
Abstract

This study investigates the cognitive and neural mechanisms underlying
syntactic and semantic processing in Yoruba-English bilinguals,
emphasizing how bilingual proficiency modulates these processes.
Drawing on two complementary approaches—an electrophysiological
examination of sentence comprehension and a behavioral analysis of
sentence production—the research explores the interplay between
language experience, real-time processing, and cross-linguistic
influence. EEG data collected during sentence comprehension tasks
reveal proficiency-related differences in event-related potentials (ERPs),
particularly the N400 and P600 components. Meanwhile, behavioral
data from sentence production tasks highlight variation in syntactic
restructuring and cross-linguistic transfer based on bilingual
proficiency. The findings contribute to our understanding of the
dynamic and multi-layered nature of bilingual language processing, with
implications for theories of second language acquisition, cognitive
control, and neural plasticity.
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1. Introduction. Understanding how bilingual individuals process language is central to
advancing theories of second language acquisition and cognitive neuroscience. While a
growing body of literature has examined sentence comprehension and production in
bilinguals, few studies focus on African bilingual populations, particularly Yoruba-
English bilinguals. Yoruba, a Niger-Congo language, presents typological contrasts to
English that may uniquely shape bilingual language processing. This study combines
neurophysiological and behavioral methods to investigate how Yoruba-English
bilinguals process syntactic and semantic structures in English, with attention to
individual differences in proficiency.

2. Background and Literature Review
2.1 BILINGUAL LANGUAGE PROCESSING. Bilingual language processing involves
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complex cognitive operations including lexical access, syntactic parsing, and semantic
integration. ERP studies have identified key neural markers such as the N400 (semantic
processing) and the P600 (syntactic reanalysis) that allow insight into real-time
comprehension. Bilingualism introduces variability in these processes, with proficiency,
age of acquisition, and L1-L2 typological distance serving as modulators.

2.2 THE N400 AND P600 IN BILINGUAL RESEARCH. The N400, typically elicited by
semantically incongruent words, reflects lexical-semantic integration. Lower amplitude
N400s have been associated with more efficient semantic processing. The P600, on the
other hand, is often observed following syntactic violations or ambiguities and is
interpreted as a marker of syntactic reanalysis and repair. Proficiency in L2 has been
shown to modulate both components, although results vary across populations and
tasks.

2.3 YORUBA-ENGLISH BILINGUALISM. Yoruba and English differ in syntactic structure,
morphological complexity, and word order. These contrasts create fertile ground for
studying cross-linguistic influence. In particular, understanding how Yoruba speakers
acquire and process English syntax and semantics may reveal how structural
differences between L1 and L2 shape bilingual processing.

2.4 SENTENCE PRODUCTION AND CROSS-LINGUISTIC INFLUENCE. Sentence
production in bilinguals is shaped by both cognitive control mechanisms and the
linguistic properties of the two languages involved. Studies have shown that bilinguals
may transfer syntactic structures from L1 into L2, especially at lower proficiency levels.
Syntactic priming, error analysis, and naturalistic data have all been used to assess the
influence of L1 on L2 sentence production.

3. Methodology. This study integrates data from two complementary components: an
EEG experiment on sentence comprehension and a behavioral study on sentence
production. Participants were Yoruba-English bilinguals recruited from academic and
clinical settings. Participants were categorized into two proficiency groups based on
standardized language assessments and self-reports.

3.1 PARTICIPANTS. A total of 36 Yoruba-English bilinguals participated in the study.
Eighteen were categorized as advanced bilinguals, and eighteen as intermediate
bilinguals, based on performance on the Oxford Quick Placement Test (OQPT) and
detailed language history questionnaires. All participants were right-handed, had normal
or corrected-to-normal vision, and no history of neurological disorders. The average age
was 23.5 years (range: 18-30 years), and all participants had acquired Yoruba as their
first language and English as their second language.
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3.2 MATERIALS. EEG Experiment: The sentence comprehension task involved 160
English sentences, divided evenly into four conditions: (1) semantically congruent, (2)
semantically anomalous, (3) syntactically correct, and (4) syntactically violated
sentences. Stimuli were adapted from prior ERP research on sentence processing and
were pretested for plausibility and acceptability. Sentences were presented visually,
word-by-word, in a rapid serial visual presentation (RSVP) paradigm.
Behavioral Study: The sentence production task included structured prompts designed
to elicit complex syntactic constructions such as relative clauses, passives, and
embedded clauses. Additional materials included syntactic priming tasks using picture-
description and sentence-completion formats, developed to test L1 transfer and
structural adaptation.

3.3 PROCEDURE. EEG Recording: EEG data were recorded at the Neuropsychiatric
Hospital, Aro, using a 64-channel BrainVision system. Electrode impedances were kept
below 5 kΩ. Participants sat in a sound-attenuated, electrically shielded room and were
instructed to read sentences for comprehension. Comprehension questions followed
25% of the trials to ensure attention. The data were preprocessed using standard
procedures, including artifact rejection, ocular correction via ICA, and baseline
correction.
Behavioral Task Administration: Sentence production tasks were administered at the
language lab of Usmanu Danfodiyo University. Participants responded verbally to
prompts and their responses were recorded and transcribed for syntactic analysis.
Trained research assistants coded the data for syntactic accuracy, structural
complexity, and evidence of cross-linguistic influence.

