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HIS volume is dedicated to my comrades in research, professors

and students, for the last forty years. I am writing as a spokes-
man for them all, attempting to present in high lights the new
approaches developed during this period. This involves the right
to draw freely from more than one hundred publications emanating
from the group. Wherever possible I have named the person pri-
marily responsible for the contribution; but the text embodies
facts which in large part are common stock in the laboratory.

In doing the overhead work for all these years, it has been
difficult to separate my own ideas from the ideas of collaborators
because our policy has been to share ideas with the utmost gener-
osity. In the interest of condensation and clarity, I have interpreted
and classified as much as is consistent with the purpose and, there-
fore, have not used quotation marks extensively.

It is difficult to give proper acknowledgment to all the persons
and sources represented. All authors of publications from which
substantial units are drawn are mentioned in the text with a super-
script number which refers to the corresponding number in the
bibliography. The sources of illustrations are indicated in the text.
Acknowledgment to authors and publishers for permission to use
material is herewith gratefully extended.*

Owing to the nature of the situation, I have counted upon
many of my collaborators to read and criticize the manuscript in
whole or in part both from the point of view of science and from
the point of view of music.

* The following note from the Music Educators Journal, September, 1987, is self-
explanatory:

““In a series of reports from the laboratory-studio for the Psychology of Music, Carl E.
Seashore has presented to Journal readers specimens of scientific findings dealing with
various phases of the psychology of music. Appearing in the October issue of the Journal
will be the tenth in a series, which will deal with the problem of the tempered scale as
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The Psychology of Musical Talent, published by Silver
Burdett & Company, in 1919, is a monograph which marks a new
vantage ground in the psychology of masic. It covers a restricted
field in which it has permanent value and should, therefore, not
be revised, but supplemented. In the present volume, I have aimed
to avoid duplication of that work to which this is a logical sequel.

Concentration in this field of work has been favored by a gen-
erous attitude on the part of the University of Iowa toward this
project and through a series of generous fellowships provided by
Mr. George Eastman, the National Research Council, the Guggen-
heim Foundation, and the Carnegie Foundation. Through a special
interest in this subject and such generous financial support, it has
been possible to maintain a continuous project through trained
investigators, working on a unified program for a generation.

The purpose of this book is to stimulate and guide the student
of music in scientific observation and reasoning about his art. It
is, therefore, not a summary of all the known facts on any subject,
but rather a series of flashes illustrating the scientific approach
from as many angles as space and material permit in an elementary
textbook. Since the book is written for beginners, no technical
description of apparatus or method is given except in most
elementary general principles. Material for the student to work
upon is, however, furnished abundantly. My attitude throughout
may be expressed in the invitation, “Come with me into the
laboratory-studio for the psychology of music and see how the
study of science of the art of music works.” As in my other text-
books the motto has been

Not psychology but to psychologize.

This book has been many years in the making. Certain chapters
have been revised periodically as knowledge in the field has
advanced. The present edition may, therefore, be regarded as a
report of progress subject to revision in the near future; yet an
effort has been made to deal only with firmly established facts,

opposed to the natural scale and others. Beginning in March, 1936, successive issues of the
Journal have carried articles on the following subjects: (1) Pitch Intonation in Singing, (2)°
Approaches to the Experimental Psychology of Music; (8) Quality of Tone: Timbre,
(4) Quality of Tone: Sonance; (5) Measurement of Musical Talent: The Eastman Experi-
ment; (6) The Vibrato: What Is It?; (7) The Vibrato: What Makes It Good or Bad?;
(8) The Vibrato: How Can We Approach an Ideal Vibrato?; (9) A Performance Score
with Phrasing Score for the Violin.”
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even though fragmentary. Diversity in the style of figures is
justified on the policy of retaining the form given each figure by
its original author.

Upon invitation from my Alma Mater to give the so-called
academic address at an anniversary celebration last year, I chose
as my subject The Power of Music. This had been the subject of
my class oration when graduating from the academy fifty-one
years before. Half a century ago the adolescent lover of music
began his oration as follows:

Music is the medium through which we express our feelings
of joy and sorrow, love and patriotism, penitence and praise.
It is the charm of the soul, the instrument that lifts mind to
higher regions, the gateway into the realms of imagination. It
makes the eye to sparkle, the pulse to beat more quickly. It
causes emotions to pass over our being like waves over the far-
reaching sea.

That was what the music I lived in meant to me half a century
ago. It was the expression of the genuine thrill of young enthusiasm.
Considering what music meant to me then and what it means to
me now after a life career in the science of musiec, there comes to
me an analogy from astronomy. Then I was a stargazer; now I am
an astronomer. Then the youth felt the power of music and gave
expression to this feeling in the way he loved and wondered at
the stars before he had studied astronomy. Now the old man feels
the same “power of music,”” but thinks of it in the manner that the
astronomer thinks of the starry heavens. Astronomy has revealed
a macrocosm, the order of the universe in the large; the science of
music has revealed a microcosm, the operation of law and order
in the structure and operation of the musical mind. It is a wonder-
ful thing that science makes it possible to discover, measure, and
explain the operations of the musical mind in the same attitude
that the astronomer explains the operation of the stars.

It is not easy to pass from stargazing to technical astronomy.
It is not easy to pass from mere love and practice of mu.ic to an
intelligent conception of it. To help the lover of music bridge this
gap is the purpose of this volume.

Cary E. SpasHORE.
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PSYCHOLOGY OF MUSIC






THE MUSICAL MIND*

THE late Horatio Parker once said in the way of a witticism,
“There are no musicians in this country,” and to my intimation
that there must be some near-musicians he said, after some delibera-
tion, “Well, there is one.” On inquiry as to what his particular
merits were, it came out that he was a composer. “But,” I asked,
“how about our great singers and instrumental performers?”
“Ah, they are technicians.” Ranging from such a conception of the
musical mind to that of the mind of Blind Tom or, in a more
extreme case, the musicial prodigies which we frequently find in
the institutions for the feeble-minded, it is possible to recognize
countless varieties of musical minds.

Avoiding as much as possible the account of technical methods
of approach, analysis, and measurement, I shall aim to set up in this
introductory chapter a skeletal structure in terms of which musical
minds may be described and interpreted.

The point of view here presented as a result of laboratory
experience is based upon the analysis of the musical medium—
the physical sound. This rests upon the assumption that a(musical
mind must be capable of sensing sounds, of imaging these sounds in
reproductive and creative imagination, of being aroused by them
emotionally, of being capable of sustained thinking in terms of
these experiences, and ordinarily, though not necessarily, of giving
some form of expression of them in musical performance or in
creative music. )

{ In this objective approach, we must keep in the foreground the
fundamental fact that the musical mind does not consist of its

* Reprinted by permission from the Atlantic Monthly.23°
1



2 Psycaorocy or Music

dissected parts, but in an integrated personality. In its evaluation
we must always have regard for the total personality as functioning
in a total situation.

Musical talent is not one, but a hierarchy of talents, branching
out along certain trunk lines into the rich arborization, foliage, and
fruitage of the tree, which we call the “musical mind.” The normal
musical mind is first of all a normal mind. What makes it musical is
the possession, in a serviceable degree, of those capacities which are
essential for the hearing, the feeling, the understanding, and,
ordinarily, for some form of expression of music, with a resulting
drive or urge toward music.

THE SENSORY CAPACITIES

The psychological attributes of sound, namely, pitch, loudness,
time, and timbre, depend upon the physical characteristics of the
sound wave: frequency, amplitude, duration, and form. In terms of
these we can account for every conceivable sound in nature and
art—vocal or instrumental, musical or nonmusical. We therefore
recognize that the musical mind must be capable of apprehending
these four attributes of sound.

