


* Apprendre la musique :
quel effet sur notre
cerveau (et celui de nos
enfants)?




La musique modifie le
cerveau:

Plasticité cérébrale chez les
musiciens

Emotion musicale : les
neurones miroirs, échange

et partage
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lere partie

LE CERVEAU DU MUSICIEN : UN
MODELE DE PLASTICITE CEREBRALE



“As neither the enjoyment
nor the capacity of
producing musical notes are
faculties of the least use to
man in reference to his daily
habits of life, they must be
ranked among the most
mysterious with which he is
endowed” (Darwin, 1871)
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Figure 1 Fractional anisotropy increases after juggling training.
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, e S . Keyboard Player String Player
Effects of Music Training on the Child’s Brain * : A

and Cognitive Development

GOTTFRIED SCHLAUG.? ANDREA NORTON % KATIE OVERY 2
AND ELLEN WINNER?

D epartment of Neurology, Music and Newrcimaging Laboratory, Beth Israel Deaconess
Medical Center/Harvard Medical School, Boston, Massachusetts 02215, USA

®Department of Psychology, Boston College, Boston, Massachusetts 02215, USA

professional keyboard players, who
reported approximately twice as
much weekly practice time as the
amateur musicians, have
significantly more gray matter in
several brain regions, including the
primary sensorimotor cortex, the
adjacent superior premotor and
anterior superior parietal cortex
bilaterally, mesial Heschl’ s gyrus
(primary auditory cortex), the =
cerebellum, the inferior frontal N ’ - 5.45

gyrus, and part of the lateral inferior § A —r
temporal lobe, than either the
amateur musicians or the
nonmusicians.

Voxel-based-morphometry (PMus>AMus>NMus)

FIGURE 1. A voxel-based morphometric analysis of nonmusicians compared with amateur and professional musicians.
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Specialization of the specialized in features of external
human brain morphology

Marc Bangert and Gottfried Schlaug

Department of Neurology, Beth Israel Deaconess Medical Center and Harvard Medical School, 330 Brookline Ave, Boston, MA
02215, USA
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5.18 Isotropic and anisotropic diffusion.
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(A) The arcuate fasciculus of a healthy 65-year-old
instrumental musician

(B) the arcuate fasciculus of a healthy 63-year-old
nonmusician, otherwise matched with regard to their
handedness, gender, and overall IQ



8-year-old child without instrumental music training scanned
twice (A and B) 2 years apart

8-year-old child before (C) and 2 years after (D)
instrumental music training involving a string
instrument.
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L'amusie congénitale

Echec a développer une compétence
musicale normale alors que l'intelligence est
normale et le langage aussi

v Ne savent pas s'ils chantent juste

v Echouent a reconnaitre les chansons en
I'absence des paroles

v Difficulté a apprendre la musique
v Aucune autre difficulté d’apprentissage

4 % de la population normale (Kalmus & Frey,
1980. Annals of Human Genetics).

Peretz & Hyde (2003) Trends in Cognitive Science



Tone Deafness: A New Disconnection Syndrome?

Psyche Loui,' David Alsop,” and Gottfried Schlaug'

Departments of 'Neurology and “Raciology, Beth Israel Deaconess Medical Center and Harvard Medical School, Boston, Massachusetts 02215

Tractography of a typical normal
individual showing superior and
inferior AFs bilaterally

Tractography of a typical tone-
deaf individual showing
hemispheric asymmetry in the
AF. Right superior AF is lacking
(red)




En résumeé (lere partie)

Le cerveau du musicien est morphologiquement singulier :
certaines zones, celles impliquées dans la perception auditive et
celles impliguées dans la motricité sont plus développées

De facon encore plus nette, les faisceaux de substance blanche
connectant les zones sensorielles et motrices sont jusqu’a une fois
et demi plus développées que sur un cerveau standard.

Le faisceau arqué, qui unit des zones temporo-pariétales au cortex
frontal inférieur, apparait d’apres les travaux les plus récents
comme la cible principale de cet effet « sculptant » de la musique
sur le cerveau.

