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Introduction

Near-Infrared Spectroscopy: Shedding Light on the Neural Signature of Bilingualism
Mark H. Shalinsky', loulia Kovelman?, Melody S. Berens?, *Laura-Ann Petitto?2
'Department of Education, & 2Department of Psychological & Brain Sciences, Dartmouth College, Hanover, NH.

Results

For decades researchers have tried to understand how bilinguals organize
multiple languages in one brain'2

We ask NEW questions
(1) Does using two languages from an early age impact how the brain
processes language? Is there a neural signature of bilingualism?

(2) How does the bilingual brain process one language (Monolingual mode)
and two languages (Bilingual mode)??

We use NEW technology - Near-Infrared Spectroscopy (NIRS)

NIRS measures changes in the brain’s oxygen level density (BOLD), yielding
both deoxygenated and oxygenated hemoglobin activity, with a temporal
resolution of 10 Hz

An advantage of NIRS is that it is quiet, portable, child-friendly, & tolerates
movement#®

Methods

PARTICIPANTS
Spanish-English bilinguals & matched English monolinguals

Age of Parents’
Group M?yaena?u Gender language native tangu‘age
Male | Female|EnglishSpanish English | Spanish
20 ndish]
Bilingual i i English &
byl 20 4 6 |birth-5| birth | "GRG | >80% | >80%
Bat0 20 4 6 birth N/A | English Only| > 80% N/A

ANATOMICAL LOCALIZATION

A 3x3 Optode Array was positioned on participants’ heads bilaterally using
rigorous anatomical localization measures

B 10-20 frontal & temporal coordinates (F7/F8 & T3/T4 respectively) were
identified and served as anchor points for the 3x3 optode array”

C MRI co-registration was conducted by having participants (N = 6) wear a
3x3 array with vitamin-E capsules in MRI

D ROI/ Brain Regions were identified using MRI co-registration so that
channels were maximally overlaying Broca’s area (BA 44/45) and verbal
working-memory/attention Prefrontal Cortex areas (PFC; BA 47/11 & 46/9)

SEMANTIC JUDGMENT TASK
Participants completed Audio and Visual blocks of the task

Monolingual Mode - one language at a time (English or Spanish)

Bilingual Mode - two languages in rapid alternation (English & Spanish)
(1) Two languages alternating across trials

(2) Two languages alternating within the same trial
Task -- Does the 1st or the 2nd word correspond to the picture?

Monolingual Bilingual
Mode 1) Mode
[ ] [ﬂj

Lty
Lﬂ’ffl] :

DATA ACQUISITION WITH NEAR INFRARED

A NIRS signals were recorded using a Hitachi 24 channel ETG-4000 with
lasers set at 698nm and 830nm
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SIGNATURE OF BILINGUALISM? YES!
A _Broca’s Area/ Language PFC B Verbal Working-Memory/Attention PFC
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# Monolinguals ¥ Bilinguals - monolingual mode A Bilinguals - bilingual mode
(1) USING ONE LANGUAGE ACROSS POPULATIONS
FIGURES A & B Similarity: Bilinguals (monolingual mode ¥) and Monolinguals ( 4 showed
similar patterns of activation in left Broca/Language area & right Broca homologue. Differences:
Bilinguals (monolingual mode ¥) showed a different pattern of recruitment for left Verbal Working-
Memory/Attention PFC and its right homologue as compared to Monolinguals
(2) USING TWO LANGUAGES vs ONE IN BILINGUALS
FIGURES A & B Bilinguals (when in bilingual mode 4 showed greater recruitment of the right
hemisphere homologue of Broca’s area and right hemisphere Working-Memory/Attention PFC
versus when in monolingual mode
(2a) REPLICATION WITH fMRI
Same as in NIRS
Bilinguals in bilingual mode showed greater right hemisphere
recruitment of both Broca’s homologue and Verbal Working-
Memory/Attention PFC areas versus in monolingual mode
FIGURE C shows greater right DLPFC (BA 46) activation
during bilingual mode > monolingual mode (p<0.001;k>10)

NIRS Results Statistics We obtained significant two and three way interactions of Hemisphere by Group/Condition by ROI (2 x 3 x
2 mixed ANOVA; p < 0.05) with no significant main effects between groups and language modes (p > 0.05). Post-hoc one-way
ANOVAs for each brain area confirmed the significance of interactions between groups and language modes (p < 0.05)

Behavioral Results. On the Semantic Judgment Task Bilinguals performed equally high in each of their languages and, also,
equally high as compared to Monolinguals’ performance in English (English/Spanish; p > 0.05)

Implications

B Data were analyzed and evaluated with a Matlab-based analysis package
designed by Shalinsky to solve the modified Beer-Lambert equation, as detailed
below®

Equation 1: The attenuation for each wavelength (AALw) was calculated by
comparing the optical density of light intensity during the block task (lsk) to the
calculated baseline (Ibaseine) for each wavelength
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Equation 2: The AA values for each wavelength and sampled time point () were
then used to solve the modified Beer-Lambert equation
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The findings provide new clues into the potential extent & variability of the neural landscape that
is available for human language processing, but is not fully utilized in monolinguals

(1) Early exposure to two languages results in similar use of the brain’s classic Language
areas in Bilinguals and Monolinguals. Bilinguals showed differential bilateral recruitment of
Verbal Working-Memory/Attention brain areas = neural signature of bilingualism

(2) When bilinguals process two languages, as compared to only one language, they showed
greater recruitment of the right hemisphere homologue of Broca’s area and right hemisphere
Working-Memory/Attention brain areas

Our NIRS imaging results are commensurate with fMRI imaging results. NIRS is as effective as
fMRI and could be the technology of the future for the study of the brain’s higher cognitive and
language functions, especially their development in children
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