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Abstract

Language as a cognitive capacity possesses a generative system known as syntax through which humans
unconsciously produce and comprehend sentences. Nevertheless, the neural mechanisms underlying this
process remain to be fully explored. This study aimed to investigate the processing of Persian compound
verbs among non-native learners of Persian at the Institute for Cognitive Science Studies. In the first phase,
forty participants completed an online questionnaire containing 320 compound verbs. Based on frequency,
240 verbs were selected and categorized into four non-verbal groups (nominal, adjectival, adverbial, and
prepositional). Subsequently, two tests were designed: one to assess the comprehension of verb meanings
in phrases and another to evaluate the processing of compound verbs in two categories: opaque and
transparent. The tests were developed using the Sokhan Dictionary (Anvari, 2002) and Compound Verbs in
Modern Persian (Saeedi, 2016). In the next phase, ten participants were randomly selected for ERP brain
imaging. Prior to the experiment, all participants, who were right-handed, completed questionnaires on
general health, working memory, and attention level. Data were analyzed using EEGLAB in MATLAB
and paired-sample t-tests. The ERP components N400, P300, and P600, associated with semantic and
syntactic processing, were examined. The findings revealed that compound verbs, particularly opaque ones,
required deeper processing and elicited distinct neural patterns in learners’ brains. Therefore, in teaching
Persian as a second language, special attention should be paid to the semantic transparency of compound
verbs. The results open new perspectives in neurolinguistics and hold practical implications for instructional
material design and content development.

Keywords: Brain Scanning/Event-Related Potentials (ERP), Persian Compound Verbs, Cognitive Science,
Non-native Persian Learners.
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Extended Abstract

1.Introduction

Language, as a cognitive ability, is governed by a generative system known as
syntax, through which humans produce and comprehend sentences via unconscious
neural processing. However, the functional dimensions of brain activity involved in
this process still require further investigation. This study aimed to examine the neural
processing of Persian compound verbs through brain imaging techniques among
non-native learners of Persian and was conducted at the Institute for Cognitive
Science Studies.

2.Method

This research was carried out in two phases using a single sample group. In the first
phase, 40 participants of diverse nationalities at the upper-intermediate proficiency
level were selected through convenience sampling. The sample consisted of 26 males
and 14 females, aged between 19 and 35. All participants were non-Iranian learners
learning Persian as a second language. Prior to participation, they completed
informed consent forms and were fully informed about the procedures and objectives
of this study. In the second phase, 10 participants were purposively selected to take
part in the brain imaging experiment based on Event-Related Potentials (ERP). The
inclusion criteria included right-handedness, absence of neurological injury or
disorders, and adequate general health and attentional capacity. To ensure eligibility,
participants completed questionnaires assessing general health, working memory,
and attention. Four instruments were used in this study: 1) online compound verb
selection questionnaire: comprising 320 Persian compound verbs categorized into
four non-verbal components (nominal, adjectival, adverbial, and prepositional); 2)
researcher-designed language tests: including a) a test assessing compound verb
meaning at both sentence and lexical levels, and b) a test evaluating semantic
transparency, classifying verbs into transparent and opaque categories; 3) brain
imaging tool: ERP-based electroencephalography (EEG) for recording event-related
potentials during compound verb processing, 4) screening questionnaires: assessing
general health, working memory, and attention. The development and selection of
linguistic materials followed several stages. An online questionnaire, containing 320
compound verbs, was administered to participants. The verbs were analyzed based
on frequency of use. The final linguistic materials were designed based on two
primary sources: the Sokhan Dictionary (Anvari, 2002), Compound Verbs in Modern
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Persian (Saeedi, 2016). The study proceeded in two stages: a) the identification and
selection of appropriate compound verbs through questionnaire data and frequency
analysis; b) the ERP experiment examining neural processing differences between
transparent and opaque compound verbs. Participants completed two tests: one at the
lexical level and one at the sentence level. In the lexical-level test, they were required
to observe a target compound verb displayed on a screen and subsequently select the
correct option from among three provided alternatives. In the sentence-level test,
where the target compound verb was underlined, participants chose the correct
answer from three given options based on the contextual information within the
sentence. During the ERP session, linguistic stimuli were presented under controlled
conditions, and neural responses were recorded in accordance with ethical and
neurolinguistic research standards. The study received ethical approval from the
National Ethics Committee (Approval No. IR.ATU.REC.1402.049), and all
participants signed informed consent forms. EEG data were analyzed using
EEGLAB in MATLAB, and paired-sample t-tests were conducted. ERP components
associated with semantic and syntactic processing (i.e., N400, P300, and P600) were
examined.

3.Results

The findings indicated that semantic transparency plays a crucial role in the cognitive
processing of Persian compound verbs by non-native learners. Compound verbs with
semantically transparent nominal and prepositional components showed higher
memorability and faster processing speed, whereas adjectival and adverbial
components exerted weaker effects on working memory performance. In contrast,
semantically opaque compound verbs imposed greater cognitive load and elicited
more complex neural processing patterns, necessitating increased practice and
repetition. ERP results further demonstrated that both semantic transparency and the
type of non-verbal component significantly modulate working memory demands and
processing speed, as reflected in N400, P300, and P600 amplitudes.

4. Discussion and Conclusion

The findings suggest that Persian compound verbs are processed by second language
learners as independent semantic-cognitive units rather than mere syntactic
combinations. The results contribute to the development of more effective
pedagogical approaches, the standardization of instructional materials, and the
enhancement of Persian language teaching methodologies, particularly through
textbooks, curricula, and intelligent digital learning tools designed to facilitate
compound verb acquisition.
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