Ces particularités sont tres probablement liées moins a une
compétence innée qu'a l'effet de I'exercice de I'instrument, tout
particulierement la nécessité pour tout apprentissage musical de
développer des connexions a distance entre différentes aires du
cortex.
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Behavioral/Systems/Cognitive

Cortical Plasticity Induced by Short-Term Unimodal and

Multimodal Musical Training

Claudia Lappe,'* Sibylle C. Herholz,'* Laurel J. Trainor,*” and Christo Pantev!
Institete for Bicenagnetism and Biosignalanalysis, University of Miinster, 48149 Minster, Germany, and *Department of Psychology, Newrascience, and
Behaviour and the 'McMaster Institute for Music and the Mind, McMaster University, Hamilton, Ontario, Canada L3S 4K1
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2eme partie

LES NEURONES MIROIRS : ECHANGE,
PARTAGE ET EMOTION



MIRROR NEURONS /
BRAIN LOCALIZATION
IN MONKEY AND MAN
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Figure 2 | Mirror neurons in area F5. The recordings
show neural discharges of a mirror neuron in area F5 of
the macaque inferior frontal cortex when the monkey
grasps food (top) and when the monkey observes the
experimenter grasping the food (bottom)*. Note that
both tasks elicit strong neural responses in area F5.
Modified, with permission, from REF. 115 © (2001)
Macmillan Publishers Ltd.



2 AUGUST 2002 VOL 297 SCIENCE www.sciencemag.org
~ B

Neuron 1
paper ripping

V+S huf
LS

r I:II:]"I[I! I|.III“II I I !‘:[l ':P M

Neuron 2
dropping stick

...k_

100

)

3 ] A‘

Q

“ 0
Fig. 1. (A) Lateral view of paper ripping droppi _LStICk
macaque brain with the lo- II III'.lI Ill |l'|l '||||||| -l-llllll " 1".“{ “I II’:III'IIJF'I"-.I.." - Imli ll*ﬁ
cation of area F5, shadedin S uﬁ”}" I T e T,
gray‘ Major SUICi: a‘ arcuate; *I lllllll lrmlu-%"llllhllﬁllllll Illlllll FIE TN RRE T —

¢, central; ip, intraparietal; s, 1(/100
sylvian sulcus. (B) Two ex- 3
amples of neurons respond- 2

ing to the sound of actions. 0
Rastergrams are shown to-
gether with spike density

functions. Text above each
rastergram describes the
sound or action used to test CS1
the neuron. Vertical lines in-
dicate the time when the
sound occurred. Traces un-
der the spike density func-
tions in S and in CS condi-
tions are oscillograms of the
sounds used to test the neu-
rons. Only 1 of the 10 dif-

white n<)||||s§lll|"I "
il
FI

o 1S

o

spk/s

clicks

ferent instances of the
sounds is shown.

Hearing Sounds, Understanding 0821 ot i.% M "ii"
Actions: Action Representation
in Mirror Neurons

monkey caII

o

monkey call

spk/s
(@}
[
—
7| f

Evelyne Kohler," Christian Keysers,” M. Alessandra Umilta,’
Leonardo Fogassi,? Vittorio Gallese,’ Giacomo Rizzolatti'*




Roles supposés des neurones miroir

Comprendre les actions d’autrui

Anticiper les intentions et états mentaux
d’autrui (théorie de I'esprit)

Apprentissage par imitation
Controle (et apprentissage) du langage

Meécanisme de 'empathie, compréhension
des affects d’autrui

Musique, danse +++
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Behavloral/Systems/Cognitive

Action Representation of Sound: Audiomotor Recognition
Network While Listening to Newly Acquired Actions
Amir Lahav,'? Elliot Saltzman,>® and Gottfried Schlaug'

!Department of Neurology, Beth Isracl Deaconess Medical Center, Harvard Medical School, Boston, Massachusetts 02215, 2Department of Rehabilitation
Sciences, Boston University, Boston, Massachusetts 02215, and *Haskins Laboratories, New Haven, Connecticut 06511

Actions — Sounds  Sounds — Actions

Figure 1.  Action-listening illustration. A, Music performance can be viewed as a complex
sequence of both actions and sounds, in which sounds are made by actions. B, The sound of
music one knows how to play can be reflected, as if in a mirror, in the corresponding motor
representations.