But in this apprehending we find an inner screen which is more
significant musically, being composed of the four fundamental
sensory capacities in complex forms, namely, the sense of tone
quality, the sense of consonance, the sense of volume, and the sense
of rhythm. These four complex forms of capacity must be evaluated
by themselves and not in terms of their elemental components.
For example, rhythm depends upon the sense of time and the sense
of intensity, as hydrogen and oxygen combine into water; yet water
and rhythm are practical entities in themselves. )

This classification of sensory capacities is probably complete,
because it is based upon the known attributes of the sound wave.
It must be borne in mind that the sound wave is the only medium
through which music as such is conveyed from the performer to
the listener; everything that is rendered as music or heard as
music may be expressed in terms of the concepts of the sound wave.
As in good reading we are not aware of letters or phonetic elements
as such, but read for meaning, so in music we are, as a rule, not con-
scious of specific tonal elements or sound waves as such, but rather of
musical design or impression as a whole. The lover of flowers may
derive deep pleasure from flowers through his senses without knowl-
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edge or thought of the physics or chemistry of their structure@o it
is possible to enjoy and perform music without insight or knowledge
of its true nature; but the musician who knows his medium and
thinks intelligently about. it hasa vastly greater satisfaction than
the one who does not.-

On the basis of our experiments in measuring these sensory
capacities, we find that the basic capacities, the sense of pitch, the
sense of time, the sense of loudness, and the sense of timbre are
elemental, by which we mean that they are largely inborn and

function from early childhood. After a comparatively early age
they do not vary with intelligence, with training, or with increasing
age, except as the exhibition of these capacities is limited by the
child’s ability to understand or apply himself to the task. This fact
is of the utmost importance in that it makes diagnosis of talent
possible before training is begun and points to certain very definite
principles of musical education. We can measure these capacities
reliably by the age of ten in the normal child; and this measure is
likely to stand, except for the numerous vicissitudes of life which
may cause deterioration. To take an example, the sense of pitch
depends upon the structure of the ear, just as acuity of vision
depends upon the structure of the eye. As no amount of training or
maturing tends to increase the acuity of the cye, so no amount of
training or maturing can improve the pitch acuity of the ear. How-
ever, training and maturing in both cases can greatly increase the
functional scope of these capacities. The ear, like the eye, is an
instrument, and mental development in music consists in the
acquisition of skills and the enrichment of experience through this
channel. This is analogous to the fact that touch and acuity of hear-
ing are really on the whole as keen in seeing persons as in the blind
who show apparently marvelous power of orientation through these
senses.

The apparently complex forms of sensory capacities also tend to
be elemental to a considerable degree; that is, the young child has
the sense of tone quality, of volume, of rhythm, and the sense of
consonance long before he begins to sing or know anything about
music. It is the meaning, and not the capacity, of these forms of
impression which we train and which matures with age in propor-
tion to the degree of intelligence and emotional drive.

There seem to be four large trunks in the family tree of musical-
ity, each of which may develop and ramify to a large extent inde-
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pendently of, or out of proportion to, the others. These four are
the tonal, the dynamic, the temporal, and the qualitative. Each is
the main trunk of a musical type. Those of the tonal type are
peculiarly sensitive to pitch and timbre and dwell upon music in all
its tonal forms—melody, harmony, and all forms of pitch variants
and compounds; the dynamic have a fine acuity of hearing and
sense of loudness and dwell by preference upon stress, or the
dynamic aspect of music, in all forms and modifications of loudness;
the temporal are peculiarly sensitive to time, tempo, and rhythm,
and by preference dwell upon the rhythmic patterns and other
media for the temporal aspect of music; the qualitative are pecul-
iarly sensitive to timbre and are capable of its control, dwelling
preferentially upon the harmonic constitution of the tone.

Of course, a great musician, or a balanced musician of any
degree of greatness, tends to have these four trunks of capacity
branching out in balanced and symmetrical form, but such cases
are comparatively rare. Many distinguished musicians are domi-
nantly of one of these types; their performance and appreciation
and their musical creations all give evidence favoring dominance
of one of the trunk lines, although within these trunk lines large and
distinctive subbranchings may be recognized. Furthermore, great
capacity in each of these types is not essential to marked distinc-
tion in musical achievement; very extreme sensitivity in one or more
of them may even be a drawback to balanced musical development.

Let me give a very striking illustration on this last point. In
measuring certain phases of musical talent in all of the available
living members of six of the foremost musical families in the United
States, Dr. Stanton found that the brother of one of the protagons
of these musical families said that he had no musical talent what-
ever, and this seemed to be the opinion of the family. But the
experimenter found that in the five basic capacities measured, this
man was extraordinarily keen, indeed, conspicuously keener than
his brother, the famous musician. The interesting confession came
out that the reason he was not musical was that practically all the
music that he heard seemed to him so bad that it jarred upon him
and was intolerable. That was the reason that he was not musical in
the conventional sense of the word; he was so keen that the ordinary
humdrum of music, even in a musical family, continually jarred
him. Is he in reality musical or is he not? The psychologist would
say, “In terms of all the evidence at hand, he has extraordinary
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musical capacities.” Yet in his family he was the one who had not
“amounted to anything’’ in music.

Generalizing on the basis of all types of record available we may
say that, so far as the sensory capacities are concerned, a balanced
and distinctly gifted musical mind will in these capacities measure
in the highest 10 per cent of the normal community. But great
musical achievement may be attained by persons who may have as
low as average sensory capacity in one of these four main lines.

But here it must be pointed out, of course, that success depends
upon following the lead of natural capacity. For example, a person
who has only an average sense of pitch can never become a good
violinist or a great singer; but, with the other three skills well
developed, he may become a pianist or a composer of great distinc-
tion. A person relatively lacking in dynamic capacities cannot
become a great pianist, but might well find success with voice or
wind instruments. It is not that the musician always engages in
fine distinctions; it is rather that his possession of a fine sensitivity
makes him live dominantly in that musical atmosphere to which he
is most sensitive and responsive, even when he employs the most
dissonant, rough, or unrhythmic characteristics of sound.

MUSICAL IMAGERY, IMAGINATION, AND MEMORY

Granting the presence of sensory capacities in adequate degree,
success or failure in music depends upon the capacity for living in a
tonal world through productive and reproductive imagination. The
musician lives in a world of images, realistic sometimes even to the
point of a normal illusion. This does not mean that he is aware of
the image as such any more than he needs to be aware of sensation
in seeing an object. But he is able to “hear over’’ a musical program
which he has heard in the past as if it were rendered in the present.
He creates music by “hearing it out,” not by picking it out on the
piano or by mere seeing of the score or by abstract theories, but by
hearing it out in his creative imagination through his ‘“mind’s
ear.” That is, his memory and imagination are rich and strong in
power of concrete, faithful, and vivid tonal imagery; this imagery
is so fully at his command that he can build the most complex
musical structures and hear and feel all the effects of every detailed
element before he has written down a note or sounded it out by
voice or instrument. This capacity, I should say, is the outstanding
mark of a musical mind at the representation level—the capacity of
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living in a representative tonal world. This capacity brings the
tonal material into the present; it colors and greatly enriches the
actual hearing of musical sounds; it largely determines the char-
acter and realism of the emotional experience; it is familiarity with
these images which makes the cognitive memory for music realistic.
Thus, tonal imagery is a condition for learning, for retention,
for recall, for recognition, and for the anticipation of musical facts.
Take out the image from the musical mind and you take out its
very essence.

No one maintains at the present time that a person can be of a
single imaginal type; but, in natural musicians with a rich feeling
for music, the auditory type dominates, and perhaps largely
because realistic imagery is always intimately associated with
organic responsiveness. The motor imaginal type is ordinarily
also well developed. It is not necessary for us to quarrel about the
relation of kinesthetic imagery to kinesthetic sensation, but we can
agree upon this: that the motor tendency to image the tone or
execute it in inceptive movements is highly developed in the musical
mind. The auditory and the motor images are normal stimuli for
organic reaction in musical emotion.

The necessity of living in a world of representation tends to
bring out vivid visual imagery as well as imagery in the other
senses, because there is a general tendency to reinstate, in the repre-
sentation of a sensory experience, the whole of the original setting.
Thus a musician not only hears the music but often lives it out so
realistically in his imagination and memory that he sees and feels a
response to the persons, instruments, or total situation in the rendi-
tion represented. Without this warmth of experience, music would
lose its essential esthetic nature. It is a well-known fact that many
persons who ply the art or business of music report having no devel-
oped imaginal life or concrete imagination. And it has been very
interesting to observe in many such cases that, although they are
engaged in the practice of music, their musical life is quite devoid of
the genuine musical experience. They are often mere pedagogues or
musical managers.

