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Abstract. To study about a creation of an action, we must study the mental and 
physical functions that create the action. Therefore, we focused on a rhythm 
controller that incorporated ambiguity in the relationship between the controller 
input and avatar motion, because determining this relationship requires the 
involvement of both mental and physical functions. In this study, we examined 
how controller manipulation methods changed when subjects performed similar 
avatar movements in different situations using the rhythm controller. From the 
results, we show that a regression plane by which the controller manipulation 
method (the relationship between the controller input and avatar motion) is 
approximated varies with the situation. Furthermore, we found that differences 
in intention could be expressed in the controller manipulation method. These 
show that the controller manipulation method of the rhythm controller flexibly 
changes depending on the situation, and is closely connected with the meaning 
of the action. 
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1 Introduction 

Humans can improvise on taking an action that is appropriate to the situation in a 
complex environment. To study such action, it is not sufficient to consider the action 
as the motion expressed outside us. We must also study the mental and physical func-
tions that create the action. However, it is generally difficult to elicit the mental and 
physical functions in a form that is observable outside us. 

We believe that we have solved this problem by including mental and physical 
functions in the interface for operating an avatar in virtual space. Further, we have 
researched and developed a “rhythm controller” that creates avatar motion through 
rhythmic operation that precedes avatar motion [1-3]. This enables operators to treat 
their avatars like parts of their bodies. The result is not communicated through sym-
bols, but through embodied communication in the virtual space. Furthermore, we 
developed a communication experiment system—the “Kendo” (Japanese fencing) 
match system—using this controller, and studied the creation of “Maai” and entrain-
ment [4-6] generated by mental and physical functions. “Maai” in Japanese means the 
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interspatial distance between individuals that can be determined by individual feel-
ings, as suggested by E.T. Hall’s theory of proxemics [7]. In-phase movement 
emerges in a Kendo match using an avatar controlled by the rhythm controller. In this 
movement, the distance between two avatars does not change much—when one ava-
tar (subject) moves forward the opponent moved backward. Such avatar movement 
corresponds to Maai. From the results, when Maai is improvisationally created be-
tween two avatars in a Kendo match, entrainment in multiple cycles is created. We 
refer to entrainment in multiple cycles as “soft entrainment” [8] to differentiate it 
from traditional entrainment explained by the theory of a normal coupled nonlinear 
oscillator (phase model) [9-11]. We have also developed a method for enabling soft 
entrainment in remote Kendo matches using the rhythm controller. We found that 
many controller inputs can result in specific avatar motion in avatar operation using 
the rhythm controller depending on the creation model of the soft entrainment. 

Therefore, we consider that if focused on such an ambiguity of the rhythm control-
ler, authors further advance the research of the mental and physical functions that 
create the action. Because the relationship between controller input and avatar motion 
is ambiguous due to the rhythm controller, operators can create avatar motion (action) 
while freely deciding the controller manipulation method (the relationship between 
controller input and avatar motion) through mental and physical functions. In fact, 
determining this relationship requires the involvement of both mental and physical 
functions (Fig. 1). Therefore, we consider that mental and physical functions are re-
flected in the relationship between controller input and avatar motion if the operator 
creates the action (avatar motion) using the rhythm controller. For this reason, if the 
avatar action is analyzed in relation to the controller manipulation method, we can 
study the mental and physical functions that create the action. In contrast, for a nor-
mal controller in which avatar motion corresponds one-to-one with controller input, 
the relationship between the controller input and avatar motion is unambiguous, and 
the controller manipulation method is not changed (Fig. 2). Consequently, it is diffi-
cult to examine mental and physical functions from the controller manipulation me-
thod for a normal controller. Based on the concept above, in this study, we examined 
how an operator’s controller manipulation method changes when the operator  
performs similar avatar motion in different situations using a rhythm controller. 

 

Fig. 1. Rhythm controller 
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Fig. 2. Normal Controller 

2 Experiment System 

We describe the method for examining the controller manipulation method (relation-
ship between the controller input and avatar motion) when an operator creates avatar 
motion using the rhythm controller. First, we explain the transformation rule for creat-
ing the avatar motion using the rhythm controller. The operator must always create a 
rhythmic operation preceding the avatar motion for avatar operation with the rhythm 
controller. When the zero-cross was created on the controller waveform, as shown in 
Fig. 3, the controller waveform between zero-cross points up to two points prior to 
this incidence was integrated, and the thus the integrated value (ΔS) was used as a 
velocity output value for the next zero-cross point to operate the avatar. The transfor-
mation rule of the rhythm controller is a function in which the argument is the ΔS and 
the dependent variable is the avatar velocity (V). This ΔS, which is the area of a one-
cycle waveform of the rhythm controller, is determined by the difference in the cycle 
(the interval between neighboring zero-cross points, ΔT) and the difference in the 
amplitude (ΔA). However, because the operator can independently change both the 
cycle and amplitude of the rhythm controller with freedom, the relationship between 
these variables (ΔT and ΔA) and ΔS is not unique. For example, the operator can 
create a specific size area using the methods below: 

