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Many functional neuroimaging studies report that a second language 
entails more brain activity as compared to the first language, i.e., 

especially for a low proficient L2 and/or less exposed L2

FIRST MESSAGGE: bilingual variables can make a difference, i.e.  Language
proficiency, language exposure, Age of L2 acquisition, immersion, etc.......



Semantic System

lexicon

CAThat dog

Monolingual language production



Bilingual Language Production

Semantic System

L1 lexicon L2 lexicon

Dog 'CAT' hat   ’Katze’ Hund 

Language Conflict ???



How do bilinguals 
avoid language 

conflicts?

From: Abutalebi & Green, Language and Cognitive 
Processes, 2008







Language control 
in bilinguals: The 
adaptive control 
hypothesis 2013

David W. Green & Jubin Abutalebi



1. Different situational contexts engage differentially the network

2. The network adapts to given situational contexts 

Predictions of the ACH:

with important repercussions also for school settings as we will see !!





Selection of L1 
Nouns in a 

Monolingual context

Selection of L1 
nouns in a 

Bilingual Context



CON 1: scanning prior to differential language exposure

CON 2: scanning after differential exposure

(2015

)

ADAPTATION 
(2015)



CON 1: scanning prior to differential language exposure
CON 2: scanning after differential exposure

Response Inhibition Language Production                     Allocating control          

..even short periods of differential exposure to a given language 
may induce significant
neuroplastic changes in areas responsible for language control 



School settings 
!!!!



(Abutalebi & Green, 2016)









ACC

Anterior Cingulate Cortex (ACC)
The (d)ACC is a key structure 
underpinning conflict monitoring



Monolinguals vs Bilinguals

Functional data   (Flanker task)



Behaviour vs Brain



Structural Neuroimaging 
A powerful tool to investigate neuroplasticity  



Voxel-based morphometry (VBM)

measuring lifelong experiences 



Investigating 
Neuroplasticity 

in Bilinguals



Behavioral (conflict 
effect) – grey matter 
correlation 
in the ACC

Abutalebi et al., 2012



Structural changes
in the LIPL

L2 proficiency

L2 age of acquisition

GM
density

GM
density

Mechelli, Crinion, Noppeney,  O'Doherty,
Ashburner, Frackowiak, & Price. (2004). 
Neurolinguistics: structural plasticity in 
the bilingual brain. Nature, 431, 757



Parietal lobe 
atrophy in AD
Parietal dysfunction 
assessed by FDG PET as a 
metabolic reduction in 
the inferior
parietal lobule is the first 
marker of progression to 
Alzheimer’s dementia in 
MCI

[Cerami, Della Rosa, 
……………& Perani, 2015]



A follow-up study in school children

Does linguistic competence matters?

subjects: 16 kids, 11 male e 5 female, 
(mean age = 8.74; st.dev = 1.45).



Interaction between  conflict effect and 
increasing proficiency correlated to brain 
structure 
Comparison between T2 and T1 ( 1 year 
difference)

Follow-up study in children

Della Rosa, Videsott, Borsa, Canini, Franceschini & Abutalebi , CORTEX, 2013



0.05 FWE corrected 

Functional Activity



THE FOREIGN LANGUAGE EFFECT (FLE)



Emotion, bilingualism and (moral) 
decision-making

Decision-making in a L2 may result in choices that are systematically different from those that would be 

made in the L1 (Hadjichristidis et al., 2019): more analytical and less emotionally-driven decisions (e.g., 

Keysar et al., 2012)

FOREIGN LANGUAGE EFFECT (FLE)

Moral domain

Bilinguals are less likely to act deontologically, opting for the greater good 

(utilitarianly) (for meta-analyses, see Del Maschio et al., 2022; Stankovic et al., 

2022)



Explaining the FLE

cognitive enhancement hypothesis
increased reliance on deliberative 

processes

reduced emotionality hypothesis
decreased reliance on gut-feeling 

emotional reactions

reduced access to norm hypothesis

less automatic access to normative knowledge



Not all bilinguals are the same

cognitive enhancement hypothesis

incresead reliance on deliberative 
processes

heightened cognitive resources for language 
processing in a L2 for late vs. early AoA, lower vs. 

higher proficiency, and a less “dominant” 
language.

reduced emotionality hypothesis

decreased reliance on gut-feeling emotional 
reactions

shrunk emotional resonance for a late vs. early 
L2 AoA, lower vs. higher L2 proficiency, and 

lower vs. higher daily L2 usage.reduced access to norm hypothesis

less automatic access to normative 
knowledge

less automatic access to normative knowledge 
for a late vs. early L2 AoA, lower vs. higher L2 
proficiency, and lower vs. higher L2 daily use.