The power of mental imagery may be developed to a marked
degree with training. There is also good evidence to show that the
power of vivid imagery deteriorates with nonuse. A comparison of
musicians and psychologists shows that the musicians stand very
high in auditory imagery and the psychologists as a class compara-
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tively low. This marked difference is probably due partly to selec-
tion and partly to training. There seems to be no doubt but that
there are very great differences in the original nature of children in
this respect.

Mere strength and fidelity of imagery is, however, of little value
except insofar as it is the medium for imagination. Music is an art,

and he who plies it successfully has the power of creative imagina-
tion. This may be of the sensuous type which is characterized by
luxuriant and realistic imagery without much reflection; it may be
of the intellectual type in which creation takes the form of purpose,
theories, or postulates as to the material of musical content; it may
be of the sentimental type in which the flow of imagery is under
the sway of the higher sentiments which are often nursed into
esthetic attitudes, sometimes called ‘““musical temperament”; it
may be of the impulsive type in which the drive or urge of emotion
flares up but is not long sustained; it may be of the motor type,
sometimes called ““architechtonic,” which takes the form of arealistic
experience of action or of mere performance. According as a person
is dominantly of any one or of a combination of these types, his
personality as a whole may in large part be designated by such a
pattern. Thus, among others, we may recognize as types the
sensorimotor, sentimental, impulsive, reflective, motile, and the
balanced musician.

While retentive and serviceable memory is a very great asset to a
musical person, it is not at all an essential condition for musical-
mindedness. A person may have naturally very poor memory of all
kinds and get along well in music, just as an absent-minded philoso-
pher may get along very well in his field. Furthermore, the possibility
for the development of memory is so very great that with careful
training a person with very poor memory may improve this many-
fold to the point of serviceability. The musical mind that can repro-
duce many repertoires with precision is, however, a different mind
from one which has neither large scope nor fidelity in retention or
reproduction. But both may be musical. The personal traits in
memory and imagination color and condition the musical life and
often set limits to achievement in music.

MUSICAL INTELLIGENCE

Insofar as the power of reflective thinking is concerned, musical
intelligence is like philosophical, mathematical, or scientific
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intelligence. Intelligence is musical when its background is a store-
house of musical knowledge, a dynamo of musical interests, an
outlet in musical tasks, and a warmth of musical experiences and
responses. Here, as in the case of imagination, the type and the
degree of intelligence may characterize or set limits for the musical
achievement. The great composer, the great conductor, the great
interpreter live in large intellectual movements. They have the
power of sustained thought, a great store of organized information,
and the ability to elaborate and control their creative work at a
high intellectual level. At the other extreme are the various kinds of
small musicianship in which reflective thinking does not function;
the experience and the performance are on a sensorimotor level.
Such music is to real music as fantasy is to creative imagination.
Between these extremes we may sort musicianships into markedly
different qualities and levels in terms of some sort of intelligence
quotient—a hypothetical musical intelligence quotient—which we
might designate as M.1.Q. Thought is, however, not limited to the
difficult and ponderous in music, for, as in all other realms of
reflection, the highest and most beautiful achievements of thought
often have the charm of simplicity.

We should not infer from this that a great mathematician or
philosopher, who plays the violin or sings beautifully, does so as a
great thinker. The violin and the voice are often a relief to him from
the strain of sustained cogitation. He may not create music at all;
he may not even ivLterpret at the level at which he philosophizes;
yet his sensuous and his imaginative experiences are chastened,
mellowed, and balanced by the fact that he is a contemplative man.

Again the great intellect in music may dwell so exclusively upon
the musical forms and upon conceptions of new musical structures
as to become calloused to the more spontaneous appreciation and
expression of music. He becomes hypercritical and may even lose
the ability to enjoy music. The penetrating critic often derives more
pain than pleasure out of music as it is.

My main point, however, is: as is the intelligence of a man, so is
his music. If he is in a school for feeble-minded, his music may be
spontaneous and appealing to a high degree; but it will, neverthe-
less, be feeble-minded. If it is the expression of the philosophical
and highly trained composer or conductor, it will be a thought
creation whether or not it has the more elemental musical appeals
which reach the masses.
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MUSICAL FEELING

{ Music is essentially a play upon feeling with feeling. It is ap-
preciated only insofar as it arouses feeling and can be expressed
only by active feeling. On the basis of the degree and the kind of
feeling, we may again classify persons into characteristic types in
terms of affective responsiveness. )

As a fundamental proposition we may say that the artistic
expression of feeling in music consists in esthetic deviation from
the regular—from pure tone, true pitch, even dynamics, metro-
nomic time, rigid rhythms, etc. All of these deviations can be
measured so that we can now compare singers quantitatively in
terms of their use of a particular one of the countless devices for
deviating from the regular or rigid, including also adherence to the
regular as a means of expressing emotion in music. The emotional
medium at one moment may be primarily fine modulation in tonal
timbre, at another in rhythm, at another in sfress, and each of these
in countless forms of sublimation or hierarchies. In the ensemble of
such deviation from the regular lies the beauty, the charm, the
grandeur of music. When Tetrazzini catalogues among the chief
faults of singing ‘“‘faulty intonation, faulty phrasing, imperfect
attack, scooping up to notes, digging or arriving at a note from a
semitone beneath’ she, of course, is right but may fail to realize
that in just such variables lie the resources for beauty and power of
music.

In other words, our concept of feeling as expressed in music
may become concretely scientific, so that, if the music critic praises
or blames a singer for a certain emotional quality, it need no longer
remain a question of dispute or opinion; but, just as we could snap
the profile of the singer with the camera, we can get the profile of
the sound wave and settle the dispute about the musical
quality. The musie critics, of course, have not yet adopted this
technique, but the next generation will make a beginning. The ex-
pression of feeling in music, that mysterious and enchanting retreat
for all things musical, is being explored; trails are being blazed, and
the music critic will soon talk about musical expression of feeling in
terms of precise and scientific concepts.

When Grace Moore sings in New York and the critics opine
about the technique of quavers in her voice, we may have at the
footlights a recording instrument which photographs every sound
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wave and enables us to preserve for all time the form of her expres-
sion of emotion. We are, of course, not thinking here about that
mystic inner something which is spoken of as feeling, as such, but
of the expression of feeling. In modern psychology, to feel is always
to do, to express something—action of the organism. The expression
does not take ethereal, magical, or even mystic form but comes to
us through the media to which our senses are open.

( There are two other aspects of feeling in music. One is the nature
of esthetic experience, and the other is what we may call the
“creative feeling” as it operates in the composer. It is evident that
both of these will stand out in an entirely new light the moment the
conception of the concreteness, describability, and tangibleness of
the expression of emotion in music is recognized.

MUSICAL PERFORMANCE

Musical performance, like all other acts of skill involving un-
usually high capacity, is limited by certain inherent and inherited
motor capacitics. For example, a child may be slow and sure or
quick and erratic in certain specific activities, or he may be found in
any other combinations of the two series from the extremely slow
to the extremely quick, and extremely precise to the extremely
erratic. And, as a child is found, so will be the youth and the man.
Such a ““personal equation” is a personal trait, like stature or color
of hair. Singing involves the possession of a favorable structure of
the vocal organs and motor control. Playing various kinds of instru-
ments calls for a high order of natural capacity, for speed and accu-
racy in control. Such motor capacities can be measured before
musical training is begun. Musical action is, of course, also limited
by limitations in each and all of the talents heretofore discussed; for
example, a person who is low in sense of rhythm will of necessity be
low in rhythmic performance. In the next generation, the music
student and the music teacher and theorist will rate progress and
quality in musical performance in relation to capacity, just as at the
present time we are beginning to consider it reasonable not to
expect as much from a moron as we do from a philosopher.

It is quite possible to recognize fundamental types of motor
resourcefulness in musical performance, but for the present purpose
the main thing to be stressed is that there is nothing indescribable
about it and that individual motor fortes or faults of a basic char-
acter often determine the character of the musician.
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( The musician, in passing judgment upon a prospective musician,
rightly says, “Give me the child with the musical instinct.” By
that he does not mean any one of the specific capacities we have
discussed, but rather a fundamental urge, drive, or emotional
dominance, craving expression in music from early childhood. This
general trait is often feigned, fragmentary, or imaginary, but when
genuine it constitutes the most certain indication of the presence
of the musical mind that we have. When submitted to analysis, it is
found to represent an effective grouping, dominance, or balance
of fundamental sensory and motor capacities and therefore yields
to measurement and scientific description and evaluation..

