of holes which, when crossed by a stream of air, created a 

siren capable of producing either a steady tone or a vibrato 

tone. Vibrato tones centering on 240 Hz. and 480 Hz. were 

compared to several frequencies immediately adjacent to the 

central frequency of the vibrato. For the lower vibrato the 

steady tones varied from 234 to 246 Hz., these being the 

limits of the vibrato in use in the study. The modulation 

range of the upper frequency vibrato was not reported, and 
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only a few of the steady frequencies used for comparison 

were identified. 

Eleven subjects were presented with ten steady tones, 

and asked to determine whether any of the steady tones were 

higher or lower than the corresponding vibrato. Each sub-

ject was tested on all the steady tones in both frequency 

ranges. The steady tones and modulated tones were heard in 

succession, with the order of presentation randomly altered. 

Results of the study were tabulated through a comparison of 

percentages of correct responses of each of the eleven sub-

jects. The frequency (cycles per second) at which subjects 

were unable to discriminate most often was selected by the 

author as the perceived pitch of the vibrato. Metfessel 

concluded through this process that subjects perceived the 

vibrato as having an actual pitch somewhere between the two 

extremes of pitches used for comparison, and that the normal 

position accepted by most subjects was midway between the 

two extremes (pp. 55, 57). 

While providing an initial investigation into the 

perceptual process of listeners, the Metfessel study was 

structured in such a manner that certain questions were left 

unanswered. There was a great deal of ambiguity surrounding 

the extent of modulation of the higher frequency vibrato, 

and no direct information was given concerning the rate of 

modulation of any of the vibrato tones. While the speed of 

the rotating drum used in the experiment might suggest a 
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rate of modulation, abberations in arrangement of holes in 

the siren disc could easily alter the rate. In addition, 

Metfessel used a sinusoidal pattern for modulation of the 

vibrato tone, a marked difference from the irregular modu-

lation of most musical instruments. 

Tiffin (42) altered Metfessel's stimulus source to 

eliminate the use of air as the source of the tone. Instead 

of the stream of air, a beam of light was focused upon the 

rotating disc, with a photoelectric cell placed on the other 

side of the disc and connected to a four stage resistance 

coupled amplifier. The light source, activating the photo-

electric cell, created the tones from the amplifier, which 

were in turn sounded through a loudspeaker. Center frequen-

cies for the Tiffin study were 210 Hz., 420 Hz., and 840 Hz. 

The vibrato waveform was sinusoidal with a modulation or 

vibrato rate of seven cycles per second. The extent of 

vibrato modulation ranged from 20 to 200 cents. (Vibrato 

modulation rates are a measurement of the variability of the 

frequency rather than of the cycles per second which create 

the pitch; after 1955 frequency which determines a pitch was 

more generally expressed in Hz., while the vibrato modula-

tion rate was expressed as cycles per second or cps). 

Results of the initial study of Tiffin, based upon 

examination of responses of 394 subjects, indicated that 

while there were large individual differences in the ability 
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to hear a frequency vibrato, the perceptual threshold, that 

point at which most subjects were able to discern a vibrato, 

was " . . . probably quite close . . ."to five and 

three-fourths cents (p. 198). 

A more intensive examination was performed by Tiffin 

upon responses of five subjects. Results based upon exami-

nation of modulation rates of five to eight cycles per 

second gave evidence that this perceptual threshold was not 

significantly influenced by the rate of the vibrato. 

Results also indicated that subjects were as consistent in 

their location of the pitch of vibrato tones as in their 

location of the pitch of straight tones, given that the 

frequency modulation did not exceed 100 cents. As the 

extent of the vibrato was increased beyond that half step 

liniit the localization became much less definite. 

Subjects in this later study located the pitch of 

vibrato tones, on the average, one cent below the mean when 

considering vibratos with lesser extents. When considering 

a wider frequency modulation, subjects located the pitch as 

much as five and one-half cents above the mean. The average 

deviation for each subject was ten cents. Interpretation of 

these findings should be cautious, however, based on the 

pre- vious notation concerning inconsistency of perception 

of vibratos of over 100 cents; vibratos with ranges 

exceeding 100 cents were used in this study. 
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Through the years of study of the vibrato, changes have 

taken place in the ways in which the frequency modulation is 

evaluated and measured. Often these changes occurred as 

musicians and physicists became more aware of the require-

ments created by their shared interest in the subject. One 

such transformation was the conversion to the use of cents 

rather than Hertz when discussing musical intervals. Per-

haps this difference should be explained. The nature of a 

musical interval is alogarithmic. Therefore, an alteration 

of ten Hz. from a given frequency would be more extensive at 

a lower frequency level and much less noticeable at a higher 

frequency level. In order to deal with this problem a cents 

standard has been accepted which provides a commonality of 

distance across the range of frequencies. A cent is a defi-

nite ratio of frequencies. There are 100 cents in one half 

step and 1200 cents in an octave, regardless of frequency. 

One cent is therefore a ratio equal to the l/1200th root of 

2, or 1.000578 (38, p.252). The number of cents 

corresponding to a given ratio of frequencies is: 

cents = 3986.3[log(f2/f1)]. 

Again in the work of Tiffin we see a vibrato tone which 

was sinusoidal, bearing little relation to modulations of 

performers. While Tiffin offered an improvement in the pro-

cedures pioneered by Metfessel, it should also be remembered 

that the Tiffin study was based upon examination of only 
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five subjects. Broad application of the results may 

therefore be difficult. 

The last of this earlier set of studies was that of 

Hirose (21). The work was basically a replication of the 

study of Tiffin, using higher frequencies as carrier tones. 

Hirose used the same testing apparatus Tiffin used, placing 

a photoelectric cell above a revolving disc. Differences in 

the studies may be seen in the fact that, while Tiffin went 

to great lengths to space the holes in the revolving disc in 

such a manner that the modulating frequency was sinusoidal, 

Hirose made no such effort, leading to an irregular modula-

tion. Modulation rates in the Hirose study were three Hz., 

five Hz. and seven Hz. Here also a difference may be seen 

in that previous studies had attempted to keep the modula-

ting waveform sinusoidal, while in the work of Hirose, the 

waveform was triangular. 

Extent of vibrato modulation in the Hirose study ranged 

from 7 cents to 160 cents. Central frequencies of the 

vibrato tones were 900 Hz., 1100 Hz., and 1500 Hz. In the 

main segment of the study three subjects were asked to com-

pare the modulating tone to a straight tone, much the same 

as the methodology of Tiffin and Metfessel. Modulation rate 

for this segment of the study was five ops. Results showed 

that the pitch was located approximately three cents above 

the mean for smaller vibrato extents, although at extents of 
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thirty-five cents to eighty cents, subjects located the 

pitch well below the mean. Vibrato extents of 80 cents 

to 160 cents were tested using only the 1100 Hz. and 1500 

Hz. central frequencies. Results of these examinations 

showed that subjects located the pitch approximately forty 

cents above the lower limit of the frequency spectrum. A 

further experiment using only two subjects found similar 

results when using the three Hz. and seven Hz. modulations. 

Hirose also improved upon the work of his predecessors, 

yet certain aspects of the study are problematic. Like 

Tiffin, Hirose used a small sample for his study, leading 

inevitably to the question of whether three subjects were 

sufficient. Also of some concern was the use of different 

modulation ranges in different frequency areas of the study. 

A major change from the study of Metfessel was the use 

of the geometric mean in evaluation of the results of the 

Hirose and Tiffin studies. While the arithmetic mean used 

m the earlier work (and in many later works) gives the mid-

point of the frequency spectrum, it should be remembered 

that as one moves into higher frequency areas, it takes a 

greater number of cycles per second to produce a perceptual 

change in a tone; thus, the usefulness of the cents scale. 

For this reason, when dealing with modulations in terms of 

frequency levels, it is often helpful to consider the geo-

metric mean, the midpoint of the tones actually heard. This 
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frequency will normally differ somewhat from the arithmetic 

mean of the spectrum. To avoid such confusion in the 

present study, both arithmetic and geometric means have been 

listed when there is a difference in the two of one-half 

cent or more. 

These earlier studies shared a set of common problems 

which begin to point up the need for additional investiga-

tion. First, the stimulus tones used in each of the studies 

bore only a slight relation to tones produced by musical 

instruments. The sine tones used as carriers in these early 

studies are by nature difficult for listeners to assess, and 

are not the type of tones used in most musical performance. 

While it may be argued that the authors were more interested 

in control of the physical aspects of the stimulus, the fact 

is that these works have often been cited by others, includ-

ing music researchers, as crucial to our understanding of 

the manner in which music is perceived. Additionally, no 

attempt was made to discern the level of musical training of 

the subjects in any of the studies. In light of the studies 

which indicate that musical training may influence percep-

tion (Seashore, 32; Kwalwasser, 25), this could have been a 

major oversight. 

The most disturbing problem with these early works is 

the unstated assumption that lack of discrimination provides 

information on perception of pitch location. Later studies 

of perception have shown that discrimination may in many 
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cases be accepted as perception (Gibson & Gibson, 19). 

These early studies of musical perception operated under the 

belief that the point at which discrimination ceases is the 

point at which perception is found. The perception which 

was documented in the early studies was that no difference 

existed in the two examples played. While this may seem a 

minute point, it must be understood that subjects in the 

studies were not asked to indicate when the two examples 

sounded the same. They were asked to state when there 

ceased to be any difference in the two examples. Given an 

environment in which there had been examples with wide dif-

ferences immediately preceeding, in which the tones to be 

compared were sounded in succession rather than concurrently 

and in which each subject had only one opportunity to evalu-

ate the pair of tones, one must question whether the lack of 

aural conflict may be said to correspond to an auditor's 

actual perception of a tone. 

The later generation of studies of vibrato began with 

the work of Sundberg. A major improvement over the earlier 

efforts was the attempt to replicate as closely as possible 

the tonal characteristics of musical instruments. Sundberg 

(41) used carrier frequencies of 70 Hz., 115 Hz., 185 Hz., 

and 300 Hz. with a modulation rate of 6.5 cps. The frequen-

cies selected as well as the modulation rate were based upon 

an attempt to imitate the male voice. While it is true that 
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the modulation rate was slower than that found by Seashore 

(33), it was based upon recent studies by Shipp, Leanderson 

and Sundberg (37, p. 21) which showed that six and one-half 

cycles per second more nearly approximates the performance 

of vocal vibrato. Additionally, Sundberg used a function 

generator to produce carrier tones. Earlier studies, 

employing sirens to produce carrier and matching waveforms, 

relied upon fundamental frequencies. While later studies, 

notably Shonle and Horan (38, p. 251), indicated that 

waveform was not a significant determinant in the process of 

matching two tones, it should be mentioned that these 

studies compared different types of complex tones only. it 

is imperative that musical tones form the basis of the 

studies. This expectation stresses the importance of the 

efforts of Sundberg. 

The Sundberg study also used what was termed the "method 

of adjustment" (p. 5), a design wherein subjects were pre-

sented with a stimulus tone which was modulated and were 

asked to match that tone with one produced by a generator. 

Through manipulation of a blank dial subjects were able to 

alter the frequency of the matching wave until they achieved 

what they perceived as the pitch of the stimulus. This 

method allowed a closer approximation of perception than the 

earlier works by providing for simultaneous presentation of 

the stimulus and matching tones. 
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The extent of the vibrato in the Sundberg work was 

variable, beginning at zero and growing to a total of 

fifty-nine cents at the end of each example. The matching 

waveform, while unmodulated, was complex, matching the stim-

ulus waveform. 

Results of the study were based upon data taken from the 

tests of twenty-two subjects. These results indicated that 

perceived pitch varied from one cent below to two cents 

above the arithmetic mean, with the higher frequency carrier 

tones showing the perception below the mean. Carrier fre-

quencies of 70 and 115 Hz. produced results listing percep-

tion above the mean. 

A major problem in the Sundberg study was the length of 

time the subjects were exposed to the stimulus tone while 

making a perceptual judgment. The author pointed out that 

the stimulus tone was, heard in each example for eight 

seconds, during which time the modulation range increased 

from zero to fifty-nine cents. Questions immediately arise 

as to whether the subjects based their perception of the 

pitch on the first or last segment of the carrier tone, or 

whether some sort of perceptual averaging procedure was in 

effect. While the alteration of the modulation range solved 

some earlier problems relating to restriction of modulation, 

the fact remains that the range and rate of the modulation 

were controlled and did not, therefore, closely resemble an 

artistic musical vibrato. Additionally, the author based 
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his interpretation of data upon the arithmetic mean, a pro-

cess, as has been mentioned, which is not foreign to 

physicists studying musical tones, but which may be suspect 

in evaluation of aural perception. 

Shonle and Horan (38) tested five subjects (one of the 

authors served as one of the five subjects) using the method 

of adjustment advocated by Sundberg. As in previous stud-

ies, Shonle and Horan attempted to determine the perception 

of the subjects by evaluation of the matching frequencies 

selected by the subjects as most nearly matching the carrier 

tone. The study included carrier tones with mean frequen-

cies of 220 Hz., 440 Hz., 880 Hz. and 1500 Hz., and with a 

modulation rate of 6 cps in most cases. The authors 

reported that in the instances where modulation rates of 4 

Hz. and 8 Hz. were substituted, no significant difference 

was noted in responses of the subjects based upon the 

modulation rates. 

Sine waves were used for the carrier and matching 

waveforms in all but a single instance, when a square wave 

was substituted for both modulating and matching waveform. 

Both stimulus and matching waves for the study were created 

through the use of a function generator. 

The modulating waveform was symmetrical in all but one 

example; however, based upon the findings of Fletcher, 

Blackham and Geersten (14), Fletcher and Sanders (15) and 

Beauchamp (5), the authors chose to use a triangular wave 



34 

for the modulating waveform, a marked change from the work 

of Sundberg. Mention was made that preliminary examinations 

showed subjects were unable to distinguish between a trian-

gular and sine wave in a same-different comparison of fre-

quency modulation. 

The range of modulation in the Shonle and Horan study 

included values of 50, 100 and 200 cents. Each carrier tone 

was tested at all three modulation extents. The method of 

adjustment advocated by Sundberg was employed in the study 

with subjects allowed to manipulate a blank dial which 

controlled the matching wave. While the carrier and match-

ing waves were presented consecutively in this study rather 

than simultaneously, the subjects were able to switch from 

one to the other at will. No time restraint was placed upon 

the matching experiment, nor were restrictions placed upon 

the number of comparisons necessary for obtaining a match. 

Based upon examination of the results of five subjects, 

the authors concluded that the pitch of vibrato tones for 

frequencies of 220 to 1500 Hz., with modulation widths of up 

to 200 cents, is the mean frequency, with the geometric mean 

being more nearly in line with the findings than the arith-

metic. The results disputed the findings of Hirose, who 

found the pitch considerably below the mean for wide vibrato 

ranges. Additional conclusions of the Shonle and Horan 

study showed that perception does not maintain a strong 

dependence upon complexity of signal waveform (p. 251). 
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A subsidiary study by Shonle and Horan examined pitch 

location using a carrier wave which was asymmetrical. In 

these examples, the frequency spectrum increased linearly 

from the lowest value to the highest value for one quarter 

of the modulating period. In this 'flat top1 condition, the 

frequency was held at its highest value for one half the 

period, then decreased linearly for one quarter period. 

Additional examples, termed 'flat bottom' conditions, were 

similar, except that the frequency remained at the lowest 

value for one half period. The assumption of the examina-

tion was that if the pitch depended upon an average of the 

highest and lowest frequencies, the asymmetrical vibrato 

would be heard at the same pitch as the symmetrical vibrato, 

since the extremes of frequency are the same in both cases. 

If, on the other hand, there was a type of perceptual time 

averaging of all frequencies heard, it was expected that the 

flat top' condition would locate the pitch higher and the 

flat bottom' lower than the corresponding symmetrical 

vibratos. In the subsidiary experiment, a carrier of 440 

Hz. was used, with a sine wave modulating up to 100 cents. 

Results of this portion of the study indicated that subjects 

were more heavily influenced by the extremes of frequency 

that were held for one half the period than by the average 

of the varying portion of the signal. Stated another way, 

perception of asymmetrical modulations may vary greatly from 

perception of more symmetrical modulations. 
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The findings of Shonle and Horan were to some extent in 

contrast to the results of the works mentioned earlier, and 

for that reason the need for additional study of the percep-

tion of frequency modulation is seen. In addition, their 

work followed the procedure outlined by Sundberg (41, p.12), 

except for the use of consecutive rather than simultaneous 

presentation of carrier and matching tones. Banning (3), 

however, noted that especially among nonmusicians, better 

discrimination resulted from simultaneous presentation of 

melodic dyads; this also points up the need for further 

investigation. But possibly the most intriguing finding of 

the study was that there is an apparent difference in per-

ception of symmetrical and asymmetrical frequency modula-

tion. Since musical instruments produce vibrato in a manner 

which is asymmetrical, these findings bring about questions 

as to the usefulness of earlier works which dealt entirely 

with controlled, symmetrical modulations. 

Shackford (36) asked three members of the Boston sym-

phony to evaluate a vibrato tone produced by a generator. 

In the initial stage of the experiment, the subjects were 

asked to hear a tone of 446 Hz. played without modulation 

and match the tone with their instruments. Evaluation of 

the perception of the performers was accomplished through 

checking three tuning tasks: each performer was asked to 

tune an open A string to the pitch of the generator; then 

asked to play a stopped A and tune it to the generator; 
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and finally, each was asked to perform a stopped A with 

vibrato, tuning to the pitch of the generator as well. 

In a second check of the subjects, Shackford asked the 

performers to adjust the generator until it produced a 

vibrato which was pleasing to the group. The resulting tone 

had a modulation range of 441 Hz. to 451 Hz., and modulated 

at a rate of 6 cps. The subjects were asked to perform the 

same tasks as in the initial stage of the test, tuning their 

instruments this time to the modulating tone the performers 

had selected as pleasing. In both segments of the test the 

performers played individually. 

Shackford listed two sets of results, one relating to 

perception of the non-modulated pitch, the other to percep-

tion of the vibrato tone. In the case of the non-modulated 

tone, pitches selected by the performers ranged from 444.4 

Hz. to 446.65 Hz. When attempting to match a vibrato to the 

non-modulated test tone, frequencies ranged from 438.75 Hz. 

to 450.0 Hz. Mean frequencies for the vibratos of the three 

performers were 444.25 Hz., 444.5 Hz., and 445.5 Hz. 

In attempting to match the pitch of the modulated gen-

erator tone, the subjects selected pitches with frequencies 

ranging from 444.05 Hz. to 447.4 Hz. Vibrato tones produced 

by the subjects extended from 436.75 Hz. to 450.0 Hz., with 

the means for the performers determined to be 443.50 Hz., 

445.75 Hz., and 445.0 Hz. 
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Shackford began his evaluation of the results of the 

study by stating that variances of less than ten cents from 

the mean (446 Hz.) were . . probably not significant" (p. 

