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Disentangling the effects of movement speed and travel distance on
perceived traveled time

*CindyJagorska1, Christopher Hilton', Martin Riemer'

1. Technical University Berlin

Perceived travel time is influenced by both the distance traveled and the speed of movement. While
greater distances are typically associated with longer perceived travel time, higher movement speeds have
been found to be associated with compressed time perception. Because distance, speed, and time are
inherently interdependent, isolating their individual effects on perceived travel time remains a
challenge.To investigate these effects, we are conducting a pre-registered experiment in which
participants move through a virtual environment under varying combinations of travel distance and
movement speed. After each movement, participants receive feedback about the distance they have
traveled, presented via a landmark placed at one of three locations: closer than the actual distance
(indicating a shorter distance), at the correct location, or farther than the actual distance (indicating a
longer distance). This manipulation allows us to disentangle perceived distance from actual movement
speed, while keeping travel time constant. Participants are then asked to reproduce the time of the
movement based on their subjective experience.We expect that, when feedback about traveled distance
is held constant while movement speed is changing, increased movement speed will lead to shorter
reproduced travel time, highlighting the negative association between movement speed and perceived
travel time. Conversely, when speed is held constant, but the landmark suggests a longer traveled
distance, participants are expected to report longer perceived travel times, highlighting the positive
association between travel distance and perceived travel time. The results of the experiment will
contribute to understanding how movement speed and traveled distance respectively influence the
perception of travel time.

Keywords: space-time interference, travel time, virtual reality
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Does Semantic Modulation Induce Time Dilation? The Role of Flicker
Frequency and Visual Saliency

*Takeya Oda', Amirmahmoud Houshmand Chatroudi?, Yuko Yotsumoto'

1. The University of Tokyo, 2. Sony Computer Science Laboratories

Flicker-Induced Time Dilation (FITD) describes the phenomenon where the perceived duration of a
stimulus is overestimated due to its flickering nature. Recent findings suggest that semantic content might
also play a role in modulating perceived time. This study aimed to explore the contribution of ventral
visual pathway activation to FITD. To this end, we utilized a variety of flickering stimuli whose frequencies
were systematically modulated. Alongside scrutinizing the impact of semantic information, flicker
frequency was parametrically manipulated to examine the interplay between stimulus saliency and the
perception of time. The Semantic Wavelet-Induced Frequency Tagging (SWIFT) technique was employed
to generate scrambled and semantic flicker stimuli. A critical aspect of these stimuli was the preservation
of low-level visual characteristics across all frames for both flicker types. In the first experiment, standard
stimuli comprised scrambled and semantic flickers presented at 2, 4, and 6 Hz. While both categories of
flickers were designed to evoke minimal responses in early visual processing areas, the semantic variants
were specifically intended to preferentially engage higher-level regions within the ventral visual pathway.
The second experiment introduced luminance-based flickers (scramble/semantic) at identical frequencies
to ensure robust activation of low-level visual regions. A consistent and strong influence of flicker
frequency on perceived duration was evident across both experimental setups, a conclusion supported by

inclusion Bayes factors of BF. = 14.04 in Experiment | and > 1000 in Experiment Il, indicating strong to

incl
extreme evidence. In contrast, the type of stimulus (scramble/semantic) provided only anecdotal support
for any discernible effect. These observations imply that higher rates of flicker reliably result in a greater
degree of time dilation, whereas the semantic nature of the stimuli appears to have a minimal effect. The
observed increase in time dilation as a function of frequency was notably amplified when early visual
cortices were more intensely engaged. Future investigations will focus on elucidating the connection
between subjective saliency and time dilation by behaviorally assessing the perceived salience of each

type of flicker stimulus.

Keywords: time dilation, semantic flicker, SWIFT, saliency
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Impaired Temporal Perception Following Sight Restoration After
Congenital Cataracts

*Abel Mewleddeg Legu?, Gianluca Mariscano', David Melcher'*, Ehud Zohary*?

1. Department of Psychology, New York University Abu Dhabi, 2. Project Eyeopener, 3. The Hebrew University of
Jerusalem, 4. Center for Brain and Health, New York University Abu Dhabi

Temporal integration is essential for understanding rapidly changing visual information, enabling us to
perform visual functions such as motion perception and causal inference. While spatial aspects of visual
recovery following sight restoration are well documented, far less is known about how temporal
integration develops. Notably, individuals with a history of congenital cataracts often show reduced alpha
activity, which has previously been linked to the resolution of temporal perception over short intervals
(50- 100ms). We investigated temporal integration in 6 participants with congenital cataracts who had
undergone cataract surgery, using both a two-flash fusion and a causality perception task. The first task
involves judging between one or two flashes at varying inter-stimulus intervals (ISIs). Our results show that
only one participant performed the task with a typical pattern, while the other 5 showed temporal
integration thresholds that were over 3 times longer than what is typically reported in normally sighted
individuals to see two distinct flashes. The second task involves judging whether one moving object
caused the movement of another at varying temporal lags. While longer time lags typically result in
reduced perception of causality, 5 out of 6 participants showed no systematic differences in causality
perception at different time lags. Together, these findings suggest a potential critical window for the
development of temporal integration mechanisms, with potential knock-on effects for higher-level
temporal perception tasks like causality, and are consistent with previous electrophysiological studies
showing reduced alpha activity for patients with bilateral congenital cataracts even following sight
restoration.

Keywords: Temporal integration, Causality perception, Two-flash fusion, Congenital cataracts, Sight
restoration
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Decoding the reproduction of durations in size-varying virtual
environment

*Camille L. Grasso', Matthew Logie', Virginie van Wassenhove'

1. CEA/DRF/Inst. Joliot, NeuroSpin; INSERM, Cognitive Neuroimaging Unit; Université Paris-Saclay, Gif/Yvette, 91191
France

When and how is duration encoded in the brain? In this EEG study, we investigated the cognitive and
neural correlates of environmental constraints and production of durations. Previous works revealed that
participants over-produce durations when immersed in larger virtual environments, relative to smaller
ones (e.g., Delong et al., 1981; Ma et al., 2024; Riemer et al., 2018). A proposed explanation for these
findings, derived from the action constraint theory, which suggests that larger environments involve longer
possible movements (and consequently, more time). However, this working hypothesis remains untested,
and the underlying cognitive and neural mechanisms unknown. To test this , we manipulated
environmental constraints in virtual reality (i.e., room size, ceiling height) and combined behavioral
measures of duration production (relative production time and error) with EEG recordings and
multivariate pattern analyses (decoding). Behavioral results replicate and extend previous ones:
participants produced longer durations in large environments, relative to smaller ones. Decoding analyses
showed that it is possible to decode both the produced duration and the size of the environment, as early
as the first button press. These results suggest that the effect of environmental constraints occurs at the
early stages of duration production. This study provides a deeper understanding of how environmental
constraints influence temporal cognition.

REFERENCES
Delong, A.J. (1981). Phenomenological Space-Time: Toward an Experiential Relativity. Science,

213(4508), 681-683.Ma, A. C,,

Cameron, A. D., & Wiener, M. (2024). Memorability shapes perceived time (and vice versa). Nature Human
Behaviour, 8(7), 1296-1308. https://doi.org/10.1038/s41562-024-01863-2

Riemer, M., Shine, J. P., & Wolbers, T. (2018). On the (a)symmetry between the perception of time and
space in large-scale environments. Hippocampus, 28(8), 539-548. https://doi.org/10.1002/hipo.22954

Keywords: Temporal production, Decoding, Virtual environment , Environmental constraints, EEG
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Ticking Forward or Counting Down: The Impact of Clock Format on
Time Perception and Task Performance

Maria Nogales', *Judit Castella’
1. Autonomous University of Barcelona UAB

The influence of time pressure on time perception and performance has been widely studied; however, no
research to date has compared forward-counting clocks with countdown clocks. These two formats are
believed to evoke different emotional connotations that may influence the intensity of perceived time
pressure and its effects. This study aimed to examine how these clock formats impact performance on a
mathematical task, as well as the perception of time duration and speed. A quasi-experimental
within-subjects design with counterbalancing was employed with 26 university students, who were asked
to solve multiplications of three-digit by two-digit numbers under both clock conditions. Results showed
that performance and motivation were significantly higher in the forward-counting condition. While no
significant differences in time perception were found between conditions, participants reported a greater
sense of time acceleration and a shorter perceived duration with the forward-counting clock. These
findings suggest that the forward-counting format may be associated with more positive emotional
connotations and lower perceived time pressure, ultimately enhancing task performance.

