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the verbalization of the sense of smell in Persian vocabulary, specifically metaphors, still require a
better understanding. Therefore, this study aims to investigte the neural representation of olfactory
words in the conceptual metaphors related to the sense of smell.

Methods: A database comprising forty-eight sentences featuring olfactory metaphors and for-
ty-eight literal sentences was created. Brain activity during the processing of these sentences was
examined using functional magnetic resonance imaging (fMRI). Twenty-six healthy, right-handed
women aged 20 to 35 participated in the study.

Results: The statistical comparison between the brain function during exposure to metaphors and

heshti University, Tehran, Iran literal sentences indicated that only during the processing of metaphors, the areas of the secondary

sense of smell show activities in sensory-motor and perceptual representations. Recent studies
Email: R_khosroabadi@sbu.ac.ir . . . 3
have also shown that the orbitofrontal cortex, a secondary olfactory area, integrates information
from olfactory, gustatory, and visual modalities.
Conclusion: Statistical analyses revealed that metaphor processing, unlike literal sentences, acti-
vated sensory-motor and perceptual regions associated with secondary olfactory processing. Nota-
bly, activation of the orbitofrontal cortex, responsible for integrating olfactory, gustatory, and visu-

al information, was observed. However, no significant activity was detected in primary olfactory

areas, possibly due to the absence of hedonic content in the metaphorical sentences. These findings
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ol oLore e offer insights into the neural mechanisms underlying olfactory metaphor processing in Persian.
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Extended Abstract

Introduction

Neurological studies have significantly enhanced our un- in grounding abstract concepts in perceptual experiences.
derstanding of how the brain processes language. Inves- However, the representation of olfactory vocabulary, spe-
tigating the relationship between linguistic expressions cifically in Persian metaphors, remains underexplored.

and sensory modalities has been a key focus, particularly
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olfactory vocabulary in conceptual metaphors related to
smell.

Lakoff and Johnson’s conceptual metaphor theory (1980)
suggests that metaphorical language is rooted in bodi-
ly experiences and interactions with the physical envi-
ronment (26). Embodied cognition posits that thinking
or speaking about objects and concepts activates sen-
sory-motor processes previously encountered, thereby
shaping conceptual understanding. In olfactory process-
ing, information flows from primary olfactory areas to
the orbitofrontal cortex, integrating sensory inputs (18).
This study hypothesizes that olfactory metaphors activate
secondary olfactory areas, differing from literal language

processing.

Methods

Twenty-six right-handed, healthy female participants
(mean age=24.32, SD=4.82), all native Persian speak-
ers, were recruited. Ethical approval was granted (Eth-
ics Code: IR.UT.IRICSS.REC.1401.033) following the
Declaration of Helsinki. The experimental stimuli con-

sisted of forty-eight olfactory metaphorical sentences

and forty-eight matched literal sentences. Forty-eight
metaphorical sentences related to the sense of smell and
forty-eight literal sentences were created by substituting
related words that retain the same meaning.

After structural imaging, imaging was performed at rest
(with eyes open) for 5 minutes. The test started on the
monitor screen with a positive sign (+) for a fixed duration
of 2 seconds. Each sentence appears in the center of the
monitor for 4 seconds. Participants underwent structural
and functional imaging using a 3-Tesla Siemens Magne-
tom Prisma MRI scanner. Functional imaging parameters
included a field of view of 196 mm, voxel size of 3 x 3 x
3.5 mm, TR=2040 ms, and TE=30 ms. Statistical analy-
ses were conducted using SPM12 in MATLAB (R2022b)
(22). Significant brain regions were identified using a
voxel threshold of P<0.001 for each condition and P<0.05
for comparisons between conditions. Additionally, a clus-
ter-level threshold was set with a minimum of 30 voxels.
This threshold value was obtained based on multiple com-
parison correction and cluster-level correction (FWE).
For each region of interest, the MNI coordinates of the

voxel with the maximum t value are reported. See Table 1.

Table 1. Example sentences of each condition

Condition Example

Olfactory metaphor His hands smell like seals

Literal sentence He gives his food to animals

Visual baseline HEHIHH I B HEHHE

Note: The visual baseline is matched to the olfactory metaphor

Results

Comparison between metaphorical and literal sentence
processing revealed significant activation in the right
orbitofrontal cortex, right fusiform gyrus, right precen-

tral gyrus, right insula, bilateral angular gyri, and the

middle and posterior cingulate gyrus. In contrast, literal
sentences primarily activated the fusiform gyrus, middle
and superior temporal areas, and occipital regions. These
findings highlight the extensive engagement of senso-

ry-motor areas during metaphor processing.
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Conclusion

The obtained results support the hypothesis that olfactory
metaphor processing engages sensorimotor representa-
tions (25), activating secondary olfactory areas. The ab-
sence of activity in primary olfactory regions aligns with
previous findings that language comprehension does not
typically involve primary sensory cortices.

These findings contribute to a nuanced understanding of
the neural basis of olfactory metaphors in Persian, em-
phasizing the embodied nature of language processing.
Future research could explore the role of emotional va-
lence and primary olfactory involvement in metaphor

comprehension.
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