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Extended Abstract

Introduction

To our knowledge, no study has yet used the auditory par- activation. Moreover, research in this area has mainly
adigm to investigate PT activation during L1-L2 sentence been limited to the neuroanatomical or pathological stud-
processing. Employing this experimental design is crit- ies with little attention to bilinguals. Consequently, the
ical to our understanding of target/non-target language extent to which the bilateral PTs are activated during si-
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multaneous L1-L2 processing needs to be clarified. The
present study aims to explore these critical issues.

To address this study’s goal, the discussion critical re-
volve around the following questions:

Q1. Do the left and right PT act differently for the audito-
ry sentence processing?

Q2. Are L1 and L2 processed differently in the PL?

Methods

This study recruited healthy and young bilingual adults
through social media via advertisements on top univer-
sities in Tehran, Iran. In total, forty-one subjects partici-
pated in the experiment. Five subjects were excluded due
to technical problems. The final sample consisted of thir-
ty-six (21 female, all right-handed). All participants were
native speakers of Turkish who had learned Persian as
L2 at the age of seven when entering school. Participants
underwent an fMRI scan and completed an auditory
grammaticality judgment task in the scanner. During the
21.5-min fMRI scan, participants were required to judge
each sentence for grammatical correctness by pressing
the button of a left (ungrammatical) or right (grammati-
cal) response grip with the thumb while minimizing head
movements. The task included four alternating rest and
auditory sentence blocks. Each auditory sentence block
had 32 runs and was bookended by 30-second rest pe-
riods where no stimuli were presented, allowing for he-
modynamic baseline data collection. Correct and violated
sentences were randomly intermixed within each block,
but language blocks alternated in a fixed sequence. In to-
tal, 128 spoken sentences (50% in L1 and 50% in L2,
with 50% violation per language) were used to assess
syntactic processing in bilinguals. Images were acquired
with a Siemens Prisma 3-Tesla scanner at NBML. The
fMRI images were collected using an echo-planar imag-
ing (EPI) sequence with a 20-channel head coil consist-

ing of 430 volumes and 45 axial slices per volume (rep-
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etition time (TR)=3000 ms, echo time (TE)=30 ms, flip
angle=90°, matrix size=64x64, slice thickness=3 mm,
field of view (FOV)=192 mm?, voxel size=3x3x3 mm?).
Moreover, the high-resolution T1-weighted structural
images were collected through a magnetization-prepared
rapid gradient-echo (MPRAGE) sequence (TR=1800 ms,
TE=3.53 ms, flip angle=7°, matrix size=256x256, slice
thickness=1 mm, FOV=256 mm?, voxel size=1x1x1
mm?®, duration=5-min). The anatomical MPRAGE vol-
umes were pre-processed following the brain extraction
and used as anatomical references in the functional image
processing co-registration steps using FEAT in FSL. The
fMRI analyses were performed according to a standard
pipeline comprising the following steps: motion correc-
tion and realignment, slice-timing correction, segmenta-
tion and normalization to the standard MNI template and
spatial smoothing (6 mm full-width at half-maximum
isotropic Gaussian), temporal filtering (with sigma=50.0
s), and exploratory ICA-based data analysis. The general
linear model (GLM) was used to construct the statistical
model on the BOLD response to perform the first-lev-
el analysis. Z (Gaussianised T/F) statistic images were
thresholded using clusters determined by Z>3.1 and a
(corrected) cluster significance threshold of P<0.05. A
whole-brain analysis was performed to detect the mecha-
nisms underlying syntactic processing in the bilateral PT.
Then, PSC was extracted as an intensity measure in this
region per participant according to the Harvard-Oxford
Atlas implemented in FSL. All statistical analyses were

conducted in IBM SPSS Statistics V26.

Results

Whole-Brain Results of Brain Activation

Figure 1A visualizes the location of the PT. Figure 1B
exhibits the patterns of whole-brain activation during the
presentation of corrected and violated stimuli in L1 and

L2 for each hemisphere. Greater left-hemispheric activa-

d This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

PExS pedy g o (5 ol 510

tion is detectable for the region of the PT (white circles)
when comparing the left and right columns.

