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Plan

• Principle of  Brain and language

• Two languages share a common brain network but 
modulated by proficiency / age of  acquisition 

• Language control is achieved  by a specific cognitive 
control

– Implication for Translator and Interpreter.   

• Language disorders

– Language control has an effect on language recovery



Models of language
Charcot 1870

Dejerines 1908
Catani 2013

A
B

C



Brain and Language: Cognitive Neurosciences

Clinique de Neurologie

Détection de rimes

Catégorisation sémantique

Seghier et al., 2004 

Vanderberg et al 1996



No fundamental difference between
English and Chinese

Brain activation maps for the 

contrast of rhyming > baseline in 

the EE, CC, and CE groups. 

Cao , J Cogn Neurosciences 2013



Definition of the bilingualism
Several definitions have been proposed, for 
examples:
•Restrictive definition

– Simultaneous acquisition during childhood 
(Bloomfield 1933) 

•Permissive definition
– Management of at least one linguistic ability in 

another language (Macnamara 1967)

•Psycholinguistic definition 
– Express himself in a mother tongue (called L1) 

and at least in a second learned language 
(called L2) in the daily life (Grosjean 1998). 8



Language and Brain Structure

Language learning modulates brain

Nature 431, 757 ( 2004) | 
Neurolinguistics: Structural 
plasticity in the bilingual brain

Andrea Mechelli, Jenny T. Crinion, 
Uta Noppeney , John O'Doherty1, 
John Ashburner Richard S. 
Frackowiak1 & Cathy J. Price

Learning a second language 
increases the density of grey matter 
in the left inferior parietal cortex

http://www.nature.com/nature/journal/v431/n7010/full/431757a.html
http://www.nature.com/nature/journal/v431/n7010/full/431757a.html


How to study the brain

1- Electric activity: Evoked potential during the 700 milliseconds which 
follow a stimulus
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2- Hemodynamic changes: Magnetic Resonance Imaging : changes in the 
blood activity during the 6 seconds after a stimulus/ action
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Partie I

One thought : Two languages, two brains ?

Left 

Hemisphere

Right 

Hemisphere

CALLOUS 

RIDGE

EMOTIONAL

MOUNTAINS

Clinique de Neurologie, 



• Mental lexicons used in language
– Phonetic information (sound and pronunciation of words)
– Orthographic information (words’ spelling)
– Semantic information (meaning)

• Language representations of L1 and L2 in the brain
Are they divergent or convergent ?

– Evidence of divergence:
• Unequal pattern of impairment  in bilingual aphasic patients 

(e.g. Aglioti and Fabbro 1993)

– Evidence of convergence:
• Overlapping brain activation during L1 and L2 pictures naming 

observed in several studies (e.g. Hernandez et al. 2001).

Pomme

Ap…Apf...!! 

Apfel

L1:

L2:

1

3



Neuroimaging :

Activations in L1 = activations in L2

L1: Generation of synonyms

L2: Generation of synonyms

Klein et al., 1995, Bloch 2009



L2 proficiency and AoA language representation

• Language proficiency

– Supplementary cognitive needs for L2 < L1.

– Convergence of brain’s representation for L1 and L2 when 
L2 proficiency . 

• L2 acquisition age

– L2 vs. L1 grammatical judgment required 
more brain resources for late learners 

(Perani and Abutalebi  2005) 

based on (Wartenburger et al. 2003)
1

5



Reading in bilinguals
Dual Route Cascade Model Reading 

(Coltheart et al., 2001)
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https://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjjnKfb4Z_KAhXHwxQKHYvcD64QjRwIBw&url=https://maykan.wordpress.com/tag/lecture/&psig=AFQjCNFolVQN6xQnViG6igJ_6km5QAnK-w&ust=1452533109714040


Reading strategies across languages in early 

bilinguals : An eye-movement study
D. deLeón Rodríguez1,et al 

Plasticity of the bilinguals brain

http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiVw-Dv6p_KAhXMchQKHe-gCkQQjRwIBw&url=http://www.3ders.org/articles/20130315-nuia's-affordable-eyecharm-adds-eye-tracking-to-your-kinect.html&bvm=bv.111396085,d.d24&psig=AFQjCNHN1VkefKr5x1_E3ybY1IuVWQsr0g&ust=1452535494345529


ongoing EEG

http://www.google.ch/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAwQjRw&url=http://www.unifr.ch/corporate/fr/download/logo&ei=1GJLVdLwMsXSyAPQxIC4Dw&psig=AFQjCNFP-_v79HU5BeL_Ao4ZNAe5KW_Atw&ust=1431090260943351


Averaging

adapted from: http://www.frontiersin.org/files/Articles/65595/fpsyg-04-00984-r2/image_m/fpsyg-04-00984-g002.jpg
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http://www.google.ch/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAwQjRw&url=http://www.unifr.ch/corporate/fr/download/logo&ei=1GJLVdLwMsXSyAPQxIC4Dw&psig=AFQjCNFP-_v79HU5BeL_Ao4ZNAe5KW_Atw&ust=1431090260943351


Fig. 3. Integration of the Dual Route Cascade Model and Orthographic Depth Hypothesis. According to the Orthographic Depth Hypothesis (Katz 

&amp; Feldman, 1983), reading an orthographically irregular language should rely more strongly on lexical pathways than ...

