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Abstract—Listening to music at a live concert is different from listen-
ing to it with CD player. It is caused from not only sound facilities but
also interaction between players and listeners. In this study, we inves-
tigated the relation between listener's respiration and player’s 1-bar
period to analyze interaction in a live performance. As a result, it was
suggested that listener’s respiration period was changed by music,
and also player’s I-bar period was changed by a listener, and mutual
entrainment occurred between 1-bar period and respiration period.
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I. INTRODUCTION

We sometimes feel the difference between music of CD and
music of a live concert. and feel the later better. From ordinary
point of view, its reason comes from sound facilities or visual
information. Therefore, to play music of CD as a live concert,
multi-channel speaker or high sampling ratec music devices are
used. However. in this study, we focus interaction between play-
ers and listeners. In other words. when listening to music of
CD. a listener listens to monotonous music. however, when lis-
tening to music of a live concert. listeners listen to music that
was changed by players who are affected by listeners. and it
makes music better.

We have already performed some experiments to investigate
interaction between a player and a listener [1][2]. In these stud-
ies. 1-bar period of a player and respiration period of a listener
were focused as elements of interaction. There are some stud-
ies that investigated the relation between players and listeners
[3]-[6]. However, in those studies. how players’ intention was
transmitted to a listener was focused. and feedback from lis-
teners was not considered.

Respiration when listening to music was investigated from early
[71-110]. In those studies. it was suggested that respiration rate
was changed by music, and its change correlated to music tempo.
In this study. we assume that there is an interaction between
player’s music and listener’s respiration and analyze it. Form

results. we intend to extract essence of interaction between a
player and a listener and gain a guidance to construct the sys-
tem that realizes to play music of CD as a live concert.

1. METHODS

A. Procedure of experiment

All musical performances were performed by the electric pi-

ano. Players were 4 and they were students of music academies

(20-23. female). Listeners were 6 and they were students of

graduate school (23-25, male). Played music was “energy flow™

(composed by Ryuichi Sakamoto. 4/4, 88 bars, piano solo, no

lyrics, song length: about 260sec). An experiment was performed

by the following procedure:
1. Measuring listener’s respiration in rest 4 times (Smin/once)

2-1. A player plays musical performance 6 times alone.

2-2. A player plays musical performance to 6 listeners (one
listener by one listener).

2-3. Partition is placed between a player and a listener, and a
player plays musical performance to 6 listeners (one lis-
tener by one listener).

Each player performed experiment 2-1 to 2-3 in a day (cach

player performed in each day). total number of musical perfor-

mances was |8. Experiment 1 was performed on different day

of experiment 2, but soon afier experiment 2.

In this experiment, listener’s respiration period and player’s I-

bar period were measured. Listener’s respiration was calcu-

lated as follows: plot measured data to x-axis and plot 0.8sec
before measured data Y-axis. and move its center to the origin.

Fig.1 shows measured respiration wave (the ascent means in-

spiration. the descent means expiration). Fig.2 shows trans-

formed respiration wave. As Fig.2 shown, transformed wave is
closed circle, and we can calculate its phase by connecting plot-
ted point to the origin.

I-bar period was calculated by measuring length of first note of

a bar to first note of a next bar.

Experiment 2-3 is verification that a player is affected by vi-
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Fig.l. Respiration wave

Fig.2. Tranformed respiration wave

sual information of a listener. if there is an interaction between
them.

B. Measuring svstem

Experiment 1 was performed with the svstem shown Fig.3.
Respiration was measured by an attached thermistor sensor
(NIHON KODEN:TR-511G) at nasal cavity (Therefore singing
and humming is restricted). Measured data were sent to re-
ceiver (The same: WEB-3000) from transmitter (The same:XB-
381). and those were carried to PC (Intel Pentium [1 450Mhz)
through A/D converter (Interface:IBX-3119) with 100Hz sam-
pling rate and 12bit resolution. The room for measurement was
3.6m in breadth X 7.0m in length X 2.5m in height.