Keywords: Time pressure, Countdown, Forward-counting, Performance, Time perception
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Electrophysiological signatures of post-interval activity in explicit and
implicit timing

*Mariagrazia Capizzi1, Cristina Narganes Pineda1, Pom Charras3, Giovanna Mioniz, Antonino
Visalli*

1. Mind, Brain and Behavior Research Center (CIMCYC), University of Granada; Department of Experimental
Psychology, University of Granada, Granada, Spain, 2. Department of General Psychology, University of Padua, Padua,
3. Univ Paul Valéry Montpellier 3, EPSYLON EA 4556, F34000, Montpellier, France, 4. Department of Biomedical,
Metabolic and Neural Sciences, University of Modena and Reggio Emilia

The distinction between explicit and implicit timing in the processing of millisecond-to-second intervals is
gaining attention in timing research. Explicit timing involves the deliberate estimation of time in tasks that
require overt temporal judgments, whereas implicit timing occurs incidentally in tasks where time is not
the primary focus, yet temporal processing still influences behavior. Whether explicit and implicit timing
rely on shared or distinct neural mechanisms remains an open question. In the present study, we
addressed this issue by directly comparing explicit and implicit timing tasks, paired with
electrophysiological (EEG) recording. In the explicit timing task, participants judged whether a
comparison interval was shorter or longer than a standard interval. In the implicit timing task, participants
judged whether a comparison color was more reddish or yellowish than a standard color. Durations and
colors were fully orthogonalised across the two tasks, ensuring that the only difference lay in the task
instructions, which directed attention either to duration or to color. Event-related potentials (ERPs) were
time-locked to the offset of the comparison intervals, either attended or unattended depending on the
task. Behaviorally, we found that the color dimension was irrelevant for the temporal discrimination task.
In contrast, the implicit temporal manipulation influenced color perception, with shorter durations leading
participants to perceive colors as brighter. EEG results showed that temporal processing modulated early
components over central scalp electrodes in a similar manner across both explicit and implicit tasks. In
contrast, a sustained activity pattern with a frontal-posterior bipolar distribution emerged, indicating
differential engagement depending on task demands. Overall, our results suggest that explicit and implicit
timing shape behavior via both shared and distinct neural mechanisms.

Keywords: Time discrimination, Explicit processing, Implicit processing, ERPs
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Time in the primate hippocampus during a metronome task

*Mildred Salgado-Menez', Ana Maria Malagon', Victor de Lafuente'
1. Universidad Nacional Autonoma de Mexico

We addressed how interval time is encoded in the non-human primate hippocampus. Are time-encoding
hippocampal signals susceptible to contextual changes? And if they are, how are these signals
dynamically adapted? (visual vs. non-visual). At the single cell level, we describe mixed selectivity to
different task features, followed by a population analysis using PCA, where we report the geometry of
abstract information representation in the hippocampus that accurately reflected the diverse tuning
properties of individual cells that differed between visual and non-visual epochs of the task. We observed
oscillatory activity at individual and population levels at the non-visual epoch of the timing task. The fact
that some drift of the temporal and spatial information was being represented without any relevant visual
input proves that this short-term memory function operates without the regular input that provides the
reference position for a spatial view. These findings are evidence for the operation of an attractor that
influences the activity of hippocampal pyramidal cells.

Keywords: hippocampus, visual task, interval timing, neural dynamics
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Effects of simultaneity and arm posture on tactile time perception in
young and older adults

*Chika Goto', Naoya Tachibana', Shogo Sugiyama, Yuko Yotsumoto'
1. the University of Tokyo

While age-related decline in basic sensory processing is well documented, its effects on higher-order
tactile functions remain unclear. In particular, how aging affects tactile frequency discrimination has
received limited attention. Prior research reported that frequency discrimination becomes more difficult
when tactile stimuli are presented simultaneously (Kuroki et al., 2017), but the role of stimulus
simultaneity in age-related decline has not been systematically examined.To address this gap, we
conducted a vibrotactile frequency discrimination task with ten young adults (age range = 19-22; Mean =
19.0; SD = 1.29) and 30 older individuals (age range = 65-83; Mean = 74.0; SD = 3.93). Stimuli were
presented either simultaneously or sequentially (with a 200 ms interval). Given that arm crossing could
modulate task difficulty, experiments were conducted under both crossed and uncrossed arm
conditions.Results showed a significant age-related decline in frequency discrimination performance,
particularly during simultaneous presentation (BF, ..., = 3.452; F(1, 28) = 27.25, p < .01), suggesting
difficulty in suppressing competing tactile information presented in close temporal proximity. Additionally,
= 2.854; F(1, 38) = 5.455, p < .02),
indicating increased vulnerability to interference from task-irrelevant spatial information. These findings

older adults exhibited a stronger arm-crossing effect (BF.

inclusion

highlight the impact of aging on higher-order tactile and spatial processing, potentially linked to declining
inhibitory function in the secondary somatosensory cortex.

Keywords: frequency discrimination, vibrotactile perception, arm-crossing, aging, simultaneity
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Hand proximity enhances visual encoding via anticipatory processing

*Ankit Maurya1'3, Tsukasa Kimura®3, Minto Hashimoto®?, Masamichi J. Hayashi3'4, Tony Thomas'

1. Department of Humanities and Social Sciences, Indian Institute of Technology Roorkee, Roorkee, 2. Graduate
School of Human Sciences, The University of Osaka, Suita, 3. Center for Information and Neural Networks (CiNeT),
Advanced ICT Research Institute, National Institute of Information and Communications Technology, Suita, 4.
Graduate School of Frontier Biosciences, The University of Osaka, Suita

Precise encoding of physical properties of objects is essential for efficient reaching, grasping, and
manipulating. Previous psychophysical studies have reported that perceived duration expands when a
visual stimulus is presented near the hand (peri-hand space), suggesting the involvement of anticipatory
mechanisms associated with peri-hand space. However, the neural evidence for anticipatory processing
associated with peri-hand space remains scarce. In humans, contingent negative variation (CNV), a slow
negative deflection in electroencephalography (EEG), has been proposed as a neural signature of
anticipatory processing. Therefore, we hypothesized that the appearance of objects in peri-hand space
modulates CNV, facilitating accurate encoding of the object’ s properties. To test this hypothesis, we
recorded EEG while participants performed a visual temporal bisection task (n = 40). Participants judged
whether stimulus durations, ranging from 50 to 170 ms, were closer to which of the two reference
intervals, Short” (50 ms) or ‘Long’ (170 ms), that they acquired prior to the EEG recording. The
distance between hands and the visual stimulus was manipulated by placing participant’ s hands either
on the sides of a monitor (Hand condition) or on their lap (No-hand condition), allowing the stimuli to
appear inside or outside the graspable space. The results showed that the CNV amplitude building up
toward the appearance of the visual stimulus was significantly larger in the Hand condition than in the
No-hand condition. Moreover, although there was no significant difference in behavioral performance
between the two conditions, participants who exhibited greater CNV amplitude demonstrated higher
sensitivity in the bisection task in the Hand condition. These findings suggest that placing the hands near
an object enhances anticipatory processing, which may facilitate the precise encoding of stimuli for
efficient reaching, grasping, and manipulating.

Keywords: Temporal anticipation, Time perception, Near-hand space , Contingent Negative Variation
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Role of Supplementary Motor Areas in temporal estimation using
tDCS.

*Claire TERRAN', Laurence CASINI’

1. CRPN - Centre for Research in Psychology and Neuroscience, AMU, CRNS

Time is a fundamental aspect of life, orchestrating a wide array of behaviours in our daily activities.
Multiple models explaining the mechanisms of temporal estimation coexist, attributing this function to
different neural structures. A key distinction is often made between sub-second and supra-second
intervals: durations under one second are thought to be prosessed primarly via a
cortico-thalamo-cerebellar network, while longer intervals are believed to rely on a
cortico-thalamo-striatal circuit. However, evidence also suggests the possibility of shared mechanisms
across these time scales. We chose to anchor this study within the internal clock model, more specifically
the pacemaker-accumulator framework, to investigate: (1) whether the supplementary motor areas (SMA)
could serve as a substrate for the accumulation process and, (2) whether judgments of both short and
long durations rely on an accumulation process. Using transcranial Direct Current Stimulation (tDCS), we
modulated the activity of the SMA and subsequently assessed its role on temporal estimation using a
temporal bisection task. Participants’ performance provided insights into two key parameters of
temporal estimation: precision and variability. Preliminary results reveal that SMA modulation affects
temporal estimation differently depending on the duration range. Specifically, tDCS significantly impacted
the variability of long-duration judgments, whereas it affected the accuracy of estimations in the
short-duration range. Interpreted within the pacemaker-accumulator model, these findings support the
hypothesis that the SMA may act as the neurobiological substrate for the accumulation process, one of
the internal clock’ s critical components. Overall, this study enhances our understanding of the neural
mechanisms underlying temporal estimation and highlights the pivotal role of the SMA in the estimation of
both short and long durations.

