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Comparison of Beat Synchronization among a Performer and
Audience with or without Auditory Feedback

NOBUKO MIZUNOT!'  MINORU TSUZAKI"™

Abstract: We investigated influences of auditory feedback on synchronization between the beats of piano performances and those
of hand claps under two situations, (a) where the bidirectional, auditory communication channel was available, or (b) where the
unidirectional, auditory information was available. Participants were required to clap their hands in time to piano performances
under both conditions. While the pianist could hear the hand claps of the participants in the (a) condition, she could not in the (b)
conditions. The onset time of each beat was estimated by a signal processing to the digital recordings of the piano sounds and those
of clap sounds. The results suggested that the bidirectional, auditory information transmission enhances the degree of
synchronization between the beat timings of the performer and those of the audience. The results of cross-correlation analysis of
inter-beat interval of the performance and clapping suggest that the performer and the audience are mutually synchronized while
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using the information up to the past one bar.
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Figure 1 Diagram of the experimental environment.
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(a) Envelope, output waveform of LPF (low pass filter),
its derivative wave and local peak, based on a waveform
of piano signal.
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(b) Envelope, output waveform of LPF (low pass filter) ,
its derivative wave and local peak, based on a waveform
of handclap signal.
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Figure 2 Onset time detection of piano and handclap signal .
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Figure 3 Root mean square percentage error (%) , shown by
the experimental conditions for auditory feedback.
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Figure 4 Normalized error distribution between the beat of the piano performance and handclaps.
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Figure 5 Mean asynchronies (a) and mean standard deviation of the Asynchronies (b) in percentage, shown by pieces and
auditory feedback as the factors. The Asynchronies indicate root square of normalized error. Error bars denote the standard
error of the means. The contrasts between the bidirectional and unidirectional conditions with the asterisks reached the
significant level (p < 0.01(**)), p < 0.05(*); those with the dagger () tended to be significant (p <0.1).
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