• Using this method, the operator creates ΔA with ΔT kept at almost zero. 
• Using this method, the operator creates ΔT with ΔA kept at almost zero 
• Using this method, the operator creates both ΔT and ΔA 

Consequently, for the avatar operation with a rhythm controller for which the inputs 
are ΔT and ΔA, there are many controller inputs for realizing a specific avatar motion. 
Avatar velocity (V) can be expressed in the following form: 

 V = f (ΔT, ΔA) (1) 

 
 

A

B

C

1

2

3

(a) Relationship between controller input 
and avatar motion

S
(Controller 

input)

V
(Avatar motion)

(b) Relationship among human, interface and avatar

Unambiguity of 
relationshipController 

input

Human

Avatar 
motion

Interface
(Controller) Avatar

Mental and 
physical functions



416 S. Itai, T. Yasui, and Y. Miwa 

 

 
 

Fig. 3. Transformation rule of rhythm 
controller 

Fig. 4. System Configuration  

 
 

This function f expresses the relationship between controller input and avatar mo-
tion,—in other words, the controller manipulation method. As mentioned before, 
when the avatar is operated using the rhythm controller, the operator changes the 
method for creating the area of the controller waveform by adjusting its cycle and 
amplitude. Consequently, the operator can temporally (dynamically) change not only 
avatar velocity but also the controller manipulation method (function f). In this study, 
at the start of examining such a controller manipulation method, (ΔT, ΔA, V) was 
plotted in a 3D scatter plot when the zero-cross was created on the controller wave-
form. Furthermore, we tried to estimate the function f by multiple regression analysis 
in which the explanatory variables are ΔT and ΔA, and the dependent variable is V. 

Next, we describe the experiment system in which the operator moves the avatar 
with the rhythm controller. Fig. 4 shows the configuration of this system. This system 
requires the following three things: the real-time drawing of avatars on the display of 
a PC, the control of avatar motion, and the use of instrumentation for record purpose. 
We used two microcontrollers (mbed NXP LPC1768, clock frequency of 96 [MHz]). 
One controlled avatar motion and the communication of the avatar position data to the 
PC by 20 [ms] intervals. The other recorded the operation angle of the rhythm con-
troller by 1 [ms] intervals. The operation angle of the controller was measured with a 
rotary encoder (NEMICON, resolution: 1600[P/R]) mounted on the operation lever of 
the controller. 
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3 Experimental Results 

We observed how the controller manipulation method changed when the operator 
performed similar avatar motions in different situations. Specifically, we conducted 
three different experiments, as shown in Fig. 5 and listed here: 

1. Forward and backward movement experiment: The subject freely moves the avatar 
backward and forward within given limits (Fig. 5(a)). 

2. Chase up experiment: The subject moves the avatar backward and forward while 
avoiding running into an automatic avatar that drives the subject’s avatar into a 
corner (Fig. 5(b)). 

3. Kendo experiment: Two subjects use their avatars to play a simulated Kendo match 
(Fig. 5(c)). 

 
 

 

Fig. 5. Experimental conditions 

All subjects of these experiments were adept at operating the avatar using the rhythm 
controller. The chase up experiment required the creation of action that is comple-
mentary with the motion of the automatic avatar. However, there was no need for it in 
the forward and backward movement experiment. The Kendo experiment was similar 
to the chase up experiment in that action must be complementary with the motion of 
the opponent avatar. But for the Kendo experiment, the plot of the match is not de-
cided ahead of time. Before the match, subjects cannot decide in what situations they 
will create and collapse Maai. Subjects needed to improvise creating the action with 
the opponent depending on the situation. 

