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Abstract At the beginning of the second half of the XIX century, Paul Broca’s discoveries on the localiza-
tion of the seat of the articulated language faculty laid the foundations for modern neuropsychology, con-
firming the localizationistic hypothesis to the detriment of previous theories of mind-body interaction. This
epoch also recorded the first scientific observations on the relationships between music and the nervous system: in
the present essay, we trace the genesis and the history of the models debated by the French scientific community
of the XIX century, analyzing them through the works of the most famous authors of that period, and reflecting
on their implications for subsequent developments in the psychology and neuroscience of music.
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Riassunto L*altra” localizzazione: modelli di localizzazione cerebrali delle facolta musicali nella neurofisiologia
francese del XIX secolo — All'inizio della seconda meta del 1800, le scoperte di Paul Broca sulla localizzazione
della facolta del linguaggio articolato gettarono le basi per la nascita della moderna neuropsicologia, confer-
mando l'ipotesi localizzazionistica delle funzioni mentali a discapito delle precedenti teorie sull'interazione
tra mente e corpo. A questo periodo risalgono le prime osservazioni scientifiche sul rapporto tra musica e
sistema nervoso: nel presente contributo, tracceremo la genesi e le vicende dei modelli discussi nella comuni-
ta scientifica francese del XIX secolo, analizzandoli a partire dai testi dei piti importanti autori del periodo e
riflettendo sulle loro implicazioni per i successivi sviluppi della psicologia e delle neuroscienze della musica.
PAROLE CHIAVE: Musica; Facolta; Cervello; Localizzazione; Storia della neuropsicologia.

THE ROLE OF BROCA’S AREA in music, to-
gether with its involvement in motor and ver-
bal production, is nowadays well established.
At the time of the discovery of its connection
with articulated language, however, this no
correlation seemed impossible, or, at the very
least, questionable.

The new research paradigm, however, al-

ready included the right tools for this further
elaboration, since the neuropsychological ap-
proach not only linked cognitive functions to
brain areas but also played a decisive role in the
exploration of the rich organization of complex
behaviors and mental processes.

Since these early times, the cognitive and
behavioral neurosciences have contributed to
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the definition of the functions they study. Lan-
guage — as Broca himself clearly showed - was
obviously a perfect candidate to fit the role of
the paradigmatic object of investigation. But
what about other aspects of behavior and cog-
nition unique to humans? And, more specifical-
ly, what about music?

In XIX century France, when a dispute be-
tween different theories on the role of the brain
in mental activity was in full swing, music also
established its position as a psychological (and,
of course, neuropsychological) object of study.
Furthermore, the scientific literature of the
time provides a direct record of the importance
of this topic in the debate on the localization of
mental functions in the brain.

Far from being a simple ancillary addenda
to the exposition of neurophysiological models,
observations on the effects of musical experi-
ence on neural structures defined the foci of
subsequent debates on this topic for time to
come, building the foundations for many con-
temporary views on the subject.

Early issues related to localization of
musical ability

The very first attempt to establish a correla-
tion between a region of the brain and the ability
for music can be traced back to Costanzo Va-
rolio (1543-1575), who wrote in his Anatomiae
(published posthumously in 1591) that the cere-
bellum was the seat of hearing, along with the
senses of touch and taste, probably because of
the close proximity between this structure and
the nerves associated with these two modalities.

Varolio’s dissection techniques and discov-
eries on the anatomy of cranial nerves were
welcomed by the scientific community of the
epoch: however, his reflections on music were
not pursued, and following the work of this
Italian anatomist there were no further at-
tempts to establish a connection between music
and the brain in the XVI century.

In the middle of the XVII century, a short es-
say entitled Compendium Musicae by René Des-
cartes (1596-1650), originally written in 1618,
was posthumously published. In the Praeno-

tanda to the volume, which mainly focused on
the definition of contemporary music theory, a
young Descartes provided a musical foretaste of
what would become his mechanistic and dualist
views on living beings. In fact, he wrote that:

every sense is capable of feeling pleasure.
For this pleasure to occur, a certain propor-
tion between the object and the sense is
needed. Consequently, the bellow of light-
ning and thunder does not seem appropri-
ate to music, because it will in fact hurt the
ears, as the brightening of the sun hurts the
eyes. The object must not fall under the
sense in a difficult way, or in a confusing
manner.?

