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Abstract

There are differences between males and females during language
processing, but how the brain functions to support this difference is
still controversial. It has been hypothesized that language functions
are more strongly left-lateralized in males, whereas they are
represented more bilaterally in females. However, insufficient
evidence exists to prove it. The present study aimed to investigate the
effect of gender on syntactic processing using the analysis of
electroencephalography signals. This approach provides the
opportunity to identify the difference between males and females in
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event-related potential (ERP) components associated with syntactic
processing. Hence, 22 highly proficient monolingual Persian speakers
(11 females) participated in this experiment. Using auditory syntactic
violation paradigm, event-related potentials were extracted from the
final syllable of Persian sentences in MATLAB software. Then, the
mean amplitudes were analyzed using a repeated measures ANOVA
in SPSS-26 software. The current electroencephalographic findings
revealed that although females exhibited a larger signal amplitude and
in ungrammatical stimuli as compared to grammatical stimuli in the
500-700-ms interval, but the difference was not statistically
significant (P > 0.05). In addition, the amplitude of P600 was widely
detected to be left hemisphere dominant, however, no gender-related
differences were found. In general, based on these findings, it can be
concluded that syntactic processing in highly proficient males and
females is independent of the gender variable.

Keywords: Syntactic processing, P600 component, Event-related
potentials, Persian language, high language proficiency.

1. Introduction

Although sex differences in language processing have been
abundantly reported, the available empirical evidence appears largely
debatable. On the basis of an extensive review and meta-analysis and
with the aim of characterizing the degree of agreement between
previously reported spatial and temporal neurobiological activity
differences between male and female during language processing,
Sato (2020) proposed that there are much more similarities than
differences between male and female in the human brain during
language processing. The goal of this study is to investigate how
monitoring agreement during a Grammaticality task is modulated by
biological differences in the males and females using EEG. Towards
that goal, performance during a Grammaticality task will be compared
between highly-proficient Persian-speaking males and females.
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2. Literature Review

To my knowledge, Dorme et al., (2023) were the first to provide event-
related potential (ERP) evidence for the effect of gender on syntactic
input processing during sentence comprehension. These authors
investigated the native speakers of Dutch (30 males and 30 females)
with different education level (from lower educational school to
higher education academic), who were subjected to a visually
presented word order violation task under electroencephalography
recording. They found higher activation in females compared to
males, as reflected by a larger amplitude of the P600 effect in the
interval of 500-1000 ms in reaction to the grammatical sentences but
not to the ungrammatical conditions. Along the lines of other studies,
Dorme and colleagues have suggested that the increased amplitude in
females reflects the use of different cognitive strategies for
information processing in both genders and might indicate the
recruitment of a larger neuronal network. As far as | know, there are
no studies regarding the effect of gender on the P600 amplitude in
highly-proficient speakers. The current study may provide some
insight into the role of gender and high proficiency in syntactic
processing.

3. Methodology

3.1. Participants

To allow for reliable ERP analysis, twenty-two native speakers of
Persian (11 males and 11 females) were selected based on the
purposive sampling technique from the statistical population of
Persian PhD students of top public universities in Tehran, in 2020.
They provided written informed consent and were reimbursed. The
study was approved by the Research Ethical Committee of Iran
University of Medical Sciences (IR.IUMS.REC.1398.465).
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3.2. Stimuli

Stimulus sentences were simple past tense sentences following the
Subject-Object-Verb (SOV) structure of Persian, with transitive-direct
verbs and without copular verbs, including morphosyntactic
agreement violations in the verbs of half of the sentences. The critical
syllable always occurred in the verb at the sentence-final position. All
sentences were spoken and recorded for auditory presentation.

3.3. Procedure

While participants were seated in a soundproof chamber and
refraining from blinking or moving their eyes during stimulus
presentation, spoken sentences were presented through in-ear
headphones, run on Psychtoolbox in MATLAB. Participants were to
judge whether the presented sentence was “grammatical” or
“ungrammatical” by pressing one of two buttons with the left and right
index fingers on their own pace. Stimuli were presented in a fixed
pseudorandomized order, with a black central fixation mark on a gray
monitor displayed from the beginning to the end of sentence
presentation.