ROI-based Results

The results are depicted in Figure 2. The main factor
of Grammaticality yielded a significant effect (F (1,
35)=53.296, P<0.001, qp2=0.618), with a more signifi-
cant effect for grammatical (3.712 PSC) as compared to
ungrammatical stimuli (3.303 PSC). Furthermore, a sig-
nificant main effect of the Hemisphere (F (1, 35)=25.451,
P<0.001, qp2=0.435), indicating that the left hemisphere
(4.014) generated stronger PSC as compared to the
right hemisphere (3.000). A significant Grammaticali-
tyxHemisphere interaction (F (1, 35)=16.449, P=0.001,
qp2=0.333) indicated that the left hemisphere triggered
a more significant effect for L1 stimuli (4.113) than for
L2 stimuli (3.916) (t (35)=3.517, P=0.001), whereas in
the right hemisphere there were no differences between
L1 (2.970) and L2 (3.030) sentences (t (35)=-1.176,
P=0.248).

Finally, the GrammaticalityxLanguagexHemisphere in-
teraction (F (1, 35)=7.961, P=0.008, qp2=0.194) turned
out to be significant. The analysis by the grammaticality
factor showed that in the left hemisphere, L1-grammati-
cal stimuli (4.244) engendered a larger effect than L1-un-
grammatical stimuli (3.866) (t (35)=2.980, P=0.005).
Similarly, L2-grammatical stimuli (4.161) engendered
a larger effect than L2-ungrammatical stimuli (3.672) (t
(35)=5.311, P<0.001). In the right hemisphere, L1-gram-
matical stimuli (3.204) engendered a larger effect
than L1-ungrammatical stimuli (2.737) (t (35)=5.363,
P<0.001). Similarly, L2-grammatical stimuli (3.214) en-
gendered a larger effect than L2-ungrammatical stimuli
(2.845) (t (35)=5.572, P<0.001). The analysis by lan-
guage factor revealed that in left-hemispheric grammat-
ical stimuli no differences were obtained for L1 (4.271)
and L2 (4.161) sentences (t (35)=1.352, P=0.185), nor in
the right-hemispheric grammatical stimuli for L1 (3.204)

and L2 (3.214) sentences (t (35)=-0.132, P=0.896). In
left-hemispheric ungrammatical stimuli, L1 stimuli
(3.956) engendered a larger effect than L2 stimuli (3.672)
(t (35)=3.326, P=0.002), whereas in the right-hemispher-
ic ungrammatical stimuli, there were no differences be-
tween L1 (2.736) and L2 (2.845) sentences (t (35)=-1.889,
P=0.067). The analysis by the hemisphere factor exhib-
ited that in L1-grammatical stimuli, the left hemisphere
(4.271) triggered a more significant effect than the right
hemisphere (3.204) (t (35)=4.505, P<0.001). Similarly,
in L2-grammatical stimuli, the left hemisphere (4.161)
triggered a more significant effect than the right hemi-
sphere (3.214) (t (35)=4.435, P<0.001). In L1-ungram-
matical stimuli, the left hemisphere (3.956) triggered a
more significant effect than the right hemisphere (2.737)
(t (35)=5.573, P<0.001). Similarly, in L2-ungrammati-
cal stimuli, the left hemisphere (3.672) triggered a more
significant effect than the right hemisphere (2.845) (t
(35)=4.275, P<0.001).

Conclusion

The current findings are essential in several ways. First,
the present findings indicate a substantial overlap of the
neuronal correlates for L1 and L2 in the PT, confirm-
ing our participants’ L2 high-proficiency. Second, our
results support the contribution of the left PT as a com-
putational interface in sentence processing. Third, the
sensitivity of the right PT to the present auditory stimuli
confirms its role in stimulus-driven auditory attention.
Fourth, the higher activity of L1-ungrammatical stimu-
li as compared to L2-ungrammatical stimuli in the left
hemisphere indicates that current bilinguals have chosen
L1 (Turkish) as their base language, leading to more RT
switch cost for L1 than L2, as well as increased cognitive
control to reactivate L1 after L2 production. Fifth, L1-
L2 similarities at the sentence level can facilitate the L.2

processing.
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