Keywords: Timing, tDCS, SMA, Duration range, Bisection task
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Duration Underestimation in Peripheral Visual Field

*YUHUI ZHOU", Sae Kaneko'

1. Hokkaido University

In recent years, there has been an increasing number of studies discussing the fundamental differences in
perception between central and peripheral visual fields (form, color, and texture) (Baldwin et al., 2019;
Cohen et al., 2020; Cohen et al., 2021). However, the results of prior studies on differences in time
perception are contradictory (Long & Beaton, 1981; Kliegl & Huckauf, 2014; Bao et al., 2024). This study
examines the differences in duration perception between the central and peripheral visual fields using
static Gabors. In the experiment, two Gabor patches (10° of diameters, spatial frequency: 5¢cpd, 100 %
contrast, with a randomized phase) were presented sequentially at two locations: the peripheral (10, 30,
50, 70°) and central (0°) visual field. Two standard stimulus durations (67/250ms) were consistently
presented in the periphery, while the duration of the central Gabor was varied at nine steps. Participants
were instructed to select which Gabor lasted longer. The results indicated that underestimation of
duration occurred in the peripheral visual field. However, no significant differences in duration perception
were observed between 10° and 70° for either standard duration. The fact that no significant differences
in time perception were found in the 10 to 70° may suggest that time perception is relatively stable across
different eccentricities, from the central to the periphery. This indicates that time perception may depend
on a higher level of visual information processing stage.

Keywords: Time Perception, Central Visual Field, Peripheral Visual Field
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Embodying the expanded moment: the role of bodily awareness in
temporal production during meditation-like attentional states

*Ludovica Ortame'?, Michele Pellegrinoz, Joseph Glicksohn®* Patrizio Paoletti?, Fabio Marson®,
Stafno Lasaponaraw, Maria Sofia Romano', Fabrizio Doricchi'®, Filippo Carducci', Tal Dotan
Ben-Soussan®

1. Sapienza University of Rome, 2. Research Institute of Neuroscience, Education and Didactics (RINED), 3. Bar-llan
University, 4. The Leslie and Susan Gonda (Goldschmied) Multidisciplinary Brain Research Center, Bar-llan University,
Ramat Gan, 5. University of Milano-Bicocca, 6. RCCS Fondazione Santa Lucia

In a world going at an increasingly faster pace, leading to higher attentional demands, there is a growing
need to understand how attentional states influence time perception and how one can achieve a more
self-regulated experience of time. The literature that suggests that meditation affect subjective time shows
conflicting results (Morin & Grondin, 2024). This could be due to the challenge of investigating temporal
tasks during meditation without interfering with the practice itself. In the current study we therefore
examined temporal productions (TP) tasks during meditation-like attentional states. This study is, to our
knowledge, the first to assess time perception during attentional states associated with contemplative
practices without requiring actual meditation. Drawing on the Sphere Model of Consciousness (Paoletti &
Ben-Soussan, 2019) and the hierarchy of meditation types (Laukkonen & Slagter, 2021), we hypothesized
a gradual slowing down of TP across three conditions: (1) a simple TP; (2) focused attention on an
external visual stimulus; and (3) longest TP in the stronger bodily condition. Participants (n=43)
underwent the three conditions requiring to perform a TP task while a bistable figure (BF) appeared on
the screen. During the (1) simple condition participants completed the TP task while just looking at the
figure; (2) focused attention condition, they were additionally asked to focus on one feature of BF; (3)
focused attention and monitoring condition, participants were divided into two groups based on
additional requests: namely to furtherly focus on either their own breath or on rhythmic sounds. Results
revealed progressively longer produced durations from the simple to more embodied condition, with
stronger effects in breath group. These results highlight the role of bodily awareness when assessing TP,
and suggest that more embodied states are associated with a slowing down of subjective time.

Keywords: Time, Attention, Awareness, Meditation, Interoception
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Temporal unfolding contributes to interocular comparison for
motion-in-depth perception in peripheral vision

*lkuya Murakami’
1. The University of Tokyo

Time has often been considered as a confounder in stereoscopic depth perception. For example, the
Pulfrich effect tells us that when one eye somehow requires longer latency, the visual system is ignorant of
the actual cause of lags and ascribe them to spatial lags between eyes, hence fake binocular horizontal
disparities producing illusory depths. However, recent studies have suggested that dynamic depth cues
may help construct motion-in-depth perception. Due to their subtle efficacy and other geometrical
constraints, most studies have been conducted around the fovea, and little is known about the
characteristics in the periphery, where changing disparity over time (CDOT) may help construct dynamic
scenes, but effects of another dynamic depth cue, interocular velocity difference (IOVD), are unknown.
We aimed to examine whether motion-in-depth perception in peripheral vision is possible solely from the
IOVD when fine grating patterns move oppositely between eyes. Gratings were chosen because they were
compatible with a unitary grating object moving in depth in a real scene. Importantly, the spatial
frequency of the gratings was set sufficiently high to maintain the maximally attainable disparity still below
depth detection threshold at the tested eccentricity, making the CDOT useless. These gratings moved
either leftward or rightward at a constant speed, forming four conditions that were consistent with four
different motion percepts: receding, approaching, leftward, and rightward. Observers were asked to
indicate perceived motion by three alternative forced response: receding, traversing, and approaching. If
the grating in one eye tended to mask the grating in the other eye, the traversing responses would be a
great majority irrespective of the conditions. Contrary to this prediction, the results indicated that
observers well discriminated the conditions of non-zero IOVDs from the conditions of traversing,
suggesting interocular comparison. Even though none of the component frames produce depth, their
animation over time does.

Keywords: Motion in depth
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Assessing Temporal Resolution in Amblyopic and Fellow Eyes Using
the Two-Flash Fusion Paradigm

*Aysha Hamkari', Gianluca Marsicano’, Katja Cundric', David Melcher'
1. New York University Abu Dhabi

Amblyopia, traditionally viewed as a monocular visual disorder, is increasingly understood as a
neurodevelopmental condition that affects cortical-level visual processing. While its effects on spatial
vision are well-documented, less is known about how amblyopia may disrupt temporal integration - the
brain’ s ability to combine information over time into coherent percepts. This study investigates temporal
integration in patients with amblyopia by using the two-flash fusion (2FF) task, which varies the
interstimulus interval required to perceive two flashes as distinct. We hypothesize that the amblyopic eye
will exhibit higher 2FF thresholds compared to the non-amblyopic eye, indicating impaired temporal
resolution. As part of this ongoing study, four amblyopic participants with corrected-to-normal vision have
so far completed psychophysical testing under binocular and two counterbalanced monocular conditions
using eye patching. Preliminary results suggest that in some cases, the amblyopic eye exhibits higher 2FF
thresholds compared to the non-amblyopic eye, indicating potential delays in temporal resolution and
hence longer integration window for the amblyopic eye. However, other participants show relatively
similar thresholds across both eyes, pointing to individual variability. There are also preliminary
indications of asymmetries in performance across visual fields. We also implemented a staircase
procedure to estimate personalized thresholds for the amblyopic eye and tailor ISI ranges for subsequent
testing.These early findings suggest that temporal integration deficits in amblyopia may vary across
individuals, potentially reflecting different degrees of cortical adaptation. Ongoing recruitment and
psychometric modeling will help clarify underlying neural mechanisms. This work may contribute to the
identification of non-invasive perceptual biomarkers to aid early detection and intervention in amblyopia.

Keywords: amblyopia, temporal integration, visual perception, psychophysics
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Neural Bases of the Audiovisual Temporal Binding Window Using TMS

*Soléne Leblond’, Tutea Atger1, Franck-Emmanuel Roux'?, Robin Baurés', Céline Cappe1

1. CerCo (Centre de Recherche Cerveau et Cognition), CNRS UMR 5549, University Toulouse, 2. Péle neurochirurgie,
CHU Purpan, Toulouse

The temporal law, one of the main principles of multisensory integration (Stein & Meredith, 1993)
stipulates that two stimuli from two distinct modalities must occur synchronously to be perceived as part
of the same event. The temporal binding window (TBW) corresponds to the time interval within which
auditory and visual stimuli are perceived as synchronous. Although the brain regions involved in
audiovisual TBW have been identified, such as the superior temporal gyrus (STG), prefrontal cortex, and
primary sensory areas (Zhou et al., 2020), most studies relied on correlational methods (Vaidya et al.,
2019). Zmigrod & Zmigrod (2015) used tDCS to establish a causal link between the right posterior
parietal cortex (rPPC) and TBW plasticity.

Our study aims to confirm the involvement of the STG and the intraparietal sulcus (IPS) in TBW using
transcranial magnetic stimulation (TMS) guided by anatomical MRI. By applying single-pulse TMS at
different time delay after stimulus presentation, we are also able to investigate the temporal dynamics of
the neural processes underlying the TBW. Participants performed a simultaneity judgment task in which
they were asked to determine whether two stimuli, one visual and one auditory, were synchronous.
Single-pulse TMS was applied with six delays ranging from 50 to 300 ms post visual stimulus, over the IPS,
STG, or vertex (control site).

Our results showed a temporal dynamics different involvement of the IPS and STG. First, the right STG is
involved as early as 100ms. This is followed by the involvement of the left IPS (150 ms) and then a later
the one of right and left STG (250 ms).