Experiment 2 was performed with the system shown Fig.4. The
electric piano (Roland : RD-600) was used for musical perfor-
mance. Sound was presented by a pair of speakers (MELCO
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Fig.3. Measuring system of respiration

DIATONE DS-31). Other measuring devices and measuring
environment are same as Fig.3. There is 2.7m interval between
a player and a listener and 2m between speakers and a listener.
When measuring. no other people were there without a listener
and a player. Partition for experiment 2-3 was 125¢m in breadth
X 175cm in height. Musical performance was recorded by a
MIDI sequencer (emagic:Logic Audio platinum Ver.3.5).

II. CHANGE OF RESPIRATION PERIOD AND 1-
BAR PERIOD

A. Change of listeners’ respiration period caused by
listening to music

FFig.5 shows mean respiration periods of Listener F in cach
condition. “In Rest™, “Face to Face™. “Partition”. Mean value
is calculated from 4 trials of cach condition. As Fig.5 shows,
mean respiration period of “In Rest™ is different from that of
“Face to Face™ and “Partition™,

Table I shows all listeners™ (Listener_A,B.C.D.E.F) mean res-
piration period to each players (Player _1.2.3.4) in each condi-
tions. and total mean (“Mean™). and standard deviation (S.D.).
All units of table are “sece”. Result of welch’s test between
“Mean™ of ~“In Rest™ and that of ~Face to Face™ is shown at
second line from bottom. and result of welch’s test between
“Mean™ of ~In Rest™ and that of ~Partition™ is shown at bottom
line. ** means that there is a significant difference at level. p <
0.01. and * means p < 0.05. Results show that there is a signifi-
cant difTerence between “In Rest”™ and “Face to Face™, and be-
tween “In Rest™ and “Partition™ without “Partition™ condition
ol “Listener (7.

The result above means that listeners” respiration period changed
from ~In Rest™ to “Face to Face™ and “Partition™, however, this
result dose not elarify whether its change depends on only lis-
tening to music or listening to music of each player. Therefore.
to verify dependence of its change. we focus the rate between
mean respiration period to cach player and total mean. If all
listeners” respiration periods are long to a player or short, it
means that its change depends on listening to music of each
player and vice versa.

Table 2 shows its rate. Table 2(a) shows “Face to Face™. and
Table2(b) shows “Partition™. Result of ANOVA between play-
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Fig.5. Mcan respiration period of a listener

ers is shown at bottom line. * means that there is a significant
difference at level, p < 0.05. Results shows that respiration
period change of listening condition depends on listening to
music of each player.

B. Change of players' 1-bar period caused by a listener

Fig.6 shows mcan 1-bar periods of Player_4 in cach conditions
“Alone” ["Face to Face™, “Partition™. Mean value is calculated
from 6 trials of ecach condition. As Fig.6 shows. mean respira-
tion period of “Alone™ is different from that of ~“Face to Face™.
Table 3 shows all players” (Player_1.2.3.4) mean |-bar period
to cach listeners (Playner_A,B.C.D.E.F) in each conditions, and

total mean ("Mean™). standard deviation (S.D.). All units of

table are “sec”. Result of welch’s test between “Mean” of
“Alone” and that of “Face to Face™ is shown at second line
from bottom. and result of welch’s test between “Mean™ of
“Alone™ and that of “Partition” is shown at bottom line. * means
that there is a significant difference at level p < 0.05, and if p >
0.05, p-value is shown. Results show that there is a significant
difference between “Alone™ and “Face to Face™, and this indi-
cates that a player changed his play when a listener was in
front of him,

The Result above means players™ I-bar period changed from
“Alone™ to “Face to Face™. however. this result dose not clarify
whether its change depends on only listener’s existence or each
listener’s existence. Therefore to verify dependence of its
change. we focus the rate between mean 1-bar period to each
listener and total mean. If all players’ 1-bar period are long to a
listener. or short. it means its change depend on each listener’s
existence and vice versa.

Table 4 shows its value. Table 4(a) shows “Face to Face™.
Table4(b) shows “Partition™. Result of ANOVA between lis-
teners is shown at bottom line. P-value of “Face to Face” is
0.126, and that of Partition™ is 0.925. These results indicate
that 1-bar period change depends on each listener’s existence.

