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Abstract

In this paper, to analyze the mechanism of the
communication between a player and a listener, the relation
between the time course of acoustic level and the time
course of physiological level of a live performance were
analyzed at the same time. The results revealed that (a)
where scatter of note was low, music rhythm of a player
and handclap rhythm of a listener were likely to
synchronize, and where scatter of note was high, both
respiration rhythms were likely to synchronize, (b) where
scatter of note was high, the coupling between acoustic
level and physiological level became strong. To interpret
these results, we hypothesized that where scatter of note is
high, a player and a listener have to anticipate the timing
of sounding, and proposed the new communication model
between a player and a listener.

1 Introduction

We sometimes feel the difference between music of CD
and music of a live performance. Generally, the visual and
auditory information of a live performance have been
focused on as the reasons [1][2]. However, we consider a
live performance as a musical communication, and focus
on the interaction between players and listeners.

Up to now, a musical communication has been
researched from two aspects. One is from acoustic aspect.
For example, R.A.Rasch [3] researched the
synchronization between players when they played music
at the same time. Y.Horiuch [5] researched the mechanism
of playeris synchronizing way with the other player in a
cooperative performance.

The other is from physiological aspect. For example,
S.Inoguchi [6] researched the relation between tension state
of a player and that of listeners by measuring the heart
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rate and skin potential of them. 1.Koura [7] researched the
synchronization of respiration between players in playing
the guitar. This research suggested that when player
playing difficult music or when armature playing music,
respiration rhythms were likely to synchronize.

Weive already researched the relation between a player
and a listener from both of aspects[8]. This research
suggested that there was an interaction between a player
and a listener, and there was a mutual entrainment between
respiration rhythm and music rhythm. However, weive
only analyzed it statically, and not analyzed the mechanism
of the interaction. Therefore in this paper, to investigate
the mechanism of communication between a player and a
listener, we analyze the relation between the time course
of acoustic level and the time course of physiological level
of a live performance at the same time. To investigate the
mechanism, we measure respiration of a player and a
listener as a physiological index and measure musical
rhythm of a player and handclap rhythm of a listener as an
acoustic index.

2 Method

2.1 Measurement Procedure

The players were two graduate students who had 15 years
experience of playing the piano (Male, 25,27). The listeners
were three graduate students (Male, 22-23). 3 of music
were used for experiment.

Music A: Praeludium C dur (Composed by J.S.Bach,
Music Length: about 145sec)

Music B: Energy Flow (Composed by Ryuich Sakamoto,
Music Length: about 95sec)

Music C: Ely my love (Composed by Keisuke Kuwata,
Music Length: about 120sec)

These three of music have each tempo pattern. Music A
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has monotones tempo pattern. Music B has changing tempo
pattern only in bar:16-19 and bar:35-38. Music C has
complicated changing tempo pattern.

Measurement procedure was that firstly, each listener
listened the played music without handclap, and next, each
listener listened the played music with handclap at first
and third beat. This procedure was repeated three times in
each music.

2.2 Measurement System

Fig.1 shows measurement system. Musical Performance
was performed with the electrical piano (Roland: RD-600),
and sound was presented by the speaker (ONKYO: GX-
R3). There were 2m between a player and a listener.
Performance of piano was recorded by the MIDI sequencer
(emagic: Logic Audio platinum Ver.3.5). Respiration of a
player and a listener was measured by an attached
thermistor sensor (NIHON KODEN:TR-511G) at nasal
cavity (Therefore singing and humming is restricted).
Handclap of a listener was measured by electrode attached
at the palm. Measured data were sent to receiver (The
same: WEB-5000) from transmitter (The same:XB-581),
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and those were carried to PC (Intel Pentium 11 450Mhz)
through A/D converter (Interface:IBX-3119) with 100Hz
sampling rate and 12bit resolution. Measurement accuracy
of music is 0.04sec, and that of respiration is 0.02.

2.3 Analysis Procedure

Indices of a player for analysis are respiration rhythm
and I-bar rhythm, and indices of a listener are respiration
rhythm and handclap rhythm. Fig.2 shows an example of
measured handclap data, and Fig.3 shows recorded MIDI
data. Respiration period is calculated by the time difference
between two high peaks. Handclap period is calculated by
the time difference between two rectangle waves. 1-bar
period is calculated by the time difference of first note of
a bar to first note of a next bar.

