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Article Info Abstract

In Persian, which adheres to an SOV word order, complement clauses or prepositional
Article Type: objects typically follow the direct object in their conventional position. However, there is
Research Article  the potential to move this phrase to different positions within the sentence. However, this
phrase can be moved to other positions in a sentence. Multiple explanations exist for this
phenomenon. One such explanation is within Lexical-Functional Grammar, suggesting that
the relocated constituent finds its place within lexical entries. More specifically, event-
related potential (ERP) was used to investigate this processing in the centro-parietal part of
Received: the brain (for the for N400 and P600 components) following the Friedrici model of
8,September,2023  language comprehension (1995). This research aims to investigate how wh-complement
displacement in Persian is processed within the verb's lexical entry using event-related
potentials, rooted in the syntactic-semantic role structure. Specifically, this study focuses
) on the N400 central-anterior component, as introduced by Friedrich in the field of language
In Revised processing in 1995. Given Persian's rich inflection, which permits various word orders, we
gcl)\lrcr)r\]/émber 2023 examined four distinct positions for complement clauses in the sentences under study,
’ ’ constructing 50 sentences for each condition. These sentence conditions were thoughtfully
designed based on consistent word length and syntactic category. To delve deeper into the
verb's lexical entry, we presented sentences in a structured format on a display screen and
Accepted: provided comprehensive explanations to participants before the experiment. Participants
20, January, 2024  were instructed to articulate words without any lip or facial movement. Brain responses
were recorded as event-related potentials during reading and subsequently analyzed using
MATLAB software with EEGIlaB. The results reveal that complement clause displacement
triggers distinct brain responses within the lexical entry of verbs, marked by an increased
Published Onlin: N400 amplitude in the central-anterior region when the complement clause is in its
15. March. 2024 canonical position. These findings lead to the conclusion that the movement of the
’ ‘ complementizer in Persian follows a Lexical-Functional grammar within the
neurophysiological model put forth by by Friedrich's model of syntactic processing .The
main conclusions to be drawn from these bits of evidence are the displacement of the Wh-

complement in lexical entries of verb in Persian has a neurophysiological basis.
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1.Introduction

Displacement, a fundamental feature of natural language structure, is integral to its computational system.
Within the minimalist program, it's posited that structures should only undergo movement when necessary.
Hauser, Chomsky, and Fitch (2002) contend that words or phrases, when moved or displaced, assume
different initial positions in the merging process, thereby determining their semantic role. Chomsky (2019)
consistently delineates two merging types: external and internal. Under condition A, B can be merged with
it externally or internally, constituting external and internal mergers, respectively. The latter, internal
merging, is a mechanism yielding the familiar property of displacement in language. Within the lexical
category, the role is encoded in the lexical entry, potentially indicating displacement in the wh-complement
pre-merging. Examining lexical entries across sentences from a neurophysiological stand point aids in
probing this perspective and aligning it closer to a biological basis. Investigating movement mechanisms in
adults significantly enhances comprehension of speech production and comprehension processes. This
study aims to scrutinize the brain's response to WH _complement structure processing within the verbal
lexical entry, grounded in native speaker syntax. Here, the WH _complement serves as the primary
stimulus in sentences with varying word orders. Additionally, following Friederici's (1995) temporal
language processing investigation, preferred and less-preferred phrases are discerned, with deviations from
the preferred phrase noted when a WH _complement assumes a position other than the prepositional object.
Moreover, this study investigates the displacement process of the WH-complement in the filler-gap
dependency structure across sentences with varying word orders in the verbal lexical entry, within the
framework of lexical functional grammar. The Friederici model suggests that the processing of the filler-
gap dependency structure during the second phase involves semantic-lexical information processing,
indicated by N400. To explore the relationship between ERP and the extent of WH-complement
displacement, the study examines the N40O related to the target wh-complement using statistical correlation
analysis, which yields statistically significant results via SPSS software.