Trained-Music

Trained-Music >
Untrained-Different-Notes-Music

Flgure 3. Actionistening activation. A, B, Extensive bilateral activation in the frontopari-
etal motor-related brain regions was observed when subjectslistened to thetrained-music they
knew how to play (4), but not when they listened to the never-learned untrained-different-
notes-music (B) (contrasted against rest baseline; p << 0.05, FDR corrected). €, Activation maps
are shown in areas that were significantly more active during listening to the trained-music
versus the untrained-different-notes-music. Surface projection of group mean activation (n =
9) are rendered onto an individual standardized brain ( p << 0.05, FDR corrected). L, Left; R,
right.



Etude de 'aire de Broca (BA44) chez 26 musiciens

d’orchestre omparé a 26 témoins non musiciens)
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Dynamic Emotional and Neural Responses to Music

Depend on Performance Expression and Listener

Experience

Heather Chapin’, Kelly Jantzen?, J. A. Scott Kelso'?, Fred Steinberg®, Edward Large'*
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Both of Us Disgusted in My Insula:
The Common Neural Basis of

Seeing and Feeling Disgust
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Jane Plailly,* Jean-Pierre Royet,*
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Seeing or Doing? Influence
of Visual and Motor Familiarity
in Action Observation

Beatriz Calvo-Merino,"* Julie Grézes,? that the
Daniel E. Glaser," Richard E. Passingham,®* network
and Patrick Haggard"*

TInstitute of Cognitive Neuroscience and Results
Department of Psychology

University College London Observil
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Capoeira
moves

Daniel Glaser
University College
London



B8 BC CB CCNB NC

Ballet dancers viewing Ballet

BC Ballet dancers viewing Capoeira

CB Capoeira dancers viewing Ballet
Capoeira dancers viewing Capoeira

NE Naive subjects viewing Ballet

NC Naive subjects dancers viewing Capoeira

BB BC CBCCNBNC

Dorsal premotor cortex

Daniel Glaser
University College
London



BRAIN BIOLDGY

Il ATHE NEUROSCIENCE OF

Recent brain-imaging studies reveal some
of the complex neural choreography .. ;,

behind our ability to dance -

By Steven Brown and Lawrence M. Parsons

KEY CONCEPTS

= Darce is a fundamental form
of human expression that likely
evolved together with music
as a way of gererating rhythm.

It requires speaaized mental
skills. Ore bran area houses

a represertation of the boady's
arientation, helping to direct
our movements through space;
another serves as a synchronier
of sorts, enabling us 10 pace our
actons te music.

Urcorsoous entrainmert—the
pracess that causes us to absent-
mirdedly tap our feetto abeat—
reflects ourirstinct for darce. It
acurs when certain subcortical
brain regions converse, bypass-
ng higher auditory areas.

The Lditors

78 scientiFic ameRican

o natural 1s our capacity for thythm
that most of us take it for granted: when
we hear music, we tap our feet to the
beat or rock and sway, often unaware that we
are even movang. But this instinet s, for a1l
mtents and purposes, an evolutionary noveley
among humans. Nothing comparable accurs in
other mammals nor probably elsewhbere in the
antmal kingdom. Our talent for unconscous

entrainment Jies at the core of da a conflu-

ence of movement, rhythm and gestural repre-
sentation. By far the most synchronized group
practice, dance demands a type of interperson-
al coordination in space and time that s almost
nonexistent i other social contexts.

Even thaugh dance is a fundamental form of
hurman expression, neuroscientists have given it
relatively httle considenation. Recently, howev-
er, researchers have conducted the first bran-
imaging studies of both amateur and profes-
sional dancers. These mnvestigations address
such questions as, How do dancers navigate

© 2008 SCIENTIFIC AMERICAN, INC.

though space? How do they pace their steps?

How do peaple learn complex series of pat-
rents? The results offer an intrigu-
ing glimpse into the complicated mental coor-
dinataon reguired to execute even the most basxe

terned mo

dunce steps.