25). Though most of the variances in the study, under all 

testing conditions, were below the mean pitch of the 

generated tone, in only one condition was Shackford's ten 

cent standard reached. Since the errors in matching to the 

modulated tone were, according to the author, no greater 

than the errors made in matching to the non-modulated tone, 

the author concluded that a ". . . suitable vibrato does not 

confuse the identity of the pitch of a note" (p. 28). 

Further conclusions drawn by the author included the deter-

mination that a performed vibrato extends evenly above and 

below what is perceived as the main pitch of a note, and 

that auditors hear the pitch of a modulated frequency at 

about the mid-point of the frequency range (p. 28). 

It is important to note that the Shackford study was the 

first to attempt to use musical instruments in evaluation of 

perception of frequency modulation, it was unfortunate that 

the traditional error of using a carrier tone with a symmet-

rical modulation negated much of the impact this study might 

have had upon our understanding of perception, in addition, 

Shackford based his work upon the assumption that the string 

performers were capable of producing a tone which, in their 

estimation, was the same as the stimulus tone, and the fur-

ther assumption that a tone produced in this manner was 
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representative of the perception of the performers. Such a 

basis does not allow for the inaccuracies inherent in even 

the finest performances. The haphazard analysis of data, 

exemplified by the arbitrary setting of ten cents as a limit 

of significance created another large barrier to the accept-

ance of the results of this work. 

Kuttner (24) offered a great deal of speculation and no 

data whatsoever. There appears to have been no study con-

ducted to support his beliefs. Rather, Kuttner drew upon 

various sources which were not cited in establishing his 

thoughts on the vibrato. Among the conclusions drawn by the 

author were the following: 

A good instrumental or vocal vibrato is an oscillation 
between two pitches only, the lower of whicSis tSe 
wh-Mc +--h°r c o r r ® c t intonation of the tone in question 

S B C ° ^ ' h l g h e r Pitch may be varied in each 
instance. A vibrato should never contain more than 
two pitches at any given moment, nor should the lower 
of the two pitches slide below the 'ideal' or correct 
intonation (p. 372). correct 

Kuttner closed his exposition on the vibrato with 

another such thought: 

It may be noted here that Carl Seashore's often Quoted 
measurements of vibrato execution are largely wronq 2nd 
not representative of truly artistic p e r f o m n " ? The 

ratme- a r) St er 1 >° r e' 8 errors may be of a two-fold 
nature, a.) there may have been inadequacies of his 
measuring tools and methods; b.) he measured mostlj the 
poor vibrato habits of minor or mediocre performers who 
did not really master this aspect of their art (p. 374). 

Such works show that there is yet much speculation and 

disagreement concerning the vibrato, and serve to further 

illustrate the need for additional study. Indeed, much of 
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the study and examination which has been done to date has 

been so far removed from any musical consideration as to 

make it questionable even for reference. McClelland and 

Brandt (27) for instance, used carrier frequencies of 300 

Hz., 1000 Hz. and 3000 Hz., with symmetrical modulations at 

rates of 20 Hz., 200 Hz. and 2000 Hz. As has been estab-

lished in earlier studies, a normal rate for musical 

modulation is in the area of six to seven cps. This factor, 

coupled with the 200 cent vibrato extent in the McClelland 

and Brandt study removes the work from the realm of musical 

endeavors. That the five subjects using the method of 

adjustment made pitch matches at the upper and lower limits 

of the modulation range is neither surprising nor particu-

larly useful. 

Perception 

The attitude of many contemporary psychologists toward 

perceptual research has been well characterized by Allport 

(2). He has described their outlook by stating that percep-

tion "... can be regarded as nothing more or less than a 

discriminatory response" (p. 36). The implication of such a 

position is that the reaction is the perception. The task 

of the researcher, then, is determination of conditions in 

which such a discriminatory response is obtained. While 

some have argued that the perceptual process has more rich-

ness than simple discrimination (Garner, Hake, Eriksen, 16, 

p. 28), and that the perception is based upon a complex set 
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of convergence procedures, it is generally accepted that 

regardless of the basis of such perception, evidence of its 

existence may be located only through the discriminative 

response. 

Gibson and Gibson (19) refer to this sort of discrimi-

nation as the specificity theory, opposing it to the enrich-

ment theory in which vague, previously existing impressions 

are clarified. In order to further demonstrate this belief, 

an experiment was performed in which subjects were shown a 

nonsense scribble on a white card. After viewing the draw-

ing for five seconds, each subject was shown a pack of 

thirty-four cards, four of which were replicas of the 

original, twelve of which were easily distinguishable from 

the original, and eighteen of which were almost indistin-

guishable from the original. Subjects were asked to view 

each of the thirty-four cards for three seconds, then deter-

mine whether the card was the same as the original. At the 

end of the first trial, the subject was again presented with 

the original figure and another pack of thirty-four cards 

was run through. Subjects were given no information con-

cerning the number of correct responses on a trial. The 

procedure was continued until the subject made only the four 

correct identifications in one trial. Gibson and Gibson 

suggested that a clearer perception of the differences in 

the cards permitted the subject to eventually select only 

the appropriate cards. This improvement in perception, they 
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stated, was due to the increase in discrimination caused by 

successive trials. 

Three groups involving thirty-two subjects were tested. 

The groups included adults, older children (eight and 

one-half to eleven years) and younger children (six to eight 

years). In the study an increase in perception was taken to 

be an increase in the specificity of an identification, or 

xn other words, a decrease in the size of the class of items 

which would elicit the response. The class of undifferenti-

ated items was reduced as a result of repetition. 

Among the twelve adult subjects, the mean number of 

undifferentiated items on the first trial was three. Among 

older children, this number was seven and nine-tenths, and 

among younger children, where perception of differences was 

expected to be weakest, the mean was thirteen and 

four-tenths. The average number of trials required for a 

completely specific response was three and one-tenth for the 

adult group, four and seven-tenths for the ten older child-

ren, and six and seven-tenths for the ten younger children. 

The authors note, however, that only two of the younger 

children achieved a completely specific response. Among 

this group, the mean number of undifferentiated items on the 

final trial was still three and nine-tenths. 

The authors asserted that the findings of this study 

strengthened the position that perception is a form of 
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discrimination, and as such may be improved with practice. 

They stated: 

There is a great quantity of evidence about pro-
gressive change in acuity, variability and accuracy 
°t pfr°ePV-®n» including both relative judgments and 
absolute judgments. It proves beyond a shadow of 
doubt that the notion of fixed thresholds for a certain 
set of innate sensory dimensions is oversimplified. 
Discrimination gets better with practice, both with 
and without knowledge of results (p. 42). 

While acknowledging that this point of view is not uni-

versally accepted, the authors stated that the subject sees 

more not because he imagines more or infers more or assumes 

more, but because his powers of discrimination have been 

improved through practice and he has become more sensitive 

to the variables of the stimulus. The ability to differen-

tiate stimuli, according to Gibson and Gibson, is basic to 

perception (p. 43). 

Postman (31) raised a number of questions concerning the 

findings of Gibson and Gibson, pointing out that the broad 

spectrum of association theories presented a better basis 

for the understanding of perception. In making reference to 

earlier studies of associationism, principally those of 

Titchener, Postman argued that the hypothesis of perceptual 

learning advanced by Gibson and Gibson did not recognize a 

difference in psychological associationism and physiological 

associationism. The two must be considered separately, 

according to Postman, since earlier studies found that 

previous experience and learning played such an important 

role in gaining new insights. By the same token Postman 
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indicated that the learning of new responses to stimuli 

whose perceptions are being changed through further evalu-

ation is an essential and valuable part of the perceptual 

learning experience. According to the author, 

Gibson and Gibson seem to take it for granted that 
appropriate responses will somehow be attached to 
the differentiated perceptions developed in the course 
of learning. We wish to stress the fact that the 
changes in response are part and parcel of the problem 
o perceptual learning. The need to account for chanqes 
in response inevitably endows the problem of perceptual 
learning with an associative component (p. 440). 

The associationism of which Postman wrote was based upon 

Hebb's neurophysiological theory of perceptual learning. 

According to Postman, the fundamental assumptions of the 

theory are associationistic, but the process of perceptual 

learning is not described as the enrichment of invariant 

sensory elements but rather in terms of progressive modifi-

cations of the central activities produced by the stimula-

tion. This denies the basis established by Gibson and 

Gibson since, according to Postman, "Associationistic 

theories about the mechanism of perceptual learning may be 

formulated without affirming that the associated elements 

must retain their identity in the resultant. What they must 

do is entail testable predictions about the resultant. Hebb 

and his associates have indeed been able to make specific 

predictions concerning the development of perceptual acuity 

which lend support to their assumptions concerning the gen-

erative process" (p. 444). 
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The argument of Postman is well taken. While the 

specificity theory of Gibson and Gibson seems to ascribe all 

perceptual learning to the increasing effectiveness of stim-

ulus variables, it bears mention that the younger groups did 

not fare as well on the perceptual test as did the older 

groups, with the only apparent difference being the amount 

of preexisting information which the subject may bring to 

bear upon the new perception. Whether one may agree with 

Postman that perceptual learning is a problem of behavior 

change and therefore reduces to a study of stimulus response 

associations is not germane to the present inquiry, and 

Postman's argument that Gibson and Gibson are prejudiced in 

the area of psychophysical correspondence is currently 

academic. The compelling argument put forth by Postman is 

that the hypothesis of Gibson and Gibson assumes but does 

not account for improvement in discrimination. As such, he 

continues, it does not entail a testable theory of percep-

tual learning. The models advocated by Hebb, according to 

Postman, provide such a testable theory, along with a series 

of predictive measures (p. 446). 

These positions are not irreconcilable. The results of 

the Gibson and Gibson study seem to indicate quite clearly 

that practice in discrimination is an aid to perception. 

But Postman's contention that more is involved in the 

perceptual process than simple discrimination does not 

contradict this finding. More nearly, Postman was making an 
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argument for the mental process which comprises the discrim-

ination which in turn may be the foundation of perception. 

Postman himself refused to concede that the associationistic 

process suggested comprised the entirety of the perceptual 

process, referring to it instead as the mechanism of percep-

tion. Most authors agree that the mechanism which triggers 

the process may not be confused with the process itself. 

This distinction seems to beg the question of the process of 

perception as a whole. While Gibson and Gibson may have 

provided a model of the perceptual event, they have done 

little to describe its genesis? Postman's 'mechanism', on 

the other hand does not account for the heightened percep-

tual abilities brought about through practice in discrim-

ination. Neither position seems sufficient for analysis of 

the complete process of perception. Though such a conflict 

will not be resolved within the confines of this present 

study, it is nonetheless necessary to adopt a position on 

the process of aural perception which will afford a point of 

departure for the work. 

A strong case for discrimination in aural perception was 

made by Lawson (26), who divided aural perception into a set 

of twelve responses. This set of responses, according to 

Lawson, were based upon experience and reason concerning the 

process of perception, rather than a scientific study. 

While this must raise questions concerning application of 

Lawson's conclusions, the ordered presentation he put forth 
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of the perceptual process provided at the very least an 

initial basis for reconciliation of the beliefs of Gibson 

and Gibson and those of Postman. 

Lawson made the case that the largest single aspect of 

aural perception is the pre-conditioning factor, or the 

frame of reference. This factor, he wrote, is a composite 

of three inseparable elements: the IQ, the length of back-

ground exposure, and the aptitude (p. 9). Aptitude, accord-

ing to the author, is an intangible category which is highly 

dependent upon and interrelated to the first two elements. 

Background exposure, therefore, may be the more useful of 

the elements as far as analysis, since it can be easily 

measured or even controlled. This element is concerned with 

the total environmental ambiance of music in the life of a 

subject, including formal musical training. The twelve cat-

egories of responses adopted by Lawson are necessarily based 

upon the three elements of pre-conditioning previously 

mentioned, and spring from a belief Lawson attributed to 

traditional psychology that certain common functions exist 

in all normal human hearing mechanisms. Lawson wrote that 

" . . . within the area of sound conception in the memory 

storage, and the ability to draw upon that storage for some 

type of reaction, there exist great degrees of differences 

between individuals" (p. 10). Lawson's parameters, which 

made up a definition of musical perception included pitch 

recognition, pitch discrimination, tonal recognition, tonal 
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discrimination, rhythmic recognition, rhythmic discrimina-

tion, harmonic recognition, harmonic discrimination, timbre 

recognition, timbre discrimination, sight-sound recognition, 

and vocal reproduction. 

It may appear that recognition as mentioned above is no 

more than an advanced form of discrimination, similar to the 

discrimination mentioned by Gibson and Gibson (19), but the 

contention of Lawson was simply that these elements are pre-

sent in the ability to develop an aural percept. Due to the 

importance placed by Lawson upon prior experience, his con-

clusion that musically trained individuals should be 

expected to exhibit a greater sense of aural perception is 

not surprising. 

issue concerning whether a simple response 

comprises the sum of perception was not resolved, but Lawson 

accepted that such discriminatory responses were necessary 

for even the most basic determination of the existence of 

perception. Such a belief maintains the importance of the 

findings of Gibson and Gibson without negating the state-

ments of Postman that in its totality the perceptual 

experience must be more than simple discrimination. If 

perception is taking place, therefore, it may well involve 

more than discrimination, but that very discrimination alone 

is sufficient to determine that the process is occurring. 

This will be the position accepted for the purposes of this 

present study. 
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Whether one may be willing to accept the paradigm 

offered by Lawson, it is reasonable to assume that the ele-

ments mentioned have at least some effect upon the process 

of aural perception. The conclusions drawn by Lawson 

regarding the eminence of musical training on perception 

were in strict agreement with those of Bugg (8). In a study 

of paired-interval comparison, Bugg asked musical and 

nonmusical subjects to rate the examples according to 

consonant/dissonant and preferred/not preferred standards. 

The work was a reevaluation of Seashore's set of consonance 

tests, and results indicated a greater perceptual ability on 

the part of musical subjects than nonmusical (p. 96). Par-

enthetically, it is apparent that Bugg's study was conducted 

before these studies of Seashore fell into disrepute due to 

poor reliability. It is important to note that Bugg was 

involved in a test of consonance judgments, and that the 

differences found in the musician and nonmusician groups 

were of a qualitative nature. Though the work of Bugg rep-

resented the first serious questioning of Seashore's conso-

nance test results, differences in perceptual processes were 

independent of the failures of the test, and should be con-

sidered accurate. The results cannot be said to infer 

better musical perception by musicians on this or any 

other of Lawson's set of musical parameters. However, the 

fact that a difference in response between the groups was 
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noted in the Bugg study may point up different perceptual 

processes in the groups. 

While these studies indicated that any type of back-

ground exposure to music may heighten a subject's perceptual 

capability, other studies have indicated that there are 

forms of musical experience which offer a greater degree of 

growth in the elements which are thought to comprise percep-

tion. Bradley (6) studied six fourth grade music classes 

offering one of the groups an intensive one year program in 

creative musical experience. This experimental group was 

taught according to the methodology of Bruner's spiral cur-

riculum, making the subjects aware of the importance and use 

of each of several musical elements, then encouraging their 

application in creation or performance of music as subjects 

became facile with the elements. Bradley checked the prog-

ress of the classes through the use of a pretest which was 

also used as a posttest at the end of the year of instruc-

tion. Though the test used was designed by Bradley specif-

ically for this study, reliability and validity levels 

appeared to be high enough to warrant its use (p. 237). 

Bradley reported that at the end of the year, the 

experimental group had made significant gains in musical 

perception when compared to the progress of the five control 

groups. The standard accepted by Bradley for perception in 

the study was determined through a test of visual discrimi-

nation and aural acuity and recognition, elements similar to 
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those supported by Lawson. The greater gains exhibited by 

the experimental group lent strength to the belief that dis-

crimination forms the basis of perception in music (p. 240). 

A similar study by Kersey (23) defined perception as the 

ability to discriminate timbre characteristics of eight dif-

ferent instruments. The study was centered upon eight 

fourth grade classes in two schools, comprised of 225 stu-

dents. One school had recently embarked upon an exploratory 

music curriculum, in which exposure and creativity in musi-

cal experiences were stressed. The other school had chosen 

to retain the traditional method of teaching primary school 

music, with emphasis upon singing, along with some 

non-directed listening. Using the Seashore Measures of 

Musical Talents series, the author determined no significant 

difference in the ability of the subjects. Results of the 

study, based upon the data collected through the use of the 

Test of Aural Perception of Instrumental Timbre showed that 

the experimental group was able to score significantly 

higher that the control group (p. 307). Additional results 

showed that a few members of the control group who were 

engaged in a specialized instrumental program at the school 

were able to score higher on the test than the experimental 

group, when only the scores of these two segments were 

compared. The results further confirm the suggestions of 

previously mentioned authors that active, creative exposure 

to music (as opposed to such passive pursuits as listening 
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to performances) heightens musical perception, contingent 

upon the definition of that perception. Also, results of 

the Kersey study seem to indicate an even higher level of 

perceptual awareness being created through individual 

instruction in music (p. 307). 

More recent studies of musical perception have dealt 

with perception of both melodic and rhythmic aspects of 

sound. Patricia Sink (39) tested fifty-four graduate and 

undergraduate students in an effort to determine whether 

melodic or rhythmic alterations affect subjects' perceptions 

of rhythmic dissimilarities. A standard rhythmic pattern 

was first paired with nine different rhythmic alterations of 

the pattern, as well as with the original pattern itself. 

Each rhythmic pattern was also treated with three melodic 

alterations. The melodic alterations included a repeating 

440 Hz. tone, a V-shaped melodic line, and an M-shaped 

melodic line. Stimuli resulting from the rhythmic and 

melodic alterations were randomly ordered and presented to 

the subjects. Subjects were asked to rate the magnitude of 

dissimilarity of the rhythmic patterns. 

Results of the Sink study indicated that various rhyth-

mic alterations affect perception of rhythmic dissimilarity, 

and that melody also alters this perception. A further 

conclusion of Sink was that simultaneous presentation of 

rhythm and melody can result in reduction in attentiveness 

to the structure of rhythm. Certain rhythmic alterations 



53 

appear to create a greater level of interference with rhyth-

mic perception. It would appear, based upon the results of 

this work, that rhythmic perception operates in much the 

same manner as melodic perception; while discrimination may 

not fully describe the process, Sink's findings underscored 

the belief that the ability to discriminate between examples 

is involved in any musical perception. 

Parker (30) studied the relative perceptual abilities of 

musicians whose major performing instruments were different. 

Sixty subjects were used to compare responses of pianists, 

trombonists and violinists on a test seeking to determine 

whether difference limens of the groups would be similar. 