THE MEANING OF THIS ANALYSIS

This, in brief, is the skeletal structure I promised. In many
respects it is but dangling and rattling dry bones. ““Atomistic!”
some of my confreres will say. Now, atomns are not roses, resplendent
in bloom, fragrance, and configuration—living roses! The esthete,
whiffing and raving about the beauty of the rose, can ignore the
atom, but the botanist cannot. It is to the botanist that we look for
a true revelation of the origin, the growth, the nature, and the role
of roses in the economy of nature. It is the botanist who can make
verifiable and permanent distinctions among roses.

Fifty years ago, Wundt was asked, “What have you learned
from the reaction experiment?” to which his whole laboratory
force had devoted its first three years. His reply was, “It has given
me a new conception of the human mind.”” Speaking for those who
take the scientific point of view in the psychology of music, I may
say that experiment has given us a new conception of the musical
personality as a whole—its infinite capacities and the intimate
rclationships among them, the marvelous range for possible train-
ing, growth, and substitution, the sublimation of musical interests
in daily life, the necessity of viewing the personality as a dynamic
whole.

Does this point of view oversimplify the musical mind? The
argument I have made is that it can and should vastly enrich and
deepen the concept; if you ask one question of nature in the labora-
tory, nature asks you ten, and each of these when pursued in turn
multiplies into tens of tens of tens. For laboratory procedure is
but the setting of conditions for more and more precise observations
of specific, concrete, verifiable facts or features. What I have stated
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is, after all, merely a point of view. The details remain to be worked
out, filled in, modified as science progresses. The whole appeal is to
and for verifiable facts.

What shall it profit? Perhaps I may bring together in a construc-
tive way some of the features which seem to me to be involved in the
acceptance of scientific procedure in the interpretation, evaluation,
and education of the musical mind.

It gives us a psychology of music in that it furnishes describable
and verifiable facts as a basis for classification. The particular data I
have presented are just plain psychology; not any particular brand,
but rather an attempt to select and consolidate what is usable in the
various modern points of view.

It furnishes us a technique for the development of musical
esthetics. The armchair deductions about the nature of beauty in
music give way to experiment, and conclusions must be limited to
factors under control. Musical esthetics will soon loom up as one of
the applied and normative sciences.

It forms a basis for the analysis and evaluation of musical talent
and will furnish helpful data for vocational and avocational guid-
ance in music.

It develops an intimate relationship between music and speech.
Speech, especially dramatic art, is gaining recognition in esthetics
because of its close relationship to musiec.

It lays the foundations for musical criticism, musical biography
and autobiography, and musical theory in general, even for intelli-
gent parlor conversation about musical thrills.

It furnishes the foundation for the essential facts for the con-
struction of the curriculum, for the sclection and motivation of the
musically educable, for the evaluation of progress in training, and
for countless improvements in the technique and economy of teach-
ing. If a committee of scientifically trained musicians should make
a survey of the economies or wastes involved in current methods of
teaching music and should be free to set forth the pedagogical
consequence of facing the new scientifically known facts about the
musical mind, very radical changes would follow.

It helps to give music its true place and influence by enhancing
the musical life for the musically gifted and thereby furnishing a
natural drive for the effective functioning of music in the life of the
people.



THE MUSICAL MEDIUM

THE medium with which the musician works is the sound wave;
his works of art take the form of artistically built sound struc-
tures. The painter creates his work of art through the medium of
physical paints; the sculptor models his creation in clay, or chisels,
hews, and molds in metals or stone. The musician has but one
medium, the physical sound.

MUSICIAN, MUSIC, LISTENER

/The psychology of music may be divided into three large fields
dealing with the musician, the music, and the listener, respectively.
It is concerned with the description and explanation of the opera-
tions of the musical mind, the music as a thing in itself, and the
musical activities of the listener. Naturally, it deals primarily with
the music as a work of art in sound and from that works back to the
producer of music and forward to the listener who hears it musically.

Psychology proceeds systematically by analyzing situations and
reducing them progressively to their simplest terms. The first great
step in approaching the psychology of music is to recognize that
everything that the singer or player conveys to the listener is con-
veyed through sound waves or in terms of these. This conception
simplifies our approach immensely in that it frees us from confusion
with unnecessary accessories, furnishes us with a basis for classifica-
tion and terminology, and paves a way for preservation of findings,
measurement, and scientific explanation.

r\put, thereader may say, music is more than sound. It must have
atmosphere; it ordinarily involves some degree of dramatic action;
it is modified by the character of the audience, the personal appear-

13
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ance, manners and mannerisms of the performer) the total situation
of which the performance is a part. In other words, music is essen-
tially tied up with a larger setting in which it plays a leading role.
This must be taken for granted, and we may recognize that there is
a very interesting psychology of each of these accessories, such as
the picture hat, the smile, the anticipated applause, the sentiment
connected with the national anthem, or the mood of the listener.
These contribute to the atmosphere and should be cultivated with
care, but they are not the music. They present very interesting
psychological problems; but it is to the advantage of the psychology
of I/]usic to separate clearly the music in itself from its accessories.

(It also is admitted that the music is in the first and last instances,
in the mind of the composer and in the mind of the listener, not
actual sounds but images, ideas, ideals, thoughts, and emotions.
We shall find, however, that these are always in terms of the
physical sound to which they refer. In this respect, the creations of
the musician are analogous to the creations of the painter and the
sculptor; they are purely objective.

The musical instrument or voice or any other sound-producing
body sends out puffs or waves of air which radiate in all directions
from the source. When segments of these waves strike the ear, they
set up vibrations in the tympanic membrane. These in turn are
transmitted through the middle ear as vibrations of three bones.
They are taken up by the oval membrane, which in turn transmits
them to the liquid of the inner ear. The vibrations in this liquid
are transferred to the receiving mechanism of the nerve cells, the
end organs of hearing in the inner ear. For each vibration, the
mechanical shaking of the end organs of the auditory nerve sets
up a nerve impulse. These nerve impulses are transmitted to the
brain and give rise to the tone that is heard.

Thus, in terms of waves, we may trace the physical medium
of sound from the vibration of the sounding body, such as a reed or
the vocal cords, through the air as air waves and through the tym-
panic membrane, the bony system, the oval membrane, the liquid
of the inner ear, and the receiving mechanism of the nerve cells, as
physical vibrations of material bodies. Then follow the physio-
logical stages consisting of the arousing of the nerve impulse in the
end organ, its transmission over the auditory nerve, and the action
set up in the various brain centers reached. It is this nerve impulse
that primarily determines the tone which we hear.
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In this way nature has provided a means of transforming the
musical medium from one form of energy to another; and in this
process the waves are adapted progressively to each medium,
finally resulting in brain activity associated with the musical
experience. The experience is not that of a wave, but of a tone
having pitch, duration, loudness, and timbre. The following state-
ment in The Psychology of Musical Talent*®" is apposite:

Thinking of musical experience in terms of this physical
medium, we are confronted with one of the greatest marvels
of nature, the wondrous “transformation from matter to mind”’:
out of mere vibration is built a world of musical tones which
do not in themselves suggest vibration at all. So it is in all the
senses. The vibrations of light reflected from the landscape give
us the mental experience of color and form, and our minds are so
endowed that we can experience beauty and sce meaning in this
display. It is the physical flower that we love and admire and
seek to understand. No one doubts the existence of this physical
flower; no one doubts the experience of its beauty. The love and
understanding of things seen in nature and art take for granted
this physical-physiological-mental series as an integrated unit.
The artist and the common man who experience it need not think
in terms of light vibrations, but the scientist who is to explain
the experience must think in terms of physical, physiological, and
mental processes as units—in terms of light waves, nerve
impulses, and mental process.

So it is with music. Musical art and the everyday experience
of sound may proceed without any knowledge of physics,
physiology, or psychology; but when the scientist attempts to
explain these experiences he must deal with the series as a whole,
the sound wave, the nerve impulse, and the experience of sound.
The object of our study is music from the psychological point of
view. Music is the center and core of our interest, the goal toward
which we are working.