Fig.4 shows all of the indices that are used for analysis
in section 3,4. In section 3, phase difference of acoustic
level and physiological level are focused on, and the inter-
personal relation is analyzed with them. Fig.5 shows the
way of calculation of each phase difference. Phase
difference between handclap rhythm and 1-bar rhythm is
calculated by the time difference between first note of a
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Fig.8 Mean S.D. of mean phase difference between 1-bar rhythm and handclap rhythm and scatter of note

bar and a rectangle wave. Phase difference between
respiration rhythms is calculated by the time difference
between high peaks of a player and a listener.

In section 4, phase difference between respiration rhythm
and 1-bar rhythm of a player and phase difference between
respiration rhythm and handclap rhythm of a listener are
focused on, and the intra-personal relation is analyzed with
them. Phase difference between 1-bar rhythm and
respiration rhythm is calculated by the time difference
between first note of a bar and a high peak. Phase difference
between handclap rhythm and respiration rhythm is
calculated by the time difference between a rectangle wave
and a high peak.

In this paper, scatter of note of music score is used as
score information. The way of calculation is that a quarter
note is converted to 1, a eighth note to 0.5, a whole note to
4, and its standard deviation value through 3 bars is
calculated. If this value is low, musical rhythm is stable
and if this value is high, musical rhythm is unstable.

332

3 Analysis of inter-personal relation

3.1 Relation between music rhythm and handclap
rhythm

In this subsection, the relation between a player and a
listener in acoustic level is analyzed. Fig.6a-c show one
example of the time course of 1-bar period and handclap
period of Music A,B,C. As figure shows, each music has
each period. Fig.7a-c show the phase difference between
1-bar rhythm and handclap rhythm shown in Fig.6a-c.

To investigate the characteristic of the time course of
the phase difference, some calculation was performed. At
first, S.D. of each three bars of phase difference was
calculated, and mean value of all trials (18 case) was
calculated. As mentioned in subsection 2.3, scatter of note
of each song are introduced as the characteristics of music.
Fig.8a-c show their pattern. Scatter of note of Music A
has flat pattern. Scatter of note of Music B has two peaks,
and Music C has more complicated pattern.

As shown in Fig8a,b, where scatter of note is relatively
high, mean S.D. of phase difference is high, and where is
scatter of note is relatively low, mean S.D. of phase
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Fig.11 Mean S.D. of phase difference between respiration rhythms and scatter of note

difference is low. In Fig.8.c, the cross correlation between
mean S.D. of phase difference and scatter of note is 0.389
(p<0.05). This result means that Music C has same tendency
to Music A.B.

These results suggest that where scatter of note is low,
handclap rhythm and music rhythm is more likely to
synchronize.

3.2 Relation between playeris respiration rhythm and
listeneris respiration rhythm

In this subsection, the relation between a player and a
listener in physiological level is analyzed. Fig.9a-c show
one example of the time course of the playersi and listenersi
respiration period of Music A,B.C. Fig.10a-c show phase
difference of respiration shown in Fig.9a-c. Fig.l 1a-c show
scatter of note and mean S.D. of phase difference of
respiration, as same as Fig.8a-c. As Fig.11a,b shows, where
scatter of note is high, mean S.D. of phase difference of
respiration is low, where scatter of note is low, mean S.D..
of phase difference of respiration is high. In Fig.11c, the
cross correlation between mean S.D. of phase difference
and scatter of note is -0.360 (p<0.05). This result means
that Music C has same tendency to Music A.B.
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These results suggest that where scatter of note is high,
respiration rhythms between a player and a listener is likely
to synchronize. These results are opposite to results of
3.1.

4 Analysis of intra-personal relation

In section 3, inter-personal relation was analyzed. In
this section, to investigate the intra-personal relation, the
relation between 1-bar rhythm and respiration rhythm of
a player, and the relation between handclap rhythm and
respiration rhythm of a listener are analyzed.