3.4. Data Acquisition

EEG was collected from active electrodes at a sampling rate of 512
Hz using a 64-channel EEG system. All electrodes were referenced to
the right mastoid during recording. Horizontal (via electrodes lateral
to the right and left eyes) and vertical (via Fp2 and a right infraocular
electrode) electro-oculographic (EOG) activity was recorded for
artifact rejection purposes.

3.5. Preprocessing

Data preprocessing and analysis were conducted with the EEGLAB
toolbox for MATLAB. Offline, data were band-pass filtered at 0.1 to
40 Hz, segmented into 1600-ms epochs starting 100 ms before the
onset of the final syllables and re-referenced to averaged mastoids.
Artefact contaminated channels were rejected both automatically and
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based on visual inspection. Ocular artifacts were corrected using the
automatic artifact removal (AAR) toolbox of EEGLAB, followed by
independent component analysis using the runica routine.

3.6. Data Analysis

To achieve highly accurate time synchronization, a 100-ms baseline
was set from -65 to +35 ms relative to nucleus onset of the last
syllable. Statistical analyses for the LAN and P600 were conducted on
average amplitudes in a 300-500 and 500-700 ms time windows. Mean
ERP amplitudes were measured within fronto-central (FC1/2, FC3/4,
F1/2, F3/4, FCz, Fz) and parieto-occipital (PO3/4, P1/2, P3/4, P5/6,
01/2, POz, Pz, Oz) ROIs, aiming at the LAN and P600 components,
respectively. The grammaticality effect on the LAN and P600 was
assessed by repeated measures ANOVA with factors Gender (male,
female), Grammaticality (grammatical, ungrammatical) and Laterality
(left, midline, right).

4. Results

This section provides the output of two three-way ANOVAs
conducted separately for the LAN and P600 components in female and
male participants. Then, the results of the Pearson correlation
coefficient on the two variables of VWM scores and mean amplitudes
of posterior ROIs are reported. Figures represent the findings
graphically.

4.1. LAN ROI analyses
No significant effect was observed for the LAN ROIs during the
interval 300-500 ms (p > 0.1).

4.2. P600 ROI analysis

As visualized in the figure 1, The 500-700-ms interval revealed a main
effect of Grammaticality (F (1,10) = 38.79, p < 0.001, n; = 0.79) with
more positive amplitudes for ungrammatical than grammatical
conditions. The main effects of Laterality (F (1,10) =3.994, p =0.035,
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ng = 0.285) were significant, with more positive amplitudes for left
than right electrodes. No other effects or interactions were found (Fs
<1, ps > 0.1). A correlation matrix (including Pearson correlation
coefficients and significance values) for two variables can be seen in
Figure 2. VWM scores were not significantly correlated with the mean
amplitude of posterior ROIs in female and male participants.

Figure 1

P600 Effect triggered by Grammaticality task. (A) Grand-average ERPs for
incorrect versus correct conditions at electrode P3 separately averaged for male
and female participants. (B) Grand-average difference topographies for incorrect
minus correct conditions for all electrodes during the 500-700 ms intervals.
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Figure 2

Scatter plots showing the relationship between VWM scores and mean amplitude at
posterior ROIs (500—-700 ms) in male and female participants per condition.

5. Conclusion

The current study investigated whether P600 component can be
modulated by the biological differences. Ungrammatical stimuli
triggered a P600 component in both males and females in the 500-700
ms time window, but no evidence of differential processing of the
agreement was found between highly proficient Persian males and
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females participants which is at variance with the Dorme et al’s (2023)
findings. Unlike Dorme et al., (2023), the parameter of proficiency
was controlled in present study which can guarantee the different
results observed here. Overall, this study has provided further
evidence that the high proficiency can mitigate biological differences.
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