Sex Differences in Task-based Functional Connectivity in Balanced
Bilinguals

Abstract

The present applied-fundamental research study aimed to investigate sex-related changes in
task-state functional connectivity (FC) within and between brain networks in balanced
bilinguals. The current statistical population comprised Turkish-Persian bilingual PhD students
of top public universities in Tehran, in 2020. Thirty bilinguals (15 males and 15 females) were
selected based on the purposive sampling technique in this study. All participants were native
speakers of Turkish who had learnt Persian at the age of seven when entering school. At first,
the sampling was performed in the department of Linguistics of Tarbiat Modares University in
2020, based on self- evaluation of L1 and L2, L1-L2 assessment Interview and working
memory test. Then, the data was collected using functional Magnetic Resonance Imaging
(fMRI) during a auditory bilingual task. The task required grammaticality judgements to
alternating L1-L2 sentences. The left Pars Opercularis (PO) and the left posterior Superior
Temporal Gyrus (pSTG) were selected as target regions of the language network. The areas of
bilateral Planum Temporale (PT), bilateral Supplementary Motor Area (SMA), and bilateral
Precentral Gyrus (PreCG) were also selected as target regions in language control network. FC
and statistical analyses were performed using CONN-fMRI functional Connectivity toolbox
v20.b and the SPSS-26 software respectively. Results revealed greater connectivity within the
language network from the left PO to the left pSTG (P = 0.001) in females as compared to
males. Correspondingly, females performed better on intra-network connectivities. Taken
together, these findings implied that the strength of task-state inter-network and intra-network
FCs reliably correlated with sex differences, supporting the idea of a female advantage in the
language use.

Keywords: Balanced bilinguals, functional connectivity, sex, grammaticality task, language
network.

Extended Abstract
Introduction & Aim

Sex differences in cognitive performance have been extensively studied, however, it still
remains a controversial issue. Despite the broad similarities between the brains of men and
women, some researchers discern overwhelming differences. Using structural connectome
modelling and diffusion tensor imaging in a sample of 949 youths (aged 8-22 year; 428 males
and 521 females), Ingalhalikar and his colleagues (2014) found remarkable sex-related
differences in anatomical connectivity during the course of development. In all supratentorial
regions, males had greater inter-hemispheric connectivity, along with intensive modularity and
transitivity, whereas intra-hemispheric connectivity and cross-module participation were
predominant in females. Furthermore, several studies have also found sex differences in rest-
state functional connections for brain networks involved in cognitive processes such as self-
referential processing (Biswal et al., 2010), executive functions (Hjelmervik et al., 2014),
attention (Filippi et al., 2013), sensory-motor functions (Allen et al., 2011), as well as
neurodevelopmental disorders such as autism (Tavares, Fernandez, Antunes, Ferreira, & Prata,



2022) and hyperactivity (Scofield, Johnson, Wood, & Geary, 2019). However, little is known
about the impact of gender on language-specific functional connectivities (FCs), while
performing a task. Hence, the present reanalysis aimed to identify the sex differences in task-
state functional connectivity (FC) inter- and intra-brain networks in balanced Turkish (L1) -
Persian (L2) bilinguals.

Methodology

To allow for reliable FC analysis, thirty bilinguals (15 males and 15 females) were selected
based on the purposive sampling technique from the statistical population of Turkish-Persian
bilingual PhD students of top public universities in Tehran, in 2020. All participants were
native speakers of Turkish who had learnt Persian at the age of seven when entering school.
The data was collected using fMRI during an auditory bilingual task. The task required
grammaticality judgements to alternating L1-L2 sentences and included four alternating rest
and auditory sentence blocks. Each block consisted of 32 runs and was preceded and followed
by 30-s resting periods during which no stimuli were presented. The default preprocessing
pipeline and the gPPI approach were used to perform an ROI-to-ROI FC analyse in the CONN
toolbox. In ROI analyses, the ROI-to-ROI connectivity values were extracted for each
participant between the selected source ROIs and the selected target ROIs. The left PO and
pSTG were used as seeds for the language network and the PT, SMA and PreCG were used as
the control network. Finally, statistical analyses were conducted using SPSS-26 software.
Findings

The results have shown statistically different functional connectivity in the language network
from the left PO to the left pSTG (P = 0.001) in females as compared to males. Furthermore,
females tended to exhibit more intra-network connectivity than males, indicating the female
advantage over their male counterparts in language processing.

Conclusion

Based on the present research finding, it can be concluded that bilingual males and bilingual
females have differences in the strength of the FC from the left PO to the left pSTG as well as
in the intra-network connectivities, denoting the female advantage in the language use. Given
that the dataset acquired in the current study was relatively small, a larger sample is necessary
to further assess sex differences in bilinguals and to clarify the relationships among sexes
during task-state FCs.

Keywords: Balanced bilinguals, functional connectivity, sex, grammaticality task, language
network.
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