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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 Ianguage recovery
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Brain & Language

journal homepage: www.elsevier.com/locate/b &l

Short Communication

White matter in aphasia: A historical review of the Dejerines’ studies

Heinz Krestel ***, Jean-Marie Annoni®, Caroline Jagella ¢*

Figur 1. Models of language

Charcot 1870
Dejerines 1908
Catani 2013




Brain and Language: Cognitive Neurosciences

Détection de rimes

Seghier et al., 2004

Clinique de Neurologie 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: 5

*Restrictive definition

— Simultaneous acquisition dur/ng ch/ldhood
(Bloomfield 1933 L

-Permissive definition

— Management of at least one linguistic ability in
another /anguage (Macnamara 1967)

%% .)))

-Psycholmgwstlc definition

— Express himself in a mother tor;gue (called L1)
and at least in a second learned language
(called L2) in the daily life (Grosjean 1998)




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'Dohertyd,
John Ashburner Richard S.
Frackowiak! & Cathy J. Price

Learning a second language <> /'"
increases the density of grey matter”
in the left inferior parietal cortex

= \Va
N
/

Grey-matter density O

Grey-matter density ©

1 " . L M : " L "
G 085 T 15 2 25 3 ShHhd
Proficiency in second language

0 5 10 15 20 25 30 35
Age at acquisition of second language


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 O

\

2- Hemodynamic}éﬁéﬁges: Magnetic Resonance Imaging : changes in the
blood activity during the 6 seconds after a stimulus/ action
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Clinigue de Neurologie,



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

N

* Language representations of L1 4and?l41"iin the brain
Are they divergent or convergent ?

D -
— Evidence of divergence: Sy
* Unequal pattern'of impairment in bilingual aphasic patie/,”"" |
(e.q. Agl/ot/ and Fabbro 1993) Apfe 7
e & in 42
— Evidence of convergence: Ly

* Overlapping brain activation during L1 and L2 pictures naming
observed in several studies (e.g. Hernandez et al. 2001).



Neuroimaging :
Activations in L1 = activations in L2

L1: Generation of synonyms

A
| Cy

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 T

* L2 acquisition age -’
— L2 vs. L1 grammatical judgment required
more brain resources for late learners

S8% (Perani and Abutalebi 2005)"

based on (Wartenburger et al. 2003) 1



Reading in bilinguals

Dual Route Cascade Model Reading
(Coltheart et al., 2001)

I SUIND)
Misual Features
Units

O Welidaty I TRAS aad Tl o be aoed idea'ss ...J' haont
frod R 5 ove of Ay argest Q’dw,‘ H.«Su\r AV A ,.,
At Trimyha is len fones o Loawe. aﬂew,_;w,_ﬂ,’ o /-o"" ._
s ek back - 1ho manteal wiTh Mt diwers Seat on 4 ‘7
nM'u- of u$ cowld wad? J\llr\h‘p( e {1“"(:

v““' :'L-n {ijrﬂb v(wrﬁ.\:,éa towst
8 he ramd-olen belos the Que
(.,« ey defe Thet Fasy Idile
0 T A Stenk diecron fhat
e aqesd covgelos o

Weckion wed 9l e A Mg evod aling po At & , bf **- wq S ranunid byl
2 ('k‘lw Yiow Ao picds Skt “ Eod ¢ g 1) {artestes wina ¢ clinde Jo)

St e oy o v e e uﬂ wr«d (o o2 s L \\) % -
Pobbdsy 4, -.x.“ vain.f :,.,A '2.. e o0 of oS ngped 01\1 < > Letter Units
Ve aul ot ge by aftey o fud 0l we et i Besma cksd AN\

tay Sapeley "wu')- Cox dste BTS, were e te crack That g st (" )

wols n‘“l* AL ‘v.'w '4' ‘QN(M; - ﬂlu\(fcd‘ M [ \ //

Thior - flwd 2 o (A2 il Tt gene Sy Bk | ~q — ;
rve wind 1o bl e 1 o o b ks b o pog Y Nonlexical
.aa s R P :,. ~ SO n:h', o vt e At ) ’
het ponbend down . 5 7t ) s 4¢,~lqu». e heales et & Siwters - ROUte
aad prtimmany s dele i % w» b Ry .'-rcwvb o days bacle, i

