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I. INTRODUCTION

It is a well known although curious fact that some persons
possess a tendency for perceiving certain types of stimuli,
simultaneously, in more than one sense field. For some
individuals, tones are not only heard but seen either as colors
or as forms. Other persons find that letters and numbers,
whether printed or spoken, have specific colors. Such a
tendency toward double sensations is known as synaesthesia.
While there is thus, theoretically, a large number of possible
combinations of the various sense fields, it so happens that
vision and audition are the sense modalities most frequently
involved. The particular type of synaesthesia in which colors
accompany auditory stimuli has been variously referred to as:
Farbenhoren, audition coloree, Akustish-chrom.ee sthesia Synopsie,
colored hearing, pseudo-chromsesthesia, and chromaesthesia.
The current practice in the English literature, however, seems
to favor the last mentioned term. Throughout this report,

1 This experiment was conducted at Stanford University under the direction of
Prof. Walter R. Miles.
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the word 'chromaesthesia' will be understood to denote that
tendency of auditory stimuli to arouse simultaneous sensations
or images of color as well as of sound.

Although the literature bearing directly or indirectly on
the subject of chromsesthesia is very extensive it consists
largely of such contributions as: introspective reports, hear-
say evidence, portrayals of individual cases, and similar
anecdotal and descriptive articles. Inasmuch as several
excellent summaries have been made of this literature, Krohn
(12), Mahling (16), Argelander (2), and Wheeler (27), and
since it has no direct bearing on experimental investigation in
the field, it will be given but brief review.

One of the first accounts of this interesting phenomenon
is to be found in Goethe's (9) Theory of Colors, written in
1810. Goethe refers to a case reported by Hoffman (10) as
early as 1786. Hoffman describes the case of a Swiss magis-
trate and painter who was talented with the ability to see
colors as accompaniments of sounds. For this individual,
tones of musical instruments called forth unusually strong
color sensations, the high notes resulting in especially vivid
color impressions.

According to Krohn (12), the first case of chromsesthesia
to be reported in the medical literature is the detailed de-
scription given by George Saches in his inaugural dissertation
at Erlangen in 1812. The person he describes was an albino
who associated color, not only with musical tones, but also
with letters of the alphabet, figures, names of cities, days of
the week, dates, epochs of history, and even with phases of
human life. Of especial interest is the fact that, when a
musical tone was associated with a color, the letter indicating
that note was associated with the same color.

In 1843, Gautier (8) published additional descriptions of
persons with tendencies toward chromaesthesia. Of greater
significance was his report of being able to produce artificially
these false color sensations by the use of the drug, hasheesh.
This is particularly interesting since Havelock Ellis (5) records
a similar tendency to artificial synaesthesia as one of the effects
of the drug, mescal or peyote.
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Probably the most interesting case study of chromaesthesia
reported is that of Nussbaumer. When a student at Vienna,
at the age of 23, he published (18) a description of both his
own and his brother's chromaesthetic tendencies. A summary
of this interesting self-description has been made by Lewes
(13). Galton (7) in his studies of mental imagery discovered
and reported many interesting cases of synaesthesia particu-
larly number forms and colored vowels. His work attracted
wide attention to the subject and stimulated a large number
of contributions to the literature. Case after case could be
cited, but these would add little, if anything, to the solution
of the problem proposed for investigation. Anyone interested
in reading descriptions of such cases can readily locate them
by reference to the extensive bibliographies available. That
of Mahling (16) contains 550 titles and Argelander (2) gives
466 titles.

We shall now review briefly the various theories that have
been advanced as an explanation of this 'curious' phenom-
enon. Before reviewing the theories, however, let us
consider the following facts regarding chromaesthesia which
the theories seek to explain.

In the majority of cases, chromaesthesia seems to be re-
lated to a high degree of imagination. Rarely is there a
defect of either vision or hearing, and in a number of cases,
these senses have been especially keen. For instance, Nuss-
baumer was able to distinguish eleven partial tones without
the use of resonators and without practice. With most per-
sons the color-sound associations date back to very early
years; many individuals are unable to remember when they
did not have such tendencies. Sound, especially speech and
musical tones, are most frequently linked with color, but in
some cases, letters and whole words are colored. The two
sensations are usually inextricably linked and appear simul-
taneously. There is no measurable difference in the reaction
time for responding to the linked sensations.

The tendency toward chromaesthesia in some cases seems
to be hereditary. In almost all of the cases reported, other
individuals of the same family have had similar tendencies.
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Lundborg (14) has recently investigated colored hearing in
three generations of a Swedish family and concluded that it is
probably a dominant Mendelian factor but not sex linked.
In spite of the evidence in favor of an hereditary concept of
chromaesthesia, such a theory must be broad enough to explain
wide idiosyncracies, since, as Galton (7) states, "No two
people agree, or hardly ever so, as to the color they associate
with the same sound." Certainly these facts indicate the
influence of experiential factors which must be considered
in any adequate theory.

