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The Effect of Voluntary Movement in Audio-haptic Temporal Order Judgment
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Takayuki Nozawa*?,  Taiki Ogata*3, and  Yoshihiro Miyake*!

Abstract — The simultaneity between sensory modalities is important for multi-modal
integration. In this study, we investigated the effect of voluntary/involuntary motion
and predictability of stimuli on audio-haptic temporal order judgment. PSS (Point
of Subjective Simultaneity) and JND (Just Noticeable Differences) were measured un-
der “Voluntary+Predictable” condition, “Voluntary+Unpredictable” condition, “Invol-
untary+Predictable” condition, “Involuntary+Unpredictable” condition, and “Passive”
condition. Under each condition, when the haptic stimulus was presented before the
auditory stimulus was presented, the two stimuli were more likely to be percieved as si-
multaneous. The preceding amplitude under Involuntary condition was smaller than un-
der Passive condition and under Voluntary condition. The amplitude under Predictable
condition was smaller than under Unpredictable condition. Moreover, JND under In-
voluntary condition was smaller than under Passive condition. JND under Voluntary
condition was the smallest among all conditions. JND under Predictable condition was
smaller than under Unpredictable condition. These results suggest that two types of pre-
diction (using efference copy or proprioceptive information) in voluntary motion exist, and
that these two types affect simultaneity perception for audio-haptic stimulus in different
ways.
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Fig.3 Psychometric function for each condition.
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