Although this excerpt on its own might sug-
gest a full identification of the musical faculty
with the anatomical ear, in the second chapter
of the volume, Descartes traced a sharper dis-
tinction between the pure and simple percep-
tion of music as a physical phenomenon and
the ability to perceive, conceive, and feel pleas-
ure in it. Rhythm and harmony consist in good
proportions of natural sounds and anybody can
perceive this, or even be influenced by exposure
to it: but it takes a soul to make rhythm and
harmony into music, because only a human
mind can think of it in this terms.

«Even animals can dance, if trained, because
only natural instinct is required for this>»,* Des-
cartes wrote, and he continued to describe how
the real Jocus of musical experience is in the “cog-
nitione motuum animi’, the movements of the
soul, which do not belong to either the physical
or physiological dimensions, «for music was
created for the pleasure of our Souls».*

This assertion, already containing the
mechanistic body paradigm he would fully ex-
press in the pages of his De Homine in 1633,
implies that the human propensity for music is
part of our modi cogitandi, and the anatomical
structures necessary for it are just a tool, no
matter how perfect or sophisticated they may
be: in other words, this is the formulation of the
musical version of the mind-body problem.

Descartes’ thoughts on music contributed
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to a revival of the so called “teoria degli affetti”,
the “theory of the affects” which had dominat-
ed musical aesthetics throughout the XVIII
century; and, of course, they promoted a quest
for a better knowledge of acoustical laws and
an improved understanding of the anatomical
structure of the auditory system. However, by
according music a place in the activity of the res
cogitans, they entailed a setback for the investi-
gation of music in the brain: a (metaphysical)
mind, together with a good pair of ears (and a
pineal gland, of course), was all men needed to
enjoy the pleasure of music.

Descartes’ ideas on the brain, however, were
soon refuted by some scholars of his time: and
the musical issue emerged again in the work of
the English anatomist Thomas Willis (1621-
1675). Willis was not convinced by the account
of brain functions presented by Descartes, fa-
voring a different idea of the brain, with ana-
tomical and functional differentiation.

Revisiting Varolio’s observations on the
cerebellum, in his Cerebri anatome of 1664, the
English physician asserted that the cerebellum
was responsible for the musical ear of man. Wil-
lis believed that “animal spirits” moved by the
impression of sounds around us leave a trace of
their passage in the cerebellum, because of the
evident connections between this structure and
the auditory nerves. Music was not independent
from the faculty of reasoning, proper to the
brain, but was in any case located in an area that
he considered to be the a gateway and filter for
auditory and musical perception.

Because the act of listening depends on the
cerebellum, this organ is predisposed to be
crossed through by and to receive these an-
imal spirits; and it is plausible that they also
convey ideas and impress traces of memo-
ries, so that when a vocal sound has to be
emitted, the sound previously listened to is
emulated, and the vocal act is accomplished.
From this results the fact that some men
can easily learn melodies.?

Willis also thought that the anatomical
softness of the cerebellum was both a clue sup-

porting his hypothesis and a marker for more
or less pronounced musical ability. In Willis’
work of 1664 we can find the first use of the
terms “musical faculty” and “musical ear”
however, no other attempt to study the rela-
tionship between music and the brain was pur-
sued until a new approach to the mind in the
brain was developed, at the end of XVIII cen-
tury, by the German philosopher and physiolo-
gist Franz Joseph Gall.

Phrenology and music

When Franz Joseph Gall (1758-1828) pre-
sented, together with his friend and colleague
Johan Gaspar Spurzheim (1776-1832), his “or-
ganological” or “phrenological” theory to a
French audience in 1810, with the publication
of Anatomie et physiologie du systéme nerveux en
general, et du cerveau en paiticulier, avec des ob-
servations sur la possibilité de reconnditre plu-
sieurs dispositions intellectuelles et morales de
Uhomme et des animaux par la configuration de
leurs tétes, many walls came tumbling down.

Phrenology was a wide anatomo-functional
system, based on the concept that the brain is
the organ of the mind, and that certain brain
areas are dedicated to specific functions or
modules. Phrenologists believed that the mind
was organized into different mental faculties,
each of them hosted in a different area of the
brain. From the evaluation of these areas
through the palpation of the cranial bone,
Phrenology pretended to discover propensities,
lacks and even the very destiny of an individu-
al, as well as his morality or — to present a good
example of phrenological science — his poten-
tial to be a good parent.

