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Background Hypothesis

Poor sleep = disrupted Languages juggling = mental Good Sleepers — Optimized Networks

executive functions workout for executive  Greater bilingual experience is associated with stronger ACC-

functions DLPFC and Caudate engagement, enhanced DMN
suppression, and reduced neural cost.

@ Poor Sleepers — Compensatory Reorganization

Under insomnia-related hyperarousal, bilingualism reduces
frontal over-recruitment and promotes a more focal subcortical
shift, supporting executive stability despite sleep-related
depletion.

But what happens when bilingualism meets insomnia?

Good sleepers: Bilingual experience enhances early
monitoring and neural efficiency while maintaining stable
performance.

@ Poor sleepers: Under poor sleep, bilingualism reduces late
neural cost and supports faster responses, even with
elevated early activity.

ROI: Caudate Nucleus; Anterior Cingulate Cortex (ACC);
Insula; Dorsolateral Prefrontal Cortex (dIPFC); Middle Frontal
Gyrus (MFQG); Thalamus

Method

Participants fMRI paradigm (3T Philips Ingenia CX)

25 healthy paticipants

25 participants with insomnia symptoms

L1 is Italian; L2 is English (varying proficiency and exposure)
Age: 18-55 years old
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Bilingualism related questionnaires
o Cambridge General English Language Test
e |talian version of LEAP-Q

General intelligence and socio-economic status

Resting state
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Outside of the scanner
Rey Auditory Verbal Learning Test

Conclusion

Bilingual experience and sleep quality jointly shape the neural cost of cognitive processing.

Our findings indicate that bilingual effects in young adults are not always visible at the behavioral level, but emerge when the
system is challenged — such as under sleep-related resource depletion.

Sleep quality is therefore not a peripheral factor, but a key moderator of cognitive and neural efficiency. Ignoring sleep may
conceal bilingual effects and contribute to inconsistent results in the literature.
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