Each subject was presented with seventy dyads, played simul-

taneously, and asked to discern whether one or two tones 

were being played. Each stimulus dyad was a combination of 

the chosen fixed frequency and a higher frequency designated 

randomly in the dyads ranging up to 100 cents above the 

fixed frequency in increments of 10 cents. The dyads were 

presented to the subject for one second, and four seconds 

were allowed between stimuli. 

Chi-square analysis of the responses of the subjects 

indicated no significant difference in the responses of the 

trombonists and pianists. Similar results were found in 

analysis of the responses of violinists and pianists. 

Parker does note, however, that the measures of central ten-

dency seem to indicate that violinists were able to detect 
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two tones being performed more often than either trombonists 

or pianists. 

Whether the results of the Parker study would have been 

altered by the inclusion of stimuli containing two tones of 

identical frequency is uncertain. While results indicated 

no significant difference in discriminatory capabilities of 

musicians, no attempt was made to compare the responses of 

the musicians with those of a group of nonmusicians. 

Parker's findings indicated that type of musical training 

had little effect upon perception of melodic stimuli? the 

question of whether a difference would be found in responses 

of musically trained and untrained subjects was left 

unanswered. 

A study by Geringer and Madsen attempted to determine 

the pitch discrimination capabilities of musicians and 

nonmusicians (18). In the study 200 musicians and 200 non-

musicians were presented with pairs of recorded orchestral 

examples. In certain examples, pitch levels of the second 

playing of each example had been increased or decreased by 

twelve per cent, while maintaining the original tempo. 

Other examples altered the tempo of second playing of the 

works in a similar manner while maintaining a constant 

tempo. Finally, some examples contained alterations of both 

pitch and tempo, while the remainder altered neither. Sub-

jects were tested in groups of ten to fifteen, and were 

asked to record on a response sheet whether the second of 
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each pair of examples differed from the first in either 

pitch or tempo. 

Results of the study indicated that an increase in tempo 

was the single greatest determinant in subjects' perception 

of alteration. Alterations in pitch were discriminated much 

more frequently when accompanied by an increase in tempo of 

the performance. The least level of discrimination was 

found in situations where the pitch of the examples was 

increased while the tempo remained constant (p. 201). 

A great many factors combined to detract from the 

usefulness of this study. Initially, to avoid rehearsing of 

pitch and/or tempi levels after hearing the first of the 

pair of examples, a segment of recorded music was placed 

between the playings. The authors correctly acknowledged 

that this technique could well affect the perception of the 

second playing of the example. Additionally, alteration of 

the initial performance inevitably included alteration of 

timbre characteristics as well, a factor for which the 

authors tried to compensate by allowing space on the 

response sheet for subjects to comment upon additional 

changes they perceived. Analysis of results of the study 

proceeded, however, as though this confounding factor had no 

influence upon the elements being studied. It seems likely 

that at least some of the responses ostensibly brought about 

by changes in pitch and/or tempo were in fact the result of 

either the alteration of musical elements other than these, 
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or of changes in the perceptual process created by the 

interpolation of musical segments between the first and 

second playing of the examples. 

More perplexing, possibly, was the lack of analysis 

comparing results of musicians and nonmusicians. While the 

title of the study led to an expectation that this was the 

purpose, and while the authors listed a strong method of 

differentiating the groups (p. 197), no information was 

given regarding possible differences in perception based 

upon musical experience. 

Serafine also approached the issue of processing of 

aural stimuli (35). According to this author, scholars 

" . . . have begun to speak of music cognition rather than 

perception in apparent recognition of the active, construc-

tive processes that perhaps are not captured by the term 

•perception'-. Cognition, according to the author, implies 

knowledge or understanding, it is a process which develops 

as the person matures, and which develops exclusive of 

outside experiences or learned responses. Serafine does 

not, however, disparage the value of learned responses, 

indicating that a primary difficulty in psychological 

research on cognition in adults has been the need to deter-

mine which aspects of cognition are innate, universal and 

indigenous to the mind itself, and which are the products of 

culture, experience and learning. Nor does this view ignore 

the role of objects, it holds instead that the properties 
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we choose to perceive arise not from something inherent in 

the object, but from something inherent in the mind which 

interacts with the object. 

Though Serafine would prefer use of the term cognition 

to the term perception, the implications of her statements 

are of value in this present study. she described a study 

which attempted to show that cognition is to an extent a 

function of maturation. In the study three groups-adults, 

children eight to ten years of age, and children five to 

eight years of age—were given a sample melody and allowed 

to hear it repeated at will. Subjects were then asked to 

compare two other melodies, one of which had structural ele-

ments similar to the original, and select the one most 

similar to the original. In point of fact, the correct 

response item was a reduction of the original melody, with 

certain non-essential tones eliminated. While the two older 

groups had little trouble completing the task, Serafine 

reported that the younger children were totally incapable of 

making such judgments. This difference, accompanied by her 

supposition that such a difference existed not entirely 

because of formal education, was accepted by Serafine as 

evidence that certain cognitive processes are innate and 

develop as the individual matures. The author mentioned 

that such findings were consistent with the theories postu-

lated by Jean Piaget. While the work of Gibson and Gibson 

m the area of visual perception was not cited by Serafine, 
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the similarities are striking, leading to the conclusion 

that visual and aural perceptual development are both depen-

dent upon learned as well as innate methods of processing. 

Such conclusions would certainly lend strength to the 

belief that simple matching tasks such as those described in 

Sundberg's "method of adjustment,- are within the capabili-

ties of most adults, whether musically trained or not. But 

Serafine does not discount the effect of formal training, 

leaving open the possibility that while both musicians and 

nonmusicians share certain innate cognitive skills, musi-

cians by virtue of their training may possess additional 

skills, indeed, Serafine mentioned two factors which illus-

trate the importance of comparison of the groups. First she 

stated that people vary in the degree to which they can dis-

cern relative pitch, duration, and loudness levels, she 

suggests that this may be related to differences in age, 

education or musical experience. Secondly Serafine men-

tioned that with regard to perceptual skills, musicians and 

nonmusicians differ, but the perception of musicians is 

generally superior, while she offered no evidence of this 

claim, or definition of superior perception, the descrip-

tions provided of the cognitive, or perceptual process, 

allow the belief that the process, which is possibly more 

complex than discrimination, is different among musicians 

and nonmusicians. 
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If the process of discrimination which has been accepted 

as comprising aural perception can be affected through musi-

cal training, one may reasonably conclude that processing 

strategies for aural stimuli may differ among subjects rela-

tive to such training, and that the strategies may change as 

a result of the training. Bar-Droma (4) related these dif-

ferent strategies to Bruner's approach to intuitive and 

analytical modes of thinking (7). She established a 

hypothesis which stated in part that nonmusicians use a 

non-analytic or intuitive approach to musical stimuli, while 

musicians are likely to use an analytic approach, or a 

combination of the two. The former approach, according to 

the author, is holistic, and relies heavily upon affect, 

metaphor and subjective response. The latter strategy 

involves a step by step consideration of the elements of 

music, and much more infrequent use of affect and metaphor. 

The twenty-five subjects were asked to listen to a set 

of musical selections, then asked questions concerning 

aspects of what had been heard. Responses were subjected to 

content analysis based upon a scale developed by the author, 

and results confirmed the hypothesis that nonmusicians did 

use non-analytic techniques most often, while musicians 

tended to use a combination of the two techniques (p. 155). 

The steps listed by Bar-Droma as inherent in the pro-

cessing techniques (p. 92) support the contention that 

abilities in aural perception may be enhanced with training. 
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The difference noted in processing strategies along with the 

results of several studies on laterality (Calderon-Teran, 9, 

p. 97; Sperry, 40, p.732) and the writings of both Sperry 

(40, p. 731) and Bruner (7, p. 41) which refer to the right 

hemisphere as intuitive and the left as analytic, lead to 

speculation that musical processing in nonmusicians is a 

function of the right hemisphere, while musicians may tend 

to use either the left or a combination of left and right 

hemispheres. This belief is also supported by the findings 

of Gates and Bradshaw (17, p. 422) and the findings of Carol 

Lynn Herrick (20). 

A recent study by Fiske (13) further examined the 

perceptual process. Fiske stated that no resolution had 

been achieved in the consideration of whether musical pro-

cessing is a serial or parallel event. By serial proces-

sing, Fiske indicated he meant evaluation of a single event 

within the context of the whole. Parallel processing 

implies the isolated evaluation of aural information pro-

vided at a particular instant. To a great extent, he 

reasoned, this uncertainty is a continuation of the atomis-

tic vs. Gestalt discussion of Mursell and Seashore earlier 

in this century. Fiske designed a study wherein twenty-four 

third and fourth year music students at the University of 

Western Ontario were presented with ten pairs of musical 

phrases. Students were asked to press a key at the moment a 

discrepancy was noted in the second of the pair of phrases. 
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An electronic timer was used to determine the time lapses 

between the actual discrepancy and the subjects' responses. 

Discrepancies in the second phrase could be either 

melodic or rhythmic. Subjects were randomly assigned to two 

groups. Group A was informed of the type of discrepancy, 

either melodic or rhythmic, prior to the playing of the pair 

of phrases. Group B was not given such information, under-

standing only that a discrepancy would occur. Fiske 

reasoned that if musical processing was a serial event, 

group A, with advance knowledge, would record a signifi-

cantly shorter response time than group B. If, however, 

subjects were involved in processing discrete bits of aural 

information without regard to the whole, Fiske stated that 

little difference would be noted in response times of the 

groups. Results of the study gave evidence of no signifi-

cant time difference in responses of the groups. Fiske 

accepted that this finding supported the belief that musical 

perception is a parallel process, and that aural information 

is isolated from the whole and analyzed. Fiske further 

questioned whether this factor is a result of musical train-

ing, and whether similar results would occur in a comparison 

of musical and nonmusical subjects. 

Literature was also evaluated with respect to a pair of 

separate issues germane to the present investigation. Many 

early studies in perception of vibrato included no informa-

tion on the length of the stimulus tone (21; 28; 36; 42). 
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Other studies did not take into account the possible effect 

of length of the stimulus, as seen in the extensive and 

often varying periods of presentation (38; 41). Cuddy (10) 

used thirty-four subjects to check the difference in correct 

responses to musical stimuli with durations of three and 

eight seconds. At the more extended rate of presentation a 

small but significant improvement was found among musicians; 

among nonmusicians there was not found a significant dif-

ference in response based upon duration of the stimulus (p. 

24). 

Most investigations of perception of frequency modula-

tion present the carrier tone and the matching tone succes-

sively. Banning (3) found that in comparison testing in 

most situations melodic dyads were more difficult for sub-

jects to discriminate than harmonic dyads (p. 109). 

Doehring and Ling (12) used twenty-four subjects on a 

matching test and found little significant difference among 

musicians with respect to the order of presentation of 

stimulus and matching tones, but a significant difference 

among nonmusicians. Results of these studies provide a 

basis for parts of the methodology which comprised the 

present pilot study. After evaluation, many of the 

determinations were also used in the main study. 

Finally, as a result of a phenomenon noted in literature 

dealing with perception research was done in the area of 

octave generalization. An early work was that of Jeffress 
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(22, p. 250) who used twenty-six subjects in an attempt to 

identify the pitch of organ pipe tones. Stimulus tones came 

from the frequency range of 220 - 800 Hz. In certain of the 

examples the fundamental frequency was removed from the tone 

and in other examples the intensity of the first and second 

partials was increased to the approximate decibel level of 

the fundamental. In these instances subjects had difficulty 

determining the pitch of the tone, and in many cases chose 

the octave of the fundamental. Davis, Silverman and 

McAuliffe (11), though using electronic tones, found the 

same result when the intensity of the lower partials was 

increased relative to the fundamental (p. 41). Allen (1) 

used twenty subjects divided into musical and nonmusical 

groups. Results of the study indicated that the octave 

generalization effect is more pronounced in musicians than 

nonmusicians, though it is not restricted to the former 

group alone (p. 421). Allen, however, declined to speculate 

upon reasons for the effect, noting again only that the 

influence of the lower harmonics relative to the funda-

mental seems to bear upon the phenomenon. An adjunct area 

of investigation indicated that perception of a musical 

stimulus is aided by the insertion of ten seconds of 100 

Khz. white noise between examples (p. 420). This finding of 

Allen was also implemented in the present investigation. 

By way of summary, studies were examined in two general 

areas: perception and vibrato. In the area of research on 
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perception, results seemed to indicate that the perceptual 

process is complex, involving both innate and learned cap-

abilities. While it is an oversimplification to state that 

discrimination and perception are synonymous, discrimination 

is one of the earliest elements of the complete perceptual 

process, and as such is an appropriate indication of the 

existence of the process. Studies also showed that this 

discrimination can be improved through training, leading to 

questions concerning whether the entire perceptual process 

is different among musicians and nonmusicians. 

Among musicians, there seemed to be little difference in 

the discriminatory/perceptual process according to perfor-

mance instrument. Further studies indicated that subjects 

are capable of evaluating isolated musical stimuli, that the 

perceptual process is not dependent upon an analysis of 

extensive musical gestures. Results also gave evidence that 

in most studies of musical perception, simultaneous presen-

tation of tones to be matched is superior to consecutive 

presentation of the tones. 

Though much evidence was noted leading to the conclusion 

that there is a difference in perceptual and processing 

strategies of musicians and nonmusicians, few studies were 

located which made an effort to examine such differences. 

An additional difficulty was the relative paucity of studies 

of perception by music educators. Many of the studies loca-

ted dealt mainly with perception per se, with application to 
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music made only as convenient. Only recently have music 

researchers begun serious analysis of perception of music. 

Studies of the vibrato began in the 1920's, then after a 

period of little work, began again in earnest in the 1960's. 

These works generally were divided into two categories: 

studies dealing with performance of vibrato and those 

dealing with its perception. Studies showed that vibrato is 

usually present in artistic performances of instruments and 

voices, though the vibrato may be created by either 

fluctuation in the frequency or the intensity, in cases 

where the breath is used to create the tone. It was seen 

that the intensity vibrato is present less often, and not as 

often identified as a vibrato. While common belief has held 

that the vibrato extends evenly above and below the pitch 

being performed, studies showed that this is not usually the 

case. Studies of stringed and wind instruments showed that 

the vibrato in most cases extends more nearly above than 

below the desired pitch. 

Review of the works dealing with perception of vibrato 

gave evidence that a vibrato tone is normally heard as a 

single tone. When a manufactured modulation was presented 

to subjects, the pitch selected by the subjects as matching 

the modulated tone was at or just below the mean in most 

cases. Notable exceptions to this finding existed when the 

rate or extent of modulation was altered beyond that which 

comprises most musical performances. 
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Problems with these earlier studies of perception of 

vibrato were related mainly to lack of adequate technology. 

In many of the studies, the stimulus tone and the matching 

tone were played consecutively rather than simultaneously, 

with the need for musical memory confounding the examination 

of perception. More importantly, none of the studies 

reviewed used musical instruments or voices as a stimulus 

source, owing to the desire to strictly control the parame-

ters of the stimulus. The modulations created through the 

use of air sirens, electric impulses, or tone generators had 

characteristics of regularity and symmetry not found in most 

musical performance. While results of these works, then, 

offered a great deal of information concerning the percep-

tion of artificial modulation, transfer of these findings to 

the realm of actual musical performance was questionable. A 

final problem, owing again to the fact that much of the 

early research was undertaken by other than music educators, 

was a lack of comparison of perceptual abilities and proces-

ses of musicians and nonmusicians. In light of the review 

of studies on perception, this would seem to be an important 

distinction. Both the findings and the problems of earlier 

works were of great use as the present study was prepared, 

with many of the conclusions of the perceptual studies 

incorporated in the methodology and the problems of studies 

of vibrato forming the basis of the research questions. 
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CHAPTER III 

METHODOLOGY 

Pilot Study 

Based upon the information gathered in the review of 

literature dealing with the subject, a pilot study was con-

ducted in order to examine the feasability of testing the 

perceptual differences of musicians and nonmusicians. The 

study was developed and implemented in the School of Music 

at North Texas State University in the Spring of 1983. The 

procedures upon which the pilot study was based were adapted 

from the works of Sundberg (22) and Shonle and Horan (20), 

earlier cited, specifically the use of a tone-matching task 

to determine the perception of subjects. The intent of the 

pilot study was to determine whether subjects were capable 

of completing such a tone-matching task, whether the results 

of such a task were amenable to normal analytic procedures, 

and whether useful information could result from such an 

analysis. 

A basic assumption in the study was that subjects are 

indeed able to match a pair of non-modulated tones. This 

premise was crucial to the expectation that the method of 

adjustment recommended by Sundberg could be implemented. If 

subjects were found incapable of such a matching task, no 

information could be derived concerning the perception of 
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the location of pitch. The Shackford study provided 

evidence that subjects are able to match a pair of tones 

which are non-modulated (19, p. 28). Yet an investigation 

of perception of vibrato, if it is to be based upon a 

matching task, must include at least one tone which is 

modulating. 

Gibson and Gibson gave an indication that discrimination 

is basic to the determination of perception (8, p. 42), and 

Lawson showed how such a discriminatory process may be said 

to comprise a part of musical perception (13, p. 16). Based 

upon this understanding that discrimination is essential to 

the examination of perception, Sundberg developed a testing 

procedure in which subjects were asked to match a 

non-modulating tone to a modulating stimulus, using the 

matching tone to pinpoint the frequency perceived by the 

subject (22, p. 14). This "method of adjustment," as 

Sundberg called the test, appeared to be an appropriate tool 

for determination of perceptual differences of musicians and 

nonmusicians. While the comparison of a steady tone to a 

modulated tone has been used in other works, many earlier 

studies also required subjects to match the rate of vibrato 

of two modulating tones. Though such efforts have seldom 

found subjects capable of this more complex task, the sim-

pler issue of matching a non-modulating tone to a modulating 

tone has presented little problem. The method of adjustment 

advocated by Sundberg in which a non-modulating matching 
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tone was aligned to a modulating stimulus was therefore 

selected for use in the pilot study. 

Previous works have used as stimuli frequencies which 

were created and modulated through the use of a tonal gener-

ator, allowing precise control of all parameters of the 

modulation and tone production. In only a single work 

(Sundberg) was there an attempt to create a stimulus which 

bore any relation to a musical pitch, and this was accom-

plished primarily through control of frequency range and 

timbre of the stimulus. None of the works can be said to 

reflect an accurate assessment of the method of adjustment 

as it is applied to musical stimuli. This lack of relevance 

to musical performance formed the basis of the decision to 

use recordings of musical instruments as stimuli in the 

pilot study. 

In an attempt to maintain relevance to musical perfor-

mance, it was determined that stimuli would be selected from 

recordings in which the performers were unaware of the 

nature of the study. Frequency modulations which occurred 

naturally in the course of the performance were selected for 

use as stimulus tones in the study, and a non-modulating 

tone created by a generator which the subject could adjust 

served as the matching tone. 