It is possible to intercept the sound wave by measuring instru-
ments at any of these stages: in the condensation and rarification of
the air, in the physical vibration of the various parts of the ear, or
in the physiological pulsations of the nerve impulse in the end organ,
the nerve, or the brain center.
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The most serviceable approach is that of phonophotography,
by which the air waves are intercepted and recorded faithfully
with cameras suitable for the purpose. Our descriptions of the
musical medium will, therefore, be given largely in terms of these
phonophotograms which reveal all the characteristics of the sound
wave in measurable form.

CHARACTERISTICS OF THE SOUND WAVE

As we have seen, sound waves have four, and only four, char-
acteristics; namely, frequency, amplitude, duration, and form.
Sounds of every conceivable sort, from pure tone to the roughest
noise, can be recorded and described in terms of these four. The
same four characteristics may be traced in the nerve impulse which
results from the physical vibration; corresponding to these four

Fie 1.—Oscillogram of a pure and steady tone.

characteristics of physical wave and nerve impulse, we have the
four characteristics of musical tones. The full and serious recogni-
tion of this parallelism vastly simplifies our problem and furnishes
us a key to the understagnding, the recording, the production, the
description of musical phenomena; it enables us to know that we
are taking all factors into account, since these four are all-inclusive;
it furnishes us a terminology which is simple, consistent, and
verifiable; it facilitates the adoption of units of measurement; it
does away with the notion that tones may vary in an ““infinite
and unknowable variety of ways”’; it furnishes a cornerstone for the
psychology of music and musical esthetics.

Figure 1 is a phonophotogram of a pure tone, lasting 0.1 sec.
In this picture there are 5 waves in this tenth of a second. There-
fore, the number of waves in 1 second is 50, the frequency of the
tone. The pressure or energy of the sound wave, which determines
the intensity of the physical tone and loudness of the tone as heard,
is expressed in terms of the amplitude or height of the wave from
crest to trough. The duration* is, of course, expressed in terms

* In physics, duration is not spoken of as a characteristic of the wave except insofar
as it refers to wave length, which is the reciprocal of frequency. For psychological reasons,
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of time length of the tone, that is, the continuation of the sound
waves as recorded over the time line. The form of the wave deter-
mines its harmonic constitution, which gives us the experience of
timbre. In this case, the smooth sine curve is an indication of the
pure tone.*

Before proceeding to describe the sounds which we hear
in terms of these four characteristics, it should be made clear that
in reality the hearing of tones is rarely an exact copy of these phys-
ical characteristics of the sound, because hearing is seldom complete
and many principles of distortion operate. We are subject to a
great variety of faults and errors in hearing. These are due primarily
to five sources: the physical limit of the sense organ, the physiolog-
ical limitations, inaccurate or inadequate perception, principles of
economy in hearing, and principles of artistic hearing. These devia-
tions from direct correspondence to the actual physical sound we
call “normal illusions.” It is significant that they are not mere
errors but may serve in the interests of economy, efficiency, and
the feeling of beauty in mental life. And it is particularly significant
for us at this stage that all these illusions may themselves be
measured in terms of these same four attributes of the sound wave.

This principle is true in all our perception. When we see the
color and form of the Japanese cherry tree in blossom, we rarely
see the exact color or the exact detail or shape of the parts of the
tree, yet we assert that we see the tree and recognize that it is the
actual thing which really exists and which we ought to see. But we
know numerous laws of illusion of color and form and the limits
of sensation, all of which tend to modify the thing that we see. So,
in musical hearing, we are fully justified in speaking in quantitative
terms of the physical sound wave as the true description of the
physical tone. But a large and very interesting part of the psy-
chology of musical hearing consists of principles of deviation from
the actual physical tone.

FREQUENCY: PITCH

”»

The terms ‘“‘frequency,” ‘‘double vibrations’ (d.v.), “number
q Yy
of vibrations per second,” “cycles,” and “waves’’ are synonymous

duration of the recurrence of waves is here spoken of as a wave characteristic; that is,
something that can be measured in terms of waves.

* For latest definitions of terms in hearing see Report of Commitiee on Acoustical
Standardization.®
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and may be used interchangeably to designate frequency and pitch.
It is now customary to use the sign ~ to designate these. Histor-
ically, the term “pitch’ has been used appropriately in two mean-
ings: first, in the narrow sense, to denote an attribute of the sound
as heard, that is, the mental experience; second, in a broader sense,
to denote the total process, physical, physiological, and psycholog-
ical. Current practice attempts to use “pitch” to designate the
psychological experience and “frequency ’’ to designate the physical
vibration. However, in the science of music and speech we con-
stantly have occasion to mean the whole situation—mental,
physiological, physical; and then we employ the term “pitch” in
the broader sense. The context generally indicates which of these
connotations is intended.

In determining frequency, we count the number of waves per
second or we measure the length of successive waves, counting
from characteristic points such as from crest of one wave to the
corresponding point in the next.

In musical hearing and performance, we demand answers to
questions like these: What is the actual pitch of the tone? How
faithful is it? How does it vary artistically? In what respects is it
fauity ? What license has the performer taken? How is pitch ren-
dered in the attack, the release, or the portamento? What unusual
characteristics of intonation, if any, are there? We may picture
problems of this kind in terms of the following skeletal outline:

Musical aspects of pitch intonation

Actual pitch in terms of frequency
Faults of intonation

Ex. Level flatting or sharping; progressive flatting or sharping; erratic
fluctuations

Musical ornaments

Ex. Trills and grace notes indicated in the score; vibrato and other periodic
inflections not indicated in the score

Other varied inflections involving art principles
Unconventional artistic license

Ex. Pitch swoops in primitive music or semispeech intonation for dramatic
effect

Glides in attack, release, or portamento
Intervals: melody, harmony
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INTENSITY: LOUDNESS

For psychological purposes, the intensity of tone is expressed in
terms of decibels (db). The decibel is a new term devised by elec-
trical engineers for the measurement of sound in radio, talking
pictures, sound abatement, and architecture; but it is destined to
take its place among the common units of measurements, such as a
degree of temperature. Like pitch and loudness, the decibel is a
psychological unit representing the degree of loudness. Its physical
counterpart, intensity, is expressed in terms of units of electrical
energy. On the physical side, we speak of dynamic value in terms of
intensity and on the mental side in terms of loudness.

However, intensity is frequently used to designate either the
mental or the physical, or both, for the reason that it is the recog-
nized term expressing an attribute of sensation in psychology, and,
in a great variety of situations, the object is not to distinguish
between the physical and the mental but to represent the total
situation. Likewise, the decibel is used to designate both the phys-
ical and the mental. Types of questions which may be answered in
terms of decibels are indicated in the following skeletal outline:

Musical aspects of loudness

Degree of loudness, or absolute intensity
Dynamic modulation

Ex. Periodic variations in intensity as in the vibrato; progressive variations
in intensity as in crescendo, diminuendo, swell, circumflex; dynamic
license, as in acute swells and dips characteristic of primitive music and
certain rare artistic modulations for the dramatic effect; and attack,
release, and portamento

Dynamic rhythm (see Chap. 12)
Volume (see Chap. 11)

Ex. Dynamic changes in relation to pitch, time, intensity, and timbre

Erratic changes in intensity

DURATION: TIME

Pitch and intensity are always recorded against time, expressing
the duration of notes, pauses, or any specific feature of these. We
may, therefore, take our time values from either the pitch record or
the intensity record. Some of the musically significant time values
are shown in the following skeletal outline:
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Musical aspects of time

Actual duration of tones, pauses, or any specific aspect of these
Time and tempo
Temporal rhythm

Ex. Measure rhythm, phrase rhythm, or sentence rhythm

Time of attack and release

Ex. Asynchronization of chords or overlapping of notes through pedal
action and syncopation

Artistic variations
Ex. Accelerando, retardando, holds, legato, staccato, vibrato

Erratic and faulty variations in time

WAVE FORM: TIMBRE

Timbre is described in terms of the form of the sound wave. It
ranges from the pure tone through an infinite number of changes in
complexity up to the pitchless sound we call “noise.”” As we shall see
later, timbre is determined primarily by the number, the order,
and the relative intensity of the fundamental and its overtones as
expressed in the wave form. It also is modified by the absolute pitch
and total intensity of the tone as a whole. The physical structure of
the complex sound is called its “harmonic composition.” Psycholog-
ically it may be spoken of as the overtone structure. This is fully
illustrated in Chaps. 8, 9, and 17.

