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PLAN

Pourquoi étudier l’influence de la musique sur le langage?

- Enjeu sociétal

*  intégration, cohésion, éducation…

*  réhabilitation (patients, enfants dyslexiques)

*  vieillissement

- Enjeu théorique

* organisation anatomo-fonctionnelle du cerveau

* transfert d’apprentissage, attention, mémoire, motricité…

* plasticité cérébrale

- L’apprentissage de la musique influence la perception du langage

- L’apprentissage de la musique influence la compréhension du langage ?







http://www.harmony-project.org





Stimuli: synthesized, voiced consonant–vowel syllables, [ba] and 
[ga], differing only in the onset frequency of the second formant

Analysis: difference in response timing between the two consonants in a 

time-frequency “region of interest” (ROI) defined as 15–45 ms poststimulus

onset and 0.9 –1.5 kHz

We propose that the improvements

observed in neurophysiological distinction of speech

sounds were driven by top-down modifications to automatic

auditory processing, with music training directing 

children’s attention to meaningful sounds of their environment.

Auditory brainstem responses (ABRs)

Stronger neurophysiological distinction of stop consonants





- Increase attention and motivation

- Increase quality of life

- Increase social contacts between

children and with adults

- Reduce aggressive behavior

Neuro-rehabilitation at the Centro Internacional de Rehabilicion Neurologica

(CIREN, La Habana, Cuba)

Music therapy program for children with severe neurological problems
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Aging Affects Neural Precision of Speech Encoding

Samira Anderson,1,2 Alexandra Parbery-Clark,1,2 Travis White-Schwoch,1,2 and Nina Kraus1,2,3,4,5
The Journal of Neuroscience, 2012

We recorded ABRs to the speech syllable /da/ in normal hearing younger (18 –30 years old) and older (60–67 years old) adult humans. Older

adults had delayed ABRs, especially in response to the rapidly changing formant transition, and greater response variability. We also

found that older adults had decreased phase locking and smaller response magnitudes than younger adults. Together, our results support

the theory that older adults have a loss of temporal precision in the subcortical encoding of sound, which may account, at least in part, for

their difficulties with speech perception.

Older Adults Benefit from Music Training Early in Life: Biological Evidence for 
Long-Term Training-Driven Plasticity
Travis White-Schwoch,1,2 Kali Woodruff Carr,1,2 Samira Anderson,1,2 Dana L. Strait,1,3 and Nina Kraus
The Journal of Neuroscience, 2013

Aging results in pervasive declines in nervous system function. In the auditory system, these declines include neural timing delays in

response to fast-changing speech elements; this causes older adults to experience difficulty understanding speech, especially in challenging

listening environments. These age-related declines are not inevitable, however: older adults with a lifetime of music training do not

exhibit neural timing delays. Yet many people play an instrument for a few years without making a lifelong commitment. Here, we

examined neural timing in a group of human older adults who had nominal amounts of music training early in life, but who had not played

an instrument for decades. We found that a moderate amount (4 –14 years) of music training early in life is associated with faster neural

timing in response to speech later in life, long after training stopped (40 years). We suggest that early music training sets the stage for

subsequent interactions with sound. These experiences may interact over time to sustain sharpened neural processing in central auditory

nuclei well into older age.



L’apprentissage de la musique influence la perception du langage

* La perception du contour prosodique dans la langue maternelle, chez l’adulte (e.g., Schön et al,

2004) et chez l’enfant (e.g., Magne et al, 2006; Moreno et al 2009), et dans une langue étrangère (e.g., Marquez et al, 

2007; Milovanov et al., 2008; Colombo et al 2011; Deguchi et al, 2012)

* La perception de la structure métrique des mots (e.g., Marie et al, 2010)

* La discrimination des variations segmentales et tonales (e.g., Bidelman et al, 2011; Marie et al, 2012;  Martinez-

Montès et al, 2013) et du timbre de la voix (Chartrand & Belin, 2006)

* La conscience phonologique (e.g., Anvari et al, 2002; Slvec & Miyake, 2006) 

*  La segmentation de la parole (e.g., François & Schön, 2012; François et al, 2013; 2014)

*  La perception de la parole dans le bruit (e.g., Parbery-Clark et al., 2009b; Zendel and Alain, 2012)

* La perception catégorielle chez les adultes jeunes (e.g., Bidelman et al, 2013; 2014; Elmer et al, 2012; 2013; 2014)

et âgés (e.g., Bidelman & Alain, sous presse)



