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Estimating the Model of Human Performance in Ensemble

YAsuO HoriucHI,t KEIJI SAKAMOTO! and AKIRA ICHIKAWAT

In this paper, we will estimate a model of human performance in ensemble. Several per-
formances, where performers play together with a computer which can play with an accurate
tempo specified beforehand, were recorded. The recorded performances were analyzed in or-
der to examine which parameters are correlated to next human’s behavior (tempo changing).
It was found that there were close correlations: (1) correlation between “time lag between
a computer and a human performer” and the change of duration played by the performer,
especially after changes of tempi, (2) correlation between “difference of durations between

a computer and a performer” and the change of duration played by the performer.

From

this observation, the model of human performance was estimated using multiple regression
analysis of the recorded data in terms of these two parameters. The model was evaluated in
comparison with human errors and it was found that there is no significant difference between
errors by human performers and by the model.
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Fig.1 The score used by the recording. Acco is the part
played by a human performer and Solo is the part
played by a computer.
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Table 1 The number of tempo changes per performer.

ooooo oo
+15 | 100 — 115 4
+10 | 100 — 110 2

105 — 115 2
+5 | 100 — 105 2
105 — 110 2
110 — 115 2
-5 | 115 — 110 2
110 — 105 2
105 — 100 2
—10 | 115 — 105 2
110 — 100 2
—15 | 115 — 100 4
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Table 2 The procedure of recordings.
ooo 000DoooOooooooo
A 1|2 |3]| 00 4 5|6 |7
B 2 3 1 oo 5 7 4 6
C 3 1 2 oo 7 6 5 4

03 000000*0O00000000000000000
Table 3 The actual procedure of recordings as a result of

performer’s errors. ‘x’ shows the second record-

ing.
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A 2 3 1* oo 4|5 |6 7
B 2 3 1 oo 5171 4 6
C 2 3% 1* oo 7|16 |4 5%
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Fig.2 The plot of relation between time lag and the
change of durations played by the performer (mil-
liseconds). X-axis means time lag and y-axis means
the change of durations.
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Fig.3 The plot of relation between the change of time lag
(difference of durations) between a computer and
a performer, and the change of durations played
by the performer (milliseconds). X-axis means the
change of time lag and y-axis means the change of
durations.
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Fig.4 The plot of relation between the change of differ-
ences of durations between a computer and a per-
former, and the change of durations played by the
performer (milliseconds). X-axis means the change
of differences of durations and y-axis means the
change of durations.
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Fig.5 The plot of relation between time lag and the
change of duration played by the performer in sta-
ble tempi (milliseconds). X-axis means time lag
and y-axis means the change of duration.
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Fig.6 The plot of relation between the change of differ-
ences of durations between a computer and a per-
former, and the change of duration played by the
performer in stable tempi (milliseconds). X-axis
means the change of differences of durations and

y-axis means the change of duration.
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Fig.7 The plot of relation between time lag and the
change of duration played by the performer just af-
ter changes of tempi (milliseconds). X-axis means
the change of differences of durations and y-axis
means the change of duration.
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Fig.8 The plot of relation between the change of dif-
ferences of durations between a computer and a
performer, and the change of duration played by
the performer just after changes of tempi (millisec-
onds). X-axis means the change of differences of
durations and y-axis means the change of duration.
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Table 4 Correlation coefficient of each parameter in
terms of tempo changes.

oo ooo ooo
ooo ooo

oo 0.68 0.61 0.81
oopoooooooo 0.53 0.50 0.58
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Table 5 Correlation coefficient between time lag and the
change of duration played by the performer.

oo 10 20 40

0.53 0.68 0.59 0.27
—-0.16 —0.18 | —0.30 —0.04

0.04 | —0.13 0.11 0.03
—-0.08 | —0.06 | —0.02 0.01

B W N =
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Table 6 Correlation coefficient between difference of du-
rations and the change of duration played by the

performer.

oo 10 20 40
1 0.81 0.81 0.71 0.26
2 —0.23 —0.04 —0.33 —0.06
3 0.14 —0.07 0.10 0.02
4 —0.09 —0.13 —0.07 —0.04
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Table 7 Estimated models of human performance.

ooo | 00O 0mm 000
0 m

A V =099 x D 0.64

(1) B V =123xD 0.70
C V =117x D 0.72

A V=125xT 0.81

(2) B V=127xT 0.81
C V=121xT 0.81

A V =049 X D+1.00 x T 0.86

(3) B V =0.63xD+0.95xT 0.86
C V =0.64x D+0.89xT 0.88
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Table 8 Human errors and errors by the models (close
data).

000 | oOO 0ooooo
0 €)) (2 (3)

A 0.0147 | 0.0170 | 0.0130 | 0.0115

B 0.0124 | 0.0156 | 0.0128 | 0.0110

C 0.0127 | 0.0139 | 0.0117 | 0.0096

09 0O000O0DODOODOODOOOOOOOOObOOOOOOO
Table 9 Human errors and errors by the models (open
data).

ooo | ooo oooooo
0 m @ (2 (3

A 0.0147 | 0.0172 | 0.0130 | 0.0116

B 0.0124 | 0.0157 | 0.0128 | 0.0111

¢ 0.0127 | 0.0139 | 0.0117 | 0.0097
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Fig.9 Tempo changes in the simulation with model (2).

z o
00s

T v e v w0 o1 s .

010 000 (2)0000000000O00O0OOOOO0
Fig.10 Time lag in the simulation with model (2).
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Fig.11 Tempo changes in the simulation with model (3).
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Fig. 12

Time lag in the simulation with model (3).
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Fig.13 An example of tempo changes by a human
performer.
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Fig.14 An example of time lag by a human performer.
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