Other facts to be explained are these: fatigue seems to
facilitate the color impressions; certain drugs may artificially
produce these phenomenon; there is a remarkable constancy
of specific color-sound associations over long periods of time;
the intensity and clearness of the colors may be different for
the right and left eye; and practically all cases agree that it
is the sound itself, and not the meaning, which calls up the
sensation or image of colors.

Although many possible explanations of synaesthesia have
been advanced by various writers, they seem to fall into two
main groups: physiological and psychological. In general, it
may be said that the physiological theories also assume an
hereditary view of synaesthesia, while the psychological ones
seek to explain the facts on an environmental or experiential
basis, but this is not always the case. Certain physiological
theories also belong to the environmental group. The re-
verse, however, does not hold. All psychological theories are
stated in terms of past experience.

It must be admitted that none of the proposed theories,
either physiological or psychological, satisfactorily explains
all of the facts mentioned above. In the first place, any
theory of chromaesthesia necessitates the acceptance of one of
the various theories of color vision, none of which have re-
ceived universal acceptance. Assuming, however, that a
satisfactory explanation of color vision were available, there
is still need for a suitable explanation of why two or more types
of sensations are aroused by stimuli which are ordinarily
perceived in only one sense field. Let us consider first the
physiological theories that have been advanced.
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The earlier writers considered cases of chromaesthesia as
pathological in nature. Carnaz in 1848 (3) explained them
as due to a hyper-sesthesia of the sense of color, probably due
to some optical lesion. Lussana (15), in 1873, suggested that
the brain centers for perceiving color and sound might be
contiguous, and thus have reciprocal influence on each other.
Nuel (17), agreeing with this view, suggested that these
secondary sensations might be due to nervous irradiation of
sensorial currents. Pouchet and Tourneux (20), with others,
have held that chromaesthesia results from abnormal crossing
or even anastimosis of afferent nerve fibers. Fere (6) con-
sidered the phenomenon to be due to a particular tonus of
the nervous system, produced either by drugs or an unusual
experience. The action of hasheesh and mescal, already
referred to, offer a certain amount of evidence in favor of this
theory.

A novel physiological theory of chromaesthesia as well as
of synsesthesia in general was suggested by Titchener (23),
who explained the tendency toward double sensations as
resulting from an unusual elasticity of the walls of the cerebral
arteries. A rush of blood to the auditory center might also
affect the visual center, thus resulting in colored hearing.
While this theory is interesting and fits in nicely with certain
known facts concerning chromaesthesia, such as the loss or
reduction of the tendency with increasing age and its occur-
rence in moments of emotional stress, it nevertheless does not
offer a very satisfactory explanation of the phenomenon.
Perhaps, its most obvious limitation is that the relatively
slow change in blood pressure would not account for the
practically simultaneous appearance of the double sensations.

While considering the nature of synaesthesia in general
and chromaesthesia especially, it occurred to the present writer
that these phenomena might be nothing more than examples
of the well known conditioned reflex. In surveying the
literature, it was discovered that Wheeler (27), after an
extensive investigation of the synassthesias of a blind subject,
had ventured to define synassthesia as 'an immediate and
permanent conditioned reflex.' He admitted that such a
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definition was purely hypothetical and offered it merely as
being as good or better than any previously proposed theory.
He failed, however, to suggest ways and means of producing
an 'immediate and permanent' conditioned reflex, or to
specify why such might occur in synsesthetic subjects.

Many investigators have felt that a physiological explana-
tion of synaesthesia is impossible and that a psychological
one is needed. While most of the theories advanced by this
group are based on the law of association of ideas, they differ in
certain respects, and will be reviewed briefly.

Kaiser (11) suggested as an explanation of a case of
'colored seeing' that the subject himself puts the color into
an intimate association with the words in order to engrave
them better upon his memory, the association extending back
to early childhood, and while it is at first voluntary, it later
becomes spontaneous. Stevens (22), Schenkl (21), and others
have offered similar explanations, holding that the subject
either intentionally or accidentally associates the two types of
sensations and thereafter, the one arouses the other. Such
theories are not by any means extinct. In his recent text,
Woodworth (28) offers only the following brief explanation
of the phenomenon: "The synsesthesia probably resulted in
childhood from playfully linking the sensations together."
Evidently some persons have highly developed powers of
introspection—even in childhood!