Bidelman, Weiss, Moreno & Alain, EJN, 2014

Categorical Perception

Fig. 2. Perceptual speech classification is enhanced with musical training. 
(A) Behavioral identification functions. (B) Comparison of the location (left) and
‘steepness’ (right) of identification functions per group. No difference is observed in the location of 
the categorical boundary, but musicians (M) obtain steeper identification functions than non-
musicians (NM), indicating greater perceptual distinction for the vowels. 
(C) Across all participants, years of musical training predict speech identification performance. 
(D) Speech-labeling speed. All listeners are slower to label sounds near the categorical boundary 
(vw3), but musicians classify speech sounds faster than their non-musician peers. 



Fig. 3. Musicians have enhanced subcortical-evoked responses to categorical speech. 
(A) Time-waveforms and (B) corresponding frequency spectra.
(B) Musicians (red) have more robust brainstem-evoked responses than non-musicians (blue), indicating enhanced phase-locked activity to the salient 
spectral cues of speech. Robust energy at the fundamental frequency (100 Hz) and its integer-related harmonics in the response spectra demonstrate 
robust coding of both voice pitch and timbre information at the level of the brainstem. 
Response spectral envelopes, computed via linear predictive coding (dotted lines), reveal musicians’ increased neural activity near F1,
the sole cue for speech identification in the present study. 
More robust encoding of F0 (C) and F1 (D) in musicians suggests that musicianship improves the brain’s encoding of important speech cues.



Fig. 4. Musicians have enhanced cortical-evoked responses to categorical speech sounds. 
(A) Cortical event-related potential (ERP) waveforms. Gray arrows and bars denote the time-locking stimulus. Distinct group differences in response 

morphology emerge near N1 (~ 100 ms) and persist through the P2 wave (~200 ms). 
(B) N1 and P2 component amplitudes per group. Whereas N1 is modulated by stimulus vowel for both groups, musicians’ neuroplastic effects are
only apparent in the P2 wave. Larger ERPs in musicians relative to non-musicians suggest that musicianship amplifies the cortical differentiation of 
speech sounds.



Fig. 5. Brain–behavior relations underlying categorical speech processing. (A) First formant (F1) encoding at the level of the brainstem predicts cortical P2
response amplitudes to speech for musicians (top; Ms) but not non-musicians (bottom; NMs). (B) Cortical P2 amplitudes predict behavioral speech 
classification speed for Ms but only marginally in NMs; increased P2 corresponds with faster speech identification speed. Dotted regression lines denote 
non-significant relationships. Data points reflect single-subject responses across all stimuli of the vowel continuum. 



Enjeu théorique

* Organisation anatomo-fonctionnelle du cerveau

Lien structure fonction (e.g., Schneider, 2002; 2005; 2014): in adults, larger vol. Heschl gyrus,

larger amplitude midlatency components and increased musical aptitudes; in children larger

Heschl gyrus, enhanced right-left hemisphere synchronisation in P1 

Structures cérébrales/ressources communes (e.g., Maess et al, 2001; Levitin et al, 2003; Patel, 2003, 2011)

Connectivité fonctionnelle (e.g., Kühnis, Elmer, Jäncke, 2014; Schlaug, 1995; 2005); variabilité inter-individuelle

prédictive de l’apprentissage (e,g., Zatorre, 2013)

Augmente efficacité neurale associée au traitement de signaux acoustiques complexes (représentations

plus robustes et sélectives, plus fiables; Bidelman et al, 2014)

Diminue la variabilité neurale (e.g., Hornickel & Kraus, 2013)

* Influence of memory and attention (e.g., Baumann et al, 2008; Koelsch et al., 1999; Strait et al., 2010; 

Kraus et al., 2012)

* Plasticité cérébrale (long term, short term, very short-term…) à différents niveaux du  

traitement auditif



Bottom-up influences

Ascending auditory pathway
- Neural variability

- Synchronisation

- Phase-locked activity / robust coding
( e., sub-cortical: Tzounopoulos et al., 2009; Kraus et al., 2009, Krishnan 

et al.,2008; cortical: Schreiner & Winer, 2007; Fritz et al., 2007)

Top-down influences related to
attention, memory, decision making, ...

