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Abstract

The primary objective of the present study was to identify brain regions activated during the auditory
processing of different morphological noun types in Persian and to investigate the role of the plural
suffix (-ha/-an) in this process. Two research questions were addressed: (1) Which brain regions are
activated during the auditory processing of simple versus non-simple (derived and compound) nouns
in Persian? (2) How does the presence or absence of inflectional plural suffixes influence the pattern
of activated regions? To this end, a six-block task was designed for fMRI acquisition, with each block
comprising 20 seconds of auditory stimulation and 5 seconds of rest. Target words were randomly
distributed across blocks and presented in a fixed sequence to 20 native Persian speakers. Structural
images were obtained using a 3D T'1-weighted MPRAGE sequence, and functional images using an
EPI sequence. Statistical analyses were performed using GLM and SPM based on the GLA model.
Findings revealed that simple nouns engaged motor regions, derived nouns recruited complex
linguistic processing areas, and compound nouns activated aftective and cognitive regions. Processing
of derived and compound nouns extended over broad neural networks, involving memory-related
structures including the amygdala and hippocampus. Moreover, the presence of the Persian plural
suffix was found to broaden the extent of activation and enhance its magnitude, with these effects

being more prominent in regions associated with linguistic and cognitive functions.
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1. Introduction

One of the practical topics in clinical linguistics and neurolinguistics concerns brain function
during speech processing. Speech constitutes a phonetic chain and serves as a vehicle for linguistic
messages (Whiteside, 1993). Although these messages are constructed across all languages
through the co-occurrence of morphological, syntactic, semantic, phonetic, and phonological
components, they exhibit language-specific properties that distinguish them linguistically and
typologically. Such distinctions may also be traceable at the cognitive, neurological, and processing
levels (Wei et al., 2023). The investigation of these differences can contribute not only to cognitive

assessments but also to the diagnosis and treatment of language disorders.

Auditory processing arises from complex interactions among various linguistic domains,
including the lexical domain, and enables speakers to comprehend the messages embedded in
speech. The noun category ranks among the most pivotal elements in speech processing and
constitutes one of the fundamental concepts in linguistic studies, playing an essential role in
conveying the meanings inherent in linguistic messages and in identifying the external world (Van
der Auwera, 1985).

The study addresses the following questions:

(1) Which brain regions are activated during the auditory processing of simple versus non-

simple (derived and compound) nouns in Persian?

(2) How does the presence or absence of inflectional plural suffixes influence the pattern of

activated regions?

2. Literature Review

The identification of neural correlates underlying speech processing constitutes a fundamental
objective in cognitive neuroscience. Early investigations in this domain predominantly centered
on pathological populations, examining noun production and processing (Friedmann et al., 2000),
semantic lexical distinctions (Bird et al., 2000), the effects of temporal lobe damage on noun
processing (Cappa & Perani, 2003; Glosser & Donofrio, 2001), and the role of olfactory lexicon
in metaphorical comprehension (Akbarian et al., 2025). More recently, however, research has
expanded to encompass language processing in healthy individuals, leading to the identification
of several key regions. Foundational studies implicated the frontal cortex and basal ganglia in
morphosyntactic rule processing (Ullman, 1998), while subsequent work has highlighted the
contribution of the right cerebellum to linguistic functions (Marién et al., 2014).

A considerable body of evidence consistently points to the involvement of the left temporal
lobe, specifically its middle, superior, and inferior subdivisions, in noun processing (Friederici et
al., 2006; Gor, 2018; Meykadeh et al., 2021; Momenian et al., 2016; 2018). More recent
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neuroimaging research has further extended this network to include the superior temporal gyrus,
prefrontal cortex, angular gyrus, anterior temporal cortex, and Broca's and Wernicke's areas
(Ranjan & Singh, 2025). Additionally, regions such as the left inferior frontal gyrus, inferior
parietal gyrus, insula, and central and precentral areas have been implicated in processing syntactic
complexity (Bozic & Schwarz, 2025; Feng et al., 2020; Moseley & Pulvermiiller, 2014; Russo et
al., 2021; Slioussar et al., 2014). Cross-linguistic studies on affixation indicate that morphological
complexity imposes increased cognitive demands (Clahsen, 2006; Lehtonen et al., 2006; Russo et
al., 2021), with prefrontal activation intensity correlating positively with derivational complexity
(Pliatsikas et al., 2014).