4. Results
4.1 EEG FINDINGS. ERP analysis revealed significant differences in N400 and P600
amplitudes between the advanced and intermediate bilingual groups.
For semantically anomalous sentences, advanced bilinguals exhibited a significantly
attenuated N400 amplitude over centro-parietal electrodes (mean peak amplitude: -2.1
µV) compared to intermediate bilinguals (-4.5 µV), suggesting more efficient lexical-
semantic integration. This pattern was most pronounced between 300-500 ms post-
stimulus onset. In syntactically violated sentences, intermediate bilinguals produced
larger P600 amplitudes (mean peak: 5.2 µV) relative to advanced bilinguals (3.4 µV),
observed primarily over posterior regions between 600-800 ms. These findings indicate
greater syntactic reanalysis demands in less proficient bilinguals.
A figure summarizing these ERP waveforms across groups would show distinct N400
attenuation in advanced bilinguals and a pronounced P600 effect in the intermediate
group, reinforcing the role of proficiency in modulating neural responses to sentence
anomalies.
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4.2 BEHAVIORAL PATTERNS. In the sentence production task, advanced bilinguals
generated significantly more syntactically accurate and complex English sentences
compared to intermediate speakers. On average, advanced bilinguals used relative
clauses and embedded clauses 65% of the time, while intermediate bilinguals relied on
simpler SVO structures and exhibited code-mixing in 40% of responses.
Error analysis revealed that intermediate bilinguals frequently transferred Yoruba
syntactic patterns into English, such as post-verbal subject pronouns and topic-fronting
constructions. Syntactic priming tasks further demonstrated that advanced bilinguals
were more likely to replicate target English structures after exposure, while intermediate
bilinguals showed stronger influence from their L1.
A table summarizing production accuracy, complexity scores, and code-mixing
frequency across both groups would underscore the influence of bilingual proficiency
on syntactic adaptation and cross-linguistic interference.

5. Discussion. The present study offers compelling evidence that bilingual proficiency
shapes both neural and behavioral responses to syntactic and semantic structures in a
second language. The observed differences in ERP components and sentence
production behaviors reflect distinct processing strategies and cognitive demands
associated with language proficiency.

The reduced N400 amplitudes observed in advanced bilinguals align with previous
findings suggesting that greater L2 proficiency facilitates more automatic semantic
integration (Kutas & Federmeier, 2011). This efficiency likely reflects more entrenched
lexical representations and improved predictive processing. Conversely, the elevated
P600 amplitudes in intermediate bilinguals support the interpretation that lower-
proficiency individuals rely more heavily on effortful reanalysis when encountering
syntactic anomalies (Friederici, 2011).

On the behavioral side, the syntactic accuracy and structural complexity observed in
advanced bilinguals are indicative of successful L2 syntactic adaptation. The
prevalence of L1 transfer and code-mixing in intermediate bilinguals highlights the
ongoing negotiation between two linguistic systems and the role of proficiency in
managing cross-linguistic interference. These patterns corroborate findings from the
bilingual production literature (Hartsuiker & Bernolet, 2017) and support models that
posit a gradient shift from L1-dominant processing to integrated L1-L2 structures as
proficiency increases.

Importantly, the typological differences between Yoruba and English—including fixed vs.
flexible word order, pro-drop tendencies, and focus constructions—may contribute to
the specific forms of transfer observed. This underscores the need for more
typologically diverse research in bilingual processing. The Yoruba-English pairing offers
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a valuable lens through which to examine how structural contrasts shape acquisition
trajectories and processing outcomes.
Taken together, these findings advance our understanding of bilingual sentence
processing by integrating electrophysiological and behavioral evidence. They
emphasize the role of language experience in shaping real-time processing and point to
the importance of studying bilingual populations in underrepresented linguistic contexts.

6. Conclusion. This study explored the neural and behavioral correlates of syntactic and
semantic processing in Yoruba-English bilinguals, highlighting how proficiency
modulates these mechanisms. By combining ERP data with behavioral analyses, we
uncovered significant differences in both comprehension and production processes
between advanced and intermediate bilinguals.
The electrophysiological results revealed that more proficient bilinguals exhibit reduced
N400 amplitudes and less pronounced P600 effects, suggesting more efficient
semantic integration and syntactic processing. Behavioral data complemented these
findings by demonstrating that advanced bilinguals produce more complex and
accurate English sentences, while intermediate bilinguals rely more on L1 transfer and
show frequent code-mixing.
These findings have important implications for models of bilingual language processing,
suggesting that neural efficiency and syntactic restructuring are both shaped by
language experience and proficiency. Moreover, the study contributes to the growing
body of work emphasizing the value of incorporating diverse linguistic populations in
psycholinguistic research.
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