C. Interaction between 1-bar period and respiration
period

Fig.7(a) shows time course of respiration and 1-bar period of

Table 1
Respiration period of listeners
Liswener_A Listencr B Listerer C Listener_D Lstenct _E Lstener_F
tRest | 7 parsion | tnRest | P10 | p, inRest | 729 | pareon | tnRest | P56 | parmton | tnRest | F2€' | panson | tnRest | 7% | pan
n Face 'arteon n Face anton n Rest Face anton n Rest Face artton n 'S! Face arngon n Face artiton

Phyer_| 460 | 3792 3580 | 4600 | 4215 4989 | 2817 | 30

2861 4388 | 477 AR 3248 2828 | 2360 | 3230 | 3102 | 3243

Phyer 2 4947 | 3659 3RS ERR]) 4066 | 3927 | 2533 2817

2531 | 4943 | 4566 | doi A7 | 2422 2849 | 4528 3070 | 23846

Phyer 3 4043 3678 | 3626 | 4872 3YR7 | 3N83 2708 272

2667 2082 4224 4422 2608 248 2578 4746 2.9%6 3ms

Phyer_4 4970 2934 4717 3862 416 4131 269% 2892

275858 4497 | 3753 4268 3289 2578 2481 4.508 5136 | 3263

Mean 4609 3489 3 4349 4098 4198 2.680 2XRS

2702 | 4697 | 4312 | 4502 Jols 2486 § 2484 | 4150 | 3074 | 3097

S.D. Q9NTR | 0K330 | 09665 1192 06570 | DRIRS | 03831 03918 | 03924 | 05210 | 0.7032 | 0%368 | 082 03954 | 03%3 2n 053774 | 05802
1-Test
.. a1 064 had . had
Table 2

Relative value of mean respiration period of listeners

(a) Face to Face

Face 10 Face Phver 1 Phyer 2 Phyer_3 Povar_4
Listencs_A LUXOR 148y 108) 1R 2100 0]
Lawner_ B 1 0285 09209 097292 10043
Lasterer C (Kre) 097636 094476 10023
Lstencs D 1400 1.0587 09MS6 ORT29
Lsstencr_E 10167 097428 097247 1 0388
Listenes _F 10092 099869 0.9712) t o201

Mean 10549 1008} 898250 096225
ANOVA .

(b) Partition

Face 10 Face Phyer_1 Plnver 2 Phyer 3 Phyer_4
Listener_A 100x4 09s3n Lo2s 10833
Lsiener_ B 11884 093842 091776 0.9%401
Lsstener_C 1 0589 093683 098691 10195
Lsterer_D 1.2003 089834 09%216 094794
Listencr_E 095010 1.0260 L0365 0.9UREhH
Listener_F 1.0599 091874 097341 10336

Mcan L0777 094474 098637 1.0095
ANOVA .
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Fig.6. Mean 1-bar period of a player

Listener_F and Player_3. Fig.7(b) shows Listener_A and
Player_2. Both figures are in “Face to Face™ condition. In this
figure. y-axis shows period. x-axis shows titne. Two time courses
are overlapping without around 125sec of Fig.7(a) and 0 to
120sec of Fig.7(b). In 3.1 and 3.2, it is indicated that listener’s
respiration period is changed by music of each player. and
player’s l-bar period is changed by cach listener’s existence.
In this subsection. we verify that there is an interaction be-
tween respiration period and 1-bar period.

1) Effect from 1-bar period to respiration period
To verify whether 1-bar period of player affect respiration pe-
riod of listener is equal to verify whether change of respiration

period shown Table 2 depends on 1-bar period of a player.
Fig.8(a) shows a relation between the value of Table 2(a) and

corresponding values of “Face to Face™ in Table 3. Fig.8(b)
shows a relation between the value of Table 2(b) and corre-
sponding value of *“Partition” in Table 3. Correlation value of
Fig.8(a) is 0.445. and that of Fig.8(b)is 0.477. 1t suggests that
1-bar period of player affect respiration period of listener, and
this result support Haas’s report.