To the present writer, the psychological theories which
have been proposed seem superficial and inadequate. Ac-
cording to Titchener (23), "Attempts have been made by
trained and interested observers to trace back their synses-
thetic experiences to associations formed in childhood; but in
spite of all their efforts, they have ended in failure." The
suggestion that the phenomenon is an example of the condi-
tioned reflex represents an attempt to offer a combined
physiological and psychological theory, that is, to explain
the known facts of psychological association on a neurological
basis. The fact that the order of synsesthesias are never
reversed forcibly suggests the analogous unidirectional action
of the conditioned reflex.
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As mentioned above, almost all of the extensive literature
bearing on the subject of chromaesthesia is either descriptive
or anecdotal. There has been much writing and theorizing
concerning the subject, but very few experimental studies
have been carried out to clear up the points in question. The
small amount of experimental work that has been done may
be divided into three general groups: (1) repeated observations
(with the aid of controlled auditory stimuli) on individual
cases of chromaesthesia; (2) group experiments with unselected
populations using controlled auditory stimuli with the object
of establishing qualitative laws between sensations of tone
and color; and (3) so-called statistical studies or surveys
which have sought to determine the prevalency of chromass-
thetic tendencies. It should be pointed out, however, that
with the exception of the first type of study mentioned, the
investigators were studying associations of sensations and
not the spontaneous double sensations which are found in
marked cases of chromaesthesia. Surprising as it may seem,
apparently none of the many investigators who have been
interested enough in chronuesthesia to contribute to the
literature of the subject, have made any attempt to establish
this tendency toward colored hearing in normally non-
synsesthetic subjects. Off-hand, it would seem that at least
some of the many theorists would have subjected their
theories to such a crucial experimental test. This being the
case, the writer felt that it would be desirable to conduct an
experimental attempt to establish artificial chromsesthesia
under controlled conditions.

II. TECHNIQUE.OF THE EXPERIMENT

Inasmuch as many students of chromaesthesia have held
that the sensations are the result of associated past sensory
experiences, and since the conditioned reflex theory presup-
poses a similar association of stimuli, except that they must
be experienced under certain rigid conditions, it was decided
to make the experimental situation such that it would de-
termine the possibility of chromsesthesia resulting either from
simple association or from conditioning, thus testing both of
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the theories at the same time. At this point, the writer wishes
to emphasize the fact that he had no personal interest in
either theory. He merely wanted to put the hypothesis to
an experimental test. The success of previous investigators
in establishing conditioned reflexes in human subjects led
him to believe that it might be possible to condition an artifi-
cial chromaesthesia.

As is well known, the necessary conditions for the forma-
tion of a conditioned reflex are two (19): (1) there must be an
existent reflex, which may be either a conditioned or an un-
conditioned one; and (2) the conditioned and unconditioned
stimuli must occur either simultaneously or the conditioned
must precede the unconditioned one. It would seem that
these requirements could be met easily, since (1) there is an
existent reflex or response, that of color stimuli eliciting the
sensation of color; and (2) it is a fairly simple matter to
arrange for the simultaneous presentation of the conditioned
and unconditioned stimuli (tone and color pairs). The pos-
sibility of meeting the latter is certain since it obviously en-
tails nothing more than overcoming technical difficulties in
the devising and building of the necessary apparatus. Satis-
fying the first, however, that of utilizing an existent reflex
or response is a somewhat more questionable possibility.

Does the act of perceiving a color involve either a reflex
or a response? We are face to face with the unanswered
question of the nature of sensation and with the problem of
where sensations are perceived. To say with the structuralists
that sensations occur in consciousness does not suggest any
possible clue as to where they take place or as to what physio-
logical or neurological activity is involved. Physiology and
neurology have likewise failed to answer the question in an
adequate manner. To be sure, we know that certain end
organs, nerves, and brain areas are necessary for the conscious
perception of sensation, but the exact mechanism involved is
as yet undetermined. It does appear, however, that some
type of a response takes place, and upon this assumption,
the validity of the present experiment must rest. Recently
Allen (1) has maintained that afferent sensory impulses not
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only arouse characteristic sensations in the cortical centers,
but furthermore arouse certain efferent currents or reflexes
which either heighten or depress the sensitivity of their
receptors. In view of the unknown nature of the assumed
response, however, the present problem is hereafter referred
to as an attempt to establish a conditioned response rather than
a conditioned reflex.

This brings us to one of the most interesting theoretical
aspects of the investigation. If it is shown that it is possible
to establish a conditioned response upon the act of perceiving
a sensation as the unconditioned response, a valuable contribu-
tion will have been made to our understanding of the true
nature of sensation. On the other hand, if under the proper
conditions, such conditioning fails to occur, this will constitute
one line of evidence that sensations are neither reflexes or
responses, or at least not the ordinary type of reflex or response
which has been shown amenable to conditioning.