Our results partially confirm those of Zmigrod and Zmigrod (2015) by showing IPS involvement, though
only in the left hemisphere at 150 ms post stimuli. TMS enabled us to reveal the timing of this activation,
highlighting the left IPS’ s role at this latency. We also confirm the involvement of the STG at both early
and later stages of the simultaneity judgment process. Early stimulation of these regions increased the
perception of simultaneity, whereas later stimulation, mainly to the STG, increased asynchrony detection.
These findings suggest that the IPS and STG belong to a broader cortical network supporting the TBW,
with each region contributing at different stages of multisensory processing.

Keywords: Temporal Binding Window, Multisensory Integration, Transcranial Magnetic Stimulation,
AudioVisual
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Temporal Binding Across Timing Domains: Behavioural Evidence and a
Protocol for Causal Manipulation via Transcranial Direct Current
Stimulation

*Gustavo Brito de Azevedo', André Mascioli Cravo?

1. Graduate Program in Neuroscience and Cognition, Federal University of ABC (UFABC), 2. Center for Mathematics,
Computing and Cognition, Federal University of ABC (UFABC)

Temporal binding - the perceived shortening of time between a cause and its effect - is typically assessed
using tasks that tap into different timing processes: event timing (e.g., Libet Clock, Response Mapping)
and interval timing (e.g., Temporal Estimation, Reproduction). This ongoing study examines whether
temporal binding is consistent across these tasks and whether it varies by interval length. To date, fifteen
participants completed two sessions, each involving four timing tasks under causal and non-causal
conditions, with action-effect delays of 250 ms, 625 ms, and 1000 ms. Median responses were analysed
using a 2 (Condition: causal vs. non-causal) x2 (Session) x3 (Interval) repeated-measures ANOVA. The
Libet Clock task revealed a significant Condition xInterval interaction (F(2,28) = 4.63, p < .05), with
stronger temporal binding for causal trials at 250 ms (t(14) =-3.16, p <.001, mean diff. = 30.23 ms) and
1000 ms (t(14) = -2.83, p < .05, mean diff. = 18.14 ms). The Reproduction task similarly showed a
Condition xInterval interaction (F(2,28) = 6.49, p < .01), with greater under-reproduction for causal trials
at 250 ms (t(14) = -2.78, p < .05, mean diff. = 95.72 ms) and 625 ms (t(14) = -2.29, p < .05, mean diff. =
86.04 ms). Response Mapping also exhibited a significant Condition xInterval interaction (F(2,28) =
12.25, p <.001), with stronger binding at 1000 ms (t(14) = -4.64, p < .001, mean diff. = 49.50 ms),
alongside trends at 250 ms (t(14) = -2.02, p = .06) and 625 ms (t(14) = 1.87, p = .08). The Estimation task
showed neither a main effect of condition (F(1,14) = 0.07, p =.79) nor a significant Condition xInterval
interaction (F(2,28) = 2.13, p = .14). These findings suggest that temporal binding occurs across both
event and interval timing tasks but is shaped by the specific task and interval used. We propose a
follow-up study using transcranial direct current stimulation (tDCS) over the left angular gyrus to test
whether event timing can be selectively disrupted without affecting interval timing.

Keywords: temporal binding, time perception, causality, tDCS
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Modality-Specific Temporal Assimilation in a Bisection Task

*Gabriel Cafeu Brand3o', Gustavo Brito de Azevedo', Peter Maurice Erna Claessens', André
Mascioli Cravo'

1. Center for Mathematics, Computing and Cognition, Federal University of ABC (UFABC)

Time perception is fundamental to adaptive behavior, yet its neural mechanisms remain debated. While
some models propose a centralized internal clock, others argue for distributed, modality-specific
processing. This study tests these models by investigating whether the temporal assimilation effect, in
which target intervals are underestimated after short distractors, generalizes across sensory modalities
(auditory, visual, tactile). In Experiment 1 (n = 20), auditory targets paired with auditory or visual
distractors revealed assimilation only when the distractor and target shared the same auditory modality. A
significant main effect of distractor duration was found, F(1, 19) = 15.8473, p < .05, as well as a
significant interaction effect, F(1, 19) = 19.2034, p < .05. In Experiment 2 (n = 20), auditory targets with
frequency-varied auditory distractors (500Hz vs. 4000Hz) showed no significant modulation of
assimilation. The distractor effect was present, F(1, 17) = 5.2168, p < .05, but no interaction, F(1, 17) =
1.5918, p > .05, indicating that modality, but not stimulus dissimilarity, modulated the effect. To test
whether the modality effect in Experiment 1 was due to participants being able to inhibit visual
processing, a novel tactile-vibratory device was developed and preliminarily validated through pilot
testing (n = 2) to extend the paradigm to tactile-auditory pairings. We are recruiting 20 participants for a
bisection task with tactile distractors (50- 217ms) and auditory targets. Data collection will test if
assimilation persists cross-modally. If tactile distractors modulate auditory targets, this suggests
supramodal temporal integration; the absence of this effect further supports the notion of distributed
processing. Taken together, our findings raise questions about centralized models of time perception and
suggest the possibility of modality-specific temporal encoding. The tactile extension may help clarify
whether distributed timing mechanisms operate universally or vary across different sensory hierarchies.

Keywords: Time perception, Temporal bisection, Crossmodal integration, Distributed processing,
Psychophysics
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Serial dependence between duration and numerosity perception

*Takuma Hashimoto'?, Yuko Yotsumoto'

1. The University of Tokyo, 2. Research Fellow of Japan Society for the Promotion of Science

Serial dependence refers to the phenomenon where current perception is biased toward previous
perception. This effect has been observed across various features, including magnitude dimensions such
as numerosity. Converging evidence suggests overlapping mechanisms among magnitude dimensions,
and cross-dimensional adaptation has been reported. However, whether cross-dimensional serial
dependence occurs remains unclear. Togoli et al. (2021) investigated serial dependence between
duration and numerosity perception but failed to observe such an effect. One possible cause is the
absence of feature-based attention to the inducing feature (i.e., duration or numerosity). Therefore, the
present study examines whether cross-dimensional serial dependence occurs under condition that
require feature-based attention.In line with the previous study, we will recruit 28 participants. Participants
will compare sequentially presented dot arrays and indicate which stimulus had a longer duration or a
greater number of dots. The two tasks —duration comparison and numerosity comparison will be
conducted on separate days. Inducer stimuli will be presented prior to the comparison task to influence
the reference stimuli. To ensure feature-based attention to the inducing feature, we will include catch
trials at unpredictable intervals. In these trials, participants will classify the inducer stimuli according to
the dimension not used in the main task. For example, when the main task involves duration comparison,
participants will classify the inducer as “few” or “many” in catch trial, and vice versa. If feature-based
attention to the inducing feature is critical for cross-dimensional serial dependence, we expect to observe
the effect. Such a finding would suggest that serial dependence occurs more broadly than previously
thought and supports the view that higher-level cognitive processes contribute to serial dependence. It
would also further support the idea of shared processing mechanisms for duration and numerosity.
Conversely, if feature-based attention is not critical, or cross-dimensional serial dependence is inherently
absent, the effect will not be observed.

Keywords: serial dependence, duration, numerosity, ATOM
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Effects of attentional orienting on the production of temporal
durations: an eye-tracking study

*Mariagrazia Ranzini1, Sebastiano Cinetto3, Sara Noacco1, Zaira Romeoz, Mario Bonat04, Marco
Zorzi*, Giovanna Mioni'
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Padova, 3. Padova Neuroscience Center (PNC), Univ. of Padova, 4. Department of General Psychology (DPG) and
Padova Neuroscience Center (PNC), Univ. of Padova

Many studies indicate the existence of a spatial representation for temporal durations: shorter durations
are represented on the left, and longer duration are represented on the right of the temporal continuum
(Bonato, Zorzi, & Umilta, 2012). Evidence exists indicating that time-space associations are mediated by
mechanisms of visuospatial attention, which orient attention along the temporal continuum (e.g., Di Bono
et al., 2012). In this study, we analysed gaze shifts during a temporal production task to test the
hypothesis that attentional orienting through eye movements could predict production duration. Forty-six
healthy adults participated in the study. At each trial, the participant listened to an alert stimulus, pressed
the spacebar, and held it for a duration of choice. During the execution of the task, eye movements were
recorded. The trial-by-trial analysis of eye movements in function of the produced duration revealed
evidence for time-space associations. Importantly, upwards gaze shifts in the first 100ms after the trial
onset predicted the subsequent time production magnitude, with larger shifts predicting longer durations.
Differently from what expected, leftwards or rightwards gaze shifts were not related to duration.
Furthermore, exploratory analyses also revealed that participants producing briefer productions took
longer preparation times. Overall, these findings indicate that the spatialisation of time along the
horizontal axis is not systematic, while it appears reliable along the vertical axis. Also, this study highlights
the usefulness of the used duration task to assess and investigate links between space and time. These
results will be further discussed in light of embodied and grounded cognition theories.