Descending auditory pathway (corticofugal)
(i.e., Luo et al., 2008: Suga et al., 2002, 2008; Perrot et al., 2006) 

Cortical

Sub-Cortical

Bottom up and top-down influences

Auditory midbrain as a hub for cognitive, motor, and sensory processing 
(Kraus et al, 2014).

Stronger exchange between cortical and subcortical levels: 
reinforce feed forward and feedback information transfer 
(Suga & Ma, 2003; Tzounopoulos & Kraus, 2009; Bajo et al., 2010). 



The MUSAPDYS project

(ANR: 2007 - 2011)

Ecole de la Mazenode, Marseille & 
Frédéric Mistral, Aix-en-Provence



General method

600 ms

D dF fStd Std Std Std Std Std Std

Mismatch Negativity (MMN)
Multi features paradigm  (Näätänen et al., 2004)

Std : “Ba” with F0 = 106 Hz 
vowel duration = 186 msec (total duration = 277 msec)
VOT = −91 msec

Deviants: 

Frequency: Large, F0 = 127 Hz (20% increase)
Small, F0 = 112 Hz (6% increase).

Duration: Large = 73 msec (61% of decrease)
Small = 139 msec (25% of decrease)

Voice Onset Time (VOT): 
Large = “Ba−8 msec” (91% decrease) 
Small = “Ba−36 msec” (60% decrease).
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Musicians = Non-musicians

� deviants to close from 
standard?

MMN ?
*

*

Musicians > Non-musicians

����Musical expertise increases

sensitivity to duration deviants

*

���� Deviance size effect

only for musicians

musicians

non-musicians
large deviants

small deviants

Musician children ���� increased preattentive processing of acoustic and phonological variations 

1. Cross-sectional study: 9 year old musician vs nonmusician children

Chobert, Marie, François, Schön, Besson, JOCN, 2011
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large deviants

small deviants

MMN

*
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MMN

*

� deficit in preattentive processing of syllabic duration and VOT in dyslexic children
(Corbera et al., 2006; Lovio et al., 2010)
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2.    Cross-sectional study: normal-readers vs children with dyslexia 

Frequency Duration VOT

(Chobert , François, Velay, Habib & Besson, Neuropsy chologia, 2013)
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Training Normal-Readers

FREQUENCY

T0

T12

���� Maturation effect (Jensen & Neff, 1993) and/or repetition; 

No specific effect of training

MM
N

Music Painting

Large Deviants

Small Deviants

Music Painting

Large Deviants

Small 
Deviants

MM
N

T6Small 
Deviants

Large Deviants

Music PaintingMM
N* *

**

Chobert J, Francois C, Velay JL, Besson M (2014). Twelve months of active musical training in 8-to 10-year-old children 

enhances the preattentive processing of syllabic duration and voice onset time. Cereb Cortex 24: 956–967,



Training Normal-Readers

DURATION

T0

T6

T12

Music Painting

Large deviants

Small deviantsSmall deviants

Large deviants

Music Painting

Small deviants

Large deviants

Music Painting

MM
N*

*

Musical training influences the pre-attentive proce ssing of syllabic duration

Chobert et al, Cereb Cortex, 2014



Training Normal-Readers

VOT

� Musical training influences the pre-attentive processing of VOT

T0

T6

T12

MM
N**

**

Music Painting

Large deviants

Small deviants

Chobert et al, Cereb Cortex, 2014



- Musical training influences the preattentive process ing of duration (common

processing) and VOT (transfer of training; Besson, Chobert & Marie, 2011)

3. Longitudinal study over two school years

Music training as a remediation tool for children with dyslexia?

Developmental dynamics of preattentive syllabic processing in normal-readers

- Effects causally linked to music (not found in the painting group) independently

of genetic pre-dispositions for music 

- Clear evidence for brain plasticity



T6

70 children

33 dyslexics37 normal-readers

19 music 18 painting

16 music 16 painting

14 music 15 paintingT12

17 music 16 painting

16 music 14 painting

6 music 2 painting

16 peinture 17 musique

14 peinture 16 musique

17 music 16 painting

16 music 14 painting

T0

Training 1 

(6 months)

Training 2 

(6 months)

pseudo-random
assignment

Sept-Oct 2008

May-June 2009
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Change school, move 
town …

BUT

Training: children with dyslexia



Training children with dyslexia

VOT

MMN

T6

T0

*

Small deviants

Large deviants

Music Painting

� Music training improves preattentive processing of large VOTdeviants

Chobert , François, Velay, Habib & Besson, in revision.


