Received: 6 March 2023
Received in revised form: 13 May 2023

Accepted: 23 May 2023

Language Related Research
E-ISSN: 2383-0816
https://lrr.modares.ac.ir
https://doi.org/10.48311/lrr.2025.7142

Tarbiat Modares
University

The effect of gender on LL1-L.2 syntactic processing
in Turkish-Persian balanced Bilinguals using fMRI

Simin Meykadeh'™ =", Werner Sommer?"=', Arsalan Golfam>'=', &
Seyed Amir Hossein Batouli*

Abstract

The present study aimed to investigate the effect of gender on the L1-L2 simultaneously
morphosyntactic processing in balanced bilinguals who learned their L2 at the age of
seven. Using event-related functional magnetic resonance imaging (ER-fMRI), Turkish-
Persian balanced bilinguals (15 women and 15 men) performed an auditory
grammaticality judgment task with an alternating language switching paradigm. Based
on the Bilingual Dominance Scale (Dunn and Fox Tree, 2009), no significant difference
was observed between the participants' proficiency in their L1 (Turkish) and L2
(Persian). Imaging results demonstrated strong neural similarity between men and
women in two left-lateralized syntax-specific ROIs (Pars opercularis and posterior
superior temporal gyrus), supporting the indistinguishable gender performance during
L1-L2 simultaneously morphosyntactic processing. In addition, in EF-specific areas in
right-hemisphere (planum temporale, supplementary motor area, superior parietal lobule
and superior frontal gyrus), we did not observe differences in hemispheric recruitment by
men and women, evidencing empirically for gender sameness in lateralization.
Therefore, the present task and sample are not consistent with the previous claims that
women show (a) superior language performance and (b) less lateralization. In general,
our findings suggest that L1 and L2 simultancously morphosyntactic processing in
balanced bilinguals is not affected by the gender parameter.
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1. Introduction

Language and the unique human ability to learn and use it effortlessly is based
on a finite set of rules that can generate infinite sentences. This generative
nature is governed by syntax. While knowledge of the brain's neural networks
for syntax processing previously relied on brain-damaged patients, modemn
fMRI technology now allows its study in healthy individuals. fMRI is a non-
invasive method with high spatial resolution, tracking neural activity via blood
oxygenation levels. This reanalysis aims to investigate the effect of the gender
variable on the neural system for syntactic processing, particularly in Turkish-
Persian bilinguals. Despite Iran's linguistic diversity, there is a lack of studies
on gender's role in bilingual syntactic processing using neuroimaging.

Research Question(s)
The research seeks to answer these questions:

1. What is the difference in brain activity between male and female
Turkish-Persian bilinguals in syntax-specific brain regions when processing
their first (L1) and second (L2) languages?

2. To what extent does brain activity differ between male and female
bilinguals in domain-general control networks when processing L1 and L.2?

3. What is the difference in the performance of male and female bilinguals
regarding the activity of language areas in the left and right hemispheres when
processing L1 and L2?

To address these questions, fMRI data was collected from proficient, early-
balanced bilinguals using a syntactic auditory processing task.

2. Literature Review

More than a century of psychological and linguistic research has not resolved
the debate on the extent of gender differences in language. While some studies
suggest women outperform men in language comprehension and production, a
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large-scale meta-analysis by Zell et al. (2015), supporting the gender
similarities hypothesis, found these differences to be small or negligible (effect
size d <0.2). However, even small behavioral differences may be significant.

At the neural level, findings are also inconsistent. Some neuroimaging
studies report gender differences, such as more bilateral brain activation in
women during language tasks compared to left-lateralized activation in men.
Other studies with larger samples or meta-analyses have found no significant
gender differences in the functional organization of the brain for language
processing. Since, to our knowledge, the role of gender in syntactic processing
specifically remains uninvestigated, this study aims to contribute to filling this
gap in the research literature.

3. Methodology

We recruited thirty healthy, right-handed, young adult Turkish-Persian
bilinguals (15 female, 15 male) through advertisements at Tehran universities.
All were native Turkish speakers who acquired Persian as a second language
upon starting school at age seven.

Participants completed an auditory grammaticality judgment task during
fMRI scanning. The task comprised four alternating blocks of sentences and
rest, lasting 21.5 minutes. Each sentence block contained 32 randomly
intermixed grammatical and syntactically violated sentences. In total, 128
sentences (50% in each language, with 50% violations per language) were
presented. Participants judged each sentence's correctness via button press
while minimizing head movement.

Imaging was conducted on a Siemens Prisma 3T scanner at the National
Brain Mapping Laboratory (NBML). Functional images were acquired using a
T2*-weighted echo-planar imaging (EPI) sequence (TR=3000 ms, TE=30 ms,
flip angle = 90¢, matrix size: 64x64, slice thickness =3 mm, FOV = 192 mm2,
voxel size = 3x3%3 mm3). High-resolution anatomical T1-weighted images



170

Language Related Research 17(4), Winter 2027, 167-202

were obtained using an MPRAGE sequence (TR = 1800 ms, TE = 3.53 ms,
flip angle = 7°, matrix size: 256x256, slice thickness = 1 mm, FOV = 256
mm?2, voxel size = 1x1x1 mm3, duration: 5-min).