In actual music, it is possible to have as many as 30 or 40
partials in combination, constituting a rich tone. As we shall see
in the chapter on timbre, the wave form may be analyzed so as to
show how many partials are present, the form of their distribution,
and the relative amount of energy that each contributes. In terms
of such facts, we can represent the harmonic constitution and,
therefore, the timbre of the tone by a graph called a ‘“tone
spectrum.”

An unscientific person listening to all the sounds in art and
nature is tempted to pronounce the variety of differences indescrib-
able; but, from the physicist’s point of view, every physical tone is
describable in terms of its partials which, from the point of view of
hearing, we call “overtones,” as expressed in timbre. In other words,
the sound wave is capable of as many types of form as nature and
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art may be capable of sounding as variations in tone quality. We
should here recognize that timbre as a fourth attribute of tone is by
far the most important aspect of tone and introduces the largest
number of problems and variables. Some of these may be indicated
in the following skeletal outline:

Musical aspects of tonal timbre
The actual description of the quality of any tone

Ex. The exact and objective description of any voice, any instrument, any

vowel
\

Variation in tone quality

Ex. Variation of timbre with register, loudness, duration, location of tone,
nasality, placement, breathing

Norms

Ex. The determination of norms of beauty in tones, either actual or ideal:
the relation of timbre to art forms

Ex. The expression of love, grief, fear, rage: musical mood

Any musician could extend this list in terms of questions about
tone quality which he would like to have measured. Many of these
questions arise alike in both music and speech, and the findings in
one transfer to the other.

In this very brief outline, we have become aware of the ele-
ments which function in the musical medium, which are measurable
in terms of the sound wave and which have distinct psychological
and musical meaning. For full illustrations and discussion, we must
pursue in turn Chaps. 5, 6, 7, and 8.

THE MUSICAL PERFORMANCE SCORE

If we bear in mind that all of these aspects of music which have
been mentioned are measurable and capable of description and
statement in exact scientific form, the question of scientific musical
notation becomes urgent. Without such notation, the psychology
of music would be in a position of mathematics without mathe-
matical symbols. As has been outlined, every aspect of the musical
medium can be measured, analyzed in great detail, recorded, de-
scribed, and explained. We should soon be swamped with the mass
of that type of information unless we had some standardized, very
simple, scientifically accurate, and musically significant graphical
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language or symbols in which the facts could be preserved and made
readily available in music.

Such language has been devised in the form of what has been
called the musical performance score. Instead of taking space to
illustrate and explain such scores at this stage, we may ask the
reader to turn to Figs. 1 and 2 in Chap. 4, Fig. 1 in Chap. 18,
Fig. 3 in Chap. 19, and Fig. 3 in Chap. 20, where we have full
illustrations of its nature and use. It will be observed that these
performance scores record three factors: namely, pitch, time, and
intensity. Timbre is of such a complex nature that it must be re-
ported in individual tone spectra as seen and explained in Chaps.
8,9, 17, 18, and 20.
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THE SCIENCE OF MUSIC

HE preceding chapter was an attempt to introduce the reader to
Tthe psychology of music by showing how this science describes
and explains musical phenomena in terms of the musical medium.
Let us now seek further insight into this new field of applied science
and art, and obtain a bird’s-eyc view of the ground which lies before
us. A full science of music cannot be written in one or in g small
number of volumes. It therefore is necessary to select a specific
point of view and recognize important limitations of the subject
treated in this volume.

SCOPE OF THE SUBJECT

1. The subject is limited to a scientific approach. Description
and explanation in music draw upon several sciences: primarily,
physics, mathematics, physiology, anatomy, anthropology, and
psychology, as well as the history and theory of musical practice.
But it has come to be a function of the psychologist, as a student of
human experience and behavior, to integrate these under the gen-
eral concept of the ““psychology of music.”” Although there may be
much practical wisdom in popular psychology, resting on loose
theory not suitable for verification by scientific method, such topics
are excluded, and so is also the legitimate subject of philosophy of
music.>

2. Tt is limited to those topics which are peculiarly amenable to
treatment in the psychological laboratory, thus excluding problems
specific to other sciences, such as physics, physiology, and mathe-
matics, except as accessories.

3. It is further limited to the treatment of topics on which the

author has firsthand experience, emanating directly or indirectly
23
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from the psychological laboratory. It therefore is necessarily selec-
tive, skeletal, and illustrative rather than systematic. It constitutes
only a series of fair samples of problems, procedures, facts, and
principles, both theoretical and applied.

Psychology of music, even in a narrow sense, is unlimited,
because music involves countless varieties of musical performance,
countless varieties of moods, emotions, and ideas to be expressed,
and countless attitudes, capacities, urges, and interests of the
listener. In a way it involves all psychology; because the under-
standing, description, and explanation of musical experience and
behavior implies understanding, description, and explanation
of fundamental experience and behavior in general. We must
therefore seek to confine ourselves to the most essential situations
exhibited in music and, among these, to those immediately essen-
tial for the understanding, appreciation, and expression of music.

Yet the treatment is not restricted to music. It carries many
implications and interpretations which have a bearing on the science
of fine arts in general. Because of the common elements involved,
the analysis of the situation in the psychology of music has its
analogies in other fine arts and interests, such as graphic and
plastic art, dramatic art, and poetry. In other words, the science of
music transfers in various degrees to each of these fields, in both
their pure and their applied aspects. Furthermore, any contribution
to the psychology of music becomes also a contribution to general
psychology. Therefore, while music is our specific objective, a
study of this kind throws much light upon the interrelations of the
fine arts and their common problems, particularly with reference to
vocational and educational guidance and training for skills.

THE PERFORMER, THE MUSIC, THE LISTENER

The musical performer. We must consider here the performer,
either vocal or instrumental, his instrument, his physical organism
and physiological condition on the physical side, and on the mental
side, the cognitive, affective, and motor aspects of his performance.

On the physical side, we are concerned with the instrument,
which may be the human voice or any other sound-producing
mechanism that may have musical significance. The self-expression
of the musician is naturally related to, and characterized by, the
physical instrument which serves as his tool.
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With reference to this aspect, we must take into account not
only natural capacity for voice, as in singing, but also a number of
other physical and neural mechanisms which favor or interfere with
successful performance, in either voice or instrument. The character
of the performance and the limits of achievement often are set by
the physique of the performer, his physiological condition, such as
the state of health, fatigue, adaptation, and other chronic or
temporary physiological factors which affect sensitivity, mental
alertness, muscular tonus, and general attitudes and impulses of the
performer.

Given favorable physical and physiological conditions, we still
find the largest variables in the psychological and educational
aspect of the performer. Among these are the character of his
knowledge and training, the development of his temperamental and
emotional life, and the motor and interpretative skills which are
the media of his musical expression. Each of these may be regarded
from the point of view of natural ability, including his inheritance
and environmental influences. On the other hand, each may be
regarded from the point of view of mental development, maturation,
musical tastes and leanings, and acquired skills. Thus the psy-
chology of the performer involves the psychology of his instru-
ment, his neuromuscular equipment, and all the factors which are
determined by knowledge, feeling, action, and will power, both
from the view of the natural capacity and as a result of nurture in
his environment and of training.

The music. The central problem in the psychology of music is
the description and explanation of the musical creation—the
actual music—regarded on the one hand as the expression of musical
feeling and on the other as the stimulus for arousing musical feeling.
The psychology of music on the whole begins with and centers
around the performance. The first step is to record it adequately,
measure it, and analyze it as a work of art. As has been pointed out,
the four characteristics of the sound wave may be recorded, meas-
ured, and classified in a relatively complete system and to a degree
which far exceeds the limits of musical hearing. They may be
reported in scientific terminology which is complete and adequate
for the description of every possible element or variant in the song
or' instrumental performance as an art object. Therefore, the
psychology of musical performance implies an adequate knowledge
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of the physical characteristics of sound, the mode of its transmis-
sion, and the countless physical and physiological conditions which
determine its functioning.