The recording of the examples was done in three sessions 

at a professional studio in Denton, Texas. The performers 

were allowed to warm up and were then tuned to a=440 through 
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the use of a Conn Electronic Strobotuner. Recording was on 

an Otari MX 5050 recorder, using Shure SM-58 microphones. 

Mixdown was accomplished through the use of a Technics 1500 

recorder. 

Instruments used for the pilot study were trumpet, 

violin, viola, voice and flute. These instruments were 

selected for variety of timbre as well as width of range 

from which stimulus tones could be taken. Three performers 

were used for each instrument. Each performer was a gradu-

ate student in musical performance at North Texas State 

University. In order to insure separation of sounds, the 

performers were secluded in soundproof booths and each was 

recorded on a different track of the master tape, with a 

blank track separating the performances. To insure an 

ensemble setting in the performance, each performer was 

given a set of headphones through which all performers as 

well as the conductor could be heard. Performers were able 

to see both the conductor and other performers through the 

windows provided in the booths. 

The performers were not informed of the purpose of the 

recording. Each performer was given a sheet of music to be 

performed, and asked to practice for a period of 10 minutes. 

At the end of the practice session, the entire work was 

recorded several times, with emphasis placed upon ensemble 

performance techniques. After the recording was completed, 

a previously selected note or group of notes was isolated 
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from each ensemble and analyzed, in consideration of the 

possibility of using both solo and ensemble versions of each 

pitch, as many as four examples were possible from each 

instrument. The musical works used for the recordings as 

well as the frequencies extracted are listed in Table I. 

Close examination will reveal that several of the frequen-

cies isolated for use in the pilot study did not correspond 

to notes of a traditional musical scale. The frequencies 

shown in Table I are mean frequencies of the ensemble. 

TABLE I 

FREQUENCIES EXTRACTED FOR USE AS EXAMPLES IN PILOT STUDY 

instrument Work Composer Frequency selected 

Violin 7th Symphony Beethoven 400 
601.25 
717.75 

Viola Hungarian 
Folksong 

H. Stevens 258 
572.25 

Voice Tu Lo Sa'i Torelli 185.25 
263.5 

Flute Prelude to 
the Afternoon 
of a Faun 

Debussy 429.5 
570 

Trumpet Great Gate 
of Kiev 

Moussorgsky 379.95 
452.8 
505 
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Variances of intonation and frequency modulation prevented 

strict adherence to those frequencies normally considered 

representative of the notes of a scale. This presented no 

difficulty in the pilot study since the intent of the study 

was measurement of a performed frequency spectrum rather 

than control of the spectrum. 

One of the research problems developed for the study 

was examination of differences in the effects of solo per-

formance and ensemble performance upon perception. In 

addition to the ensemble examples recorded, solo perfor-

mances would also be necessary. These solo examples were 

created by examining individual performances within the 

ensemble recording. Solo examples were selected after 

analysis showed them to be within the confines of the over-

all modulation spectrum of the ensemble from which they were 

taken; in other words, the modulation of the solo examples 

did not extend higher or lower than that of the other two 

performers in the ensemble on that particular note. All 

examples, solo and ensemble, were subject to a minimum mod-

ulation criteria. Early work of Seashore showed that sub-

jects are in most cases capable of discerning a change in 

frequency of one-eighth step or greater (18). To conform 

with these findings, all examples used in the pilot study 

were required to exhibit a modulation of at least 

twenty-five cents. The complete recording, analysis and 
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selection process allowed a total of twenty-four examples 

which ranged in frequency from 178 Hz. to 731 Hz. 

In examination of each example, it was noted that the 

modulated tones followed a pattern suggested by Campbell and 

Heller (4, p. 21) who provided a model for production, decay 

and change of musical tones. According to their model, each 

tone begins with an attack transient which may contain 

sounds neither present nor especially desired in initial 

conception of the tone. This initial conception of the tone 

comes closest to realization during the steady state portion 

of the tonal life, prior to the decay transient, or the 

change to another tone. While the attack and decay tran-

sients contain aural information pertaining to the timbre 

and quality of the tone, the steady state segment of a tone 

is, according to the authors, the area in which judgments of 

frequency are made. For this reason, in preparation of 

examples to be used for the test, the attack transient of 

each was excluded along with the decay transient; only the 

steady state segment of the tonal envelope was used. The 

major factor eliminated by this process was frequencies 

totally out of the range of the example, created by such 

effects as the beginning of the bowing process or ini-

tiation of the air column. 

A dual approach was taken to the evaluation of these 

examples produced through recording. First, each was con-

verted to a printed form through the use of a servo graph 
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(Esterline Angus Multi-Range Speed Servo, Model 232) which 

provided a printed display of the frequencies being per-

formed. Recordings were first channeled through a low-pass 

filter (General Radio Model 1952 Universal Filter), elimina-

ting harmonics other than the fundamental. For calibration 

of the servo graph, a pitch discriminator was also employed 

(Electro-Mechanical Research Model 287A) which aligned the 

midpoint of the graph to frequencies of 200, 400 or 800 Hz. 

Rate of modulation of the stimulus tone was strictly 

controlled in previous experiments, largely due to the use 

of electronic or mechanical devices to create the stimulus. 

In some instances, attempts were made to relate the rate of 

modulation to that of the human voice or certain instru-

ments. in other cases, extreme modulation rates were used 

to determine whether they would affect perception. An 

example of such a work was the study of McClelland and 

Brandt (14) which did note a difference in perception of 

subjects, brought about through the use of a modulation rate 

of 200 cps. Shonle and Horan (20, p. 251) determined that 

modulation rate of the stimulus had no significant effect 

upon perception of the stimulus, though it should be noted 

that their work compared more traditional rates of four to 

twelve cps. since the emphasis in this pilot study was the 

use of musical stimuli, and since the modulation rates were 

m the normal range for musical performance (generally five 



79 

to eight cps), there was no attempt to alter or control the 

rate of modulation. 

The servo graph used to establish a visual record of the 

modulation of each example converted the fluctuating musical 

frequencies to fluctuating voltage. These voltage changes 

set into motion the arm of the graph which displayed the 

changes on a paper roll moving at a rate of six inches per 

second. Use of the low-pass filter and the pitch discrim-

inator allowed the graph to be calibrated in such a manner 

that the middle number on the paper roll, number five, could 

m 

Fig. 1—An example of frequency modulation printed out 
by the servo graph. 
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represent frequencies of 100 Hz., 200 Hz., 400 Hz., or 800 

Hz. For any of the frequency calibrations, the graph could 

register fluctuations of plus or minus forty per cent. 

Figure 1 gives an example of such a graph, calibrated to a 

mid-point of 200 Hz. The performance used in the example 

appears to be centered just above the number four on the 

paper, which would correspond to 180 Hz. In actual anal-

ysis, the geometric mean of the performance shown on the 

graph was found to be 185.8 Hz. 

Each example was transferred to the real-time graph, 

with modulation extent and rate noted. The three perfor-

mances which together made up the ensemble examples were 

placed on the real-time graph in succession. In this 

manner, upper and lower frequencies of the ensemble fre-

quency spectrum could be isolated. This examination of 

individual performances within ensemble examples was 

required since the highest frequency of the vibrato could 

well have been produced by a performer at the same instant 

the lowest frequency was produced by another performer. To 

avoid an excessively liberal interpretation of the data 

presented on the graph, a best fit line was established for 

the upper and lower limits of the modulation. While this in 

some cases allowed slight frequency excursions outside the 

bounds of the frequency spectrum (a factor controlled by the 

second means of analysis), the possibility of misreading the 

graph made the imposition of such a best fit line useful. 
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In order to confirm the readings taken from the graph it 

was determined that each example would also be subjected to 

analysis by a frequency counter (General Radio Model 1192) 

which would help mediate any discrepancies created through 

the use of the graph. While precise reading of the graph 

was sometimes speculative, especially at the 400 Hz. and 800 

Hz. levels, where even a slight alteration of the printed 

line could accommodate a change of 3 or 4 Hz., the frequency 

counter was capable of readings of up to .1 Hz., with a 

digital readout. The frequency counter can measure a tone 

ten times per second, providing an average of the frequen-

cies of the segments measured. Each example was analyzed 

ten times with the frequency counter, with readings taken 

from beginning, middle and end of the example, and the 

extreme readings taken were compared with the best fit line 

established by the servo graph. In no instance was there a 

disparity of greater than sixty-five one-hundredths Hz. in 

the readings of the best fit line on the graph and the 

extreme responses from the frequency counter. Owing to the 

precision and frequency averaging capabilities of the fre-

quency counter, in the four instances where such differences 

were noted, the reading of the counter was accepted as accu-

rate and stated parameters of the example were altered 

accordingly. 

Computations were made for determination of the arithme-

tic and geometric means of each example. This pilot study, 
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it should be noted, concerned itself with the vibrato spec-

trum which actually existed for each example rather than the 

relation of that spectrum to the target pitch intended by 

the musicians performing the examples'. Usoepql hebso weats 

ies (11, p. 25) have dealt with comparison of the frequency 

spectrum and the pitch ostensibly being performed, resulting 

in the conclusion that the target pitch is usually in the 

lower portion of the spectrum. The present pilot study 

placed emphasis upon the spectrum as a whole, giving little 

regard to the target pitch, with the intent of locating only 

the auditors' perceptions of location of pitch. Attributes 

such as vibrato extent and mean frequency therefore take on 

more importance than the target pitch of the performers. 

Several studies have pointed out that there are two pos-

sible means for each vibrato tone (5; 17; 22). These means 

include the average of the extreme frequencies contained in 

the spectrum—the arithmetic mean—and the median frequency 

which takes into account the logarithmic nature of the tonal 

spectrum, often called the geometric mean. While the former 

figure includes information pertaining to the entire spect-

ral content, the latter figure, which allows for a greater 

tonal separation between 100 and 200 Hz. than between 200 

and 300 Hz., is often thought to be more representative of 

the frequency spectrum which is actually heard (7). In the 

present investigation, it was expected that the arithmetic 

mean would provide a better visual representational device, 
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dividing the graphed modulations approximately in half. It 

was also thought that the geometric mean would be more 

nearly representative of what subjects hear, if they indeed 

perceive pitch at the mean at all. For this reason, both 

means were calculated for each example. While the arith-

metic mean may be found by adding the extreme frequencies 

for each example and taking the average of the two, the 

geometric mean requires that the extreme frequencies be 

multiplied. The square root of this figure represents the 

geometric mean of the frequency spectrum. In point of 

actual comparison in the pilot study, the difference in the 

two means never was greater than eight-tenths cent. Table 

II contains a listing of mean and extreme frequencies for 

each instrument, as well as the width of the vibrato 

expressed in Hz. and converted to the standardized cents. 

An electronic tone was used as a matching device during 

the pilot study for a number of reasons. For precision of 

measurement a generated tone which does not vary after being 

set was needed. Additionally, for purposes of the method of 

adjustment, there could be no trace of modulation in the 

matching tone; musical tones produced by instruments or 

voices, however carefully controlled, normally contain a 

certain degree of modulation. Finally, ease of testing 

required that a subject have only a single dial to manipu-

late whenever possible. In consideration of the wide range 

of frequencies being tested, a frequency generator was the 
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only device capable of matching all stimuli while being rel-

atively simple to operate. 

TABLE II 

SPECTRAL PARAMETERS OF EXAMPLES SELECTED 
FOR USE IN PILOT STUDY 

Instrument Example 
Geo. 
M HZ, 

Lower 
Limit 

Upper 
Limit 

Modulation Width 
In Hz. in Cents 

Violin Ens. -

Voice Ens. 

A 
B 

Violin Solo - A 
- B 

Viola Ens. - A 
- B 

Viola Solo - A 
- B 

A 
B 

Voice Solo - A 
- B 

Flute Ens. - A 
- B 

Flute Solo - A 

Trmpt. Ens. - A 
- B 

Trmpt. Solo - A 

606.50 
717 .75 

593.00 
704.00 

620 .00 
731 .50 

27 .00 
27 .50 

601 .25 
714 .00 

588.50 
703.00 

614 .00 
725 .00 

25 .50 
22 .00 

258 .00 
572 .25 

252.00 
561.00 

264 .00 
583 .50 

12.00 
22 .50 

250 .50 
572 .25 

247.00 
563.50 

254 .00 
587 .00 

7 .00 
23 .50 

185 .80 
269.00 

177.60 
259.50 

194 .00 
278 .50 

16 .40 
19 .00 

185 .25 
265 .50 

178.20 
257.00 

192 .30 
273 .00 

14 .10 
16.00 

428 .75 
570 .00 

419.50 
556.00 

438 .00 
584 .00 

18 .50 
28 .00 

429 .50 424.00 435 .00 11.00 

379.95 
452 .80 

374.00 
448.00 

385 .90 
457 .60 

11 .90 
9 .60 

505 .00 498.00 512 .00 14 .00 

75.06 
64 .07 

70 .89 
51 .26 

81.60 
65 .02 

47 .60 
67 .91 

153.34 
L18.56 

25 .77 
99 .84 

70 .30 
80 .92 

42 .68 

55 .57 
35 .62 

47 .60 
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Shonle and Horan (20, pp. 251-252) reported that the 

type of waveform used for matching was not a significant 

determinant in regard to the ability of subjects to perform 

the matching task. However, it should be noted that their 

study compared only sine waves and square waves, and again, 

the matching tones were being compared to stimuli which were 

also electronically generated. In order to determine which 

waveform was acceptable for the purposes of this present 

study, four faculty members of the School of Music at North 

Texas State University were asked to perform a matching task 

identical to the method of adjustment using sine waves, 

square waves and sawtooth waves. Results indicated that the 

sawtooth wave was more easily compared to the stimulus tones 

with the square wave being the second choice and the sine 

wave being the most difficult to match. The interjudge 

agreement was accepted as a valid conclusion on the pre-

ferred waveform, and the sawtooth wave was selected as a 

matching waveform for the pilot study. 

A Wavetek Model 110 function generator was selected to 

provide the matching tone, based upon its large dial which 

made adjustment by the subjects simple, and upon its preci-

sion which allows matching of examples to within one-tenth 

Hz. The only requirement made of the subject during the 

test was matching the tone of the generator to that of the 

musical example. Calibrations marked on the dial of the 
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generator were masked during the test to avoid the possi-

bility of a subject attempting to guess at a frequency 

rather than match a tone. 

The generator providing the matching tone maintained a 

continuous output which, if allowed to extend beyond the 

length of the stimulus, could confound the results of the 

investigation. An in-line switch was installed which 

allowed the investigator to control the output of the gen-

erator. In this manner, the subject was presented with the 

stimulus and matching waveform simultaneously. 

A major problem cited with earlier studies was the sym-

metrical nature of the modulation in the stimulus tone. 

These works attempted to determine perception of location of 

pitch according to a controlled modulation which bears no 

resemblance to the asymmetrical structure of the musical 

vibrato. While the use of musical instruments as stimuli in 

this present study did alleviate this problem, it raised the 

question of the frequencies actually covered in the modula-

tion. This issue was resolved through measurement of the 

vibrato of each example, to be discussed in a later section. 

However, an ancillary issue was the fact that the use of 

musical tones for carriers causes the extent and pattern of 

each example's modulation to differ from all others. Though 

a certain amount of the confusion created by this situation 

may have been controlled through the use of cents as a meas-

uring device to compare modulation patterns, it was apparent 
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that the basic differences in examples would remain. While 

this problem was acknowledged, it was believed that the 

importance of the pilot study lay in its relevance to actual 

musical performances, wherein every modulation is different. 

This basis, it was thought, outweighed the inconvenience 

created through the use of musical stimuli. 

Following the reasoning of Gibson and Gibson (8) and 

Lawson (13), the intent of this present study was to accept 

discrimination as the basis of perception. Circumstances 

under which discrimination is aided, then, were important to 

the study. Mention has been made that Banning (2) found 

subjects able to discriminate harmonic dyads more easily 

than melodic dyads. While the efforts of Doehring (7) sub-

stantiated the findings of Banning, earlier works dealing 

with perception of pitch have uniformly followed the 

practice of presenting the stimulus and matching tone 

consecutively. Based upon the studies mentioned, this 

present work presented stimulus and matching tones 

simultaneously, allowing the subject to vary the matching 

tone until a match was reached. 

An additional finding of the work of Gibson and Gibson 

was that practice in discrimination improves perception, 

specifically the perception of differences in two stimuli. 

For this reason, each example was played three times in suc-

cession, allowing subjects, if they desired, to further 
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refine the match already made. Cuddy (5) determined that 

perception of musical stimuli was improved when subjects 

were allowed to hear the stimuli for longer periods of time. 

Therefore, each example in the pilot study was played for 

eight seconds and interspersed with eight seconds of 100 

Khz. white noise, according to the findings of Allen (1, p. 

421) which indicated this aided discriminatory abilities, 

ergo perception. 

Test examples were randomly arranged into a set of 

eighteen items. This number of items was chosen after 

investigations which included all twenty-four examples 

raised the possibility of fatigue on the part of the 

subjects, and it was determined that the testing process 

should not exceed thirty-five minutes. The eighteen 

examples selected were rearranged to form examples nineteen 

through thirty-six; this use of identical examples in the 

first and second halves of the test allowed establishment of 

test reliability through use of the split-half method 

suggested by McNemar (15, p. 183). McNemar explained that 

in this type of reliability check the underlying assumption 

is that the two halves of the test are comparable. In this 

manner, the test of reliability becomes a correlation of 

scores on the first half to scores on the second half of the 

test. He listed this correlation process as one of the 

preferred methods of ascertaining test reliability. In the 

course of the evaluation of the pilot study, reliability 
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figures for the test were determined to be .86 for musicians 

and .88 for nonmusicians. 

Examples were transferred to a test tape. Each example 

was performed on the tape three times in succession, with 

each performance lasting eight seconds, based upon findings 

earlier mentioned. Between examples was placed an eight 

second segment of 100 Khz. white noise to insure separation 

of test items. While earlier studies cited ten seconds as 

the optimum time for such a white noise buffer (5), prelim-

inary examination of the procedure suggested that the time 

of the examination was again becoming excessive, and that 

fatigue could become a factor. Therefore, duration and 

separation of examples was reduced to eight seconds. The 

three performances of each example were interspersed with 

four seconds of the same white noise. Each new example was 

introduced on the test tape by number only. 

Hedden (9) noted that intensity of a stimulus was a 

major preferential factor for both musicians and nonmusi-

cians, and that a level of ten db. was preferred to a level 

of thirty db. For this reason, intensity was controlled 

during the transfer of the musical examples to the test 

tape. While the nature of performances on musical instru-

ments makes a constant level impossible, adjustments were 

made during transcription of the test examples which insured 

that none dropped below nine db. or rose above twelve db. 
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Subjects for the pilot study were students at North 

Texas State University, ranging in age from nineteen to 

forty-two. Of the twenty-five students used in the pilot 

study, nineteen were undergraduates and six were graduate 

students; fourteen were female and eleven were male; and 

thirteen were musicians while twelve were nonmusicians• 

Subjects were selected on a voluntary basis from students 

enrolled at NTSU. The use of twenty-five subjects for the 

pilot study was based upon the minimum number of scores sug-

gested for statistical techniques such as the analysis of 

variance which was anticipated for the test. 