2.Methods

Twenty-three adults (10 males - 13 females) aged 18 to 40, with a mean age of 25, residing in Tehran and
Persian-speaking, were recruited for this study. Each sentence comprised a pronoun, an object, a
prepositional object, and a verb. Since Persian allows forming imperative sentences without a subject
pronoun, a condition without a subject pronoun was considered. The prepositional object in these sentences
moved from its original position after the object to various positions in the sentence The focus was on
investigating the prepositional object in different word order. This study involved presenting prepositional
objects in a constituent to constituent form through images on a high-resolution display screen. Each
element was displayed for 1000 milliseconds, followed by displaying the "+" sign as a fixation point for
500 milliseconds. To mitigate potential variability introduced by sentence order, all questions were
presented randomly. Questions were displayed in black on a gray background. To prevent participant
fatigue and manage task length, questions were divided into two sets of 100, with a short break between
them. Participants underwent testing individually in a quiet, dimly lit room. This research utilized the ERP
method, with the execution process described as follows: A special cap with 64 electrodes based on the 10-
20 system was placed on participants' heads. EEG data analysis and preprocessing were performed using
MATLAB in the EEGLAB toolbox, followed by independent component analysis of EEG signals. Data
were digitally filtered from 1 to 40 Hz to remove power line noise and motion artifacts, then examined in
terms of temporal, frequency, and spatial aspects. The best component with brain origin was selected. Data
from 200 milliseconds before to 1000 milliseconds after the stimulus were separated and averaged as ERP.
Brain waves obtained by EEGlab were analyzed, and the results were examined for statistical significance.
The ERP data underwent statistical analysis including the Kolmogorov-Smirnov test for data distribution
normality. Subsequently, analysis of variance (ANOVA), repeated measures ANOVA, and Bonferroni post
hoc method were employed. Correlation analysis was conducted to explore the relationship between N400,
a quantitative dependent variable, and several independent variables of verb position in different sentence
structures. Electrodes in the central-parietal area were targeted for N40O analysis (Abutalebi and Green,
2016).
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3.Discussion and Conclusion

Based on ERP data, we find that gap-filling structures significantly impact sentence parsing, highlighting
their importance compared to syntactic chains. The timing of filler-dependency formation, corresponds to
filler-gap phenomena across languages. Our study investigates the effect of displacement on ERP
components, focusing on WH-complement structures and neural reactions in various lexical orders within
the verb lexicon of Persian speakers, considering lexical-functional grammar. Regarding the N400
component, our findings, show its highest magnitude in Condition 1, associated with the verb, reflecting
syntactic and lexical role assignments. Studies by Dallas et al. (2013), Phillips et al. (2005) further explore
N400 effects induced by verbs in response to different fillers, highlighting the examination of lexical and
syntactic features. The increased amplitude in the verb of the first sentence, used after the object, suggests a
change in its structural construction and failure to meet lexical and syntactic specifications at its primary
position. Since the lexical entry "rafti" contains the WH element of the question, the empty element is in
the typical complement position. The focal element (Q-FOCUS), containing new information, should be
placed at the beginning of the sentence before the subject in the tree diagram. The placement of the WH-
element at the beginning of a sentence is crucial for fulfilling the interrogative structure and aligning with
lexical and syntactic features. Failure to do so results in an increased magnitude of the N400 element
during initial evaluation. Although Persian allows for flexibility in this placement, discrepancies lead to
heightened N400 magnitude, indicating a focus on examining lexical and syntactic features. In this study,
we utilized EEG and event-related potentials (ERPs) to examine how filler-gap dependency structures are
processed in adult verbal entries according to lexical-functional grammar. Employing the Friedrich model,
which encompasses semantic, lexical, and syntactic dimensions, we identified negative ERPs emerging 400
milliseconds post-stimulus onset during the processing of lexical-semantic information. N400 component is
reflected in the, variations contingent upon the filler's placement within the verbal entry. Each verbal entry
comprises syntactic and structural elements, necessitating the positioning of the filler preceding the subject
at the outset of the interrogative sentence, in alignment with the proposed model. However, failure to meet
thematic structure requirements resulted in an augmented N400 component observed in condition one and
in the filler's location. While our study offers valuable insights through methodological and theoretical
analyses, sample limitations and data issues constrain the robustness of our results, highlighting the need
for larger sample size studies. Moreover, design limitations raise questions about the timing and
distribution of observed EEG effects, warranting further investigation.This study initiates exploration into
the influence of semantic and lexical information on the formation of active dependency structures and
brain responses in theoretical linguistic models. It marks a starting point for disentangling semantic-
cognitive and syntactic complexities and better understanding the theoretical and neuroscientific
perspectives of gap positions. However, interpreting results requires caution due to study limitations,
emphasizing the necessity for further research to unravel intricate mechanisms at play.
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