Karin A. Buetler,  et al 2015

Balanced bilinguals favor lexical processing in their opaque 

language and conversion system in their shallow language



Transcranial direct current stimulation (tDCS):

•non-invasive and painless brain stimulation 

tool

•the cerebral cortex is stimulated through a 

weak constant electric current (1-2 mA) 

through two electrodes (an “active”

electrode which targets a special region of 

the brain and a “return” electrode). 

•this weak current induces focal changes of 

cortical excitability that lasts beyond the 

period of stimulation, resulting in after-

effects lasting up to one hour (Nitsche et al., 

2008).

Effect of Non-invasive brain stimulation on language

http://www.neuroconn.de/dc-stimulator_plus_en/



TMS –Transcranial magnetic stimulation

Non-invasive brain stimulation

http://www.google.ch/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAwQjRw&url=http://www.unifr.ch/corporate/fr/download/logo&ei=1GJLVdLwMsXSyAPQxIC4Dw&psig=AFQjCNFP-_v79HU5BeL_Ao4ZNAe5KW_Atw&ust=1431090260943351


Effect of prefrontal stimulation on language production

- Healthy participants (a)

- Aphasic patients (b)

- Prefrontal stimulation effects on language production

• Picture Naming (accuracy and RT)

• Translation (accuracy and RT)

Adapted from: http://www.tedxsalford.co.uk/learning-lang

uages-breaking-frontiers
http://www.psychologie.uzh.ch/en/fachrichtungen/plasti/Labor.htmlhttp://www.nature.com/neuro/journal/v16/n7/abs/nn.3422.html

http://www.google.ch/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAwQjRw&url=http://www.unifr.ch/corporate/fr/download/logo&ei=1GJLVdLwMsXSyAPQxIC4Dw&psig=AFQjCNFP-_v79HU5BeL_Ao4ZNAe5KW_Atw&ust=1431090260943351
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjllNDOj6rMAhVCuBoKHYgYAYcQjRwIBw&url=http://www.tedxsalford.co.uk/learning-languages-breaking-frontiers&psig=AFQjCNFj54Chf8GjLcGSHPmWGQiQ1kB6FA&ust=1461684524795700


But electrophysiological effects
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Differences L2 / L1

• L1 and L2 share a common network

• L2 network tends to be 

– smaller in comprehension 

– larger in production 

– Differences in reading

• depending on proficiency 

and age of  acquisition. 

• Notion of  critical period (3-5 y.o.)





Language Selection

Corbeau

oiseau

Corbeau

oiseau

merle

plumes

Bilingualism and language context
(J Kroll, F Grosjean, D Green, 2011)



Compare
- task switch
-language switch



J Neurosciences, 2007

(Abutalebi and 

Green 2007)

Language Selection System 



Language switch in 
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Language switch in High 
Proficiency

Mouthon et al, submitted

Compared to task schitch



Interpreters -Translators

• Experts in task Switching

• Expert in working memory

• Experts in Language



Correlation between working
memory and simultaneous

interpretation (2015)



Interpreters : How does the brain work
in translation

Synonym Translation

Jost et al in preparation

Reaction Time

Transl Control

Fr

Transl Control

Accuracy

Fr

Eng

Behavioral results

Lang: p=.451, partial η2 = 0.41
Task: p=.000, partial η2 = 0.84
Task * Lang: p=.006, partial η2 = .431

Lang: p=.000, partial η2 = 0.87
Task: p=.000, partial η2 = 0.90
Task * Lang: p=.955, partial η2 = .00

Eng



15 Participants: mean age 23.6y, L1 =French, L2 English learned after age 7
Task:  Translation Eng-Fr, Translation Fr – Eng
Control : finding semantically related nouns

tart gateau



How the brain is activated in experts interpreters. 

Alexis Hervais-Adelman et al. Cereb. Cortex 2015;25:4727-

4739

Regions showing significant modulation of BOLD response as a function of the duration of overlapping 

speaking and listening during shadowing (blue) and interpretation (red) and both (magenta), 



Stefan Elmer,  Jürgen Hänggi,  Lutz Jäncke, cortex 2014

Processing demands upon cognitive, linguistic, and articulatory functions promote grey matter plasticity in the adult 

multilingual brain: Insights from simultaneous interpreters



II 18.01.2013 37Sturm A, Mouthon M , Lee Jahnke H, Annoni JM

Theory of mind Verbal component

It is windy: I have tears in my eyes

It is beautiful: I have tears in my eyes

Non Verbal Verbal



Interpreters/Translators

• Experts in languages

• Expert in Switching

• Expert in social Cognition

• Adapt their brain in 

– Language system

– Control system

– Social System?





Part III

Recovery of language and 

connectivity



Control 
Network

Naming 
network

Recovery in L1 and L2  correlates with connectivity between
control and language system

41N Radman, neural repair, 2016

Ant. 
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Head of  
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BA45

BA47

BA19/37 



Take Home

• Two languages share a common network modulated by 
proficiency / age of  acquisition 

• Language control is achieved  by a specific cognitive 
/inhibitory control

-

• Language connectivity between control system and  
language system associated to language recovery after lesion

• I&T are experts of  control –language network





Thank you for attention