2) Efiect from respiration period to 1-bar period

To verify whether respiration period of listener affect 1-bar
period of player is equal to verify whether change of 1-bar pe-
riod shown Table 4 depends on respiration period of listener.
Fig.9(a) shows a relation between the value of Table 4(a) and
corresponding values of “Face to Face™ in Table 1, Fig.9(b)
shows a relation between the value of Table 4(b) and corre-
sponding value of “Partition™ in Table 1. Correlation value of
Fig.9(a) without the upper left point is 0.335 (if include the
point. its value is 0.163. Regression line reflects this value.),
and that of Fig.9(b)is 0.0780. It suggests that respiration period
of listencr aftect 1-bar period of player.

1V. DISCUSSION

In 3.3. it is suggested that there is interaction between respira-
tion period and 1-bar period. and also suggested that the longer
1-bar becomes, the longer respiration becomes. and the longer
respiration becomes, the longer 1-bar becomes. 1t means that
mutual entrainment occurred between both periods. However,
comparing the values of Table 1 to corresponding values of Table

Table 3
1-bar period of players
Pbyer_t Phyes 2 Phyer_3 Phyer_4
Alone F:.‘;cm partzon Alone Fm" parteon Alone F:.::“ partzon A F;:;lo partaon
Lswener A | 3318 3234 3206 2900 2939 am2 2708 2842 28%6 3019 2983 3020
Listener_B 32 197 329 2938 LX) 2973 27 2834 2439 3083 201 3041
Listener C | 3313 3233 3244 2952 3074 207 2791 2844 2842 3.093 3007 3037
Listener D | 3.207 3258 32 2959 3030 0m 2778 2847 2781 2062 2031 3078
Listenct_E 32 a7 3273 2938 2981 2948 2759 2M7 2812 3.9 102 2050
Listencr F | 3197 3280 331 3020 2975 2977 2773 2821 28 I 008 3083
Mean 3264 3233 328 2958 3001 2987 27% 2851 2821 3069 ol 3046
SD. 037117 | 03328 | 03923 | 0336 | o33 [ 03222 | o | odens | odese | vesrs | osa22 | oessis
[N} . . ol
t-Test
0817 0162 . 0436
Table 4
Relative value of mean 1-bar period of players
(a) Face to Face (b) Partition
Faceto Face | Listener A | Listener B | Lwstencr C Lewrer D | Lstener E Lissercr_F Pangion Lswner A | Listenor B | Laswoer C | Lastencr D | Leswencr E Listcrer_F
Phyer_| 10003 098899 [y [RUIr 09813 10054 Phyer_| 098400 098772 099562 10124 1.0043 10160
Phyer 2 097951 10011 10246 1 ow7 0 W36S 0MI50 Phyer 2 10184 099535 092 1ou?7 098698 0996KT
Phyes 3 Loy 10012 10048 10080 0.9K808 099661 Plyer 3 10128 1006% 106072 09K616 099680 0989
Phyer_4 03 10008 0YYRSE 10068 10042 099881 Phwer 4 199146 0930 49706 1 10014 1.0024
Mcan 0.993%0 099801 1.00691 10072 [P 049K0R Mean 10016 0 99696 099867 10039 09738 Lou1s
ANOVA 126 ANOVA 0425
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Fig.7. Time course of respiration period and I-bar period
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Fig.9. Relation between mean respiration period and relative value of mean 1-bar period

3. entrainment occurred not only with ratio of 1:1 but also other
ratio. To investigate details of entrainment. it is necessary to
consider not only t-bar period but also other musical tone unit.
Comparing the results of 3.1 to those of 3.2, and the results of
3.3.1 to those of 3.3.2, change of 1-bar period is smaller than
that of respiration period. 1t suggests that there is an interaction
between them, however. the effect from player to listener is
stronger than the effect from listener to player.

A player is affected by listener’s respiration. but there is little
possibility that player perceives listener’s respiration directory.
As shown in 3.3.2. correlation value becomes small at “Parti-
tion™ condition, and it means that a player is affected by visual

information such as body motion that correlate to respiration

(.
V. CONCLUSION

In this paper, we focused interaction between a player and a
listener as a reason why we feel better music of a live concert
than that of CD. and analyzed it. Firstly. it is showed that
listener’s respiration period was affected by music of each player,
and secondly it is indicated that player’s 1-bar period was af-
fected by listener. Thirdly. it was suggested that there was in-
teraction between 1-bar period and respiration period.

In future works. we intend to construct the system that realizes



to play music of CD as a live concert from these results.
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