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Time duration, an essential feature of the physical world, is perceived and cognitively
interpreted subjectively. It is, therefore, important to investigate how well the subjective
percept of temporal duration corresponds to its objective measure in the external world, a
critical component of time perception. While duration perception is deeply connected with
arousal and interoceptive signals, the underlying neural mechanisms remain elusive. As
the insula is critical for integrating information from the external world with the organism’s
inner state, | hypothesized that it might have a central role in the perception of time
duration and contribute to its estimation accuracy. In this study, | investigated the neural
correlates of time duration using a temporal bisection (TB) task in a functional magnetic
resonance imaging (fMRI) paradigm to behaviorally measure the accuracy of duration
perception of 1 s, which approximately corresponds to the heart rate period. More
specifically, | predicted that TB task-specific activation in the insula, in particular, could be
correlated across participants with the accuracy of time duration estimation.

| conducted a functional magnetic resonance imaging study with 27 healthy participants
performing temporal duration and pitch bisection tasks that used the same stimuli. By
comparison with two referents with short and long duration, or low and high pitch,
participants had to decide whether target stimuli were closer in duration or pitch to the
referent stimuli. The temporal bisection point between short and long duration perception
was obtained through a psychometric response curve analysis for each participant. The
deviation between the bisection point and the average of reference stimuli durations was
used as a marker of duration accuracy.
Duration discrimination-specific activation, contrasted to pitch discrimination, was found in
the dorsomedial prefrontal cortex, bilateral cerebellum, and right anterior insular cortex
(AIC), extending to the inferior frontal gyrus (IFG), inferior parietal lobule, and frontal pole.
The activity in the right AIC and IFG was positively correlated with the accuracy of duration
discrimination. Although pitch discrimination-related activity in the right AIC and IFG was
not significantly correlated with the accuracy of pitch discrimination.
The right AIC is known to be related to the reproduction of duration, whereas the right IFG
is involved in categorical decisions. In the recent report, the patients with a right insular
lesion showed less temporal sensitivity than both control participants and patients with left
insular lesions. In addition, transcranial magnetic stimulation of the right IFG interferes

with categorical duration discrimination, whereas that of the right inferior parietal cortex



modulates the influence of numerosity on time perception. Thus, the comparison between
the referent durations reproduced in the AIC and the target duration may occur in the right
IFG. In primates, the insular cortex integrates multiple signals of both external and internal
origins, and it primarily functions as an interoceptive cortex, that is, sensing the entire
body’s physiological conditions. In the human insular cortex, sequential body states with
cognitive and motivational needs are integrated through a posterior-to-anterior
representation progression. The subjectivity may originate from processes of interoceptive
bodily information. As previous studies have suggested, the correspondence of subjective
time perception to reality is likely mediated in the insula in which the integration with
information from the external world occurs. Therefore, the current findings indicate that the
anterior portion of the insula is related to the accuracy of temporal discrimination,
consistent with its integrative function with respect to information from both internal and
external environments.

Using functional MRI with healthy volunteers, | conclude that the right AIC and IFG
contribute to the accurate perception of temporal duration. | think that depicting the neural
underpinning of time processing contributes to the understanding of psychiatric disorders.
To better understand their pathophysiology, future studies in patients examined using the

present task design are warranted.
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