I Got Rhythm

Neuroscientases have long studsed isolated move-
ments such s ankle rotations or finger tpping.
From thas work we know the basses of how the
bratin orchestrates simple actions. To hop on one
foot aever mind patting your head at the same

time - requires caleulations relating to spatial

awareness, baliinee, intention and tming, amaong
other things, in the braan's sensorimator system.
[n a samplified version of the story, a region

called the postersor parietal cortex (toward the

back of the brain) translates visual information

into motor commands, sendang signals forward

to mation-planning areas in the premotor cor-
tex and supplementary motor area. These

July 2008



[THE BASICS]

THE BRAIN'S MOVING PARTS

To identify the brain areas that control dance, researchers first need a sense of how the brain allows us
1o carry out voluntary movements in general. A highly simplified version is presented here.

TANTALIZING
TANGO FINDING

In a study published in December
2007, Gammon M. Exchart and
Madeleine £, Hackney of the
Washington University School of
Medicing in St. Lowss found that
tango dancing improved mebility in
patients with Parkirson’s disease.
The conaition stems from a loss of
neurons in the basal ganglia, 3
problem that interrupts messages
meant for the motor cortex. As a
result, patients experience tremors,
rigidity and difficulty initisting
movements they have planned,
The researchers found that after
20 tango classes, study subjects
“froze” less often. Compared with

subjects who attended an exerdse Fine-tuning (righr) occurs, in part, as the muscles return signals to the
class instead, the tango dancers also beain. The cerebellum uses the feedback from the musdes to help

had better balance and higher scores maintain balance and refine movements. In addition, the basal ganghia
on the Get Up and Go test, which collect sensory information from cortical regions and convey it through
identifies those atrisk for £aling. the thalamus to motor areas of the cortex.

80 SCIENTIFIC AMERICAN

Motion planning (feft) occurs in the frontal
lobe, where the premotor cortex on the outer
surface (not wsible) and the supplementary
motor area evaluate signals {amows) from
elsewhere in the beain, indicating such infor-
mation as position in space and memones of
past actions. These two areas then communi-
cate with the primary motor cortex, which
determines which musdles need to contract
and by how much and sends instructions down
through the spinal cord to the musdes.

As anticipated, this comparison eli
many of the basic motor areas of the brain. What
remained, though, was a part of the parietal
lobe, which contributes to spatial perception
and orientation in both humans and other mam-
mals. In dance, spatial cognition is primarily
kinesthetic: you sense the positioning of your
torso and limbs at all times, even with your eyes
shut, thanks to the muscles’ sensory organs.
These organs index the rotation of each joint
and the tension in each muscle and relay that
information to the brain, which generates an
articulated body representation in response.
Specifically, we saw activation in the precuneus,
a panetal lobe region very close to where the kin-
esthetic representation of the legs resides. We
believe that the precuneus contains a kinesthetic
map that permits an awareness of body position-
ing in space while people navigate through their

© 2008 SCIENTIFIC AMERICAN, INC.

surr dings. Whether you are walizing or sim-
ply walking a straight line, the precuneus helps
to plot your path and does so from a body-cen-
tered or “egocentric”™ perspective.

Next we compared our dance scans to those
taken while our subjects performed tango steps
in the absence of music. By eliminating brain
regions that the two tasks activated in common,
we hoped to reveal areas critical for the syn-
chronization of movement to music, Again this
subtraction removed virtually all the brain's
motor areas. The prinapal difference occurred
in a part of the cerebellum that receives input
from the spinal cord. Although both conditions
engaged this area—the anterior vermis—dance
steps synchronized to music generated signifi-
cantly more blood flow there than self-paced
dancing did.

Albeit preliminary, our result lends credence

July 2008
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En résumé (2eme partie)

Il existe un ensemble croissant et convergent d'arguments montrant que la
perception de la musique mais aussi la capacité a jouer (et sans doute a apprendre
a jouer) d'un instrument de musique fait appel de maniere singuliére au
fonctionnement du systeme des neurones miroir (idéalement placé pour établir la
jonction audio-motrice entre perception et production)

Des expériences isolant I'aspect esthétique et le plaisir musicaux convergent vers
I'activation spécifique de parties du SNM, en particulier l'insula et le gyrus frontal
inférieur ("Broca"), deux zones dont la proximité anatomique suggere leur role
conjoint mais distinct dans la facon dont I'humain partage, percoit et "vit" |a
musique

Ainsi, perception, production et émotion musicales semblent étroitement liées par
I'anatomie comme par la fonction.

