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Neural Bases for Discriminating the Temporal Direction of Time's Arrow: An Awake Monkey fMRI Study
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Time flows in one direction, a physical constraint humans recognize, as reflected in proverbs such as “there
is no crying over spilt milk”. Recent studies from my laboratory have shown that human participants rely on
specific cues to discriminate the direction of time’ s arrow, and functional magnetic resonance imaging (fMRI)
has suggested the existence of neural networks that show selectivity for temporal directionality. These neural
bases are likely shared across species, as the physical constraint is universal, even if other species may
not “recognize” it as a law. This dissertation aims to elucidate these neural bases through whole-brain fMRI
in awake monkeys, investigating whether and how the non—human primate brain discriminates the direction of
time’s arrow.

A significant methodological contribution of this paper is the development of a completely non—invasive head
restraint method using thermoplastic masks, described in Chapter 2. This method facilitates high—quality fMRI
data acquisition while minimizing the effort and cost of experiment preparation, as well as the burden on
the monkeys, addressing longstanding challenges in awake monkey fMRI research. The method not only enhances
data reliability but also aligns with ethical principles in animal research

In the main experimental study (Chapter 3), monkeys were presented with video clips depicting biological and
non-biological motion under three conditions: normal (forward and upright), temporally reversed, and spatially
inverted. Whole-brain analyses revealed that the superior temporal sulcus (STS) and related cortical regions
preferentially responded to temporally forward and spatially upright biological motion, reflecting sensitivity
to naturalistic dynamics in both temporal and spatial domains. Additionally, subcortical structures, including
the superior colliculus and pulvinar, were implicated in detecting temporal coherence in biological motion,
suggesting their role in a subcortical—cortical network for discriminating the direction of time’s arrow.
Conversely, reverse playback of non-biological motion elicited robust activation in the cerebellum and the
STS, suggesting involvement in prediction—error processing triggered by unexpected or nonsensical motion.
These findings advance our understanding of the neural substrates of time perception by highlighting the
distinct contributions of cortical and subcortical regions in discriminating the direction of time’s arrow.
The methodological advancements and experimental insights presented in this dissertation lay the groundwork
for future research into the neural circuits underlying time perception in primates, with implications for

understanding the evolution of temporal cognition and its neural basis
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