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Investigating sex-related alterations in task-state functional connectivity (FC) within
and between brain networks in balanced bilinguals was the goal of the current applied-
fundamental research project. Turkish-Persian bilingual PhD students from prestigious
public universities in Tehran made up the current statistical population in 2020. In this
study, thirty bilinguals—fifteen males and fifteen females—were chosen using the
purposivesample method. Every participant was a native Turkish speaker who started
learning Persian when they were seven years old. Initially, the sampling was done in
2020 at Tarbiat Modares University’s Linguistics department using working memory
tests, L1-L2 assessment interviews, and self-evaluations of L1 and L2. Functional
Magnetic Resonance Imaging (fMRI) was then used to gather data during an auditory
multilingual task. Grammaticality assessments of alternating L1-L2 sentences were
required for the job. The language network’s target regions were chosen to be the left
Pars Opercularis (PO) and the left posterior Superior Temporal Gyrus (pSTQG).
Additionally chosen as target regions in the language control network were the
bilateral Planum Temporale (PT), bilateral Supplementary Motor Area (SMA), and
bilateral Precentral Gyrus (PreCG). The CONN-fMRI functional Connectivity toolbox
v20.b was used for FC, and SPSS-26 was used for statistical analysis. The findings
showed that females had more connection within the language network from the left
PO to the left pSTG (P= 0.001) than males. Accordingly, women outperformed men in
terms of intra-network connectivities. When considered collectively, these results
suggested that sex differences were consistently connected with the strength of task-
state inter-network and intra-network FCs, confirming the notion of a female
advantage in language use.
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Sex Differences in Task-based Functional Connectivity in Balanced Bilinguals

Extended Abstract
Aim

Sex differences in cognitive performance have been extensively investigated; however, they
remain a controversial topic. Despite the considerable similarities between the brains of males and
females, several studies have reported substantial differences in brain organization and cognitive
functioning. Using structural connectome modeling and diffusion tensor imaging (DTI) in a sample of
949 youths (aged 822 years; 428 males and 521 females), Ingalhalikar et al. (2014) identified
remarkable sex-related differences in anatomical brain connectivity during development. Specifically,
males exhibited greater interhemispheric connectivity, together with higher modularity and transitivity
across supratentorial regions, whereas females showed stronger intrahemispheric connectivity and
greater cross-module participation.

Furthermore, several studies have reported sex differences in resting-state functional connectivity
within brain networks involved in cognitive processes, including 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 et al.,
2022) and attention-deficit/hyperactivity disorder (Scofield et al., 2019).

However, relatively little is known about the influence of sex on language-specific functional
connectivity (FC) during task performance. Therefore, the present reanalysis aimed to investigate sex
differences in task-state functional connectivity within and between brain networks in balanced
Turkish (L1)-Persian (L2) bilinguals.

Methodology

The present study was a reanalysis of the data reported by Meykadeh et al. (2023) to investigate
sex differences in task-state functional connectivity (FC). To achieve a balanced gender distribution,
data from six participants were excluded from the original dataset. The final sample consisted of 30
Turkish-Persian bilingual PhD students (15 males and 15 females) selected through purposive
sampling from top public universities in Tehran in 2020. All participants were native Turkish speakers
who had acquired Persian as their second language at the age of seven. Inclusion criteria included
Turkish-speaking background, right-handedness, normal hearing ability, and absence of language,
neurological, or psychological disorders. Before fMRI acquisition, participants underwent behavioral
assessments of bilingual proficiency, language ability, working memory, and related demographic
characteristics.

Functional MRI data were collected during an auditory bilingual grammaticality judgment task.
Participants evaluated the grammaticality of Turkish (L1) and Persian (L2) sentences presented in an
alternating language paradigm. Imaging data were preprocessed using the standard pipeline of the
CONN-fMRI toolbox (version 20.b), including motion correction, normalization, denoising, and
removal of potential confounding signals.

Task-based ROI-to-ROI functional connectivity was analyzed using the generalized
psychophysiological interaction (gPPI) approach in the CONN toolbox. The left pars opercularis and
left posterior superior temporal gyrus were selected as core regions of the language network, while
bilateral planum temporale, supplementary motor area, and precentral gyrus were considered as
regions of the control network. Statistical analyses were performed using SPSS version 26. Repeated-
measures ANOVA with a 2 x 2 x 2 design was conducted to examine the effects of grammaticality,
language, and sex on functional connectivity, and Bonferroni correction was applied for multiple
comparisons.
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Findings

The findings demonstrated significant effects of grammaticality and sex on task-state functional
connectivity patterns. In the language network, a significant interaction between grammaticality and
sex was observed in the connectivity between the left pars opercularis (L_PO) and left posterior
superior temporal gyrus (L_pSTG). Females showed stronger connectivity during the processing of
ungrammatical sentences compared with grammatical sentences, whereas no significant difference
was observed in males. In addition, connectivity was generally stronger for ungrammatical sentences
and the first language (Turkish) compared with grammatical sentences and the second language
(Persian).

In the language control network and between-network connections, ungrammatical sentences
elicited stronger functional connectivity between language-related regions and control-related areas,
indicating increased neural communication during complex grammatical processing. Although some
grammaticality-related effects were more pronounced in females, most connectivity patterns were
comparable between the two groups. Overall, the findings suggest that sex differences in bilingual
language processing are reflected in specific functional connectivity patterns, particularly within the
language network, while grammatical processing engages broader interactions between language and
control networks.

Conclusion

The present study examined sex-related differences in task-state functional connectivity
underlying syntactic processing in highly proficient Turkish—Persian bilinguals. The findings revealed
distinct connectivity patterns between females and males, particularly within the language network.
Females showed stronger connectivity between the left pars opercularis and left posterior superior
temporal gyrus during the processing of ungrammatical sentences, suggesting sex-related differences
in the neural organization of bilingual language processing.

Moreover, increased connectivity between language-specific regions and control-related areas,
including the planum temporale and supplementary motor area, highlighted the involvement of
broader neural networks during complex grammatical processing. These findings support previous
evidence regarding sex differences in functional brain organization (Biswal et al., 2010; Hjelmervik et
al., 2014; Filippi et al., 2013) and extend resting-state findings by demonstrating task-dependent
neural adaptations during bilingual language processing. The differences from some resting-state
studies reporting stronger connectivity in males (Ingalhalikar et al., 2014) may be attributed to the
dynamic effects of task demands on functional brain organization (Cole et al., 2021).

Overall, this study provides evidence that sex-related differences in bilingual language processing
are reflected in specific functional connectivity patterns within language networks and their
interactions with control networks. Given the limited sample size and the novelty of examining sex
effects on task-based connectivity in bilinguals, future studies with larger and more diverse samples
are recommended to further clarify these neural mechanisms.
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