Even if it was soon branded as pseudosci-
ence by the scientific community (although its
fame as a “popular science” grew, above all in
the United States of America, all through the
XIX century), the discipline founded by Gall
renewed and focused the attention of physiolo-
gists of the time on the possibility of localizing
mental functions in the brain, thereby directly
influencing the next wave of neurological dis-
coveries.
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Of course, music could not be excluded
from the omni-inclusive phrenological archi-
tecture. Cranioscopically speaking, Gall sup-
posed that the faculty of music (number 17 of
27 in his original formulation of phrenological
theory) was located in the forehead of men, and
that it could assume two different appearances:

Or the exterior angle of the forehead, im-
mediately above the external angle of the
eye, expands toward the temple; and in this
case the lateral parts of the forehead exceed
the eye angle, then all the frontal region
above it until the mid-height of the fore-
head , is rounded. Or a pyramidal promi-
nence appears, its base set above the eyes
and its peak extending to the anterior and
external border of the forehead, up until its
midpoint.®

For the sake of the fashion of the time, Gall
added support to his theories on the location of
musical faculty with reports of observations of
crania from Haydn, Rousseau, Beethoven,
Gluck and both the Mozarts.

It is the account of this discovery, carefully
narrated by Gall himself, which highlights an
interesting point in the history of the psycholo-
gy of music. Why should we need, Gall asked
his readers, a specific organ for music in the
brain? And what should its characteristics be?

The German physician starts the paragraph
dedicated to musical talent with a detailed ac-
count of his efforts to provide these answers. In
the first instance, he rejects the mechanistic
“ear hypothesis”. Gall uses comparative data in
a negative way, reporting on several non-
human animals which have a bigger (often
meant as “a better”) auditory system than hu-
mans yet do not make music, in order to ex-
clude any correlation between features charac-
terizing the ears and an ability for music.

The same treatment is reserved, a few para-
graphs later, for the hypothesis of a correlation
between musical inclination and the anatomi-
cal structure of human phonation, since in
Gall’s opinion, «the throat is just a tool, as is
the hand for the painter and the sculptor».’”

Discussing the localization of the music faculty
in the brain, Gall further discards Willis* cere-
bellar hypothesis, rejecting it in a few lines, be-
cause «[Willis] could not demonstrate his opin-
ion with facts nor reasoning».* Consequently,
the father of Phrenology, had nothing left to do
except to admit the existence of a specific organ
devoted to the faculty of music in the brain, lo-
cated exactly above the corner of the eye.

But what characterizes this organ, what are
its functions, the object of its actions? Since
Gall observed that many people could easily
retain melodies even in the absence of a strong
memory for words or faces, and phrenological
theory postulated that every organ had its own
specific dedicated memory system, he deduced
that the organ of musical talent was the organ
responsible for the perception, memory and
imagination of melodies. Melodies are, by defi-
nition, a related set of two or more tones: so
Gall deduced that the faculty of music was a
sense for tone relationships. With this formula-
tion, Gall was the first author to address the
problem of the definition of what a hypothet-
ical “musical faculty” might be, and he choose
to emphasize melodic aspects of music rather
than rhythmical ones.

Thus, in an interesting sense, the develop-
ment of the phrenological approach to musical
abilities foreshadowed their modern modular
conceptualization by appealing to inter-
modular variability in explaining inter-
individual differences in musical talent. Read-
ing the words of Giovanni Antonio Lorenzo
Fossati (1786-1874), a fervent supporter of
Gall's theories and president of the Societé
Phrénologique of Paris, we know that:

after the sounds-relationship organ, which
we have discussed, the organ of time must
be the first to sustain the musician; for me-
ter and rhythm are necessary to music [...]
The subtlety of the organ of touch contrib-
utes the same, for its part, to the perfection
of musician talent [...] Musical genius, sup-
ported or helped by different faculties, has
different manifestations, because of the dif-
ference between these faculties.’
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To get an idea of how innovative this ap-
proach was for its first XIX century audience,
we can turn to the words of Francois Joseph
Victor Broussais (1772-1838), who in his last
years spent many of his public lessons advocat-
ing Phrenology. In 1836 he clearly wrote in his
Cours de Phrénologie:

Another faculty, placed by the phrenologists
amongst the intellectual ones, and of which
philosophers cannot say a word, is that of
the sense of tone, of melody. It must be con-
fessed, in fact, that philosophers have been
quite silent and sterile on this point, not
knowing what to say. What can they do
with it? Should it be a quality of their “Be-
ing”, material or immaterial,, imprisoned in
the brain? Well, please, tell us what is this
faculty of “being”. Phrenology points to an
organ for this [musical] faculty. And you
leave it in the flesh, without showing its rela-
tionship to the mind."