W Sty vlamad AT il gy aconpl f dogs Orthographic
viaiy Seeache~ ""“VL m#\,(“ bays ll:. ietwead LEXICOI’]

lerals whot g e ndld

WAL theee ot Sy i " ’h'" %

:‘. he ,a"‘:?. P n A ot weinl ek amdinpid
(oot nt st T ’ ! a H
= jot ":‘;p : Fims _ f“h‘;r'fj"*w‘nt s Lexical Grapheme-Phoneme
lack’ Byawh Got,
ke ‘,‘.:3w Route (GPC) Rules
S in ¢ o)
e g a1 -
FL e o "‘?.f fe w;rad misie Phonological
) ading .08 .
o s el L Lexicon
“how r\hn..‘ s % 5
Sowme whart o T (qy
Wl e (o\-\im
could I(‘: deven ‘\N U" be ‘('\»Jn .\‘(;44-
et with O wab 3 ¥ ) oloas
mm-t-r. .--a\.,u'kq W A9 Ll secret
£ s 9t TG Clnangy }“ "'4, 2 A somd
T\-: ﬁf,'g‘:’ bq,} . d Tl SR ul(" "'x"‘"‘; Moaaad :-ll’.ﬂ'
- 7 2 Ve ot lopesS
'.um»';‘if ::‘k:’n.q(_\‘ \b"‘“ ‘-e-)(l:-"": !‘“{‘ Phoneme
aALeNWShy 3, v A
e g-u-,«-:z‘ G bed B o, s ":'t
Loy oveatse hapg S\ L Biettes 6 ot System
it nn.,-.“‘br ) cliondes g0
AY:.Z;'?" g s fuine oefd
Qand we |3 Lo
o ofles. r..m‘ 3 ;"""
im o P ot 14
c\,:m“um,; | A

Speech



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

Plasticity of the bilinguals brain
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Reading strategies acCross languages in early
bilinguals : An eye-movement study

D. deLedn Rodriguezl,et al
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Balanced bilinguals favor lexical processing in their opaque
language and conversion system in their shallow language

0 100 200 300 400 500 600 700 ms
Non-Lexical Pathways

Grapheme-
Phoneme
Conversion o —

Letter Phoneme Speech

Identification Buffer pe
‘\
\ | Orthographic | .| Phonological /

Lexicon Lexicon

et Shallow orthography (German)
—_— Deep«pjr}tgography (French)

\1

Lexical Pathways

Semantic
Lexicon

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



Effect of Non-invasive brain stimulation on language

Transcranial direct current stimulation (tDCS):

-non-invasive and painless brain stimulation
tool 2Vl

-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.,
http://www.neuroconn.de/dc-stimulator_plus_en/ 2008)
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e e for Coplteadl Non-invasive brain stimulation

TMS —Transcranial magnetic stimulation N
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Effect of prefrontal stimulation on language productionw.gréSj
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. . N
- Healthy participants (a) A

- Aphasic patients (b) 2
- Prefrontal stimulation ‘ effects on language production

L (O :
=" Picture Naming (accuracy and RT)

| /\») "« Translation (accuracy and RT)

< 4
N4

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

http://www.nature.com/neuro/journal/v16/n7/abSHRA SR P Ptz chven/fachrichtungen/plastiLabor.ntml oy breaking-frontiers
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Differences L2 /' L1

L1 and L2 share a common network

L2 network tends to be (B
AR e
— smaller in comprehension A
— larger in production <& g
: . . D2

— Differences in readin
& 3 X >
A‘i)\“//

SN )

depending on proficiency

and age of acquisition.
S
.~

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







Bilingualism and language context |

(J Kroll, F Grosjean, D Green, 2011)

. )
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A Robin is activated

Language Selection



Brain & Language 122 (2012) 55-63
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journal homepage: www.elsevier.com/locate/b&l

Regular Article

Cognitive control of language production in bilinguals involves a partly
independent process within the domain-general cognitive control network:
Evidence from task-switching and electrical brain activity

David A. Magezi®!, Asaid Khateb"<, Michael Mouthon *, Lucas Spierer?, Jean-Marie Annoni ®>¢*
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Language Selection System

Switching into L1 @,

( l ,2 '9 ] ,l VS l ,l _> l ,2) Anterior Cingulate Cortex
* Attention

Basal Ganglia
* Language selection
ing

Regular

Inferior Parietal Lobule
* Maintenance of

Representations
* Working memory

(Abutalebi and
NS Green 2007)

The Neural Cost of the Auditory Perception of Language
Switches: An Event-Related Functional Magnetic Resonance
Imaging Study in Bilinguals

Jubin Abutalebi,' Simona M. Brambati,’ Jean-Marie Annoni,* Andrea Moro,' Stefano F. Cappa,' and Daniela Perani'

J Neurosciences, 2007



Compared to task schitch

Language switch in Language switch in High
Low Proficiency Proficiency )
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Mouthon et al, submitted



Interpreters -Translators

* Experts in task Switching
* Expertin working memory
* Expertsin Language "



: : Expertise, Working Memory
Correlation between working . . culatory Suppression

memory and simultaneous  Effect: Their Relation

interpretation (2015) with Simultaneous Interpreting
Performance

Irene Injoque-Ricle'?, Juan Pablo Barreyro'?, Jesica Formoso', Virginia I. Jaichenco’

'Psychology Research Institute, Faculty of Psychology, University of Buenos Aires (UBA)
’National Scientific and Technical Research Council (CONICET)

|
TABLE 2.