As a part of the experiment, it seemed advisable to make
use of a number of different stimuli, both conditioned and
unconditioned. For this purpose, it was decided to use the
eight notes constituting the C major diatonic scale each paired
with a different color. Essentially then, the experiment
represented an attempt to establish a number of conditioned
responses at the same time. In order to make sure that this
complication could not be the cause for a possible failure of
the experiment, it was also decided to devote a part of the
experiment to single tone-color pairs and thus determine the
possibility of establishing a simple crossing over of the two
sensations.

In still another respect, this experiment differs from other
conditioning experiments, in that neither the conditioned nor
the unconditioned stimuli used appeal to any strong physio-
logical drive such as sex or hunger. It is conceivable that it
might fail because of this fact were it not that Cason's (4)
experiments with the pupillary and eyelid reflexes were suc-
cessful in spite of a seeming lack of motivation.

In order to take advantage of any possible existent rela-
tionship between color and tone (generally known as the
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Newtonian parallel) it was decided to pair each note of the
octave with the color occupying the same relative position in
the spectral series as the note occupies in the musical scale.
Practical exigencies made it desirable to use only six different
colors in addition to white and these were paired with the
notes in the following manner:

Note Color
C White
D Red
E Orange
F Yellow
G Green
A Blue
B Violet
O White

Theoretically, for fulfilling the conditions necessary for the
building up of a conditioned reflex, any color might have been
paired with any tone. However, since it was possible to meet
the required conditions and also retain the order suggested
by the Newtonian parallel, it was considered wise to do so.

The pairing of white with both the upper and lower ' C
calls for a word of explanation. No one has reported any
relationship between the colors accompanying octave pairs in
actual cases of chromaesthesia. Since the frequencies of such
pairs are always in the ratio i : 2, it seemed logical that if
conditioning did occur, and if any color at all was seen upon
the presentation of a tone one octave higher, it should be the
same color as elicited by the same note an octave lower. In
case the hypothesis did not prove correct, this procedure could
not invalidate the entire experiment since six other different
color-tone pairs were used.

Another interesting theoretical aspect of the experiment
was the possibility of its revealing new facts regarding color
vision. Let us assume for the moment that conditioned
responses were established for each of the above tone-color
pairs. According to the pairing, the subject would see yellow
upon hearing the tone ' F ' and blue upon hearing the tone
'A.' What color would be seen if both ' F ' and 'A' were
sounded simultaneously? Would it be green, grey, or a
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motley mixture of the two, or even something else? The
answer to this and similar questions which might be asked
would be exceedingly useful to students of visual and optical
phenomena.

Apparatus
The essential demands of an adequate experimental set-up for this problem were

as follows:
1. It must include apparatus capable of producing sustained tones corresponding

to the eight notes of the C-major diatonic scale.
2. It must provide for presenting any one of seven colors of light all in the same

place, in order to prevent any spatial orientation of the colors.
3. It must be so designed and constructed that certain tone color pairs will always

be presented simultaneously.
4. It must be automatic and operate at a constant speed in order to assure con-

sistency of the stimulus series.
5. It must be practically devoid of extraneous noises.
These requirements were all fulfilled in the set-up which was constructed for the

experiment. Specifically, they were met as follows:
1. After much casting about for a suitable means of presenting the sustained tonal

stimuli, it was at last decided to use a 'grind organ' such as was popular in this country
several years ago. A thorough search failed to discover a suitable instrument of this
type and other possibilities were considered. At length, the writer decided to con-
struct a 'grind organ' by making use of a piano keyboard accordion, an electric blower
unit,* and a roller device for making it 'self-playing.'

2. At first it was planned to use eight colored electric light bulbs, arranged in a
row, as the unconditioned stimuli. It was evident, however, that such an arrangement
would result in a spatial orientation of the colors. Since this would have added an
unwanted factor to the unconditioned stimuli, a possible means of presenting all of the
colors in the same place was sought. This was accomplished by the use of seven pro-
jection lanterns, each bearing a colored gelatin filter and all focused on the same area
of a white screen. In order that each square of color would appear to be exactly the
same size and shape and in exactly the same location as all others, a white square was
laid off on the screen and bounded by dull black cardboard.

3. The simultaneous presentation of the tone-color pairs was accomplished by
means of electrical contacts soldered to each of the eight keys of the accordion. Each
time one of these keys was depressed to produce a tone, the contacts closed; this in turn
operated a relay which lighted the projection lantern carrying the color of filter with
which the tone was paired.

4. The apparatus was made to function automatically by means of a revolving
cylinder carrying studs which depressed each of the keys in a prearranged order.
Constant speed of operation was assured by the use of an electric phonograph motor
geared to the roller.

5. Preliminary experimentation showed that the only noisy parts of the set-up were
the blower unit and the relays. In order to eliminate these distracting noises, the
blower was placed in a room on the floor above and the compressed air led to the ac-

l A used vacuum cleaner motor, fan, and housing served admirably for this
purpose.