La danse, comme la musique, utilisent les propriétés du systeme des neurones
miroirs, sans doute par la nécessité qu’elles partagent d’une interaction étroite
entre toutes les dimensions du message artistique : sensoriel, moteur et
émotionnel, message ayant vocation a étre partagé entre différents cerveaux :
I’orchestre ou le couple de danseurs, mais aussi I'artiste ou les artistes et leur
public.
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Transfer effect between music and non-musical
abilities in children

e Literacy (Anvari et al., 2002; Moreno & Besson, 2007)
* Verbal memory (Chan et al., 1998; Ho et al., 2003)

* Vocabulary and non-verbal reasoning (Forgeard et al.,
2008)

e Visuo-spatial processing (Costa-Giomi, 1999)
 Mathematics (Cheek & Smith, 1999)
* 1Q (Schellenberg, 2004)

e Second language learning (White et al., 2013; Yang et
al., 2014)

* Executive function & frontal activation during task-
switching (Zuk et al., 2014)



Practicing a Musical Instrument in Childhood is
Associated with Enhanced Verbal Ability and Nonverbal
Reasoning

Marie Forgeard', Ellen Winner>3*, Andrea Norton', Gottfried Schlaug’

1 Department of Neurology, Beth Israel Deaconess Medical Center and Harvard Medical School, Boston, Massachusetts, United States of America, 2 Department of
Psychology, Boston College, Chestnut Hill, Massachusetts, United States of America, 3 Project Zero, Harvard Graduate School of Education, Cambridge, Massachusetts,
United States of America
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Un entrainement musical d'a peine 20
jours est capable de modifier
durablement les capacités de flexibilité
mentale et d'intelligence verbale
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48 enfants 4-6 ans:
- 24 music group

- 24 : visual-art group
(2 programmes informatisés congus pour
I'occasion, parfaitement similaires en temps,
nombre de sessions, difficulté attentionnelle)
20 jours d'entrainement 45 mn/j.
Tache go-nogo : appuyer pour les figures mauves,
ne pas appuyer pour les blanches : deux mauves
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Table 2 Summary of longitudinal studies of the effect of music training on reading
ability and phonological awareness

Study Subjects
Without random assignment
Hurwitzetal. 20 7-year-olds
(1975)

Standley 32 4-5-year-
(1997) olds

Overy (2000, 9 dyslexic
2003) 9-year-olds
Register 86 5-7-year-
(2004) olds

Gromko 103 5-year-
(2005) olds

Rauscher 75 5-year-olds
and Hinton

(2011)

Moritz et al. 30 5-year-olds
(2012)

Tiemeyetal. 43

(2013) adolescents

Music training

Experimenter-
designed
Experimenter-
designed
Experimenter-
designed

Experimenter-
designed to
teach language
skills

Experimenter-
designed

Private Suzuki
violin instruction

Preexisting
school music
classes
Preexisting
school music
classes

Control
group

No training
No training
None
Literacy-
training
television show
No training
Swimming
lessons or no
training

Less frequent

music classes

Fitness training

Improvements
relative to
control group

Reading

Pre-reading
skills
Phonological
awareness and
spelling

None

Phoneme
segmentation
fluency

Word naming
and phonemic
awareness
Phonological
awareness

Earlier neural
timing

With random assignment

Roskam
(1979)

Douglas and
Willatts
(1994)

Fisher (2001)

Costa-Giomi
(2004)

Register et al.

(2007)

Forgeard
et al. (2008)

Moreno et al.