With respect to music (as for the other “in-
tellectual” faculties), phrenologists tried to re-
late a cerebral area to a specific function, defin-
ing at the same time what music should be as a
psychological object of study. Because of this,
however, phrenology met with some severe ob-
jections — most of them well deserved — from
physicians and scientists inspired by the Carte-
sian philosophy of dualist interactionism.

Reactions to phrenology

When we talk of the struggle against Phre-
nology in France, we are, of course, talking
about the fierce opposition to Gall’s discipline
by Marie Jean Pierre Flourens (1794-1867), the
famous French physician responsible for exten-
sive experimental research on the human nerv-
ous system. His works Examen de la phrénolo-
gie, published in 1842 and De la phrénologie et
des études vraies sur le cerveau in 1862 contain
several arguments against Gall’s philosophy as
well as his physiology.

As is well known, Flourens opposition to
this model of mind-brain interaction was based

on the results of his experimental research: ac-
cording to his interpretation of nervous system
function, it was possible to attribute the control
of vegetative and involuntary action to the
brainstem, the control of motor actions to the
cerebellum and that of general reasoning to the
two hemispheres of the prosencephalon, where
the principle of equipotentiality (being influ-
enced in this assumption by Albrecht von Hal-
ler’s “common action”"!) made the forebrain the
only possible seat of a unitary, single intelligence.

His remarks on the unity of mind are clearly
a direct heritage from Cartesian philosophy:
mind is, according to Flourens, the soul, the
unique and coherent cogito depicted by René
Descartes — to whom Flourens’ 1842 book is
dedicated - for his works of “bonne philosophie’.

The logic and the coherency of Flourens’
arguments against Phrenology exerteda great
influence on the XIX century French scientific
community, leading to a massive rejection of
approaches based on the separation of mental
faculties, and their hypothetical localization
through the measurement of crania. Even if
Flourens himself never went deeply into the spe-
cific debate on the hypothetical “musical facul-
ty” of Gall's phrenology, his ideas influenced
(and were influenced by) other authors, who in
their works also addressed the issue of the rela-
tionship between musical abilities and the brain.

The most significant example comes from a
simple comparison between the lines we cited a
few paragraphs back from Descartes’ Compen-
dium and the words of Francois Magendie
(1783-1855) in his Précis elementaire de physiol-
ogie, dated 1836, a text filled with strong claims
that phrenology was nothing but a pseudosci-
ence. The famous French physician, after a
long description of both the physical properties
of sound and the anatomical structure of the
outer and inner ear, firmly (and honestly)
writes that:

it is impossible to explain the action of the
acoustic nerves, nor that of the brain, in au-
dition, but there are some observations
which can be made about them. Sounds, in
order to be perceived, must be within a cer-
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tain range of intensity. A sound that is too
loud hurts us, while a too feeble one cannot
produce a sensation [...] music, organizes
and combines sounds. For ears organized to
perceive it, music is without doubt the first
of all arts, since no other can produce sensa-
tions more keen and delicious."

Even without knowing how much Ma-
gendie and Flourens admired each other (the
latter wrote a touching funeral oration for the
former in 1858"), the echo of their common
Cartesian background can be clearly heard
throughout this excerpt.

In 1842, Frédéric Dubois d’Amiens (1799-
1873) wrote that, in every single musician he
had known, there had been no trace of the
“roundness” Gall had postulated to mark the
seat of the musical faculty."* Other academi-
cians also tried, in those years, to undermine
phrenological theories of musical ability, care-
fully comparing the data Gall had provided in
his works with other observations on animal
physiology. Louis Francois Lelut (1804-1877)
openly doubted Gall’s comparative studies of
human and birds, in his 1843 Rejet de
Vorganologie phrénologique:

Does he [Gall] say that the organ of music
gives the orbital arch of the nightingale cra-
nium a roundness no sparrow or goldfinch
could ever have? I have investigated this
comparison, and found that, more than any
other bird, the goldfinch should be an even
better singer than the Philomele."