Data preprocessing and analysis were performed using FSL. Steps included
motion correction, slice-timing correction, brain extraction, normalization to
MNI space, and spatial smoothing (6mm FWHM). A General Linear Model
(GLM) was constructed for first-level analysis. Statistical maps were
thresholded at Z > 3.1 with a cluster-corrected significance of p < 0.05.

A whole-brain analysis was conducted to identify regions involved in
syntactic processing. Following this, percent signal change (PSC) was
extracted from the bilateral planum temporale (PT) using the Harvard-Oxford
Atlas. All subsequent statistical tests on the extracted data were performed
using IBM SPSS Statistics, Version 26.

4. Results
2.1. Behavioral Results

An analysis of reaction times revealed significant effects of grammaticality
and language. Participants responded faster to grammatical sentences (800ms)
than ungrammatical ones (868ms), and faster in their second language (L2)
(784ms) than their first language (L1) (885ms). A significant interaction
showed the grammaticality effect (faster for grammatical) was strong in L1 but
absent in L2. Crucially, no significant gender differences were found in
reaction times for any condition.

2.2. Whole-Brain Results of Activation Brain

Significant brain activation was found in language regions for all sentence
types in both languages, with women showing more widespread activity than
men. Core syntax areas were left-lateralized in both groups. Widespread
bilateral activation was also observed in frontal, parietal, and cerebellar control



171

The Eftect of Gender on ... Simin Meykadeh et al.

regions. A subsequent analysis categorized the core syntax areas as syntax-
specific and the other active regions as control-specific to examine their
distinct activation patterns.

2.3. ROI-based Results

Left Pars Opercularis: Analysis revealed a significant main effect of language
(L1 > L2) and a significant grammaticality X language interaction.
Ungrammatical sentences elicited higher activation than grammatical ones, but
only in L1, not in L2. No gender differences were found. Left Posterior STG:
Significant main effects were found for both language (L1 > L2) and
grammaticality (grammatical > ungrammatical). No significant interaction and
no gender differences were observed.

2.4. Domain-gerenal control network

Planum Temporale: Showed a main grammaticality effect (grammatical >
ungrammatical) and left-hemisphere dominance. No gender differences. Other
Control Regions (SFG, SMA, SPL): A consistent pattern emerged. A
significant grammaticality x hemisphere interaction was found in each, with
the grammaticality effect (ungrammatical > grammatical) being exclusively
right-lateralized. No gender differences were observed in any region. In
summary, while the planum temporale showed a bilateral grammaticality
effect, three key frontal/parietal control regions demonstrated a specific, right-
hemisphere specialization for processing syntactic violations. No gender
differences in brain function were found.

Taken together, Both genders used the same brain networks for L1 and L2
processing, with no gender differences found, supporting the Gender
Similarities Hypothesis. A key finding was an asymmetric grammaticality
effect: the left pars opercularis responded more to violations in the first
language (L1), while the left posterior superior temporal gyrus responded
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more to violations in the second language (L2). This indicates these core
syntax areas have specialized, complementary roles.
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Table 1: Examples for sentence materials in Turkish and Persian with Transliterations and
Literal Translations
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*Mai p1 bedehkari-ye-man ra pardaxtami sg. *Biz kitab-lar-i-mizi gatirdim.
We debt-HI-OBJ-CLT.Def pay.PAST-1SG We book-PL-HI-OBJ-CLT.Def bring-PAST-
(We paid our debts.) 1SG
(We brought our books)
sty lks
Lsgaindy 15 GBoBI 1sgre Lsgpsd sy ool Lsglre
Man, s¢ nazar-as ra paziroftami se. Manj sg paltar-e-mi yudumi sg.
I offer-OBJ-CLT.Def accept. PAST-1SG I cloth-HI-OBJ-CLT.Def wash.PAST-1SG
(I accepted her/his offer.) (I washed my cloth.)
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Table 2: Structural and functional imaging protocols
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Table 3: ANOVAs results for RTs in Grammatical and Ungrammatical sentences
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Figure 1: Whole-brain activation for (A) women and (B) men in four experimental conditions

including (1) Grammatical L1, (2) Ungrammatical L1, (3) Grammatical L2, (4) Ungrammatical
L2. From right to left, the images show left sagittal, axial, and right sagittal views.
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Figure 2: (A) Location of pars opercularis and posterior superior temporal gyrus in the left
hemisphere. (B) Box plots of percent signal change (%SC) representing the

ungrammaticality minus grammaticality effects per gender (women and men) in the left
hemisphere per language (PO for L1 and pSTG for L2). n.s. = non-significant.
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Table 4: ANOV As results in Syntax-Specific ROIs
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Table 5: Paired samples #-tests for Grammaticality effect in left-lateralized Syntax-
Specific ROIs per language
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Table 6: ANOVAs results in Planum Temporale
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Table 7: ANOVAs results in Superior frontal gyrus
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Table 8: ANOV As results in Supplementary motor area
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Table 9: ANOVAs results in Superior parietal lobule
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Table 10: Paired samples z-tests for Grammaticality effect in Control-Specific ROIs per
language and hemisphere
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women and men (women vs. men). n.s. = not significant.
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