(2009)

Degé and
Schwarzer
(2011)
Herrera et al.
(2010)

Taub and
Lazarus
(2012)
Bhide et al.
(2013)

Cogo-
Moreira et al.
(2013)
Rautenberg
(2013)

Slater et al.
(2013)

36 learning-
disabled
6-9-year-olds
12 reading-
disabled
9-year-olds

80 5-year-olds

80 fourth-
graders

338 second-
graders, 6
reading-
disabled

44 6-year-olds

32 8-year-olds

41 5-6-year-
olds

97 4-year-olds

280 students,
age unclear

19 poor
readers, 6-7
years old
240 poor
readers, 9
years old
159 7-year-
olds

42 6-9-year-
olds

Experimenter-
designed

Experimenter-
designed

Experimenter-
designed to
teach language
skills

Private piano
instruction
Experimenter-
designed to
teach reading
skills

Unclear

Computer-
based
Experimenter-
designed

Experimenter-
designed to
teach
phonological
skills

Synchronization

to metronome

Computer-
based rhythm
training
Experimenter-
designed

Experimenter-
designed

Previously
existing music
program

Learning
disability
rehabilitation
No training

Language skil
teaching
without music

No training

No training

Painting or no
training
Phonological
skill training

Phonological
skill training or
no training

Reading
intervention

Visual arts
training or no
training

No training

None

Reading

Phoneme
segmentation
and oral skills

None

Word
knowledge

Word reading
Reading

Phonological
awareness

Phonological
awareness

Reading

None

Reading and
phonological
awareness

Word reading

Reading




« we would argue for the inclusion of musical training as a part of a
balanced school curriculum, including reading, foreign language
instruction, mathematics, science, athletics, etc. »

(Tierney & Kraus, 2013).



The enigma of dyslexic musicians
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Means and STDs of cognitive and reading related measures for the four groups of participants.

Neuropsychologia 54 (2014) 28-40

Musicians Non-musicians Scheffé post-hoc comparison
Controls Dyslexics t Controls Dyslexics t Control groups Dyslexic groups
0 o o n=28 n=24 n=23s n=24
® 24 musiciens dyslexiques
, 19F 9F 12F 18F
compares
. X Age (years) 235 (21) 23.7(2.7) -03 24.8 (3.7) 25.6 (2.5) 12 p=.487 p=.998
Cognitive tests (scaled WAIS scores)
o a 24 dys l exi q ues non Block design 12.9 (2.0) 12.2 (2.6) 12 12.2 (2.8) 111 (2.5) 14 p=.798 p=.519
= Digit span 116 (2.9) 9.7 (21) 26" 11.7 (2.4) 8.0(18) 59%* p=.999 p=.101
musiciens et Reading accuracy (% correct)
. . Words 98.9 (1.8) 94.1 (6.0) 417 99.3 (1.6) 92.0 (6.5) 5.2 p=.996 p=.478
' 24 musiciens non Pseudo words 973 (23) 79.8 (17.3) 5.3% 96.4 (4.0) 69.4 (11.9) 10.1%* p=.992 p=.012"
o Reading rate (words/min)
dys lexi ques Paragraph 130.8 (13.4) 109.3 (25.3) 39* - - - - -
Words 122.2 (21.2) 88.8 (28.5) 48" 114.3 (34.7) 69.4 (20.9) 5.5 p=.772 p=.096
Pseudo-words 76.6 (12.4) 441 (11.7) 9.6%** 65.9 (15.2) 33.1(8.8) 9.0%* P=.025% P=.026"
Visual word recognition (words/min)
70.1 (11.7) 53.4 (12.6) 48%* - - - - -
Phonological awareness (spoonerism)
. > é o En lecture de Accuracy (% correct) 951 (5.0) 816 (17.4) 3.9 95.4 (5.6) 72.7 (21.7) 49* p=10 p=.152
Rate (items/min) 123 (3.7) 9.1(3.8) 29* 12.7 (3.8) 75(32) 5.0%* p=.983 p=.505
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How musical training affects cognitive development:
rhythm, reward and other modulating variables
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benefit from musical instrumental training. In the inner rectangle variables  rectangles and far transfer s«ills are marked in dashed rectang'es (described
modulating the influence of musical training on cognitive development are in dezail in section Effects on Cognitive Functions). Terms in italic indicate
listed (see main text, in particular section Vaniables Modulating Brain results inconclusive in the present state of the literature.




McGurk effect : an auditory /ba/
presented with a visual /ga/ is typically
“heard” as /da/ (the reverse, i.e.,
auditory /ga/ and visual /ba/, tends to

yield /bga/).




A Symbol-to-Sound-Matching Task
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A tractography study in dyslexia: neuroanatomic
correlates of orthographic, phonological and
speech processing
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Dyscalculie : défaut de connectivité entre
les zones du traitement analogique (aire du « sens des nombres ») et les zones
du langage oral et écrit

-y
- - o

-~ .