With specific reference to Persian, the inferior frontal lobe demonstrates the greatest activation
during morphosyntactic processing, a finding corroborated in bilingual contexts (Meykadeh et al.,
2021; Momenian et al., 2016; 2018). Meykadeh and colleagues (2024) further examined cerebellar
involvement in bilingual grammatical judgments. Despite these advances, the neural substrates of
noun processing under purely auditory stimulation remain insufficiently explored. Elucidating
these regions is essential for constructing a comprehensive neural map for Persian speakers and,
more broadly, for facilitating cross-linguistic neurolinguistic comparisons across typologically

diverse language families.

3. Methodology

This fMRI study was conducted at the National Brain Mapping Laboratory in Tehran during
spring and summer 2025. Twenty healthy, right-handed native Persian speakers (14 females, 6
males; age 2147 years, mean 30.85) with university education and no exposure to other languages
before age seven participated after providing written informed consent. The study received ethics
approval from Tehran University of Medical Sciences (IR.IUMS.REC.1404.367).

Auditory stimuli comprised 36 target words derived from 18 nouns across three morphological
types, simple, derived, and compound, presented in both singular and plural forms (with suffixes
*-ha* or *-an*). Recordings were made by a female native speaker using a Zoom H6 recorder and
subsequently processed in Praat and Audacity (noise reduction, normalization, equalization,
high-pass filtering below 100 Hz, and dynamic range compression). The task employed a block
design with 24 blocks (six analyzed here), each consisting of 20 seconds of auditory stimulation
followed by 5 seconds of visual rest. Participants performed passive listening with no behavioral

responses.

Imaging was performed on a Siemens Prisma 3T scanner. Structural images were acquired
using a T1-weighted MPRAGE sequence (1.1 mm? voxels; TR = 1840 ms; TE = 2.43 ms), and
functional images using an EPI sequence (3 x 3 x 3.3 mm?; TR = 2500 ms; TE = 30 ms; 48 slices;
23 volumes). Preprocessing via fMRIPrep included N4 bias correction, skull-stripping, tissue

segmentation (FSL FAST), surface reconstruction (FreeSurfer 7.3.2), and nonlinear registration
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to MNI space. Functional preprocessing involved motion correction, coregistration, nuisance
regression (including framewise displacement, DVARS, and CompCor), high-pass filtering (128
s cutoff), and outlier detection. BOLD data were resampled to fsLR surface space (91,000

grayordinates) and MNI subcortical space using cubic B-spline interpolation.

4. Results

fMRI data analysis was performed in three stages using Nilearn and related Python libraries. First,
a design matrix was constructed for each participant, modeling the BOLD response with the
Glover HRF and a cosine drift model. Second, a General Linear Model was fitted to the
preprocessed data in MNI space, and contrasts were computed comparing each experimental block
to the rest condition; activation maps were thresholded at z > 2.3. Third, a second-level group
analysis identified significant activation patterns across all participants at FDR-corrected p < 0.05
with a cluster extent threshold of 10 voxels. Activated regions were labeled using the AAL and

Brodmann atlases.

Figure 1. Activated regions in the group-level analysis
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Note. Simple (red), simple + affix (light blue), derived
(dark blue), derived + affix (cyan), compound (orange),
and compound + affix (sky blue) blocks, each compared
to the rest condition. The final panel displays activated
regions across all blocks combined. Each color,
according to the aforementioned classification,

represents one of the block types.

5. Discussion

fMRI analysis revealed significant activation differences across six experimental blocks (Kruskal-
Wallis: x2 = 44.905, p < 0.0001). The derived and derived + affix blocks exhibited the highest
median activation values (~6.0) and widest distribution ranges, while the compound block showed
the lowest dispersion. First-level whole-brain analysis identified distinct spatial activation patterns
for each block type, with maximum activation values ranging from 4.285 (simple nouns) to 5.413
(derived + affix) in a representative participant. Group-level analysis (FDR-corrected p < 0.05,
cluster extent 210 voxels) revealed extensive language-related networks, including temporal,

frontal, insular, cerebellar, and limbic regions. Notable peak activations included the left middle
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frontal/precentral/postcentral regions for simple nouns (z = 3.10), right middle temporal pole for
simple + affix (z = 2.54), right cerebellum/fusiform for compound nouns (z = 3.18), and left
Heschl's gyrus/superior temporal for compound + affix (z = 3.29). These findings demonstrate

differential neural recruitment depending on morphological complexity and number marking.

6. Conclusion

This fMRI study examined auditory processing of simple, derived, and compound Persian nouns
in singular and plural forms. Results revealed that affixation increases activation intensity and
expands neural networks, particularly in frontal, temporal, and cerebellar regions. Morphological
complexity recruited broader language-related and memory-related areas, supporting dual-route

models of morphological processing and compositionality theory.
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