The test was administered to each subject individually, 

with the investigator concealed behind a screen. After 

filling out a form with necessary information (Appendix A) 

the subject was given a sheet of instruction (Appendix B) 

which outlined the procedures to be followed in completing 

the test. Subjects were asked to read the instructions 

carefully, then ask any questions that might arise. If the 

subjects had no questions, they were asked to signal when 

they were ready to begin. 

The stimulus and matching tones were presented binau-

rally through Yamaha Y-90 headphones. The subject was given 

an opportunity to hear the matching tone (sawtooth wave) 

isolated in order to facilitate distinction of the tones. 

Subjects were encouraged to rotate the generator dial in 

order to gain an understanding of the sensitivity and limits 
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of the generator. Subjects were then given two pretest 

examples, comprised of recordings not used in the test tape. 

The sequence of performance and spacing of examples was the 

same as in actual test items. After this process was com-

pleted, the subject was again offered an opportunity to ask 

questions, and if there were none, the test was begun. If 

questions were raised or if certain areas seemed unclear, 

the examples were repeated or questions answered insofar as 

the answers did nothing to compromise the test. Several 

subjects inquired as to the purpose of the study. Answers 

to such questions were delayed until completion of the test. 

Subjects were instructed to avoid conversation during 

the test unless a problem developed which would preclude 

finishing the test. Such a problem did not occur during the 

testing of the twenty-five subjects. If some condition had 

prevented a subject from completion of the test, results for 

that subject would have been disqualified, since the use of 

the split-half method of reliability analysis implies that 

both halves are given under the same conditions and at the 

same time (McNemar, 14). 

The tape recorder used in the test (Teac Model X-10) was 

the same recorder used for setting intensity levels on the 

test tape. Amplitude levels on the recorder were maintained 

at a constant level for the duration of the testing period. 

The recorder also was used to establish frequency limits for 

the examples, through the use of both the servo graph and 
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the frequency counter. The speed of the recorder was tested 

electronically and found to be within accuracy specifica-

tions. The speed was checked before and after each test due 

to the existence of a speed control device on the recorder. 

Throughout the testing and analysis procedures the speed of 

the recorder showed no variation. 

Subjects were encouraged to generalize the area of pitch 

during the initial playing of each example, then become more 

discriminating with each successive playing. The instruc-

tions given each subject required that the dial be adjusted 

only while the example and matching tone were being heard. 

After the third playing of each example, the investigator 

read the frequency counter which was connected to the output 

terminal of the wave generator. Lack of modulation of the 

matching tone made precise readings possible. Responses of 

subjects were recorded on the reverse side of the informa-

tion/response sheet (Appendix B). It should be noted that 

at this stage of the test/analysis procedure it was neces-

sary to deal entirely in Hz., since use of cents would 

require a conversion of the readings of the frequency coun-

ter at each frequency, a time consuming task. After all 

responses were recorded for a subject, the appropriate for-

mula was applied to each response and the cents deviation 

from the mean frequency of each example was obtained. 
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Evaluation of Results of Pilot Study 

Accurate assessment of the results of the pilot study 

required conversion of subjects' responses from Hz. measure-

ment into scores expressed as a distance from the geometric 

mean in cents. The necessity of this change should be 

explained. The analysis of variance which was the founda-

tion of the statistical analysis of the pilot study assumes 

a continuous arithmetic scale. As has been explained, fre-

quencies expressed in Hz. do not meet this requirement. The 

difficulty becomes apparent when it is understood that the 

difference in the sound of 100 Hz. and 200 Hz. is not the 

same as the difference in that of 200 Hz. and 300 Hz. While 

the arithmetic difference is the same, the distance from 200 

Hz. to 300 Hz. is only about one—half the distance in sound 

expressed by the former set of frequencies. An analysis of 

variance using responses recorded as Hz. would then be a 

misuse of the statistic. The conversion to cents, using the 

formula described in Chapter II would provide both an accu-

rate representation of subjects' responses and the contin-

uous arithmetic scale required. Cents scores were expressed 

as distance from the geometric mean of each example for 

reasons earlier explained. While there was only a slight 

difference in any of the examples in comparison of the 

arithmetic and geometric means, the geometric mean is more 

representative of what is being heard in a modulation. 
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Information concerning subjects' responses was subjected 

to an Analysis of Variance through the use of the Biomedical 

Computer Program (BMDP2V) facility. This resulted in a set 

of mean scores for each of the different comparisons along 

with standard deviations and F scores. The results of all 

levels of analysis are listed in the following pages. 

Musician - Nonmusician Responses 

Examination of each of the test items provided a stan-

dard deviation used in computing the F score for the 

significance of the difference in the responses of musicians 

and nonmusicians on each item. The F score obtained with 

regard to the comparison of the groups on all items in the 

pilot study was 5.06, which was significant at the .05 level 

(Table III). 

The next form of analysis was the determination of the 

significance of the difference in responses of musicians and 

nonmusicians with regard to individual instruments on the 

test tape. The difference in the groups based upon only the 

trumpet examples was not significant. Analysis of the voice 

and flute examples showed significance at the .05 level. 

Though the difference in the mean responses of the groups on 

the violin examples was wider than for certain other 

examples, once again no significance was noted in the 

differences. Finally the responses to the viola scores were 

evaluated, and the difference in responses of the groups was 

found to be significant at the .05 level. 



TABLE III 

ANOVA OF RESPONSES OF MUSICIANS AND NONMUSICIANS? 
COMPARISONS BASED UPON VARIOUS GROUPINGS OF 

TEST ITEMS IN PILOT STUDY 

95 

Item Sum of 
Grouping Squares** F 

All Items 1322.14 5.06* 
Trumpet Items 474.36 2.61 
Voice Items 1709.52 4.38* 
Flute Items 972.88 5.70* 
Violin Items 1017.94 3.91 
Viola Items 1318.03 5.12* 

Items <300 Hz. 946.28 4.04 
Items 300 - 585 Hz. 838.77 2.27 
Items >585 Hz. 1257.61 5.33* 

Solo Items 1053.90 3.49 
Ensemble Items 1680.34 5.10* 

*p=<.05 

**df=l, 23 

This analysis pointed up the importance of conversion to 

cents scores prior to analysis of variances. Similar ANOVAs 

were run to determine whether these differences would remain 

apparent when Hz. scores were tested. The examination 

indicated that the use of Hz. scores in such a test was 

incorrect; in only one comparison, that of the responses to 

the viola example, was the difference in groups found to be 

significant at the .05 level. This difference in results of 

the analysis can be attributed entirely to the need for the 

use of standardized scores in such statistical procedures. 

For further evaluation, examples from the pilot study 

were divided into three groups of approximately equal size. 
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The frequency limits which defined the groups were < 300 

Hz., 300-585 Hz. and > 585 Hz. In the lowest of the three 

frequency groups, no significance was found in the differ-

ence in the responses of the groups. This lower group con-

tained twelve of the examples. 

The middle frequency range, containing fourteen of the 

thirty-six examples, also showed no significant difference 

in the responses. At the upper frequency range, however, 

with only ten examples included, a significant difference 

was found in responses of the musicians and nonmusicians. 

An additional facet of the examination of results of the 

pilot study was the location of a difference in the percep-

tion of musicians and nonmusicians with respect to solo and 

ensemble performances. For solo examples, no difference was 

noted in the groups. For ensemble examples the difference 

was significant at the .05 level. 

While questions may arise concerning these findings in 

light of the small number of examples included in the group, 

the conservative nature of the error correction factors 

employed by the BMDP program, the Huynh-Feldt and the 

Greenhouse-Geiser, make the possibility of a type two error 

remote (6). Reliability figures for the pilot study were 

established using the split-half method earlier discussed, 

resulting in a reliability of .86 for musicians and .88 for 

nonmusicians. According to literature dealing with research 

procedures (12), these levels were accepted as appropriate. 
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Male - Female Responses 

Comparison of responses to all examples by gender also 

showed no difference in groups (Table IV). In the case of 

grouping by gender, however, this lack of significance 

extended to all instruments individually as well as the 

three frequency levels cited. Additionally, no significance 

was noted in the difference of male and female scores with 

respect to solo and ensemble settings, a marked difference 

from the findings of the musicians and nonmusician groups. 

TABLE IV 

ANOVA OF RESPONSES OF MALES AND FEMALES; 
COMPARISONS BASED UPON VARIOUS GROUPINGS 

OF TEST ITEMS IN PILOT STUDY 

Item Sum of 
Grouping Squares* F 

All Items 3046.24 1.46 
Trumpet Items 2096.53 1.19 
Voice Items 1865.31 .97 
Flute Items 1307.59 2.00 
Violin Items 3604.84 3.42 
Viola Items 2214.47 3.03 

Items <300 Hz. 1161.01 .83 
Items 300 - 585 Hz. 932.40 1.11 
Items >585 Hz. 2488.75 1.77 

Solo Items 834.07 .62 
Ensemble Items 2012.80 1.24 

*df=1, 23 

In a few cases responses of subjects to examples were 

out of the frequency range of the example entirely. Whether 

this was caused by unfamiliarity with the task or a true 
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misperception is uncertain. The number of such responses, 

however were few, and not markedly far from the frequency 

spectrum- It was therefore thought that these responses do 

not unduly affect the test results, and the scores were 

included in the various analyses. 

Several responses to test items in the pilot study, 

especially to those of the voice, were found to be exactly 

one octave above the target frequency. According to liter-

ature earlier outlined, this may be a result of a greater 

relative intensity of the first and second partials of the 

tone. In some earlier studies, the fundamental was removed 

completely from a tone, and subjects presented with only the 

harmonic structure perceived a tone one octave higher than 

the fundamental, though in many such instances subjects per-

ceived the fundamental to remain in the tone. No prior 

research could be located which dealt with the analysis of 

tones in an octave generalization situation, other than the 

simple statement that such a condition can exist. 

For purposes of evaluation in the pilot study, octave 

generalized responses were grouped and examined on the basis 

of a frequency spectrum one octave higher than that of the 

example. The responses were excluded from analysis with 

responses which were in the proper octave since so little is 

known of the nature of such generalization. In analysis 

based upon the raised frequency spectrum, no significant 
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difference was found in the responses of musicians and non-

musicians. A conversion of the frequency responses to 

represent each in terms of cents above the lower edge of the 

spectrum, however, showed octave generalized responses to 

lie much higher in the frequency spectrum than did responses 

in the proper octave. This finding held true for responses 

of both musicians and nonmusicians. 

An additional investigation was made concurrently with 

the examination of perception, having to do with modes of 

processing musical stimuli. It was earlier explained that 

perceptual studies which have concentrated upon processing 

strategies have indicated that musicians may use a more 

analytic approach while nonmusicians may perceive a stimulus 

holistically. The work of Herrick (10) seemed to indicate 

that this might be attributed to the propensity of nonmusi-

cians to process stimuli in the right hemisphere—which, 

according to Sperry (21) would cause an unconscious movement 

of the eyes to the left—while musicians use either the left 

or a combination of left and right hemispheres, causing an 

eye shift to the right in the former case or a stare 

reaction in the latter. 

Students taking the test in the pilot study were video-

taped, and the tapes were later analyzed to determine 

whether there was a noticeable shift of the eyes to either 

the right or left as each new test item was presented. 

Results of the observations of subjects in the pilot study 
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confirm that a difference does exist among musicians and 

nonmusicians in the hemispheric processing of musical stim-

uli. Musicians were found to use the right hemisphere in 

conjunction with the left, and were as likely to use either 

or both. Nonmusicians were found to use the right hemi-

sphere almost exclusively when processing musical stimuli. 

The difference in the processing strategies of the groups, 

shown in Table V, was significant at the .001 level. 

TABLE V 

ANOVA OF RESPONSES OF MUSICIANS AND NONMUSICIANS; 
COMPARISON OF PROCESSING STRATEGIES AS MEASURED 

BY EYE MOVEMENT SCORES 

Item Sum of 
Grouping Squares** F 

Eye Movement Scores 73.34 24.46* 

*p=<.001 

**df=l, 23 

Main Study 

Results of the pilot study were expected to provide a 

basis for the main body of the study, and to additionally 

point out areas of weakness in the testing and evaluation 

process. Based upon the evaluation of the results of the 

pilot study it appeared that the method of adjustment 

employed in the pilot study was an acceptable tool for the 

main study. No major problems were noted in the application 

of the test, nor did students have difficulty understanding 
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the instructions and making the necessary adjustments. 

While some subjects completed the matching tasks on the 

second hearing of the examples, using the final hearing only 

for confirmation, this trait was evenly distributed among 

musicians and nonmusicians, and seemed to be a result of 

varying levels of confidence rather than inherent differ-

ences among groups. 

This finding supported an assumption which was thought 

to be basic to the study: that subjects are capable of 

matching a non-modulating tone to a tone which is modula-

ting. While earlier studies had given evidence that this 

matching task was reasonable, the pilot study represented 

the first attempt to have subjects match a non-modulating 

tone to the irregular modulation of a complex stimulus. The 

outcome of the pilot study indicated that this expectation 

was also accurate. Finally, it appears, based upon the 

results of the pilot study, that subjects are capable of 

this matching task when presented with carrier and matching 

tones simultaneously. 

Structure of the test items was also affected by evalua-

tion of the results of the pilot study. Differences in test 

groups were often found in extreme frequency ranges; it was 

therefore decided to include examples of higher and lower 

ranges in the main study. Differences also seemed to be 

more pronounced in perception of ensemble rather than solo 
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examples. The main study was then weighted more heavily 

toward ensemble examples. 

The relatively high figures for consistency found for 

both musicians and nonmusicians indicated that use of the 

method of adjustment was warranted in the main study. The 

findings with regard to the modes of hemispheric processing 

were sufficient (F = 24.46, p = <.001) that no further work 

was deemed necessary in that area. The time necessary for 

completion of the test was found to be within a range which 

was tolerable for subjects. While the use of headphones for 

presentation of carrier tones and matching tones was thought 

to exclude interference from outside noise, measures were 

taken to insure that during the testing for the main study, 

the room in which the tests were given would be free of 

ambient noise. 

The process of analysis itself was reevaluated in light 

of the results of the pilot study. Analysis of variance 

tests using responses of subjects converted to represent 

distance from the mean in cents were found to be appropriate 

for the study. Though the pilot study used a minimum number 

of subjects, results of the statistical analysis led to the 

conclusion that there were differences in the groups com-

pared which could be shown to be significant through use of 

the ANOVA test. 

Aside from the use of only twenty-five subjects, the 

bare minimum for the analytic procedures used, it was 
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determined that a graphic depiction of results would more 

clearly define differences in responses of the test groups. 

An example of such a graphic display may be seen in Figure 

2. While a greater number of subjects was also seen as a 

primary need for the main study, the use of analysis of 

variance or t tests to determine the tendencies of groups 

with respect to individual examples or small groups of exam-

ples might represent a haphazard use of statistics for the 

sake of statistics alone. Though a graphic display would 

not provide a figure representing significance of differ-

ences, it would allow evaluation of both the individual 

example and the entire test. It was decided to adopt such 

an evaluative method for the main study. Figure 2 contains 

graphs of responses of all subjects on two test items. The 

two items consisted of the same musical example, used first 

in the initial half of the test, and again in the final 

eighteen items. The line drawn at zero represents the geo-

metric mean of the example, and the numbers on the vertical 

scale indicate distance from the mean in cents. For pur-

poses of this representation, responses have been arranged 

into frequency distributions showing the relative number of 

responses of musicians (x) and nonmusicians (o) at each 

point away from the mean. 

A slightly different graphic depiction of responses may 

be found in Figure 3, where responses on a single test item 

are arranged from right to left according to the number of 
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Fig. 2—Frequency distribution of subjects1 responses 
to main test items measured in cents from the geometric 
mean. 
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the subject, with a frequency distribution. Since musi-

cians and nonmusicians were interspersed in the testing 

procedure, responses in Figure 3 are not arranged according 

to group. Graphs showing frequency distributions for each 

item on the test are found in Appendix D. Graphs are 

arranged numerically from one to eighteen, with the corre-

sponding item from the second half of the test in the right 

column of each sheet. 

Test items for the main study were developed in the same 

manner as those for the pilot study. Recordings made for 

the pilot study which were not used in the first test were 

used in the main study. Additional recordings were also 

made in order to supply the greater number of ensemble exam-

ples desired for the main study. In this second recording 

session, trombones were introduced to provide frequencies 

lower than those used in the pilot study, and violins were 

again recorded to provide stimuli of higher frequencies. 

This process resulted in a set of test items ranging from 83 

Hz. to 1017 Hz. Table VI lists the frequency range and mean 

of each example in the main study, also showing the modula-

tion spectrum expressed in Hz. as well as in cents. Addi-

tionally the table lists instruments involved in each 

example. 

Graphs of the examples used in the test were made, with 

individual performers of each ensemble again being graphed 

separately. Solo examples were extracted from the ensemble 
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TABLE VI 

SPECTRAL PARAMETERS OF EXAMPLES SELECTED 
FOR USE IN MAIN STUDY 

Item Instrument 
Geometric 

Mean 
Modulation Width 

Item Instrument 
Geometric 

Mean In Hz. In Cents 
1 Viola solo 560.89 22 65.12 
2 Trumpet ensemble 442.38 21 77.90 
3 Violin ensemble 705.33 31 72.52 
4 Trumpet ensemble 372.67 16 67.68 
5 Trombone ensemble 83.22 4.5 91.84 
6 Voice ensemble 184.87 14 108.30 
7 Flute solo 422.99 6 25.14 
8 Violin ensemble 994.76 44 74.80 
9 Voice ensemble 264.89 15 93.60 

10 Trombone solo 138.98 5 59.30 
11 Viola ensemble 249.44 11 74.36 
12 Viola ensemble 565.87 24 71.04 
13 , Voice solo 186.96 8 67.60 
14 Flute ensemble 559.97 12 35.52 
15 Trombone ensemble 105.98 4 65.36 
16 Violin solo 937.91 26 44.20 
17 Flute ensemble 422.98 8 32.64 
18 Trumpet solo 495.91 19 64.22 
19 Voice ensemble 264.89 15 93.60 
20 Violin ensemble 994.76 44 74.80 
21 Flute solo 422.99 6 25.14 
22 Voice ensemble 184.87 14 108.30 
23 Trombone ensemble 83.22 4.5 91.84 
24 Trumpet ensemble 372.67 16 67.68 
25 Violin ensemble 705.33 31 72.52 
26 Trumpet ensemble 442.38 21 77.90 
27 Viola solo 560.89 22 65.12 
28 Trumpet solo 495.91 19 64.22 
29 Flute ensemble 422.98 8 32.64 
30 Violin solo 937.91 26 44.20 
31 Trombone ensemble 105.98 4 65.36 
32 Flute ensemble 559.97 12 35.52 
33 Voice solo 186.96 8 67.60 
34 Viola ensemble 565.87 24 71.04 
35 Viola ensemble 249.44 11 74.36 
36 Trombone solo 138.98 5 59.30 
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recordings using the same process as in the pilot study: 

examples found to exhibit the minimum standard of at least 

twenty-five cents modulation without exceeding the limits of 

the frequency spectrum established for the ensemble perfor-

mance were selected. Few of the solo examples selected were 

ultimately used in the main study, however, due to the 

intent of emphasizing ensemble examples in the work. 