Figure 3 - Implémentation anatomique du triple code (traitement visuel arabe en vert, traitement analogique en bleu et
traitement langagier enviolet).



En réesume,

e Les troubles « DYS » pourraient fort bien s’expliquer
par un trouble de la connectivité inter-modalitaire
(défaut dans les connexions a longue distance intra-
cérébrales)

* Or, la pratique d’un instrument de musique ou du
chant est capable de modifier durablement |la
morphologie de ces connexions

* Un entrainement musical, et plus particulierement
I"apprentissage d’un instrument de musique ou du
chant, serait-il capable de modifier les connexions
dysfonctionnelles chez les enfants souffrant de
troubles DYS?
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La rééducation par la musique des personnes
présentant des difficultés d'apprentissage n'est pas une
idée nouvelle : depuis Antiquité, la musique fascine les
observateurs par ses effets psychoaffectifs et le bien-étre
général qu'elle procure aux personnes qui I'écoutent.

La méthode présentée dans cet ouvrage ne se réclame
pas de la musicothérapie, mais plutdt de la rééducation
fonctionnelle : contrairement & la premiére, largement
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n'a qu'une place secondaire, le présent travail suit la
démarche inverse, partant des données acquises par
la recherche en neurosciences pour déboucher sur
la construction d'outils de remédiation. Les auteurs
proposent donc une véritable théorie du fonctionnement
cérébral qui explique I'efficacité de la musique dans la
rééducation.

Fondée sur du matériel musical, la méthode répond aux
critéres habituels de la rééducation orthophonique. Elle
est, de ce fait, principalement destinée aux orthophonistes
qui y trouveront une mine d'informations et d'idées pour
leur tache de rééducateur. Les thérapeutes et enseignants
de diverses disciplines pourront également puiser dans
ces pages des pistes et des outils transposables a leur
pratique.
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Les ateliers « musique et
réeéducation »

Petits groupes, stage de
3 a5 jours durant les
vacances scolaires

eDécouverte de l'instrument — pulsation - reproduction
mélodique, rythmique, invention — morceau appris collectivement
. . joué sur accompagnement rythmique enregistré — lecture,

Piano — percussions — écriture des hauteurs, des durées — chant

danse — orthophonie

musicale, toujours sous

| ’ Hcipatif et efrappés sur le métronome — pratique rythmique
un ar.1g e par Cipatire PERCUSSIONS collective sur percussions diverses
multisensoriel

Effectuer des bilans
avant et apres les stages
pour mesurer I’évolution
des aptitudes du
langage.

eGroupe de 12 enfants + personnel encadrant dans un
apprentissage collectif de pas de danses rythmées (rondes, en
ligne, en couples) sur des musiques traditionnelles ou actuelles.

eexercices collectifs (groupes de 4) basés sur des taches
musicales multimodalitaires : taches visuelles, d’écoute,

ORTHOPHONIE .

verbales, motrices.

56



Atelier rééducation cognitivo-musicale




Une double finalite

 Elaborer un outil de rééducation en
complément de la réeducation classique

— Vise principalement la dyslexie, mais peut aussi étre efficace sur les autres
troubles (calcul, attention, mémaoire...)

— De conception similaire aux matériels utilisés en rééducation orthophonique
(mais avec des matériels musicaux)

« Développer une pedagogie specifique pour
enfants dyslexiques

— A partir de I'observation de difficultés particuliéres rencontrées par les
dyslexiques dans l'apprentissage de la musique et/ou d'un instrument

— Construction d'outils pédagogiques spécialement congus pour compenser le
trouble

— Objectif apprentissage d'un instrument (au dela d'écouter, chanter et lire la
musique)



Etat des lieux: I"apprentissage de la musique
chez les enfants "dys"

e des déficits significatifs dans 3 domaines
particuliers :

— des difficultés de nature perceptive (soit auditive soit

visuelle soit dans l'intégration des deux types
d'information)

— des difficultés de nature motrice et ou rythmique (se
manifestant dans des taches de reproduction de rythme et
tout particulierement dans |'apprentissage des gestes
relatifs a I'exécution instrumentale)