These observations, particularly those con-
cerning the lack of confirmation for Gall’s
comparative studies, had a major impact on the
anatomical progress of the time. This renewed
focus on the anatomy of the inner ear lead, in
1851, to the discovery of the fine stereociliar
organization of the mammal cochlea by the
Italian anatomist Alfonso Giacomo Gaspare
Corti (1822-1876).

This discovery turn lead to intensified stud-
ies on auditory perception, like those which in
1863 came to constitute the core for the fa-

mous Die Lebre von den Tonempfindungen by
Hermann Helmloltz (1821-1894)." Such phys-
iological advances probably provided some re-
lief for the anti-phrenologist front, apparently
constituting the last word on the dispute on the
localization of musical abilities, since physio-
logical structures directly responsible for the
discrimination of pitches had finally been
found and described.

In 1861, however, Broca’s reports on the di-
rect correlation between the loss of speech and
the partial destruction of the anterior left lobe
of the brain again shook the tenets of XIX cen-
tury physiology. If language could be located in
a specific area, might music have the same fate?

Consequences of Broca’s localization
of articulated language

Even if Paul Broca never claimed Gall’s
work as a direct source of inspiration for his
research, it is clear how much influence phre-
nology had exerted on the scientific community
of the XIX century. The localization of the seat
of articulated language in 1861 by the French
neurologist laid the foundations for a new sci-
ence, but raised many objections at the time.

The focus of the medical community quick-
ly shifted to reporting aphasia cases, trying to
deny, correct or improve the findings of Broca.
Music soon gained a special role also in this de-
bate: all through the second half of the century,
new series of observations on the connection
between music and brain injuries were pub-
lished, in the shape of new (or “dug out” from
the past literature) clinical reports where musi-
cal abilities appeared to be impaired while lan-
guage was not, or vice versa.

In 1865, the French Académie de Médicine
heard Jean-Baptiste Bouillaud (1796-1881) give
an account of “Monsieur P.”, a patient of Hilaire
Lerpiniere, who was unable to speak because of
a severe aphasia, but apparently preserved the
ability to compose, play and hum music:

[Monsieur P.], whose main occupation was
music when he was wealthy, was advised by
his wife to compose and write down some
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notes. He took a music sheet and, with no
hesitation, wrote a few musical lines, which
his wife played on the piano astonished by its
precision and lack of errors. Then he started
to modulate his voice to the song he had
written, and he accompanied with skillful-
ness and harmony the sounds of his voice on
the piano, without even a minor mistake in
the articulation of the appropriate sounds."”

Jules Philippe Joseph Falret (1824-1902),
writing in 1866 the entry Aphasie, Aphémie et
Alalie for the Dictionnaire encyclopédique des
sciences médicales edited by Amédée Decham-
bre, dedicates an interesting paragraph to mu-
sical abilities in aphasic subjects.

Singing, a sort of intermediary between
scream and articulated language, can persist
in aphasics who have almost completely lost
the use of speech: but it is necessary to dis-
tinguish between two distinctive categories
in these cases of singing conservation. Some
individuals, in fact, cannot articulate the
words of an air and only preserve the ability
to hum them with the addition of the few
words or monosyllables they still retain; oth-
ers can actually pronounce, while singing,
words they cannot articulate in speech.’®

Falret goes further and reports another clin-
ical observation, this time reported by Luis
Jules Béhier (1813-1876), dated 1836 which
concentrated on a syphilitic male who developed
motor aphasia but was still able to sing La Mar-
seillaise through the intonation of the single syl-
lable “tan” — curiously, the same syllable pro-
nounced by Broca’s most famous patient, “Mon-
sieur Leborgne” or, as he became famous, “Tan”.

These reports make it clear how the lexicon
and models for understanding music and the
brain changed after Broca’s findings on lan-
guage. Initially accorded a single faculty de-
pending primarily on perception, musical abili-
ties had differentiated into different functions,
in a manner paralleling the development of
language theory language throughout the XIX
century. Musical ability could be impaired, af-

ter a cerebral lesions, in many peculiar ways: the
ability of singing could be damaged as well as the
ability for musical perception, just like the facul-
ty of writing or reading musical notation.