As in the pilot study, only the steady state portion of 

the stimulus was transferred to the test tape. The findings 

of Campbell and Heller (4) which showed that attack tran-

sients are not needed for determination of pitch were sup-

ported by results of the pilot study. Length of performance 

of each example was maintained at eight seconds, with four 

seconds between the three performances of each example. 

Eight seconds were again allowed between test items, with 

the ultimate result being that the test in the main study 

was approximately the same length as the earlier test. The 

white noise used in the pilot study was included in the main 

study as a buffer between playings of an item as well as 

between each item. 

Findings of the pilot study led to questioning of the 

white noise buffer. Consideration was given to the possi-

bility that musicians might be capable of maintaining a 

certain memory through the buffer period despite the white 

noise, owing to their training in concentration upon speci-

fic pitches. This factor, if it existed, might not be 
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available to nonmusicians, and could therefore prejudice the 

results of the study. The possibility of replacing the 

white noise with a more potent distractor, such as segments 

of orchestral music unrelated to the test items, was eval-

uated. This option was discarded due to the probability 

that such a musical context would affect the perception of 

both musicians and nonmusicians on the test items following 

the buffer. It was determined that the amplitude level of 

the white noise might be increased in an attempt to further 

mask successive playings of test items. Initial examina-

tions of a white noise level of thirty decibels proved 

uncomfortable. Ultimately it was decided to raise the 

amplitude to ten decibels. This level provided the neces-

sary separation of performances while avoiding an unpleasant 

or painful distraction for subjects. The ten decibel level 

was maintained for each buffer used in the study. 

In preparation for the main study, the matching tone 

used in the pilot study was also reevaluated. An additional 

group of judges was asked to determine the relative ease of 

a matching task with square waves, sine waves, triangular 

waves and sawtooth waves being used as matching tones. The 

judges, three faculty members from the School of Music and 

one from the Department of Physics at North Texas State 

University, were again unanimous in their decision that the 

sawtooth wave used in the pilot study was by far the easiest 
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of the group to match with musical stimuli. This waveform 

was retained for use in the main study. 

A new function generator was also tested in the hope 

that it might allow subjects to make more precise judgments. 

The new generator contained three coencentric dials, with 

the smallest of the three used to make extremely fine 

adjustments in frequency. Preliminary examination found two 

problems with such a generator. There was a great deal of 

confusion on the part of the subjects concerning which dial 

to use at a particular moment. Also, since the three dials 

on the generator were geared to each other, the smaller two 

dials were difficult to manipulate. Since the generator 

used in the pilot study seemed less confusing and simpler to 

operate, it was again used in the main study. 

The sixty volunteer subjects tested in the main study 

were undergraduate and graduate students at North Texas 

State University and undergraduate students at Paris Junior 

College. The subjects were between eighteen and thirty-two 

years of age. Students were solicited until both nonmusi-

cian and musician groups contained thirty subjects. 

Thirty-one of the subjects were female and twenty-nine were 

male. 

Results of the pilot study raised the issue of major 

performing instrument of the musicians. Questions were 

posed concerning the relative perception of musicians who 

performed in the lower ranges of their instrumental or vocal 
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family and those who performed in the upper ranges. If, as 

earlier results seemed to indicate, the training of a musi-

cian creates a tendency to hear in the upper region of a 

frequency band there is the question of whether all musi-

cians employ the same process. Additional consideration was 

cfiven to the possibility that musical subjects1 perception 

could be different when hearing test items taken from the 

range in which they normally performed. For these reasons, 

determination of the performance medium of the musical 

subjects was made in the main study. Subjects were then 

divided into two groups, representing high and low ranges of 

performance. Included in the high group were subjects who 

performed on the following instruments: flute, clarinet, 

oboe, alto saxophone, violin, viola, trumpet, and soprano 

and tenor voices. The low range included subjects who 

performed on: trombone, euphonium, cello, and alto and bass 

voices. The upper performance group contained twenty 

subjects, while the lower group contained the remaining ten 

musicians. 

The test was administered in the School of Music at 

North Texas State University and in the Department of Music 

of Paris Junior College. The researcher was again concealed 

behind a screen, and the subjects were given the same set of 

instructions and opportunity for practice as in the pilot 

study. Since there was no attempt in the main study to rep-

licate the results of the pilot study with regard to eye 
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movement, the main study was not videotaped; therefore, the 

line admonishing the subjects to avoid concealing the face 

was eliminated from the set of instructions. 

In the course of administration of the test, one subject 

became ill and could not complete the test. The results 

were thrown out, and another nonmusician was located to take 

the test, maintaining equal group sizes. Another nonmusi-

cian reported several times during the test that the task 

made her uncomfortable, mentioning that the closeness of the 

matching task "...makes my skin crawl,". At two points 

during the test, the researcher asked the subject if she 

would like to discontinue taking the test. In both 

instances she replied that she could continue. This was 

accepted as reassurance that the test was not overly demand-

ing from a psychological point of view. The responses of 

that subject were retained. Finally, three subjects asked 

to hear the set of examples once again prior to beginning 

the test. This was done, and in all cases the subjects 

indicated that they were ready to proceed. 

Perceptions of the subjects were again recorded on a 

response sheet (Appendix C). All sixty response sheets were 

then transformed to the cents standard, with frequency 

responses stated as distances above or below the geometric 

mean for the example. 

As in the pilot study, several responses were far out of 

range. Analysis of the out of range responses in the pilot 
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study had led to reevaluation of the frequency spectra 

established for the test items. It was believed that if the 

responses which were out of range occurred regularly in only 

a few test items, there might be an indication that the 

established parameters were in error. Examination of all 

test items brought about the conclusion that out of range 

responses were scattered throughout the test items, as well 

as throughout many subjects. This finding was accepted as 

evidence that the method of using the servo graph and fre-

quency counter to establish frequency spectra was accurate; 

spectra for the test items used in the main study were 

determined in the same manner. 

When the out of range responses in the main study were 

checked, they were found to be octave displacements of the 

stimuli frequencies, the octave effect found in the pilot 

study. Again, these responses were analyzed according to a 

frequency spectrum which was also a multiple of the spectrum 

of the example. In this manner, the logic of the use of 

cents away from the mean was maintained. Responses which 

were only slightly out of range of the spectrum for an exam-

ple were treated as mistakes in perception, and were 

included in the normal analysis procedure. 
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CHAPTER IV 

RESULTS AND DISCUSSION OF THE MAIN STUDY 

The BMDP computer programs providing Analysis of 

Variance and t tests (programs 2V and 3D respectively) were 

employed in the analysis of results of the main study. Ini-

tially, t tests were made to determine the significance of 

differences in responses of musicians and nonmusicians on 

each test item. Results of this analysis are listed in 

Table VII, with responses converted to cents away from the 

geometric mean. An assumption underlying the use of t tests 

is that of equality of variance. While graphic analysis of 

the results of the main study lead to the conclusion that 

such equality does exist with regard to the test, statis-

tical consideration of the variances would ordinarily have 

been required. However, in instances where there are an 

equal number of subjects in the groups a violation of the 

assumption of equality of variances does not affect the 

validity of the t test (1). Since the possibility of a type 

one error in analysis always exists in studies using the 

same data for more than a single analysis, the 

Greenhouse-Geiser error correction factor was employed in 

the analysis, the stringent nature of which helps eliminate 

the possibility of such a problem. 

116 
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TABLE VII 

T-TEST OF RESPONSES OF MUSICIANS AND NONMUSICIANS; 
COMPARISONS BASED UPON INDIVIDUAL TEST ITEMS 

IN MAIN STUDY 

Mean 
Item Group Response Std. Dev. t 

1 Musicians 12.50 10.69 
Nonmusicians - 8.27 11.47 4.90** 

2 Musicians 11.43 10.71 
Nonmusicians - 9.73 9.82 5.91** 

3 Musicians 9.87 13.50 
Nonmusicians -11.87 10.24 4.40** 

4 Musicians 13.10 12.33 
Nonmusicians - 6.83 8.76 5.06** 

5 Musicians 2.77 20.28 
Nonmusicians -12.93 19.15 1.17 

D Musicians 11.60 17.43 
Nonmusicians - 9.50 16.06 2.18* 

7 Musicians 4.07 9.80 

8 
Nonmusicians - 4.53 6.37 3.66** 

8 Musicians 15.97 10.31 
Nonmusicians - 6.40 8.68 7.16** 

9 Musicians 11.43 20.51 

10 
Nonmusicians 4.33 18.33 0.55 

10 Musicians 12.40 17.40 

11 
Nonmusicians -10.97 17.90 2.68** 

11 Musicians 12.67 16.68 

12 
Nonmusicians - 8.23 15.68 2.82** 

12 Musicians 6.30 13.56 

13 
Nonmusicians - 6.87 10.07 2.69** 

13 Musicians 7.30 16.21 

14 
Nonmusicians -12.03 10.23 3.06** 

14 Musicians 7.57 6.33 

15 
Nonmusicians - 3.70 8.90 5.49** 

15 Musicians 10.83 18.83 

16 
Nonmusicians - 5.20 14.93 1.61 

16 Musicians 5.67 8.13 

17 
Nonmusicians - 4.43 7.82 4.61** 

17 Musicians 6.93 8.72 
Nonmusicians - 4.40 9.42 3.99** 

18 Musicians 11.63 16.08 
Nonmusicians - 8.77 10.16 3.28** 

19 Musicians 14.10 15.86 
Nonmusicians -13.67 12.84 3.88** 

20 Musicians 13.00 15.31 
Nonmusicians - 6.70 11.77 3.07** 

21 Musicians 7.33 8.86 
Nonmusicians - 2.67 7.45 4.34** 
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TABLE VII—Continued 

Mean 
Item Group Response Std. Dev. t 
22 Musicians 13.94 21.81 

23 
Nonmusicians -16.83 19.59 2.08* 

23 Musicians 9.83 24.33 

24 
Nonmusicians - 6.47 15.72 1.13 

24 Musicians 5.10 14. §6 

25 
Nonmusicians - 8.40 9.87 2.64* 

25 Musicians 9.00 11.27 

26 
Nonmusicians - 7.70 10.32 4.16** 

26 Musicians 12.77 15.71 

27 
Nonmusicians - 5.27 11.64 2.74** 

27 Musicians 13.37 13.8$ 

28 
Nonmusicians - 3.23 11.80 2.90** 

28 Musicians 11.17 11.53 

29 
Nonmusicians -11.73 9.10 6.17** 

29 Musicians 5.60 6.94 

30 
Nonmusicians - 1.57 9.94 2.84** 

30 Musicians 6.40 8.77 

31 
Nonmusicians - 6.10 5.52 6.77** 

31 Musicians 5.70 20.11 

32 
Nonmusicians - 5.40 14.32 1.06 

32 Musicians 8.63 8.68 

33 
Nonmusicians - 2.60 7.42 5.01** 

33 Musicians 13.03 14.20 

34 
Nonmusicians -12.63 15.43 3.39** 

34 Musicians 5.80 12.0$ 

35 
Nonmusicians - 9.00 7.68 4.19** 

35 Musicians 13.33 13.30 

36 
Nonmusicians -12.27 16.86 3.23** 

36 Musicians 9.27 18.26 
Nonmusicians -17.17 15.59 2.67** 

*p=<.05 

**p=<.01 

The table indicates that on twenty-eight of the 

thirty-six examples, the difference in responses of musi-

cians and nonmusicians was significant at the .01 level. Of 

the remaining responses, three were significant at the .05 

level. All seven of the items which did not show a dif-

ference significant at the .01 level were items which had a 
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narrow frequency spectrum when measured in Hz. Even after 

conversion to the cents standard, this factor led to 

extremely high standard deviation figures for both groups. 

Table VII indicates that the highest standard deviation 

figures were those of the items not showing significant 

differences in groups. Graphs were developed which located 

the response of each subject on each item in relation to the 

mean (represented by 0, due to measurement in cents away 

from the mean) and limits of the frequency spectrum. An 

example of these graphs may be found in Figure 2 (Chapter 

III). For ease of evaluation, graphs were realigned to form 

frequency distributions. The entire set of frequency 

distributions thus formed is found in Appendix D. In this 

appendix the first and second performances of each example 

are placed together on a page to facilitate comparison of 

responses for the first and second halves of the test. 

Therefore, test items 1 and 27, for example, are adjacent 

since they represent a pair of test items using the same 

recorded examples. 

Analysis of variance of the groups was first applied in 

consideration of all test items. While it may be argued 

that t tests would have accommodated the needs of this set 

of tests as well, it should be remembered that certain 

comparisons in the main study divided the groups into smal-

ler segments, as in the comparison of musicians who perform 

on higher and lower instruments. In such a situation, the 
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assumption of equality of variances cannot be maintained, 

thus calling for the analysis of variance. Additionally, in 

cases where comparisons are made of groups of equal size, 

the more robust nature of the ANOVA will help mediate the 

problem raised through multiple uses of the same data. 

Table VIII reveals that a significant difference was 

noted in the responses of musicians and nonmusicians when 

the entire set of test items was considered, a finding 

underscored by the graph in Appendix D. For reasons 

discussed in Chapter III, analysis of variance tests were 

run using subjects' responses expressed as cents away from 

the geometric mean. 

TABLE VIII 

ANOVA OF RESPONSES OF MUSICIANS AND NONMUSICIANS; 
COMPARISON BASED UPON ALL TEST ITEMS 

IN MAIN STUDY 

Between Groups 
Within Groups 

1 
58 

1 5 2 8 4 6 . 7 1 
1 1 1 9 8 . 1 0 

1 5 2 8 4 6 . 7 1 
3 1 9 . 9 5 

1 2 6 . 7 1 

p=<.001 

For further analysis of the responses of musicians and 

nonmusicians, the test items were grouped into several 

different strata. Evaluation of results of the pilot study 

raised the possibility of a difference in groups in regard 

to ensemble test items. Table IX lists results of the 
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analysis of variance using only ensemble items, while Table 

X shows results of the analysis of variance when only solo 

test items were considered. Again, the responses have been 

converted to cents figures. 

The fact that a high level of significance was found in 

each analysis was not as striking as the relative normality 

of distribution of responses within each group, once again 

TABLE IX 

ANOVA OF RESPONSES OF MUSICIANS AND NONMUSICIANS; 
COMPARISON BASED UPON ENSEMBLE TEST ITEMS 

IN MAIN STUDY 

Source df SS MS F 

Between Groups 1 100935.51 100935.51 159.56 
Within Groups 58 8170.59 355.24 

159.56 

p=<.001 

TABLE X 

ANOVA OF RESPONSES OF MUSICIANS AND NONMUSICIANS; 
COMPARISON BASED UPON SOLO TEST ITEMS 

IN MAIN STUDY 

Source df SS MS F 

Between Groups 1 51918.05 51918.05 53.13 
Within Groups 11 2606.88 236.99 

p=<.001 

seen in the graphs (Appendix E). Of additional interest was 

the finding that in these first few analyses, musicians as a 
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group tended to perceive a pitch at a higher level in the 

frequency spectrum than nonmusicians. 

The next form of analysis involved grouping the test 

items according to the relative width of their frequency 

spectra. The first group included four test items with 

frequency spectra between twenty-five and thirty-five cents. 

This was followed by a group of six items ranging between 

thirty-six and sixty cents. The group containing examples 

ranging from sixty-one to seventy cents contained ten items, 

as did the group of examples ranging from seventy-one to 

ninety cents. Finally, the set of test items with frequency 

spectra between 91 and 120 cents contained six items. Fre-

quency standards for these groups were established with the 

intent of keeping the number of test items in each rela-

tively similar. All analyses done in this manner converted 

subjects' responses to cents figures. 

TABLE XI 

ANOVA OF RESPONSES OF MUSICIANS AND NONMUSICIANS; 
COMPARISON BASED UPON TEST ITEMS WITH MODULATIONS 

OF 25 TO 35 CENTS IN MAIN STUDY 

Source df SS MS F 

Between Groups 1 4743.70 4743.70 69.62 
Within Groups 58 293.48 97.83 

p=<.001 

It appears from this finding that there is a significant 

difference in the responses of musicians and nonmusicians in 
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regard to perception of vibratos of smaller ranges. Caution 

should be taken to avoid equating these results with those 

comparing findings on individual examples with lower 

frequencies, as in Table VIII above. The narrow modulations 

examined in Table IX are not necessarily those of the lower 

frequency tones; they have been taken from examples in all 

frequency ranges. The findings in this section of the 

evaluation refer only to the width of the vibrato, and have 

no bearing upon frequency range of the example. 

Table XII lists the results of the next level of 

analysis, in which responses of musicians and nonmusicians 

were compared using test items of a slightly wider modula-

tion range. This analysis compared perceptions based upon 

the examples containing modulations of thirty-six to sixty 

cents. The results of this analysis concur with those of 

the more narrow vibrato. The difference in responses of 

musicians and nonmusicians is significant at the .001 level. 

TABLE XII 

ANOVA OF RESPONSES OF MUSICIANS AND NONMUSICIANS; 
COMPARISON BASED UPON TEST ITEMS WITH MODULATIONS 

OF 36 TO 60 CENTS IN MAIN STUDY 

Source df SS MS F 

Between Groups 1 20702.50 20702.50 32.49 
Within Groups 58 1265.52 253.10 

p=<.001 
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In the analysis displayed in Table XIII we are dealing 

with the largest number of examples found in this stratifi-

cation of the test. It is important to note that the 

findings are in line with those of the analyses of more 

TABLE XIII 

ANOVA OF RESPONSES OF MUSICIANS AND NONMUSICIANS; 
COMPARISON BASED UPON TEST ITEMS WITH MODULATIONS 

OF 61 TO 70 CENTS IN MAIN STUDY 

Source df SS MS F 

Between Groups 
Within Groups 

1 
58 

47686. 
2218. 

34 
11 

47686. 
246. 

34 
46 

21.51 

p=<.001 

narrow vibratos. If the use of fewer examples in the 

earlier analyses created a source of prejudice for the test, 

it could be reasonably expected that the results might 

differ. The findings are again reinforced in Table XIV, 

which also contains analysis of responses to ten items. 