References
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Retrospective Passage of Time Judgments in a Population of
Parkinson’ s Disease Patients: A Matter of Self-Projection in Time

*Florie MONIER', Michael DAMBRUN', Pierre-Michel LLORCA?, Sylvie DROIT-VOLET'

1. Université Clermont-Auvergne, 2. Université Clermont-Auvergne, CHU clermont-ferrand

In this study, we examined retrospective judgments of the passage of time (PoT) in 56 patients with
Parkinson’ s disease, compared to 53 age-matched healthy participants, to evaluate whether
interoceptive perceptions or psychological representations of the self were responsible for these
judgments. Participants rated their perception of the passage of time using 7-point Likert scales for
distant life periods (5-10 years ago). They also compared their current feeling about the passage of time
with how they remembered feeling during those past periods, and they evaluated their recent experience
of time passing (over the past week, days, and months). Then, they completed short scales assessing their
emotional states, perceived health, well-being, and feelings of happiness. Finally, they completed the
Dambrun & Ricard (2001) scale assessing the psychological dimension of self-transcendence. Our results
confirmed that the passage of time related to long past periods and the current feelings of PoT are two
distinct dimensions of retrospective feelings about time. The former is related to the dimension of
self-consciousness linked to self-projection across the lifespan. The latter depends on representations of
bodily states and emerges from perceived health, present well-being, and emotional state. Finally,
Parkinson’ s disease itself did not alter the judgment of PoT related to either the present self or the
projected self. Self-transcendence strongly modulated the perception of both the present and future self,
and significantly influenced PoT judgments in both patients and healthy participants.

Keywords: retrospective PoT, Parkinson’ s disease , Emotions, Self-transcendence
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Cardiac Rhythms, Interoception and Temporal Counting: Dynamic
Interactions across Time Ranges

*Mai Sakuragim, Elisa M. Gallego Hiroyasu'?, Satoshi Umeda’

1. Keio University, 2. Japan Society for the Promotion of Science

While previous research has established links between heart rate variability over fixed time periods and
interoception (perception of bodily responses) with time perception, the relationship between
beat-to-beat cardiac activity patterns and actual counting timing remains unexplored. This study
investigated how individual heartbeat interval time-series relate to temporal counting intervals across
different time ranges. Seventy healthy participants performed time estimation tasks for three durations
(23, 40, and 56 seconds) while cardiac activity was monitored. Individual counting intervals were
estimated from variability in task performance across trials. Trial-by-trial heart rate and Dynamic Time
Warping (DTW) distances between heartbeat intervals and estimated temporal counting intervals were
calculated. Additionally, interoceptive accuracy was assessed using the heartbeat counting task. Results
revealed time condition-specific relationships between cardiac activity and time perception: in the
23-second condition, higher average heart rate was associated with reduced variability in temporal
counting intervals. In the 56-second condition, larger DTW distances between cardiac and counting
time-series predicted better timing accuracy, indicating that greater divergence between cardiac and
temporal counting rhythms enhanced time perception performance. Interoceptive accuracy showed weak
positive correlation trends with timing performance in shorter durations, but this trend weakened in the
56-second condition. These findings demonstrate that while bodily arousal, interoception and temporal
regularity are closely linked in shorter time conditions, divergence between cardiac and temporal
counting rhythms becomes advantageous for accurate time perception in longer durations. This
beat-to-beat time-series analysis approach revealed that optimal relationships between cardiac activity
and time perception adaptively change according to the estimated time length.

Keywords: Time Perception, Heart Rate, Interoception, Dynamic Time Warping
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When do we perceive our heartbeats? Exploring temporal dynamics in
interoception

*Yusuke Haruki', Keisuke Suzuki?, Yuri Terasawa®, Kenji Ogawa4, Olaf Blanke®, Yuko Yotsumoto'

1. Department of Life Sciences, The University of Tokyo, 2. Center for Human Intelligence, Artificial Intelligence, and
Neuroscience, Hokkaido University, 3. Department of Psychology, Keio University, 4. Department of Psychology,
Hokkaido University, 5. Laboratory of Cognitive Neuroscience, Ecole Polytechnique Federal de Lausanne

Interoception refers to the process by which our nervous system detects, conveys, integrates, interprets,
and utilises the vast array of sensations arising from within the body. Such processes are now recognised
as playing critical roles in cognitive functions, including perception, emotion, decision-making, and so on.
Cardiac signals and conscious access to them have been widely used to assess individual differences in
perceptual ability related to interoception, reflecting how well individuals can detect internal bodily
processes (i.e., their own heartbeats). However, previous methodologies have serious shortcomings in
evaluating interoceptive ability, as some of them cannot exclude estimation strategies to count the
heartbeats, are too difficult to perform, and crucially, all of them neglect the temporal aspect of heartbeat
perception.Here, we developed a novel method called the “oneshot” heartbeat detection task, which
allows us to examine the temporal dynamics of heartbeat perception. This approach enables us to identify
the precise moments when individuals become aware of their heartbeat sensations or not in a trial-by-trial
manner. Specifically, participants are instructed to press a button when they perceive their first heartbeat
following a cue, while maintaining focus on internal sensations. After a number of heartbeats later
(ranging from 1 to around 20), a word color is changed, timed either with their cardiac systole or diastole.
Participants then answer a forced-choice question regarding the synchronicity of the heartbeat and color
change. Using this task, we reveal characteristic patterns that distinguish individuals who are good at
detecting heartbeat sensations from those who are not. Our findings provide new insights into the
perceptual mechanisms underlying interoception, and further elucidate how multisensory interactions
occur between interoceptive and exteroceptive modalities.

Keywords: heartbeat perception, interoception, temporal dynamics, signal detection theory
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Distributional Variability Increases Uncertainty in Mean Duration
Judgments
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Prior studies on contextual effects in duration perception have focused on how current perception is
influenced by traces of past stimuli. However, real-world performance often requires extracting and
retaining summary statistics, such as the mean and variance, of temporal distributions. For example, in
baseball, it is advantageous for a batter to estimate the average speed of pitched balls and the variability
around this mean to prepare for the next game. In order to investigate such summary representations in
time perception, we explicitly instructed participants to estimate the mean duration of stimulus
distributions. Critically, these distributions had identical means but differed in their variability. We found
that the variability of participants’ mean estimates increased with the variability of the distributions, even
though the actual mean remained constant. We further examined how this variability-related effect was
reflected in EEG signals during the task. The contingent negative variation (CNV) correlated not only with
single-trial reaction times but also with the extent to which participants’ mean estimates were influenced
by the distributions’ variability. Conversely, the post-interval P2 component was associated with the
perceived duration of the current stimulus. These findings suggest that while humans can accurately
estimate the mean of a temporal distribution, the uncertainty of this representation increases as
distributional variability increases, as reflected in the preparation-related CNV during temporal
judgments.

Keywords: distributional variability, contextual effect, Bayesian, EEG, contingent negative variation
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Image Memorability Shapes the Temporal Structure of Memory

*Marianna Lamprou Kokolaki', Virginie van Wassenhove'
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Remembering past events involves the ‘what’ , the ‘where’ andthe ‘when’ of memory. This
suggests that we retain the temporal structure of episodes in memory, including detailed information
about temporal distances between events. Stimulus properties, known to affect temporal judgments, may
also shape this structure. For example, image memorability—an intrinsic property of visual stimuli linked
to their likelihood of being remembered—is parametrically related to subjective duration distortions: the
duration of presentation of highly memorable images is judged as longer than that of forgettable images
(Ma et al., 2024). Herein we report an online study (n=33) in which participants actively viewed
sequences of images varying in memorability and then reported the temporal distance between image
pairs from each sequence using a Visual Analog Scale. We found that memorable images were
systematically perceived as temporally closer in memory than forgettable images, suggesting that
memorability also influences temporal memory. Additionally, we found that a transition between low and
high memorability altered temporal distance judgments: pairs spanning a change in memorability were
reported as further apart in time than pairs within the same memorability group. This suggests that a shift
in memorability might act as a boundary, segmenting the sequence into two distinct events. Follow-up
online studies revealed that participants are able to segment images into groups based on memorability
—showing above-chance performance despite being unaware of the grouping criteria. Overall, these
results indicate that stimulus manipulations which elicit online temporal distortions also influence the
temporal organization of memory, supporting the view that context operates as a cognitive scaffold for
encoding and retrieving episodic temporal information.