Fig.12a-b show mean S.D. of the phase difference
between [-bar rhythm and respiration rhythm of a player,
Fig.13a-b show mean S.D. of the phase difference between
handclap rhythm and respiration rhythm of a listener. As
Fig.12a,b and Fig.13.a,b show, where scatter of note is
high, both phase differences are low, and where scatter of
note is low, both phase differences are high. In Fig.12a,
the cross correlation between two phase differences is -
0.400 (p<0.05), In Fig.13a, the cross correlation between
two phase differences is -0.311 (p<0.05). This result means
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Fig.13 Mean S.D. of phase difference between respiration rhythm and handclap rhythm and scatter of note

that Music C has a same tendency to Music A,B.

These results suggest that where scatter of note is high,
1-bar rhythm and respiration rhythm of a player was likely
to synchronize, and handclap rhythm and respiration
rhythm of a listener was also likely to synchronize.

5 Discussion

In section 3, to investigate the mechanism of the inter-
personal relation, the relation between 1-bar rhythm and
handclap rhythm, and the relation between playeris
respiration rhythm and listeneris respiration rhythm were
analyzed. In subsection 3.1, it was suggested that where
scatter of note was low, handclap rhythm and 1-bar rhythm
were more likely to synchronize. In subsection 3.2, it was
suggested that where scatter of note was high, respiration
rhythms between a player and a listener were more likely
to synchronize. That is to say, where 1-bar rhythm and
handclap rhythm relatively synchronize, both respiration
rhythms do not synchronize, conversely where 1-bar
rhythm and handclap rhythm relatively do not synchronize,
both respiration rhythms synchronize.

In section 4, to investigate the mechanism of the intra-
personal relation, the relation between |-bar rhythm and
respiration rhythm of a player, and the relation between
handclap rhythm and respiration rhythm of a listener were
analyzed. The results suggested that where scatter of note
is high, 1-bar rhythm and respiration rhythm of a player
were likely to synchronize, and handclap rhythm and
respiration rhythm of a listener were also likely to
synchronize. To interpret these results, at first, we
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hypothesize that where scatter of note is high, a player
and a listener have to anticipate the timing of sounding.
Next, some researches are cited [8] [9]. These researches
revealed that respiration rhythm and musical rhythm were
coupling, therefore it is suggested that 1-bar rhythm and
respiration rhythm of a player, and the handclap rhythm
and the respiration rhythm of a listener are coupling.

With this hypothesis and the suggestion, the results are
interpreted as follows; where a player and a listener have
to anticipate the timing of sounding, the coupling between
acoustic level and physiological level become strong and
both rhythms synchronize. Where a player and a listener
do not have to anticipate the timing of sounding, the
coupling between them become weak and both rhythms
do not synchronize.

We propose the communication model (Fig.14) between
a player and a listener with this interpretation. There are
acoustic interaction between a player and a listener whether
scatter of note is high or low. Where scatter of note is
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high, it is difficult to synchronize the timing, therefore in
acoustical level, handclap rhythm and 1-bar rhythm do not
synchronize. However a player and a listener have to
anticipate the timing of sounding in such the part, and the
coupling between acoustic level and physiological level
become strong. As a result, in physiological level, both
respiration rhythms synchronize. Where scatter of note is
low, it is easy to synchronize the timing, therefore in
acoustical level, handclap rhythm and 1-bar rhythm was
likely to synchronize. In such the part, a player do not
anticipate the timing of sounding so much, the coupling
between acoustic level and physiological level become
weak, and as a result, in physiological level, both
respiration rhythms do not synchronize.

Based on this model, it is suggested that respiration is
an interface between anticipation that is high degree
function of brain and physical rhythm that generate musical
rhythm. In future works, we will investigate the relation
the anticipation and respiration in dynamics level to verify
the hypothesis, and to construct fine model.

6 Conclusion

In this paper, to analyze the mechanism of the
communication between a player and a listener, the relation
between the time course of acoustic level and the time
course of physiological level of a live performance were
analyzed at the same time. Firstly, it was suggested that
where scatter of note was low, handclap rhythm and music
rhythm were likely to synchronize, and also suggested that
where scatter of note was high, respiration rhythms between
a player and a listener were likely to synchronize.
Secondary, where scatter of note was high, 1-bar rhythm
and respiration rhythm of a player were likely to
synchronize, and handclap rhythm and respiration rhythm
of a listener were also likely to synchronize. To interpret
these results, we hypothesized that where scatter of note
was high, a player and a listener had to anticipate the timing
of sounding, and proposed the new communication model
between a player and a listener that was composed of
acoustic level, physiological level and anticipation level.
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