TABLE XIV 

ANOVA OF RESPONSES OF MUSICIANS AND NONMUSICIANS? 
COMPARISON BASED UPON TEST ITEMS WITH MODULATIONS 

OF 71 TO 90 CENTS IN MAIN STUDY 

Source df SS MS F 

Between Groups 
Within Groups 

1 
58 

47312.64 
2936.20 

47312.64 
326.24 

67.90 

p=<.001 
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Finally, in Table XV the same results are noted when 

comparisons are made using the widest of the modulations. 

While this analysis compares responses to only six items, 

the level of significance is identical to that found in the 

remainder of the analyses. Though the understandable 

TABLE XV 

ANOVA OF RESPONSES OF MUSICIANS AND NONMUSICIANS; 
COMPARISON BASED UPON TEST ITEMS WITH MODULATIONS 

OF 91 TO 120 CENTS IN MAIN STUDY 

Source df SS MS F 

Between Groups 1 37230.34 37230.34 51.69 
Within Groups 58 3338.09 667.62 

51.69 

p=<.001 

expectation of greater variance in responses was found, the 

difference in responses of the groups is clear. 

Analysis of the various frequency ranges shown above 

established that differences in group responses were not 

affected by width of the vibrato. Again, this result was 

supported by the use of the graph, and once again it was 

noted that responses of musicians, in general, were higher 

than those of nonmusicians. While this trend was not 

universal, as there were always responses of one group which 

overlapped response areas of the other, the group tendency 

was difficult to deny. 

Findings of the pilot study raised the question of 

performance medium of the musicians in the study. 
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Specifically stated, the question is one of whether 

musicians who have been trained on instruments playing in a 

higher range would respond differently than those who 

perform on instruments with lower ranges. Based upon 

information provided by the subjects on the response sheets, 

musicians were divided into two sub-groups, with the higher 

performers comprising twenty subjects and lower performers 

the remaining ten. Table XVI shows results of the analysis 

of variance of these groups when evaluation is based upon 

9-11 modulations widths contained in the test. Again, 

results indicate no significant difference in the groups. 

Appendix F contains the same data in graphic form. 

TABLE XVI 

ANOVA OF RESPONSES OF PERFORMERS TRAINED ON HIGHER 
INSTRUMENTS AND THOSE TRAINED ON LOWER INSTRUMENTS; 
COMPARISON BASED UPON ALL TEST ITEMS IN MAIN STUDY' 

Source df SS MS F 

Between Groups 1 4.45 4.45 0.00 
Within Groups 28 10771.58 307.76 

0.00 

Additional analyses were made comparing the higher 

performers to the group of nonmusicians and the lower 

performers to the nonmusicians. In each of these latter 

analyses, significant differences in the groups were 

located. Results of these analyses are also located in 

Table XVII and Table XVIII, and the analyses are again 

represented by graphs in Appendix F. As in previous 
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analyses, it is noted here that responses of nonmusicians 

are typically lower than those of musicians, regardless of 

the performing area of the musician, leading to speculation 

that the factor creating the difference in scores results 

from training or experience common to all musicians. 

TABLE XVII 

ANOVA OF RESPONSES OF PERFORMERS TRAINED ON HIGHER 
INSTRUMENTS AND NONMUSICIANS; COMPARISON BASED 

UPON ALL TEST ITEMS IN MAIN STUDY 

Source df SS MS F 

Between Groups 
Within Groups 

1 
48 

131029.90 
12149.44 

131029.90 
347.13 

133.16 

TABLE XVIII 

ANOVA OF RESPONSES OF PERFORMERS TRAINED ON LOWER 
INSTRUMENTS AND NONMUSICIANS; COMPARISON BASED 

UPON ALL TEST ITEMS IN MAIN STUDY 

Source df SS MS F 

Between Groups 1 89301.26 89301.26 43.29 
Within Groups 38 7158.65 204.53 

43.29 

p=<.001 

A final analysis was done in order to confirm findings 

of the pilot study. Subjects were regrouped according to 

gender, and analysis of variance was performed on these 

groups as well. Results of the analysis, listed in Table 

XIX, support the findings of the pilot study which indicated 



that there was no significant difference in the groups 

according to gender. 
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TABLE XIX 

ANOVA OF RESPONSES OF FEMALES AND MALES; 
COMPARISONS BASED UPON ALL TEST ITEMS 

IN MAIN STUDY 

Source df SS MS F 

Between Groups 1 12.62 9.08 0.00 
Within Groups 58 942.10 183.21 

0.00 

An attempt was made to compare the mean responses of the 

groups on each item to the geometric mean of each frequency 

spectrum in order to determine whether musicians, nonmusi-

cians or both groups typically perceived at the mean of the 

frequency spectrum. As may be noted in the graphs of 

individual test items, responses of each group fell into a 

relatively normal curve, and in most cases, this curve was 

not centered upon the mean of the frequency spectrum. 

However, statistical analysis, whether through the use of t 

tests or other manners of correlation of the means assumes a 

frequency distribution which quantifies the number of 

repetitions of a specific response. The temporal nature of 

the frequency modulation which formed the test items 

rendered this measurement impossible. Due to the irregular 

nature of musical modulation, it was impossible to determine 

exactly how often in the space of one item a specific 
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frequency was sounded. It is important here to note that 

the mean with which we deal for each test item is based upon 

extreme frequencies rather than repetition of a particular 

response. While it cannot be statistically stated, then, 

that there is a difference in perception of the two groups 

and the mean of an item, visual analysis of the frequency 

distributions found in Appendices D, E and F makes a strong 

case for the belief that such a difference does exist. 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

Purpose and Rationale 

The purpose of this study, as stated in Chapter I, was 

the investigation of auditors' perception of the pitch of 

frequency modulated tones produced by musical instruments. 

The rationale for the study grew out of studies of perfor-

mance and perception of the vibrato. First, studies were 

located which indicated that performers tended to employ a 

vibrato primarily above the target frequency. This factor 

was found to be consistent in performances of string and 

wind instruments as well as performances of the voice. 

Implications of these findings were that, given a spectrum 

of frequencies created by the use of vibrato, the intended 

frequency would normally be found in the lower extreme of 

the spectrum. 

Review of literature dealing with the topic also brought 

about the conclusion that musical performances by ensembles 

create several such spectrums of sound, with the vibratos of 

individual performers in the ensemble moving at different 

rates, and to different extents. This was seen to be a con-

founding factor in perception of vibrato. Since analysis of 

this factor indicated that perceptions of solo and ensemble 
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performances might be somewhat different, the study evalu-

ated and compared these two settings of the same examples. 

Early studies of perception of the vibrato centered upon 

the capability of subjects to differentiate the sounds cre-

ated by spinning discs in which series of holes had been 

placed. Through these holes was passed a stream of air 

which created a siren effect. In later studies the air 

source was replaced by a beam of light which completed an 

electronic circuit passed through an amplifier and resulting 

in a modulating electronic tone. In the years after 1960, 

studies of perception of vibrato were conducted using elec-

tronic tones modulated to specific extents. Subjects were 

often asked to match nonmodulated electronic tones to these 

modulations. Results of all these studies were sometimes 

inconclusive and often contradictory. The primary determi-

nation of most of these works was that, when presented with 

a modulating tone whose parameters were similar to those of 

musical performances, subjects tended to perceive the pitch 

of the tones at the mean frequency. 

Few of these early studies dealt with the differences in 

perceptions of musicians and nonmusicians, or with possible 

differences in perception brought about by effect of gender. 

More importantly, while almost all of the studies attempted 

to draw implications for musical performance, none used 

musical performances as either carrier or matching tone. 

Given that the physical characteristics of tones produced by 
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the voice and most musical instruments are quite different 

from electronically generated sounds, this seemed an impor-

tant distinction. Although early studies considered the 

effect of higher or lower frequency levels upon perception, 

once again these studies were made without the aid of 

musical stimuli. Additionally, if discrimination forms the 

basis of perceptual activity, it is reasonable to expect 

that perceptions of musicians and nonmusicians would differ, 

due to the training in discrimination afforded the former 

group. 

Literature was also located which provided an answer to 

the question of determination of perception. In this field 

of study there seem to exist two major positions: one states 

that discrimination is sufficient for perception, the other 

holding that perception must be more than a discriminatory 

response. The conclusion reached in regard to this issue 

was that while the complete process of perception must be 

more complex than discrimination, that activity alone is 

enough to determine its existence. While discrimination may 

not fully define perception, it may serve as an immediate 

signal that the perceptual process is involved. 

If this position is accepted, the question arises as to 

the nature of this perceptual process. Earlier studies have 

indicated that nonmusicians process aural stimuli in a 

holistic manner, using primarily the right hemisphere of the 

brain. Musicians have been found to use either or both 
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hemispheres in such processing, if differences were located 

in the perception of musicians and nonmusicians in this 

present study, it was hypothesized that the differences 

might be due to these alternative processing strategies. 

Research Problems 

The research problems investigated were 

1. Estimation of the effect of musical training upon 

pitch perception; 

2. Estimation of the effect of stimuli of differing 

tonal qualities and frequency ranges upon perception; 

3. Estimation of the effect of solo vs. ensemble per-

formances of stimuli upon perception; 

4. Investigation of the effect of gender upon 

perception; 

5. Estimation of the effect of musical training upon 

modes of processing aural stimuli. 

Methodology 

Using the method of adjustment suggested 'Ly Sundberg 

(3), and adopted by Shonle and Horan (2), a pilot study was 

developed to test the feasibility of applying the method to 

a setting using musical stimuli. Twenty-five students were 

administered a test in which they were required to match a 

nonmodulated triangular wave to vibrato tones created in the 

context of a musical performance, which had been isolated 

and measured. Perception of the subjects, as measured by 
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their manipulation of the nonmodulated tone, was recorded 

and converted to a figure representing cents away from the 

geometric mean. These data were subjected to analysis of 

variance effort to determine the significance of 

observed differences in musician-nonmusician and female-

n^l® groups • Processing strategies of the groups were 

evaluated through analysis of eye movement at the onset of 

the stimulus. 

Results of the pilot study indicated that both musician 

and nonmusician groups were capable of the matching task 

required. ANOVA evaluation showed a significant difference 

the perception of musicians and nonmusicians in regard to 

certain test items, while such a difference was not noted in 

analysis of other items. Differences in the groups based 

upon solo performances were found not to be significant, 

while differences based upon ensemble performances were 

found to be significant. No differences were noted in per-

ceptions of females and males in any of the analyses. 

Finally, analysis of processing strategies used by musicians 

and nonmusicians in the pilot study showed differences of 

such strength that further examination was not found to be 

necessary in this area. 

With the findings of the pilot study serving as a guide, 

the main study was developed, again using the method of 

adjustment. Based upon results of the pilot study, the main 

study included test items of higher and lower frequencies, 
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and placed greater emphasis upon ensemble performances of 

examples. Sixty subjects were tested, with the testing and 

analysis procedure remaining the same as in the pilot study. 

Groups which were compared in the analysis of variance were 

altered slightly due to the findings of the pilot study; 

however, the problems stated in Chapter I still provided the 

basis for the investigation. As an additional way of 

analysis, the group of musicians was broken into two 

segments: those whose primary performance instrument was 

lower and those whose primary performance instrument was 

higher. These groups were compared, and each was then com-

pared to the group of nonmusicians. This periforal analysis 

was intended only to provide additional information, and was 

not related to a stated research problem. 

A series of t tests was used to compare musicians and 

nonmusicians on each test item. Test items were then 

grouped according to the width of their modulation expressed 

m cents, and responses of musicians and nonmusicians were 

compared with respect to each of the frequency areas. 

Graphs were devised to illustrate the differences in 

groups as compared to the geometric mean on each test item. 

These were put in the form of a frequency distribution, 

showing that musicians in general tend to perceive a pitch 

higher in the frequency spectrum than nonmusicians. Statis-

tical analysis of the differences in a group and the mean of 
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an example was not possible due to the irregular nature of a 

musical modulation. However, graphs of the individual test 

items gave a visual confirmation that a difference exists in 

responses of the groups and the mean of each item. 

Findings of the Main Study 

Based upon analysis of test results dealing with compar-

ison of the groups on all test items, it appears that there 

is a significant difference in the perceptual processes and 

abilities of musicians and nonmusicians. While results 

indicate that the significance of such differences is more 

easily demonstrated when frequency spectra are large, the 

difficulty in obtaining similar results in examples with 

more narrow spectra must be said to be a result of limita-

tions of measurement. This conclusion is based upon the 

smaller number of responses available to subjects in sit-

uations where spectra are more narrow, a factor which 

necessarily leads to a smaller standard deviation figure. 

The graphic description of the test items further corrobor-

ates the belief that differences in the groups on items of 

narrow frequency spectra are similar to differences on the 

items with wider spectra. These findings underscore that 

there are probably significant differences in the percep-

tions of the groups on all test items, although the 

differences may not in some instances be statistically 

demonstrable. The differences in perception of the musi-

cian/nonmusician groups extended to individual items as well 
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as the test as a unit. Graphic evaluation of responses of 

each group showed that distributions of responses followed a 

relatively normal curve. This finding was constant despite 

the discovery that musicians tended to perceive the pitch at 

a point higher in the spectrum than did the nonmusicians. 

The finding of differences in the groups was duplicated 

when comparisons were made of responses to solo examples, 

and again with respect to ensemble examples. These differ-

ences were observed both statistically and graphically. 

Similar results were noted when comparisons of the groups 

were made on the basis of varying modulation widths. When 

responses of musicians playing higher instruments and of 

those playing lower instruments were compared to the set of 

nonmusicians, results were in line with those of earlier 

analyses, with significant differences seen in the responses 

of nonmusicians and those of both groups of musicians. 

Results of the pilot study were duplicated with regard 

to the comparison of responses and male and female groups. 

No differences were found in responses of these groups. 

Findings of the pilot study were accepted as sufficient in 

the analysis of processing strategies of the groups, as 

measured by lateral eye movement. It was determined that 

earlier studies citing differing processing strategies of 

musicians and nonmusicians were substantially correct. 
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The final level of analysis consisted of a comparison of 

the responses of musicians and those of nonmusicians to the 

mean frequency of each test item, in an attempt to support 

surlier research which has found subjects ' perception at the 

mean. It was determined that in the analysis, traditional 

statistical methodology may not be appropriate. Analysis of 

variance procedures, as well as t tests, require that fre-

quencies be established for all observed response of the 

groups being compared. While this would be a simple process 

with regard to the responses of the subjects in the test, 

comparison to the test items themselves was found to be 

impossible due to an inability to accurately determine the 

number of times each specific frequency was sounded within a 

single test item. Irregularity of musical vibrato is such 

that in a modulation spectrum of 280 Hz. to 330 Hz., it is 

impossible to determine how many times 325 Hz., for 

instance, is sounded. 

This difficulty points up a problem inherent in analysis 

of musical vibrato. While the geometric mean, as shown in 

the study, is more nearly representative of the aural spec-

trum than is the arithmetic mean, both these measures are 

based upon extreme frequencies present in the spectrum. The 

geometric mean may therefore be an entirely appropriate tool 

for evaluation of a modulation which is symmetrical and 

regular. But neither form of the mean offers a manner of 

accounting for the asymmetrical, irregular modulation which 
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is the predominant trait of a musical modulation. The lack 

of ability to make such a measurement removes the possibil-

ity of subjecting the musical vibrato to such forms of 

analysis as the t test and analysis of variance. 

However, the graphic mode of analysis mentioned is 

available for such comparisons, and is well suited to this 

use. It was possible to determine with precision the range 

of frequencies covered by the modulation, as well as the 

geometric mean for each example; however, as mentioned 

above, the mean in this instance may cease to have an 

important function. By imposing the response of each group 

upon these graphs, it can be determined whether the general 

tendency of either group is to perceive at or near the mean. 

Appendices D and E provide such a comparison. Examina-

tion of these graphs revealed several details. First, 

musicians generally tended to perceive pitches of each item 

at a frequency higher than nonmusicians. Though this trend 

is not universal, and while items of narrow frequency range 

allowed less opportunity for observation of this trend, it 

is nonetheless an obvious factor. It may be noted that, 

again speaking m general terms, musicians tended to locate 

the pitch of each example above the geometric mean, while 

nonmusicians perceived the pitch at or slightly below the 

mean. Possibly more important, however, is the observation 

that responses of each group on most items approximated 
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a normal curve, lending strength to the conclusions 

suggested by the graphs. . 

It may be stated, therefore, that while statistical 

verification is not possible, results of the study do indi-

cate that perception of the location of pitch of frequency 

modulated musical tones does not strictly correspond to the 

mean with regard to either musicians or nonmusicians. While 

no pattern may be found which would infer perception of 

either group at a specific distance above or below the mean, 

the general grouping of the responses at areas other than 

the mean may not be denied. 

As earlier stated, each musical example selected for use 

as a carrier tone was used twice in the test, once in the 

initial eighteen items, and again in the final eighteen. 

The graphs in Appendix D are paired in such a manner that 

the two performances of each example are displayed together 

on a page. For instance, since random selection determined 

that test items one and twenty-seven were performances of 

the same example, these items were displayed together. An 

examination of Appendix D indicated that while individual 

responses varied from the first to the second use of the 

example, the general outline of group responses was remark-

ably consistent. This understanding added further strength 

to the belief that the test was a reliable instrument for 

perceptual measurement. 
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Conclusions 

Beginning with the studies of Seashore, Schoen, 

Metfessel and Tiffin, studies of perception of the vibrato 

have attempted to determine the point at which subjects per-

ceive the actual pitch of a modulated tone. These first 

efforts in the field were hampered somewhat by lack of ade-

quate technology for producing a modulating carrier tone and 

for presenting carrier tones and matching tones simultane-

ously. Improvements in such technology through the follow-

ing decades allowed a new series of studies, of which the 

works of Sundberg and Shonle and Horan are most representa-

tive. The development of function generators and quality 

recording equipment permitted the creation and control of 

precise modulations. 

Results of these studies, both those of the earlier era 

and the more recent works, yielded very similar results. In 

most instances, authors reported that the perception of sub-

jects either corresponded to the mean frequency of the mod-

ulating tone, or was within a very few cents of that mean. 

Certain studies which used modulations of quite extreme 

rates or extents reported a lessened tendency to perceive 

pitch at the mean; these studies were of little use to 

evaluation of perception of musical vibrato. Other works 

attempted to determine the ability of subjects to duplicate 
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the rate and extent of a modulating tone; these studies 

found subjects incapable of such tasks. 

A far more extensive body of literature was located 

dealing with the phenomenon of vibrato as it exists in per-

formance. Evaluation of this set of studies led to the 

conclusion that the frequency vibrato exists in all musical 

performances, unless the tone is intentionally altered to 

remove this factor. Extent of the vibrato varies, these 

works indicated, according to the instrument performing. 