Outside France, John Hughling Jackson
(1835-1911) published in 1866" and in 1871%
several accounts of children unable to speak
any words but perfectly able to sing, a fact he at-
tributed to the substantial differences between
what he called “emotional” and “intellectual”
language. This ultimately lead, in France, to the
revival of Willis’ opinions on the role played by
the cerebellum (a hypothesis which, in fact,
French physiologists had never really given up,
as demonstrated by the Traité de Physiologie
Comparée de 'Homme et des Animaux by An-
toine Luis Duggs, published in 1838).

In 1891, Frédéric Courmont could also still
write a passionate defense of the cerebellum as
the seat of musical abilities (according to him it
should be accorded the general status of the
“emotional brain”), providing evidence and ar-
guments from the anatomy of the cranial
nerves to support his case,” as did a clinical ob-
servation by Paul Joseph Barthez (1734-1806),
where an account is given of a girl affected by
seizures after severe cerebellar damage who
could no longer speak without stuttering but
was still able to sing (apparently overcoming
her crisis).?

The revised cerebellar hypothesis was, in
any case, just an echo of the past. Since Bouil-
laud’s first observations in 1865, every reported
case of musical and non-musical aphasia, had
established a different model of musical func-
tion, a model inspired by the model applied to
language after Carl Wernicke’s work of 1874.7

In 1888, it was the German physician Au-
gust Knoblauch who coined the term “amusia”
referring to musical perception and production
disorders.** With the publication of the essay
L’Amusie in 1893 by Paul Oscar Blocq (1860-
1896), a neuropathologist at the Salpétri¢re
hospital, the French medical community
showed how perfectly it had assimilated the
topic of musical disorders, categorizing them as
peculiar forms of aphasia. Blocq described how
under the umbrella-term “amusia”, different
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dysfunctions must be distinguished: there were
receptive or sensorial amusias (including “real”
or auditory amusia and musical alexia) and ex-
pressive or motor amusias ( “real” musical mo-
tor amusia, musical amimia or an impairment
for playing instruments as well as musical
agraphia).®

At the end of the century, normal and ab-
normal music psychology strictly resembled
the psychology of language, the former borrow-
ing from the latter models, hypotheses and
styles of clinical observation.

Learning from the past

As we have seen, music as a topic in psy-
chology and the neurosciences, underwent a
complex process of definition in the XIX cen-
tury. After early attempts at localization during
the XVI and XV1I centuries, with the advent of
phrenology music was officially declared to be a
“faculty” involving both the brain and the
mind.

This raised doubts, questions and objec-
tions to the original locationationist claims,
while at the same time stirring up the localiza-
tionistic hypotheses of the time. This led to the
contraposition of a Cartesian model, where the
mere sense of hearing and the ability of the cog-
itans mind were sufficient to justify musical ex-
periences, and a phrenological model, which
proposed a specific seat in the brain for the
sense of tone relationship. It is interesting to
note how these two approaches foreshadow a
major division of opinion in contemporary mu-
sical psychology, that is, the debate as to
whether music is a secondary (and even casual)
byproduct of human general-intelligence, as
claimed by Pinker,* or whether it constitutes a
distinctive feature of our species, based on
brain areas positively selected through evolu-
tion, as claimed by many authors in the neuro-
science of music. 7

Both of these models were largely aban-
doned soon after Broca’s discovery of the seat
of articulated speech, which made way for a
different paradigm, similar to that hypothe-
sized for language and differentiated on the

base of the range of musical dysfunctions ob-
served in clinical cases.

This model too - later neglected in order to
favor a more marked separation between “e-
motional” and “intellectual” language, as a con-
sequence of the hemispheric differentiation
trend of the 1940s — predates the present ar-
guments concerning modularistic musical func-
tions and the neural overlap between language
and music areas, as respectively explicated by
Peretz®® and Patel.””

In other words, it looks as if the XIX centu-
ry physiologists’ observations sowed the seeds
for the modern psychology of music: and this
suggests, to historical, theoretical and philo-
sophical psychology, that further studies should
compare these models, in order to gain further
insight into the formulation of valuable re-
search paradigms for the future.

Notes
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