Pearson Correlations Among Simultaneous Interpreting (SI) Performance, Expertise Variables,
and Working Memory Variables

Years of experience Worked days per month SI performance
r
Years of experience - - -
Worked days per month 271 - -
SI performance 151 5007 -
Digit Span 207 205 A28
Digit Span with AS 349 252 543
Listening Span 454 238 410

Listening Span with AS 226 081 5407



Interpreters : How does the brain work
in translation

Synonym Translation

Behavioral results

PR

Accuracy <N Reaction Time
[

=1
=1

|5
g

Fr

44444 Eng 2
Eng
44444 160000

UUUUU

g
g

UUUUU

UUUUU

UUUUU

task

Transl Control Transl Control
Lang: p=.451, partialn2 = 0.41 Lang: p=.000, partial n2 = 0.87
Task: p=.000, partial n2 =0.84 Task: p=.000, partial n2 =0.90
Task * Lang: p=.006, partial n2 = .431 Task * Lang: p=.955, partial n2 = .00

Jost et al in preparatioln




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

0 100 200 300 400 500 600



How the brain is activated in experts interpreters.

During SH
During S|
During Both

Regions shoWihg 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),

Alexis Hervais-Adelman et al. Cereb. Cortex 2015;25:4727-
4739

L]
A

C
cenbmt 1 Cerebral CORTEX



Processing demands upon cognitive, linguistic, and articulatory functions promote grey matter plasticity in the adult
multilingual brain: Insights from simultaneous interpreters

Broca Pars Triangularis Constitutes a
“Hub” of the Language-Control
Network during Simultaneous
Language Translation

Stefan Elmer* AN
,(/‘
Auctory Resesrch Group Zurich, Division Neurapsychology. Insttute of PsycholDgy. University of 2urich, 22rich, Swezenand ANS
<
W A
Until now, several branches of research have fundamentally contrbuted to a better ~V\x

understanding of the ramifications of bilingualism, multiingualism, and language .~

e-, and neural mpiicabons. In this context, it Is

on psycholingustic-, co

noteworthy to mention that from a cognitive perspective, there is a strong convergence of

exper

data pointing to an influence of multiingual speech competence on a varnety of cognitive
functions, induding attention, short-term- and working memory, set shifting, switching,
ve highlighted a B T 5.15 1 3-79|

contribute

and inhibition. In addition, complementary neuroimaging findings

cal brain regions which fundamenta
> = t-values

ol in the muitiingual brain, namely Broca’s area, the

middle-antenor cingulate cortex, the infenor panetal lobe, and the basal gangha. However, 287 =~ 282
o~
' ‘o
LS
s

Stefan Elmer, Jirgen Hanggi, Lutz Jancke, cortex 2014



Theory of mind Verbal component

8O
Non Verbal Verbal o
‘:‘lt;;)
« R~

O
S N

It is windy: |- have tears in my eyes
o

It is.beautiful: | have tears in my eyes
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Interaction between ToM and noToM condition across verbal and non-verbal modality

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



Interpreters/Translators

Experts in languages
Expert in Switching P
Expert in social Cognition” >

Adapt their brain in
— Language system

— Control system

— Social System?
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Part Il
Recovery of language and
connectivity o

A . .
Parallel Recovery (61%) j\\ Differential Recovery (18%) P;Ithoéogltl:‘al Mixing 9%
Both impaired languages® ¢ ))’ One language is recovered or Blended Recovery (9%)
. S o AND ) Elements of the 2 languages
improve to a similar, "\~ better (usually L1) X . -
extent and conclgfré}ltfy are involuntary mixed during

> language production.




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

\}
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BA19/37

Control “ Naming
Network network

N Radman, neural repair, 2016 4!



Take Home

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

73
. ‘»// s

Language control is achieved by a speczf c cognitive
/Inhibitory control

A N

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

L
< IS

I &Tarq,é;&perts of control —language network
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