Woodwinds are often seen to have the most narrow modulation 

pattern, while vocal performances are normally among the 

more extensive. Rate of vibrato was equally varied, with 

the normal limits found in the range of five to nine cycles 

per second. 

Literature discussing the process of perception was less 

definitive. There appeared to exist two major positions 

concerning perception, the first stating that perception is 

entirely a function of discrimination, while the alternate 

position holds that discrimination alone is too discrete to 

explain the entire perceptual event. While the purpose of 

this present study did not include resolution of this issue, 

it was noted that most authors dealing with perception found 

that discrimination is at the very least an early component 

of the process. it was therefore determined that for pur-

poses of this study, discrimination would be sufficient to 

indicate that perception was taking place. 
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The importance of this present study grows from the use 

of musical performances as stimuli. The stated aim of ear-

lier studies involved extensive control of the stimulus. 

While these efforts provided the basis for the present 

study, inferences drawn from the works for application to a 

musical setting do not allow for the variability of modula-

tion which is an identifying trait of musical vibrato. 

Results of this study, then, should be viewed as a natural 

extension of the previous works rather than an attempt at 

refutation of their findings. In this study, standard 

methodology identified in earlier works was applied to situ-

ations which more nearly approximate musical performance. 

Findings of this study differ with those of earlier 

studies on several points. First, there seems to be no 

basis for the assumption that musicians or nonmusicians per-

ceive the pitch of a musical tone played with vibrato at the 

mean frequency of that vibrato. There is, however, evidence 

that musicians and nonmusicians perceive the location of 

such a pitch in a different manner, and that this perceptual 

process leads subjects of the groups to hear the pitch at 

different levels. Musicians in the study tended to locate 

the pitch of a vibrato tone higher in the frequency spectrum 

than did nonmusicians as a group. When evaluated with the 

concurrent finding that musicians tended to process the 

tones with both lateral hemispheres while nonmusicians were 

more likely to use only the right hemisphere, an inference 
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that musicians use a more analytic approach to such proces-

sing while nonmusicians process the tones holistically and 

nonanalytically seems appropriate. Additionally, these dif-

ferences located in the perceptions of musicians and nonmu-

sicians do not seem to be altered by changes in the width of 

the modulating tone. 

While earlier studies did not attempt to evaluate the 

differences in processing of musicians and nonmusicians, or 

that of females and males, this present study analyzed 

responses of both groups. In regard to analysis based upon 

gender, no difference was noted in the responses to test 

items. Results of the pilot study also suggest that there 

is little difference in responses of musicians and nonmusi-

cians based upon the tonal quality of the instrument or 

instruments used to produce the modulation. Significant 

differences were noted in responses of musicians and non-

musicians to both solo and ensemble items on the test. This 

was perhaps the most intriguing finding of the entire analy-

sis. If, as results seems to suggest, musicians make 

greater use of analytic procedures in processing the stim-

uli, it was anticipated that this analytic process would 

become more evident in evaluation of ensemble examples, 

which contain more complex modulation patterns than solo 

examples. However, the fact that significant differences 

were noted in responses to both solo and ensemble examples 

may reinforce that nonmusicians habitually use a nonanalytic 
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process in perception, even in examples where the modulation 

is somewhat more simple* 

The last set of conclusions to be drawn from the study 

indicated that there is no difference in the perceptual 

processes or abilities of musicians based upon their major 

performing instrument. While significant difference may be 

found in comparison of responses of musicians playing higher 

instruments and nonmusicians, as well as in comparison of 

responses of musicians playing lower instruments and nonmu-

sicians, these differences are in the range of those found 

when the entire group of musicians is compared to nonmusi-

cians. Among the musicians in the study, no differences 

were noted, again strengthening the belief that the analytic 

processing strategy used by musicians is universal among 

that group, and is a result of musical training. 

In summary, the stated purpose of this study was fulfil-

led in that auditors' perception of the pitch of frequency 

modulated tones produced by musical instruments was investi-

gated. Comparisons and points of similarity and difference 

with relation to earlier studies were examined. The 

research problems were answered in the following manner: 

there is a difference in perception of groups of individuals 

which may be traced to the level of musical training; while 

perception of musicians and nonmusicians is significantly 

different, no evidence was located leading to the conclusion 

that either group perceives the pitch of modulated musical 
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tones at the mean. Neither tonal quality or range of the 

example appears to affect this perceptual pattern among 

groups, nor does the alternation between solo and ensemble 

performances, width of the vibrato was not found to be a 

Seterminant in perception of the musicians and nonmusicians. 

No differences were found in responses of females and males, 

leading to the conclusion that differences in perception are 

not related to gender. Ultimately, training which separates 

musicians from nonmusicians was found to be the factor which 

develops different aural processing patterns among the 

groups, and which then causes differences in perception. 

Suggestions for Further Study 

A great deal remains to be accomplished in examination 

of perception of the vibrato. Seashore speculated that 

ensembles of similar instruments would perform with a wider 

vibrato than would a group with differing timbres (1). This 

study has dealt exclusively with ensembles of like instru-

ments, leaving open to question whether the results would be 

similar if the study were made with mixed ensembles. If 

Seashore's assumption is correct, it is expected that vibra-

tos of individual instruments would be smaller, but there is 

no information available on how perception would then be 

affected. 

Further investigation of the perception of performers at 

the time of production of tones is warranted. Investigation 
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should center upon whether ensemble performances of examples 

alters production of the vibrato, and whether this produc-

tion is further altered by employment of mixed ensembles as 

mentioned earlier. 

An equally critical need, however, is that which is 

faced by most psychological studies. Models must be 

developed which attempt to apply findings of the study and 

associated studies to the process of aural training of both 

musicians and nonmusicians. Results of this study show a 

difference in perception of these groups; implications for 

training procedures are limitless. If the differences in 

processing strategies, outlined by the test of conjugate 

lateral eye movement, extend to other areas of musical 

learning, studies of these elements should be undertaken as 

well, while there is no implication of 'correct' perception 

as a result of this study, it appears that the analytic 

training afforded musicians through theory and ear training 

courses may alter the perceptual process. Is it then pos-

sible, or even desirable to train musicians to center their 

perception upon the mean of the vibrato? 

In consideration of nonmusicians, findings of this study 

should be related to those of earlier works which attest 

that performers normally employ vibrato above the target 

frequency. There are implications here calling for a more 

analytic approach to the limited training of nonmusicians. 



149 

In this study discrimination was found to be the initial 

observable sign of perception. Consideration must be given 

to the issue of whether this discrimination forms the basis 

of other elements of musical perception. 

Additional study is needed of the stimulus source. Men-

tion has been made that this study grew out of the need to 

use musical tones as a stimulus source. However, little is 

known about what elements of that stimulus might have been 

responsible for the findings of the study. Certainly the 

use of a musical stimulus introduces a great measure of 

irregularity and nonsymmetry to the tone, but many previous 

studies used pure rather than complex sound sources. The 

possibility that elements of the harmonic series play a 

major role in perception of vibrato must be investigated. 

Having begun the study with a quote from Seashore, it 

seems appropriate to allow him to bring the work to a close 

as well. At the conclusion of his report on his pioneering 

work with vibrato through the use of the tonoscope, Seashore 

faced much the same task as this researcher, that of evalua-

ting the results of the effort while at the same time sug-

gesting new directions. He wrote, 

One might well ask 'What is it worth?' And this 
question we can only answer by asking other questions-
K ; . 1 ' a £ f e « theory? How wou?d It 
facilitate musical training? How would it affect 

t h r i i s ^ n » ^ ° l s m ? H O W m u c h s w e e t « would music be to 
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FRONT AND BACK SIDES OF PILOT STUDY 

SUBJECT RESPONSE SHEET 
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NAME 

Social Sec. No. A g e 

S e x Major (if student) 

Years of Jr. High, Sr. High or College Level 
musical study or performance 

Instruments 

Occupation (non-students) 

With which hand do you normally write? 

Thank you for your help in this studylI 
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Mean Range 

4 2 8 . 7 5 4 1 9 . 5 - 438 3 . 8 8 1 8 5 . 2 5 1 7 8 . 2 - 1 9 2 . 3 8 . 9 2 4 5 2 . 8 
3 . 71 5 7 5 . 2 5 5 6 3 . 5 - 587 2 . 8 9 4 2 9 . 5 
3 . 8 8 7 1 7 . 7 5 
2 . 33 
3 . 4 0 1 8 5 . 8 1 7 7 . 6 - 194 9 . 3 5 
6.80 6 0 1 . 2 5 5 8 8 . 5 - 614 2 . 78 3 7 9 . 9 5 
4 . 6 7 

2 5 9 . 5 - 2 7 8 . 5 6 . 2 4 2 5 0 . 5 
6 .80 
2 . 8 9 - 584 

5 7 2 . 2 5 
2 . 8 9 

6 0 6 . 5 - 620 
2 6 3 . 5 

6 . 2 4 7 1 7 . 7 5 
4 2 9 . 5 
5 7 5 . 2 5 
4 5 2 . 8 

704 
424 
5 6 3 . 5 
448 

7 3 1 . 5 2 . 3 3 
3 . 8 8 
2 . 8 9 

4 5 7 . 6 3 . 71 1 8 5 . 2 5 1 7 8 . 2 1 9 2 . 3 8 . 9 2 4 2 8 . 7 5 4 1 9 . 5 3 . 8 8 
2 5 9 . 5 2 7 8 . 5 6 . 2 4 3 7 9 . 9 5 3 8 5 . 9 4 . 6 7 6 0 1 . 2 5 

258 
1 8 5 . 8 

5 8 8 . 5 
252 
1 7 7 . 6 

2 . 78 
6 .80 
9 . 3 5 

2 5 0 . 5 
6 0 6 . 5 6.80 

2 . 78 2 6 3 . 5 
6 . 2 4 
2 . 3 3 5 7 2 . 2 5 5 8 3 . 5 2 . 8 9 
2 . 8 9 
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m a t c ? t w o t 0 n e s - » « • 

be repeated three times A«? vr>? ^
 Slngle pitch. Each will 

you will also hear an electronic tonj S - ' h m u s i c a l examples 

you?' ^ " S ^ a H S i r o ^ 1 " 9 * d i a l ° n ^ ^ 

try turning the dial now from°one s f d e V t h f ^ e r ^ " 6 ' 

P ^ i o ^ ^ n d ^ T r L S ^ e ' ^ w b r a P 3 " t h a " t h e «»»• J«-t 
to find the exact pitch. L i s t e " ^ ^ ^ ^ ^ ^he" " 

u s u a l i r a ^ o o r i d l a ^ r f l n d ^ 1 1 6 " t h e e X ^ l e ' " " 
the fi?st P?ayi^ of ?hl exam^» 3 e? e r S l " e a ° f t h e P i t c h °° 

A?te^etheC?ha 5 l a r n ? ' a n d v e ^ specific on t h e ^ M r ^ 6 " " 0 

example begins^ P l a y 1 " 9 d ° n 0 t t O U c h t h e - t u l h e next 

S ' o b s c u ^ ^ n ^ a ^ f o / y ^ r f a c f Sp[ a l 9 h t a h 6 a d a n d t r^ « * 
volume or other testiL J L f ! - 6 a S e S p e a k UP i f t h e 

Remember t h e ^ e ^ m p 9 ^ 1 ^ ; U n-» f°»able. 

^ t " ^ - P r ; C i v e P i t 0 h f o r e a c h sample 
Don t adjust the dial after the third playinq 

straight ahead as much as possible 

exfaSneJa^Uy:uti^eS'rL1dySteoabeo1
them ^ • " « * ' l e t 

set of practice examples t L Test f
b %

r
9 i V e n 3 

. £ £ ? % £ : : : i i k e *» ^ e t i c e ' ^ 

A. 
B. 
c. 

. _ J- j r ^ c i W ^ U J L U 

again, please alert the examiner. 

Thank you. 
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FRONT AND BACK SIDES OF MAIN STUDY 

SUBJECT RESPONSE SHEET 
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J o l l o w l n ( 3 requested information is voluntary. The 
data taken from this page will be used only in statistical 
analysis and randomization processes. Your cooperation is 

p o f L e S f e d T i e S r " 1 ? 9 a S - m U C h ° f t h e inf°rmation as " 
possible. The entire form is confidential and will not be 

i ^ a t i ° n b e — « » ™ 

NAME 
Social Security # 

Gender F m 

Are you presently enrolled at a college or university? 
If yes,^list institution and major 
If no, list occupation — -— 

How many years of musical training have you had9 (Include 

£ctool) e S S O n S a" d /° r a n y C l a s s e s ? u r l n 9 ° r " High 

If you are a musician, list your major instrument 

With which hand do you normally write? 

Are you aware of any serious hearing loss? 

THANK YOU FOR YOUR KIND ASSISTANCE IN THIS STUDY11 

S # 
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T R e s p o n s e Ranqe Geo. Mean A r i t h . Mean 
R e s p o n s e 
I n C e n t s 1 5 5 0 - 5 7 2 5 6 0 . 8 9 561 2 

o 4 3 2 - 4 5 3 4 4 2 . 3 8 4 4 2 . 5 
3 6 9 0 - 7 2 1 7 1 5 . 3 3 7 0 5 . 5 
4 
c 3 6 5 - 3 8 1 3 7 2 . 6 7 373 -

5 
a 

8 1 - 8 5 . 5 8 3 . 2 2 8 3 . 2 5 
O 1 7 8 - 1 9 2 1 8 4 . 8 7 185 
/ 
o 

4 2 0 - 4 2 6 4 2 2 . 9 423 
o 9 7 3 - 1 0 1 7 9 9 4 . 7 6 995 
y 

1 A " 257 .5—272 .5 2 6 4 . 8 9 265 
10 
IT " 1 3 6 . 5 - 1 4 1 . 5 1 3 8 . 9 8 139 11 
I N 

2 4 4 - 2 5 5 2 4 9 . 4 4 2 4 9 . 5 
12 
TO ~ 5 5 4 - 5 7 8 5 6 5 . 8 7 566 
13 1 8 3 - 1 9 1 1 8 6 . 9 6 187 
14 
1 c 5 5 4 - 5 6 6 5 5 9 . 9 7 560 
15 
~\a 

1 0 4 - 1 0 8 1 0 5 . 9 8 106 
I D 
1 *7 

9 2 5 - 9 5 1 9 3 7 . 9 1 938 
1 / 4 1 9 - 4 2 7 4 2 2 . 9 8 423 18 
i n 4 8 6 . 5 - 5 0 5 . 5 4 9 5 . 9 1 496 — — 

19 2 5 7 . 5 - 2 7 2 . 5 2 6 4 . 8 9 265 
20 9 7 3 - 1 0 1 7 9 9 4 . 7 6 995 21 
O O 

4 2 0 - 4 2 6 4 2 2 . 9 423 
22 1 7 8 - 1 9 2 1 8 4 . 8 7 185 
23 
O >1 " " 

8 1 - 8 5 . 5 8 3 . 2 2 8 3 . 2 5 
24 3 6 5 - 3 8 1 3 7 2 . 6 7 373 
25 6 9 0 - 7 2 1 7 1 5 . 3 3 7 0 5 . 5 
26 4 3 2 - 4 5 3 4 4 2 . 3 8 4 4 2 . 5 
27 
O O 

5 5 0 - 5 7 2 5 6 0 . 8 9 561 
28 4 8 6 . 5 - 5 0 5 . 5 4 9 5 . 9 1 496 
29 4 1 9 - 4 2 7 4 2 2 . 9 8 423 
30 9 2 5 - 9 5 1 9 3 7 . 9 1 938 -

31 1 0 4 - 1 0 8 1 0 5 . 9 8 106 . 

32 5 5 4 - 5 6 6 5 5 9 . 9 7 560 
33 
o / 1 8 3 - 1 9 1 1 8 6 . 9 6 187 
34 5 5 4 - 5 7 8 5 6 5 . 8 7 566 
35 
Q C 

2 4 4 - 2 5 5 2 4 9 . 4 4 2 4 9 . 5 
3d 1 3 6 . 5 - 1 4 1 . 5 1 3 8 . 9 8 139 



APPENDIX D 

GRAPHIC PAIRED COMPARISON FREQUENCY DISTRIBUTIONS OF 

MUSICIANS' AND NONMUSICIANS' RESPONSES 

TO ALL TEST ITEMS 

Musicians' Responses Represented by x 

Nonmusicians1 Responses Represented by o 
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Mean Frequency 560.89 HZ. 
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Mean Frequency 442.38 HZ. Modulation •+/- 38.95 Cents 
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Test Items #4 and #24 

Mean Frequency 372*67 HZ• Modulation +/— 33*84 Cents 
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Test Items #5 and #23 

Mean Frequency 83.25 HZ. Modulation +/- 45.92 Cents 
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Test Items #7 and #21 

Mean Frequency 422.99 HZ. Modulation +/- 12.27 Cents 
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Test Items #8 and #20 

Mean Frequency 994.76 HZ. Modulation +/- 37.40 Cents 
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Test Items #9 and #19 

Mean Frequency 264.89 HZ. Modulation +/- 46.80 Cents 
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Test Items #10 and #36 

Mean Frequency 138.98 HZ. Modulation +/- 29.65 Cents 
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Mean Frequency 249.44 HZ. Modulation +/- 37.18 Cents 
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Test Items #12 and #34 

Mean Frequency 565.87 HZ. Modulation +/- 35.52 Cents 
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Test Items #13 and #33 

Mean Frequency 186.96 HZ. Modulation +/- 33.80 Cents 
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Test Items #16 and #30 

Mean Frequency 937.91 HZ. Modulation +/- 22.10 Cents 
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Mean Frequency 422.98 HZ. Modulation •+/— 16.32 Cents 
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APPENDIX E 

GRAPHIC COMPARISONS OF RESPONSES OF MUSICIANS AND 

NONMUSICIANS WITH REGARD TO SOLO 

AND ENSEMBLE EXAMPLES 

Musicians' Responses Represented by x 

Nonmusicians' Responses Represented by o 
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Comparison of Responses of Musicians and Nonmusicians 
Based Upon Solo Examples 
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APPENDIX F 

GRAPHIC COMPARISONS OF RESPONSES OF MUSICIANS WHO 

PERFORM ON HIGHER AND LOWER INSTRUMENTS; AND 

OF EACH GROUP COMPARED TO NONMUSICIANS 

Musicians Who Perform on Higher Instruments Represented by h 

Musicians Who Perform on Lower Instruments Represented by 1 

Nonmusicians' Responses Represented by o 

Upper case letters represent two responses 
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Comparison of Responses of Musicians Who Perform on Higher 
Instruments and Musicians Who Perform on Lower Instruments 
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GRAPHIC COMPARISONS OF RESPONSES OF MUSICIANS AND 

NONMUSICIANS WITH REGARD TO EXAMPLES OF 

VARYING FREQUENCY WIDTHS 

Musicians' Responses Represented by x 

Nonmusicians1 Responses Represented by o 
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