The psychological problem here is to convert the objective
record of the physical aspects of music as performed into terms of
psychological experiences and responses which have musical mean-
ing. Thus, instead of being concerned with frequency, intensity,
duration, and form of sound waves, we shall speak and think in
terms of pitch, loudness, time, and timbre, and all their derivatives
and variants, giving a scientific account of the performance in
terms of musical terminology. Here we must deal with a vast array
of principles, such as the psychophysics of hearing, musical evolu-
tion, musical knowledge and training, the limits of the organism,
individual differences, health, musical environment, musical
guidance, practical norms, and esthetic principles, and shall aim in
general to give an interpretative account of that which is trans-
mitted from the performer to the listener as music.

Central to the interpretation of performance as musical art are
a number of facts which are strictly musical; such as musical form
and all its variants, musical theory involving all its aspects of
composition, setting of words and themes, racial and historical
aspects, and many other matters of musical esthetics.

The listener. Having considered the psychology of the per-
former and the performance, there remains the very important
stage of the psychology of the listener. What is characteristic of the
musical message as it is received? What are the factors, physiolog-
ical, physical, psychological, and esthetic, which determine this
response in hearing, interpretation, and enjoyment of music? Evi-
dently the problems in the psychology of the listener are, in general,
the same as the psychology of the performer, which we need not
here repeat. Central among these, however, are the psychology of
musical appreciation, the limits of the capacity for hearing, for
interpreting and reliving the musical emotion which the artist has
attempted to convey.

From these considerations it is evident that our subject is
enormously involved and that therefore a single coherent treatment
will of necessity be fragmentary and restricted. With this in mind,
the present volume presents an outline in high lights for the purpose
of stimulating and guiding the student in dealing with observation,
reading, and thinking on the subject. Our aim is primarily to pre-
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sent the psychology of the subject in such a way as to lead the reader
to psychologize about music himself.

GENERAL PRINCIPLES OF SCIENCE

Most of our knowledge is of the common-sense variety gained in
uncontrolled observation. Very little is based upon experiment;
yet, where there is no experiment, there can be no science. Further-
more, in a new applied science like this, there is a vast amount of
so-called “‘experimentation” that is neither scientific nor valid. In
planning an experiment or in evaluating the results of an experi-
ment in the psychology of music, we should check the procedure
against such criteria as the following six. Let us consider, for exam-
ple, an experiment to determine the carrying power of voice or
instrument.

1. The factor under consideration must be isolated in order that
we may know exactly what it is that we are measuring. For exam-
ple, we must take one factor, such as pitch, intensity, timbre,
tempo, size of the room, or the acoustical treatment of the walls and
isolate and define it adequately.

2. All other factors must be kept constant while the selected
factor is varied under control. For example, if intensity is a selected
factor, we must vary that factor in graded steps while all other
factors in the tone and in the total environment are kept constant.

3. The observed facts must be recordable. For example, the in-
tensity may be recorded in terms of the energy or power of the tone.

4, The situation must be repeatable for verification. It should
be possible for any scientist with proper equipment to repeat the
experiment under identical conditions.

5. The conclusion must be validated in relation to the total
personality and in the total musical situation.

6. The conclusion must be limited to the factor under control.
For example, we can only say that the most favorable intensity
here found holds for the conditions here controlled and that it must
therefore be integrated with other factors in a series of experiments
in which each of these is taken in turn.

If the plan for an experiment fails on any one of these points,
this may invalidate the conclusion to be drawn. If we wish to weigh
the reliability of evidence from experiment, here is a fair scale. We
should not maintain that every serious study in psychology should
be scientific. There is nothing sacred about science. Science simply
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strives for accuracy and logical coherence of facts. In the interest
of progress and practice, we must put up with a great many make-
shifts, often of no scientific value but very useful in the process of
trial and error at our present state of limited knowledge. The
scientist makes the supreme sacrifice of being willing to devote
time and energy to the study of one specific isolated factor at a time,
regardless of how small a part it may be of the whole; but the re-
ward for this sacrifice is adequate—the discovery of verifiable truth.
The musician as a practical man must draw upon currently ac-
cepted truths through tradition, common-sense observation, and
general knowledge, and do the best he can in the practical situation;
but as science progresses, he will be more and more open-minded
and eager for the fragments of scientific facts that dribble in or that
he may discover by his own experiments.

The criteria here set up represent the bedrock requirements of
science. A survey of the experimental literature in psychology shows
that experiments generally accepted as more or less scientific range
from those which conform rigidly to these requirements to those
which can scarcely be said to follow any of them. In this situation
formative science can be tolerated on the ground that ‘“‘doing the
best we can’ from time to time is often a preliminary stage to
mastery. In all sciences we find such regions of exploratory effort.
Therefore, while we should not flaunt the criteria for simon-pure
experiment in a censorious way, we should always hold before our-
selves a goal which must be approached in a stabilized science and
temper and evaluate our conclusions by the limitations thus set
up in relation to this goal.

BASIC PRINCIPLES IN THE PSYCHOLOGY
OF MUSIC

Laboratory experiments in the psychology of music have re-
vealed progressively a number of principles which seem to facilitate
experiment, introduce important elements of economy, insure
exhaustive treatment, furnish criteria of validity, and form bases
for the foundation of esthetic theories.

Some principles have emerged incidentally throughout the fore-
going chapters. A selected number of these are here thrown into
high relief in the interest of a combined review and forecast. It has
been suggested that we call these a duo-decalogue for the
psychology of music.)
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1. All that is conveyed from the musician to the listener as
music is conveyed on sound waves. As was pointed out in Chap. 2,
countless other factors—dramatic action, gesture, grimaces, smiles
and frowns, picture hats and jewelry, personal charm, environment,
and audience—all contribute to the pleasure or displeasure in the
musical situation, but they are not music. Recognition of this fact
simplifies our problem.*

2. The sound waves are measurable, and there are only four
variables which have musical significance: frequency, intensity,
duration, and form. Recognition of this is a great forward leap in
that it brings order and simplicity out of chaos and despair;
physically, the infinite variety of musical sounds can be reduced to
these four variables and measured in terms of them.

3. The psychological equivalents or correlates of these char-
acteristics of sound are pitch, loudness, time, and timbre. Rhythm,
harmony, volume, and tone quality are compounds of these;
thought, feeling, action, memory, and imagination are in terms of
these. We thus obtain a basic classification of all musical
phenomena and give each its place in the family tree with its four
large branches: the tonal, the dynamic, the temporal, and the
qualitative.

4. Thecorrespondence between the physical fact and the mental
fact is not entirely direct or constant; there are many illusions of
hearing. While we describe, for example, the pitch of A conven-
tionally and practically as having a frequency of 440 cycles per
second (abbreviated 440 ~), which is an invariable factor, the
experience of that pitch may vary under a large variety of condi-
tions resulting in illusions of pitch, many of which are very interest-
ing and of practical significance in actual music. It is a triumph
of science, however, that we can identify, measure, and explain
each of these illusions. Thank God for illusions! Without illusions
there could be no musical art.

5. The medium of musical art lies primarily in artistic devia-
tion from the fixed and regular: from rigid pitch, uniform intensity,
fixed rhythm, pure tone, and perfect harmony. Therefore the

* The reader will do the author the kindness to assume that qualifying phrases could
be added for this and other direct and categorical statements which lack of space compels
us to make without qualifications. Such phrases as ““other things being equal,” *‘as a general
Principle,” “‘subject to exceptions in minor detail,” “in our present state of knowledge,”
etc., should be understood throughout.
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quantitative measurement of performance may be expressed in
terms of adherence to the fixed and so-called ““true,” or deviation
from it in each of the four groups of musical attributes.

6. In each of the four categories, we have a zero point for a
scale of measures. Thus, for pitch we may start from a standard
tone; for intensity, from silence; for duration, from zero duration;
and for timbre, from the pure tone.

7. On the basis of the above considerations, we may develop a
definable, consistent, and verifiable musical terminology. For
example, we shall be able to say exactly what timbre is and adopt
adequate terminology for its variants. In the same way we shall be
asked to scrap the hundreds of loose and synonymous terms used
to designate timbre and be enabled to use the selected term cor-
rectly in the light of its new definition.

8. All measurements may be represented graphically in what
we have called the musical pattern score or performance score,
which symbolizes the language of scientific measurement in a
graph that has musical meaning. This score carries the three factors,
pitch, intensity, and time. Timbre must be represented in a series
by itself in the form of tonal spectra.

9. Normsof artistic performance may heset up in terms of objec-
tive measurement and analysis of superior performance for the pur-
pose of evaluating achievement and indicating goals of attainment.