Keywords: Temporal distance, Memorability, Event segmentation, Duration distortion, Temporal memory
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Effects of Network Topology and Goals on Interpersonal
Synchronization in a Virtual ‘Rhythm Network’

*Jonathan Kirsh', Sharanya Badalera', John Rehner Iversen'

1. McMaster University

Drum circles provide a rich context for investigating interpersonal coordination and group timing
dynamics. In real-world drum circles all participants can generally hear each other, enhancing group-level
cooperative synchrony as group size increases (Dotov et al., 2022, eLife). But how does group
synchronization behave in uncooperative, or reduced-information situations? We have developed a virtual
drum circle paradigm to explore such challenging contexts, hypothesizing that individuals will display
more diverse strategies when so challenged. In two pilot drum circles (N=6) we contrasted group
synchronization in three conditions: all-all network topology with goals either to 1) maximize
synchronization (all-sync) or 2) maximize desynchronization (all-desync), and 3) a ring topology with
impoverished information flow across the group (ring-sync), which we hypothesize will force each
individual to rely on an imagined collective goal and reveal different capacities to manage frustration with
a seemingly uncooperative partner. In all-sync, the group successfully achieved high synchrony (Kuramoto
order parameter r=1), though, as often observed, with an acceleration of tempo. In all-desync, the order
parameter remained between 0.25 and 0.5, suggesting difficulty in fully decoupling from one another. In
ring-sync, each participant hears only their left neighbor, so any coordination occurs with a large delay,
mediated through the entire group. This topology inverts traditional assumptions, predicting that group
synchrony degrades as group size increases. For N=6 we observed dynamic behavior, with surprising
periods of complete synchrony (r=1) alternating with deep desynchronization (r < 0.2), suggesting that
participants may rely on internal models of group intention. This flexible virtual ‘Rhythm Network’
paradigm offers possibilities to test models of group synchronization in extreme behavioral regimes and
lays the foundation for future studies of inter-brain synchrony.

Keywords: Group Synchronization, Drum Circle, Network Topology, Simulation
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EEG Correlates of Movement-Induced Enhancements of Beat Timing

*April M Joyner1, Martin Wiener'
1. George Mason University

Previous work has shown that motor systems and rhythmic auditory processing are linked, such that motor
system activation is coincident with auditory system activity while listening to music, suggesting an
interaction between auditory and motor systems. Further, behavioral work has shown that inducing
movement in a subject can lead to enhancement of auditory timing abilities. Yet, the neural correlates of
this enhancement are not well understood. Here, we replicate and extend work by Manning and Schutz
(2013) in which subjects tap along or passively listen to isochronous woodblock sequences, and then
must detect if a final, delayed probe tone is alighed with the implied beat and explore the brain activity
associated with this effect of movement using EEG. Preliminary data suggest stronger neural entrainment
to the beat in the movement condition in comparison to no-movement. Further activity locked to the
probe tone also demonstrated a larger amplitude P300 and N60O0 for the movement condition. For
response-locked activity during choice, the movement condition exhibited a larger preceding negativity
peaking higher and closer to the response as well as a positive potential following the response that is
higher in amplitude compared to the no movement condition, suggesting greater certainty. Data
collection will proceed to investigate the strength of these results and potential correlations related to
these findings. Overall, these findings suggest an improvement in timing perception and processing,
stronger entrainment to the beat, and faster target detection associated with movement.

Keywords: Beat Perception, Sensorimotor Integration, Rhythm, Movement
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The effect of repetitive transcranial magnetic stimulation (rTMS) over
the supplementary motor area on the groove experience

*Takahide Etani1'2'3, Mitsuaki Takemi4'5, Tomohiro SammaG, Jun Nitta’, Saki Homma6’8, Kenta
Ueda®, Keigo Yoshida®®, Kenjun Hayashida®?, Tatsuro Fujimaki®, Sotaro Kondoh®®'°, Kazutoshi
Kudo’, Shinya Fujii°®

1. Keio Research Institute at SFC, 2. Keio Univ. Hospital, 3. Japanese Red Cross Ashikaga Hospital, 4. Graduate School
of Science and Technology, Keio Univ., 5. Graduate School of Advanced Science and Engineering, Hiroshima Univ., 6.
Graduate School of Media and Governance, Keio Univ., 7. Graduate School of Arts and Sciences, The Univ. of Tokyo,
8. Department of Neuropsychiatry, Keio Univ. School of Medicine, 9. Faculty of Environment and Information Studies,
Keio Univ., 10. Japan Society for the Promotion of Science

The pleasurable urge to move along with the music is called "groove." This study aimed to examine
whether activation of the supplementary motor area (SMA) is related to the groove experience using
repetitive transcranial magnetic stimulation (rTMS). We hypothesized that excitatory stimulation would
enhance, and inhibitory stimulation would decrease, the groove experience compared to the sham
condition. Fifteen healthy individuals (mean age = 24.8+7.26 years; 9 females) participated in the study.
Each underwent three rTMS conditions using an automated TMS robot system: SMA-iTBS (excitatory
intermittent theta burst stimulation over the SMA), SMA-cTBS (inhibitory continuous theta burst
stimulation over the SMA), and sham stimulation over the vertex. After each session, participants listened
to ten musical excerpts (five high-groove and five low-groove) from a previous study (Janata et al., 2012)
and rated their experienced groove ("urge to move" and "pleasure") using a visual analog scale (0-100). A
two-way ANOVA (stimulation condition [SMA-ITBS, SMA-cTBS, and sham] x music type [high-groove and
low-groove music]) revealed no significant main effect of stimulation condition on either rating. There was
a significant main effect of music group on “pleasure” ratings (Fq8 = 257.7, p < .001), with
high-groove music receiving higher ratings. Contrary to our hypothesis, SMA stimulation did not
significantly affect the groove experience, suggesting that the SMA may not be directly involved in the
groove experience.

References

Janata, P., Tomic, S. T., & Haberman, J. M. (2012). Sensorimotor coupling in music and the psychology of
the groove. Journal of Experimental Psychology. General, 141(1), 54-75.
https://doi.org/10.1037/a0024208

Keywords: groove, pleasure, repetitive transcranial magnetic stimulation (rTMS), supplementary motor
area (SMA), music
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Timing Difficulties in Developmental Language Disorder and
Stuttering: A planned study on the Role of Dysfunctional
Synchronization of Brain Rhythms

*Christian A. Kell, Lars Meyerz, Joachim Gross?, Katrin Neumann?
1. Goethe University, 2. Muenster University

In this planned study we will characterize the neural underpinnings of timing difficulties in developmental
language disorder (DLD) and developmental stuttering. Children suffering from DLD display receptive
timing difficulties and misperceive temporal modulations, in particular at high rates. In contrast, children
who stutter (CWS) show timing difficulties during actions, such as speech production.

We hypothesize that timing difficulties in DLD and stuttering arise from an underlying deficit in the
synchronization of rhythmic brain activity. In DLD, we hypothesize dysfunctionalsynchronization with the
external speech signal during perception. In contrast, CWS are hypothesized to display dysfunctional
internal auditory-motor synchronization, which is particularly important for the processing of auditory
feedback.

Children with DLD, children who stutter, and control children aged 10-15 (66 each) will participate in an
MEG study at Muenster and Goethe university Frankfurt. We will investigate speech-brain synchronization,
rhythmic deviance detection, and synchronization/ continuation tapping with and without feedback.

We will present and discuss the details of the study design.

Keywords: Developmental Stuttering, Developmental Language Disorder, Speech-Brain Alignment,

Synchronization-Continuation Tapping Paradigm, Auditory-motor interactions,
Magnetoencephalography
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Contributions of cognitive abilities and attention to Motor Timing in
Parkinson’ s Disease

*Elisa M. Gallego Hiroyasu1, Yuko Yotsumoto?, Giovanna Mioni®

1. Keio University, 2. The University of Tokyo , 3. Universita di Padova

Finger tapping tasks are often employed to measure the rhythm of the internal clock. These, however, are
susceptible to influences from both motor symptoms and cognitive functions which makes interpreting
results difficult. This study investigates the influence of specific cognitive functions on finger tapping in
Parkinson’ s Disease (PD). In contrast to the widespread use of tools like the Mini-Mental State
Examination (MMSE), our focus lies on specific cognitive domains crucial to finger tapping—Montreal
Cognitive Assessment (MoCA) and Trail Making Test (TMT). PD patients engaged in spontaneous tapping
and 1-second paced tapping tasks. Cognitive functions were assessed using the MoCA for general
cognitive abilities and TMT-A for attention and processing speed. Bayesian model comparisons were
employed to evaluate 12 different models predicting the interval between taps and variability of taps, for
each task. The results confirmed previous findings of a faster tapping rate and increased variability in free
tapping and 1-second tapping tasks among PD patients. Furthermore, distinct trends emerged concerning
MoCA and TMT-A performance and their effect on tapping tasks, differentiating between PD patients and
healthy controls.