Research Hypotheses

1. Emotional movies in L1 vs. L2 → enhanced brain activations within
the conceptualization network (Satpute & Lindquist, 2019; Lindquist
& Barrett, 2012).

2. Emotional movies in L1 vs. L2 → greater involvement of the
amygdala.

3. Emotional movies in L2 → increased activation of the amygdala as a
function of bilingual profile (i.e., proficiency, immersion, exposure).



Screening
Cambridge Assessment English (First 

Certificate in English (FCE) Listening) 
Edinburgh Handedness Inventory 

Participants
52 Italian-English bilinguals (35F; 

Age: 23.21 ± 2.45 years)

Bilingual 
experience

Language History 
Questionnaire (version 3) 
(Li, Zhang, Yu, & Zhao, 
2020)

N Mean (SD) Range

L2 AoA 52 5.35 (1.34) 0-8

L2 objective general 

proficiency
52 21.21 (2.12) 17-25

L2 objective listening 

proficiency
52 4.62 (0.63) 3-5

L2 subjective proficiency 52 0.78 (0.09) 0.61-1

L2 immersion 52 0.75 (0.04) 0.62-0.88

L2 daily exposure 52 0.14 (0.08) 0.01-0.36

L2 daily exposure to TV 49 1.44 (0.71) 0.2-3



Stimuli

Initial Stimuli Selection

60 ~1-min videoclips 
dubbed in each 
language (L1 and 
L2):

• 20 funny
• 20 neutral
• 20 sad

Stimuli Norming

33 Italian native-
speakers appraised 
for valence each L1 
videoclip on a 7-point 
Likert scale

Final Stimuli 
Selection

L1: 36 ~1-min 
videoclips 

L2: 36 ~1-min 
videoclips

→ 12 videoclips 
per emotion 
category (funny, 
sad, neutral)



Experimental design and procedure

In the fMRI scanner, participants watched each 
videoclip and then responded to a closed-
answer question presented after it.

2 runs, one per language, each comprising 2 
sessions of 18 trials each (6 funny, 6 sad, 6 
neutral)

Total scanning time: ~ 1 hour



Results: Whole-brain analyses

L1 [emotional vs. neutral] vs L2 
[emotional vs. neutral]



Results: Whole-brain analyses

L1 [fun vs. neutral] vs L2 [fun 
vs. neutral]



Results: ROI analyses

L1 [fun vs. neutral] vs L2 [fun vs. neutral]
(t = 3.181, st. dev = .753, p = .003)

L1 [emotional vs. neutral] vs L2 
[emotional vs. neutral]
(t = 1.997, st. dev = 1.196, p = .053)



Conclusions

Emotional videoclips in L1 vs. L2 → 
enhanced brain activations within the 
conceptualization network (Satpute & 
Lindquist, 2019; Lindquist & Barrett, 
2012).

Emotional videoclips in L1 vs. L2 → greater 
involvement of the amygdala. 

Emotional videoclips in L2 → increased 
activation of the amygdala as a function of 
bilingual profile. 

Greater language-dependent access to 
conceptual knowledge to construct emotions in 
the native language

Easier and faster activation of affective 
properties for L1 vs. L2 concepts leading to a 
deepest emotional resonance. 

When the L2 is mastered at native-like levels, a 
corresponding native-like emotional response to 
positive stimuli arise. 



Healthy Aging



The aging brain



The aging brain



Barulli and Stern, 2013



What about bilingualism as a cognitive and/or neural reserve

Bialystok et al.
Psychology and Aging 2005, Vol. 19, No. 2, 290–303



AGING EFFECTS



BILINGUALISM AS A NEURAL RESERVE



03/03/12

LANGUAGE PROFICIENCY 
POSITIVE CORRELATION WM

GROUP RESULTS;n=34;   (p<0.001;  10 voxels)

Hong Kong 
Seniors

Left Inferior 
parietal lobule



Neural reserve vs Neural Compensation

Neural compensation:  individuals with loss of brain structure, such as brain 
atrophy in aging and neurodegeneration in diseases, are still able to almost 
function normally.
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Neural compensation:  individuals with loss of brain structure, such as brain 
atrophy in aging and neurodegeneration in diseases, are still able to almost 
function normally.



Neural compensation:  
individuals with loss of 
brain structure, such as 
brain atrophy in aging 
and neurodegeneration 
in diseases, are still able 
to almost function 
normally.



Floor discussion about best learning 
methods for high school settings
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