— des troubles non spécifiques (de la concentration, de |la

meémoire et plus généralement des fonctions dites
exécutives)



Etude préliminaire d’un entrainement musical
intensif

* 12 enfants dyslexie sévere (multi-dys)

* 3jours, 6 heures/jour 3 ateliers tournants (de 4)
— Pédagogique : initiation au piano
— Orthophonique : exercices auditifs (hauteur, durée,
timbres, rythme)

— Psychomoteur : percussions (rythme, tempo, motricité);
danse folklorique de groupe

Avec la participation de : Céline Commeiras (orthophoniste), Alice Dormoy
(enseignante musique), Tristan Desiles (doctorant), Muriel Coulon (enseignante

spécialisée), Elodie Dourver (psychomotricienne), Anne-Cendrine Segond
(éducatrice), Lalaina Rasolo (orthophoniste).



Etude n°2 : dyslexiques en CLIS

12 enfants agés de 7 a 12 ans, tous atteints d’un
trouble spécifique du langage et/ou de la parole

4 filles 8 garcons

Sur 6 semaines : deux séances d”’orthophonie ou
remédiation cognitivo-musicale d’une heure
chacune en classe entiere (12 enfants) puis deux
ateliers musicaux d’une demi-heure : piano et
percussion par groupe de quatre enfants.

4 mesures T1, T2, T3, T4 : entrainement entre T2 et
T3 + deux périodes controles

Chloé Lardy, mémoire d'orthophonie, juin 2014



Aucun
traitement ‘

T4
T3
. T2
Remédiation
Aucun .. .
. cogmtwo-muswale
traitement
om
Période Période Période
témoin ateliers post
6 semaines 6 semaines 6 semaines

Temps



Amélioration significatpyeeption

Non-
significatifs

T1

T2

catégorielle

Attention
auditive

Conscience
phonologique

Lecture (vitesse)

Discrimination
visuelle (vitesse)

Répétition de
pseudo-mots

Non-
significatifs

T3

T4



En résume

Il existe un ensemble croissant et convergent d'arguments
montrant que les troubles d’apprentissage sont associés du
point de vue anatomique a des anomalies de connectivité entre
des zones fonctionnelles de modalités différentes

...et que I'entrainement rééducatif (en particulier
phonologique) s’"accompagne de remise en place des circuits
anormalement connectés

Par ailleurs, I'entrainement musical, et tout particulierement
I"apprentissage d’un instrument de musique, s’accompagne
d’une modification de ces mémes circuits, un effet qui semble
plus net lorsque les composantes motrice et sensorielle sont
activées simultanément



PROMS NOTES .
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RESEARCH 09.03.14
Music and the Developing Brain: Results from Our

Partnership with Northwestern University

Some very exciting results were found in our research partnership with Northwestern University!

One research question Dr. Nina Kraus is trying to answer is “Can music offset the ever-widening
v Calendar of Events academic gap between rich and poor?” Results of the research suggest that it does, and Harmony
Project students are proving just that!

Samedi, 6 décembre ) )
For the past three years, we've been working with Dr. Kraus and her team of researchers to study the
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Harmony Project Program Typical class participation

Number of

children
. One-hour instrumental classes twice a week
Alexandiri Hesentacy plus a two hour string ensemble rehearsal 3
School
cach week
Twice-weekly two-hour ensemble
Beyond the Bell rehearsals. Thgsc lnclufic .pull-out sectional 9
rehearsals, which are similar to large
instrumental classes at other sites.
One-hour instrumental music classes each
EXPO Center (YOLA) week and a three hour ensemble rehearsal 3
cach week.
One-hour instrumental classes twice a week
Hollywood plus a three-hour ensemble rehearsal “
(concert band) each week.
19
*

Yc;v 2

Figure 1. Music training supports reading abilities and rapid naming. (A) The childeen who recaived music training [n = 23] maintaned ther
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42 Spanish-English bilingual
elementary school children
(mean age 8.3 years)

The training group (n=23)
began music classes with the
Harmony Project after the
initial assessment, while the
control children (n=19)
remained on the
organization’s waiting list to
begin music classes the
following year.