Keywords: Parkinsons, Motor Timing
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Exploring the role of rhythmicity for infant word learning by
entrainment of brain and behaviour in social contexts: A preliminary
study

*Erica Flaten1, Cristina Conatiz, Janet Werker'

1. Department of Psychology, University of British Columbia, 2. Department of Computer Science, University of British
Columbia

Infants learn words from caregivers labelling objects with their names. Such interactions involve
infant-directed (ID) communication, which is inherently highly rhythmic. Infants attend more to, learn
better from, and more strongly neurally track ID than adult-directed speech, however, whether this is
specifically due to rhythmicity is currently unknown. We thus posit that rhythmicity in ID speech
dynamically engages infants’ coghnitive processes in real time (such as measured via eye-tracking), which
enhances word learning, and that such learning processes are anchored by underlying neural activity. We
are currently testing this hypothesis while developing machine learning (ML) techniques to utilize

infants’ multiple signals together (e.g., eye-tracking and/or EEG, video of facial expressions) to predict
learning outcomes. Specifically, 9- to 11-month-old infants (data collection is ongoing) from
English-speaking homes were familiarized with two novel objects one at a time on a screen, each paired
with a pseudoword (e.g., ‘Bap’ & ‘Dit’ ). The word was spoken repeatedly over an intonation phrase,
and these phrases were manipulated to be rhythmically regular (i.e., with regular inter-onset-intervals[lOls]
between word onsets) or irregular (e.g., jittered I0ls between words). During familiarization, infants’

visual and neural signals were measured using eye-tracking and EEG, respectively. Following this,

infants’ associative word learning was then tested: infants heard the learned pseudowords one at a time
while both objects appeared on the screen, and looking times to the correct vs. incorrect object was
measured to index learning. We predict that infants’ brains will more strongly track the regular compared
to irregular phrases, and that this pattern will predict their word learning outcomes. Additionally, ML
models will predict which infants learned best using the eye-tracking (and in the future, EEG and facial
expression) data from the familiarization phase. This project is the first to directly manipulate rhythmic
regularity in ID speech to investigate word learning, and additionally, to employ ML techniques to extract
features from infants’ multiple signals that predict learning outcomes. This work will better our
understanding of the processes involved in early language acquisition.

Keywords: Word Learning, Infants, Neural Tracking, EEG, Eye-tracking
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Pre-motor and auditory processing for inner and overt speech

*Lachlan James Hall', Thomas J Whitford?, Mike E Le PeIIeyZ, Bradley N Jack'

1. Australian National University, 2. University of New South Wales

There is a long-standing debate as to whether the neural processes associated with inner speech -the
silent production of words in one’ s mind —and overt speech —the audible production of words via
movement of the articulator organs —are the same or different. Watson (1913) claimed that the only
difference between them is that inner speech does not produce an audible sound, whereas Vygotsky
(1934) argued that they are completely different. To distinguish between these possibilities in the context
of pre-motor and auditory processing, we sought to investigate the similarities and differences in both the
N1, an event-related potential (ERP) associated with auditory processing, and the slow negative wave, a
negative-going deflection preceding the onset of a voluntary action. To elicit these potentials, participants
were instructed to watch an animation which provided them with precise knowledge about when they
should produce a sound (e.g., “cat” ) in either inner or overt speech. At the same time, participants
would hear an audible sound played through headphones that either matched (e.g., “cat” ) or
mismatched (e.g., “dog” ) the sound they produced. The results and their implications for understanding
the perception of inner and overt speech will be discussed.

Keywords: Inner Speech, EEG, Decoding, Overt Speech

-p2-31-



P2'32 Timing Research Forum 4

Neural correlates of changes of mind and confidence in the judgement
of elapsed time

*Chetan Desai', Martin Wiener'

1. George Mason University

The ability to monitor and correct errors is essential for accurate timing. Recently, investigators have
started probing confidence in temporal decisions as a means of understanding temporal metacognition
(Fu, et al. 2023). However, few studies have investigated the EEG correlates of metacognitive inferences in
time perception (Kononowicz, et al. 2019; Kononowicz & van Wassenhove, 2019). Separately, perceptual
decision-making studies have found that, when given the option, subjects will shift their decisions from
one choice to another, so-called "changes of mind” (Resulaj, et al. 2009; van Den Berg, et al. 2016). We
have found that changes-of-mind also exist for temporal decisions (Wiener, et al. 2019). Here, we probed
the EEG correlates of these changes-of-mind and confidence estimates in a suprasecond auditory
temporal bisection task. Our initial analysis revealed that the late positive component of timing (LPCt), an
EEG signal associated with post-decisional evidence in timing tasks (Wiener & Thompson, 2015; Ofir &
Landau, 2022), is significantly lower on trials in which subjects changed their minds about their decision.
Additional analyses will examine the link between this shift in LPCt amplitude and decision confidence,
both at the neural and behavioral level, as well as if changes-of-mind can be predicted by pre-decisional
evidence accumulation.

Keywords: decision-making, changes-of-mind, temporal metacognition
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Metacognition of Time Discrimination

*VValdas Noreika', Stefano Arlaud’
1. Queen Mary University of London

While the conscious sense of the passage of time is often assessed in the temporal orientation studies on
the individual’ s focus on the past, present and future, much less is known about metacognitive
awareness of our perception of short time scales. In a series of time discrimination studies, we measured
the sensitivity of time judgments (Level 1) and the metacognitive accuracy (Level 2) of the Level 1
responses. We found that different aspects of time judgment (threshold, slope) predict metacognitive
awareness of time perception. In addition, participants showed systematic over- and under-estimation of
sub-second vs. supra-second judgements, which was also reflected in the metacognitive processes. The
results highlight the higher-level processing of time, which likely cannot be carried out without conscious
awareness of time.

Keywords: Time discrimination, Metacognition, Sub-second vs. supra-second, Consciousness
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Timing Control of Upper Body Movements in Playground Swing
Pumping: The Role of External Forces

*Chiaki Hirata', Shun'ichi Kitahara'
1. Jumoniji University

Playground swing pumping represents a coupled oscillator system consisting of the swing apparatus and
the human swinger. Dynamic simulations using equations of motion reveal that for seated pumping, swing
amplification requires synchronization between the swing's resonant frequency and the swinger's upper
body movements. Furthermore, a progressive phase shift between the swing and upper body motion is
essential for effective pumping. Specifically, when swing amplitude is small, maximum backward lean of
the upper body should occur when the swing moves forward and the swing is at the vertical. As swing
amplitude increases, the timing of maximum backward lean must shift earlier toward the swing's back
extreme.

Motion capture analysis of 10 untrained participants pumping an in-lab playground swing showed that
while one swing cycle lasted approximately 2.5 seconds, the phase shift advanced about 30 milliseconds
per cycle. This precise phase control was consistent across all participants, suggesting it occurs without
conscious intention.

Our hypothesis proposes that external forces—including inertial, fictitious, and centrifugal forces—acting
on the swinger's upper body drive this phase shift. To test this hypothesis, we constructed a virtual reality
swing environment consisting of a head-mounted display connected to a personal computer and a
stationary bar stool with poles mimicking swing chains. The VR swing responds to upper body movements
synchronized with swing motion, but critically, no external forces act on the swinger's body since the seat
remains fixed to the ground.

Ten participants successfully pumped both VR swing. Importantly, during VR swing pumping, the phase
relationship between the seat and upper body remained constant throughout the pumping process,
contrasting with the progressive phase shift observed in physical swing pumping.

These findings demonstrate that external forces are crucial for the automatic phase shift that enables
effective swing pumping. This research advances our understanding of how environmental constraints
shape motor coordination in coupled oscillatory systems.

Keywords: phase shift, external forces, coupled oscillator system, playground swing
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Social modulation of sense of responsibility and subjective time
experience in semi-automated motor tasks

*Sayako Ueda'?
1. Japan Women's University, 2. RIKEN CBS

Automation technologies increasingly assist or augment human motor functions in contexts such as
driving, surgery, and rehabilitation. As such systems become more prevalent, it is essential to understand
how they influence users' subjective experience, particularly in social settings where individuals may
compare themselves with others using more or less capable systems. Previous research has shown that
automation can modulate the sense of agency (SoA), responsibility, and time perception, but these effects
have mostly been examined in non-social contexts. In this study, we examined how automation and social
context shape users’ sense of responsibility and temporal experience. Participants engaged in a
continuous circle-tracing task using a trackpad-controlled cursor under two automation conditions:
auto-correction and delay. In Experiment 1, participants performed the task alone. In Experiment 2, two
social contexts were introduced: while observing another agent using the same system (social-matched),
or a different system (social-mismatched). The results showed that the automation condition consistently
influenced subjective control, performance, drawing speed and accuracy in both experiments, with better
outcomes in the auto-correction condition. The social context had no effect on these indices. However,
temporal reproduction and responsibility judgements exhibited different patterns in Experiment 2.
Specifically, subjective time compression occurred in social conditions under delay, and responsibility
ratings were highest when the observer used the same system, and lowest when they used a different one.
These findings suggest that automation performance has a consistent influence on core aspects of task
execution and self-evaluation, while social context selectively modulates higher-order, self-related
experiences, such as responsibility attribution and time perception. These findings emphasize the
importance of considering technological and social factors when evaluating user experience in
semi-automated environments.

Keywords: sense of responsibility, subjective time perception, human-automation interaction, social
context, sense of agency
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When Time Stands Still: Altered spatiotemporal experiences in
depersonalization

*Julia Ayache', Malika Auvray?, Anna Ciaunica®*

1. EuroMov Digital Health in Motion, Univ. Montpellier IMT Mines Alés, Montpellier, 2. Institut des Systemes
Intelligents et de Robotique, Sorbonne Université, CNRS, Paris, 3. GAIPS INESC-ID, Instituto Superior Tecnico,
University of Lisbon, Lisbon, 4. Institute of Cognitive Neuroscience, University College London, London

Introduction. Depersonalization (DP) is a common condition characterized by distressing feelings of
estrangement from the self and the external world. Unlike schizophrenia, peripersonal space is preserved
in DP, yet altered time perception are also observed. This asymmetry needed to be further investigated by
considering DP facets in spatiotemporal experiences.