10. The best performance of today can be improved upon. We
must therefore look forward to experimental procedures to deter-
mine ideal norms which will set up new standards of attainment,
vastly increased resources, power and beauty in music.

11. In the future, musical esthetics will be built upon the bases
of scientific measurement and experimental analysis. With modern
means of measurement, any advocated theories may be put to the
acid test.

12. Where there is no experiment, direct or indirect, there is no
science. Science, by virtue of its adherence to minute detalil, is
always fragmentary and incomplete. Its findings must always be
supplemented by practical intuition, common sense, and sound
philosophical theories of the art. Science deals with selected topics.
The musician must deal with the situation as a whole with the
means at his command.

There is an important scientific approach in the clinical field;
for music may have marked therapeutic value. Clinical psychology
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of music will draw upon psychiatry, sociology, criminology, and
education for scientific principles. But the field is yet quite un-
worked. Van de Wall’s Music in Institutions®®® furnishes a good
introduction to this subject and contains a full bibliography.

13. Musical talent may be measured and analyzed in terms of a
hierarchy of talents as related to the total personality, the musical
medium, the extent of proposed training, and the object to be
served in the musical pursuit.

14. For musical guidance on the basis of scientific measure-
ment, the application must be restricted to the factors measured;
but it should be supplemented by an adequate audition, case
history, and consideration of personality traits and avenues for
achievement. All musical guidance should be tempered by the
recognition of the extraordinary resourcefulness of the human
organism and the vast variety of the possible musical outlets for
self-expression.

15. Successful performance rests upon the mastery of funda-
mental skills which may be isolated and acquired as specific habits;
but in artistic performance, these skills should be integrated so that
in the musical mood there is no consciousness of habits, skills, or
techniques as such.

16. To facilitate the acquisition of musical skills, objective
instrumental aids may be used to great advantage, for both
economy of time and precision of achievement. Among such aids
are visual projection or quantitative indication of pitch, intensity,
time, and timbre at the moment the tone is produced.

17. In the coming electrical organs, pianos, and other instru-
ments, and in the criticism which all instruments will be subjected
to as a result of the possibility of measurement, future progress
will depend upon the adoption of the scientific point of view and
the utilization of measurement. We are on the frontier of a new
music. With the application of science, the composer will be set new
tasks and given new opportunities; the performer will constantly be
facing new problems; the listener will always be expecting some-
thing new.

18. If the pedagogy of music in the public schools is to keep
pace with the pedagogy of all the other subjects, it must frankly
face and adopt the scientific point of view. Music will have its
first scientific approaches in the public schools rather than in the
private studios or conservatories.
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19. The psychology of music is ultimately not a thing in itself.
In employing a technique peculiar to that field, one must fall back
upon a general grounding in psychology. After all, the laws of sensa-
tion, perception, learning, thinking, feeling, and action in general
need only be specifically adapted to the demands of the musical
situation.

20. While the cold details of musical facts can be recorded and
organized by a mere psychologist, validity and interpretation de-
pend upon an intimate knowledge of music and feeling for it. The
applied science will progress at its best when the musician can set
the problem in compliance with the criteria enumerated above for
scientific experiment.



A MUSICAL ORNAMENT,
THE VIBRATO

HE vibrato is the most important of all musical ornaments, both
Tin voice and in instrument.* It is the most important because
it occurs in practically all the tones of artistic singing and in
sustained tones of various instruments; because, of all orna-
ments, it produces the most significant changes in tone quality;
and because it is the factor on which artistic singing and playing are
most frequently judged, whether the factor is consciously recog-
nized as vibrato or not.

NATURE OF THE VIBRATO

Definition. A good vibrato is a pulsation of pitch, usually
accompanied with synchronous pulsations of loudness and timbre,
of such extent and rate as to give a pleasing flexibility, tenderness,
and richness to the tone.

* The purpose of this chapter is to give a single sustained illustration of the sort of
facts which can be ascertained about any musical phenomenon taken into the psychological
laboratory-studio for experiment. It is based upon the author’s Psychology of the
Vibrato in Voice and Instrument.'0 The mass of statements represents the principal con-
clusions reached in that book and the volume of studies, The Vibrato,!!? on which it was
based. This chapter will make heavy reading because all of the detailed descriptions and
illustrations in the original are omitted. The interested student will turn to the original for
deeper satisfaction.

Fifteen years ago, practically none of the facts here cited was known. The vibrato was
a bone of contention, grossly misunderstood and misinterpreted. The reader may judge for
himself whether or not the present presentation of findings constitutes a fair sample of the
science of a musical phenomenon. While every 1item in this chapter is based upon experiment
and is verifiable, the condensation and abbreviation of findings necessarily calls for limita-
tions, qualifications, and explanations which can only be given in a fuller treatment. The
chapter should not be read as a story, but item for item, with time for reflection.

33
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In general, we may say that a bad vibrato is any periodic pulsa-
tion of pitch, loudness, or timbre which, singly or in combination,
fails to produce pleasing flexibility, tenderness, and richness of
tone. Likewise, if we desire a generic definition of all vibratos, we
might say that the vibrato in music is a periodic pulsation of pitch,
loudness, or timbre, singly or in combination. In quantitative terms
of these factors, any particular vibrato may be discussed
adequately.

An experiment. To prepare for an actual and effective apprecia-
tion of the magnitude, the universality, and the complicationof the
vibrato in good music, let the reader perform the following experi-
ment at this stage: Select the most beautiful song you have avail-
able on a phonograph record and play it once, listening critically for
the vibrato. Then slow down the phonograph turntable to about 30
or 40 revolutions per minute and observe that: (1) these pulsations
become shockingly bold; (2) they are present in every note; (3)
there is a confusion of pitch, loudness, and timbre; (4) the slow rate
makes the vibrato very ugly.

AN EXAMPLE OF THE VOCAL VIBRATO

Figure 1, from Harold Seashore,!%% is an example of the musical
performance score. It is explained as follows: The pitch frequency
of each note is designated by a graph. The wave in that graph on
each note represents the pitch vibrato based on very precise meas-
urement. Each vertical space for the pitch graph represents a half-
tone step. Thus it will be seen that, while the extent of the pitch
pulsation varies from note to note, the average for the whole song
is about a semitone. In order to identify the graph, each note from
the conventional musical staff is interpolated at the point at which
the tone begins. The duration of the tone is indicated by the vertical
bars which mark off seconds and by the dots and dashes which
mark tenths of a second.

The loudness or intensity changes are indicated in terms of
decibels. In this staff, one vertical space designates 4 db of
intensity; zero is taken as the softest tone which is heard in the
song. Thus, the first note comes in very softly and rises to 16 db
during the first second, remains around 16 db in the second second,
then goes up to 20 db in the third, and 22 db in the fourth. The main
thing to bear in mind is that, as the curve rises, the intensity
increases. Pauses are indicated by the drop in the intensity curve.
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This score contains a vast amount of information about the
character of the rendition of this song, but let us here consider
only what it shows about the vibrato. To aid the reader, a series of

F1e. 1.—The Bach-Gounod Ave Maria as sung by Herald Stark. (From H Scashore.1%%)
Frequency (pitch) 1s represented by a graph for each note on a semitone staff, intensity,
by the lower parallel graph in a decibel scale; and duration by dots in tenths of a second.
Measures are numbered at the bottom of the staff for ready reference.

statements are made with the suggestion that for cach one he turn
to the score and verify the statement.

1. The pitch vibrato is prescnt in cvery tone throughout the song, whether
the tone is long or short, high or low, weak or strong.

2. It is present in the portamentos of the legato rendition and in the attacks
and relcases of the tones.

8. The pitch extent, that is, the width of the pulsation of pitch, averages
about a semitone.

4. The rate of the vibrato cycles averages about 6.5 pulsations per second.
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Fi1a. 1.—(Continued).
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5. The form of the pitch pulsation is fairly smooth and constant, approxi-
mately that of a sine curve.

- .'":.".ig"..ﬂﬁ

ceeod

Fia. 1.—(Continued).

6. The extent of the pulsation of pitch is fairly constant and regular.

7. The rate of pulsation in pitch is fairly constant.

8. An intensity vibrato, though very small and often insignificant, is observ-
able about one-third of the time.











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