Methods. An online study was conducted (N = 1034) investigating the association of HIGH DP traits
measured by the Cambridge Depersonalization Scale (CDS score > 50) with altered subjective
experiences of body, time, and space.

Results. The results demonstrated associations between DP scores and distorted experiences of time,
body and space. When shared variance between CDS facets is considered, the facet “Anomalous Body
Experience” , appears as main predictor of spatiotemporal alterations, associated with subjective
experience of time slowing down.

Conclusion. These results echo phenomenological experiences of spatiotemporal disruption in DP and
suggest that these experiences may mainly come from estrangement experiences from the bodily self. Our
work calls for further investigations linking DP to disruption of internal/external clock, in relation to active

movements in the world.

Keywords: Depersonalization, Time Perception, Altered Self, Bodily Self
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Recalibrating perceptual time through motor learning

*Nicola Binetti', Federico Mancinelli®, Marco Zanon?, Domenica Bueti?

1. Universita degli studi di Roma Tor Vergata, 2. International School for Advanced Studies, 3. University of Bonn

Timing is central to human cognition and behaviour, underscoring people’ s ability of comprehending
speech, playing instruments and competing in sports. Accumulating evidence supports a motoric basis of
timing, whereby time processing is embedded in motor control neural circuits and perceptual time
undergoes distortion in proximity of action. Yet, the dynamic interplay between timing and motor systems
remains under-characterized, particularly in goal-directed contexts where control is refined through
practice. In a first study, we investigated this interaction by asking participants to judge brief visual
durations while preparing hand movements toward either specific (Cued) or unspecified (Non-cued)
targets, or during equivalent intervals without movement (Sensory). Temporal judgments were biased
toward expansion in the Cued condition, and both action conditions showed progressive time expansion
across trials, paralleling motor learning as indexed by decreases in action latency. EEG data revealed that
these perceptual distortions arise from biased temporal encoding and decoding processes, linked to
action planning and broader aspects of motor system engagement respectively. We further examined
within this setup how perceptual (explicit) and motoric (implicit) timing mechanisms interact. Using a
nested design that assessed both processes on a trial-by-trial basis, participants judged stimulus
durations while also intercepting a target presented after a predictable interval containing the judged
stimulus. Results showed that while action planning distorted perceived duration, motor-based timing
remained accurate for target interception, suggesting partial decoupling between perceptual and motor
timers. However, the systems also interacted: trials with faster perceptual timing (shorter perceived
durations) were associated with slower motor timing (delayed responses), hinting at information leak
between implicit and implicit timers. Together these findings highlight a dynamic, learning-driven
coupling between perceptual time and motor control processes, wherby temporal experience is
recalibrated throughout goal-directed motor learning

Keywords: Motor control , Visual timing, Sensorimotor integration , Time encoding and decoding,
Behavioural modelling, EEG
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Beyond Pacemaker Speed: A Planned Investigation into Atemporal
Perceptual Processes Underlying Differences in Auditory-Visual
Duration Judgments

*Valtteri Arstila', Jarno Tuominen'

1. University of Turku

Research consistently shows that auditory stimuli are perceived as longer than visual stimuli of equivalent
duration. Current explanations for this phenomenon are based on the internal clock model; no detailed
explanation has been presented within alternative frameworks, such as oscillator-based models like the
striatal beat frequency model. The internal clock model explanation attributes the effect to
modality-specific pacemaker speeds. This could imply either that one pacemaker operates at different
speeds for different sensory modalities or that each modality has its own pacemaker operating at different
speeds. (Wearden and Jones 2021) However, this approach amounts to merely explaining by naming;
within the context of the internal clock model, the explanation doesn't truly elucidate the phenomenon
but rather describes it in a novel way. As long as the accumulator and the switch/gate function largely
similarly for both auditory and visual stimuli—both reasonable assumptions—differences in duration
estimations can only be attributed to differences in pacemaker speeds. Consequently, the phenomenon
remains unaccounted for.

In this presentation, we share initial results from psychophysical experiments—which compare duration
judgments between matched auditory and visual stimuli—aimed at exploring alternative explanations for
the differences in judged durations. Rather than attributing the duration judgment differences to
unexplained variations in pacemaker speed, we anticipate demonstrating that these effects arise from
more general and partly domain-specific perceptual and neural processes. Should our results support this
explanation, they will challenge the explanatory value of modality-specific pacemaker speeds and
advance our understanding of time perception by aligning it more closely with other perceptual
processes.

Wearden, J. H., & Jones, L. A. (2021). “Judgements of the Duration of Auditory and Visual Stimuli.”
Timing & Time Perception, 9(2), 199-224.

Keywords: Time perception, Auditory stimuli, Visual stimuli

-P2-38 -



Timing Research Forum 4

| Poster | Other |

& sat. Oct 18,2025 12:45 PM - 3:00 PM JST | Sat. Oct 18, 2025 3:45 AM - 6:00 AM UTC I KOMCEE-
B1(KOMCEE-B1)

[P2] Poster: Day 2

[P2-39] Influence of turn-taking regularity on respiratory activity in human
conversation

*Mirei Kin and Hiroki Koda (Graduate School of Arts and Sciences, The University of Tokyo)
Keywords : respiratory activity; conversion; speech timing; temporal regularity; turn-taking

Human conversational communication is characterized by the dynamic alternation of
speaker roles, known as turn-taking. The smooth coordination of turns requires
individuals to predict the timing of their partner’s utterance onsets and offsets and to
execute their own speech with precise motor timing. Since speech production depends on
the voluntary control of respiration, it is plausible that respiratory activity plays a role not
only in individual speech planning but also in the mutual regulation of conversational
flow. Specifically, respiratory control may act as a physiological substrate for inter-
individual coordination by enabling reciprocal influence between speakers’ breathing
patterns. Such coordination may extend beyond vocal turn-taking and contribute to
broader socio-psychological domain, including synchronization of autonomic nervous
system activity. Despite its potential relevance, respiratory coupling in naturalistic
conversation remains understudied. Here, we investigated how conversational context
influences respiratory synchrony between two speakers. We recorded respiratory activity
during dyadic conversations conducted under two conditions: face-to-face interaction and
virtual interaction via video online system including unpredictable time delay. These
settings allowed us to manipulate the physical co-presence of participants while keeping
the conversational task comparable. The temporal aspects of dialogue, such as turn
transition timing in relation to respiratory signals, were also examined following previous
studies. Our preliminary analysis showed condition-dependent differences in respiratory
synchronization. Our data partially suggested that synchronized breathing during smooth
turns occurred more frequently in face-to-face conditions than in virtual interactions.
Notably, simultaneous laughter emerged as a particularly salient event, during which
participants’ respiratory rhythms temporarily aligned. These moments of affective
synchronization might facilitate smoother turn transitions and more sustained
conversational flow in subsequent exchanges. These findings suggest that respiration
might serve not only as a substrate for speech production but also as a medium for inter-
individual coordination during conversation.

©Timing Research Forum
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[P2-40] Female gibbons' great calls change tempo in the presence of their
offspring

*Yoichi Inoue’, Waidi Sinun?, Kazuo Okanoya' ('Teikyo University, Research and
Development Division, Yayasan Sabah Group)

Gibbons are small apes distributed throughout Southeast Asia known for their loud
vocalizations (songs). Female gibbons produce a loud, elaborate, and stereotyped song
known as the great call (GC). From 2009 to 2025, we observed four females in three
groups of Northern Gray gibbons (Hylobates funereus) in northern Borneo and recorded
their songs to investigate whether female GCs change before and after giving birth.
Observations suggest that infant gibbons begin producing high-pitched vocalizations
synchronized with their mother's GC from birth. By approximately 26 months of age,
offspring begin to sing the initial portion of the GC in synchrony with their mother,
gradually lengthening their contribution. We hypothesized that females may adapt their
vocalizations to match their offspring’s developing song—similar to human motherese—
by producing slower, shorter calls with higher pitch. To test this hypothesis, we analyzed
the GC's duration, number of notes, maximum and minimum frequencies, and note
speed. The GC consists of a series of notes: the first half begins slowly and accelerates,
while the second half maintains a steady tempo. Therefore, note speed was measured
separately for the first 20 notes and for the 21st note onward. We compared these
acoustic features before and after the birth of offspring. Although our overall findings did
not support the hypothesis, we found that note speed in the first half of the GC was
significantly faster after birth. This change may reflect hormonal effects related to
lactation or heightened maternal arousal for offspring protection, but the underlying
cause remains unclear. Further studies are needed to clarify the function and mechanisms
of this vocal change (Work supported by JSPS 25H21984).
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