Table. 1 shows analysis results of the relationship between the controller input (ΔT, 
ΔA) and avatar motion (V) in the three experiments described above. From this table, 
we found that the avatar velocity (V) in all experiments was approximated by the 
regression plane determined from ΔT and ΔA, because the determination coefficient 
of the multiple regression analysis was near 1 in all experiments. Table. 1 shows that 
the partial regression coefficient of the forward and backward movement experiment, 
in which the subject does not need to coordinate avatar motion with the movement of 
an opponent, differs from the chase up and Kendo experiments, in which the subject 
needed to coordinate avatar motion with that of an opponent. These results show that 
the controller manipulation method (relationship between the controller input and 
avatar motion) varies with the situation. 
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Table 1. Results of the multiple regression analysis  

 

4 Discussion 

In the previous section, we describe the change of the regression plane by which the 
function f is approximated due to experimental condition. In the forward and back-
ward movement experiment, in which the subject does not need to coordinate avatar 
motion with an opponent, data plotted in a 3D scatter plot (Fig. 6) is distributed in a  
 

 

Fig. 6. 3D scatter plot of (∆T, ∆A, V) 
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line. In the chase up and Kendo experiments, it is distributed in a plane. In fact, in the 
forward and backward movement experiment, the correlation coefficient between 
explanatory variables (ΔT and ΔA) is 0.81—nearly 1. This indicates a high likelihood 
of reducing the number of explanatory variables in the multiple regression analysis.  
Therefore, we tried to approximate the result of the forward and backward movement 
experiment with a straight line using the analysis of the principal component as shown 
in Fig. 7. From the result, the determination coefficient of the regression line is 
0.98—nearly 1. This result shows the validity of approximating the relationship be-
tween the controller input and avatar motion by simple linear regression analysis. 
Controller operation using the rhythm controller has two-degree-of-freedom (ΔT and 
ΔA). However, the subject (operator) creates avatar motion by virtually reducing the 
number of degrees of freedom in the forward and backward movement experiment, 
where the subject does not need to coordinate avatar motion with an opponent.  

As shown in Fig. 8, in the Kendo experiment, data plotted in a 3D scatter plot is 
approximated by two regression lines in the regression plane given above. Fig. 8 
shows the result for subject Y, who won the Kendo match. Line B in Fig. 8 is the 
controller manipulation method in which the operator fluctuates the ΔA, with the ΔT 
kept near to constant. Fig. 9(a) shows a time-series variation of two subject’s avatar  

 

 
 

Fig. 7. Linear regression analysis in the move 
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Fig. 9. Results of Kendo experimentAvatar  

position and the distance between the two avatars. In this figure, the zones in which 
subject Y created avatar motion using line B are painted with a green band (zones 1y–
5y). From this figure, we found that zones 1y–4y correspond to just before increasing 
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constant, it’s going to be more likely that the opponent (subject K) can anticipate the  
movement of subject Y’s avatar because the operation rhythm of the controller is 
mutually transmitted as the sound. In this case, subject Y uses line B when intending 
to collapse Maai. Subject Y does not want the opponent to anticipate the motion of 
subject Y’s avatar in this situation. Therefore, we found that subject Y creates avatar 
motion using the controller manipulation method that is appropriate for the situation. 
Further, the results of player K, who lost the Kendo match, show the same tendency 
(Fig. 6(d), Fig. 9(b)). From the result, we found that humans can improvise actions by 
changing the controller manipulation method depending on the situation. 

In the Kendo match using this system, the forward motion of the avatar has two 
quite different meanings. One is to move forward to create Maai. The other is to move 
forward to collapse Maai. Results of this study show that by changing the controller 
manipulation method, subjects act in ways in which their movements are the same, 
but the meanings of the actions are quite different. This also shows that the controller 
manipulation method (the relationship between the controller input and avatar mo-
tion) flexibly changes depending on the situation, and is closely connected with the 
meaning of the action. Therefore, we consider this relationship (controller manipula-
tion method) as the soft interface that is created by embodiment and has ambiguity. 

Moreover, from the results of this study, we found that differences in intention, 
such as intending to create or collapse Maai, could be expressed in the controller ma-
nipulation method of the rhythm controller. This indicates that the rhythm controller 
can be useful for interfaces that estimate the internal states (feelings, intentions, and 
so on) of humans. 

5 Summary 

In this study, we examined how controller manipulation methods changed when sub-
jects performed similar avatar movements in different situations using a rhythm con-
troller that incorporated ambiguity in the relationship between the controller input and 
avatar motion. From the results, the controller manipulation method can be approx-
imated by a regression plane in the chase up experiment and Kendo experiment, for 
which the subject needed to coordinate avatar motion with the motion of an oppo-
nent’s avatar. For the forward and backward movement experiment, in which the 
subject did not need to coordinate avatar motion with that of an opponent’s avatar, a 
regression line was enough to approximate the controller manipulation method. Fur-
thermore, we observed that the controller manipulation method differed when a sub-
ject intended to create Maai and when the subject intended to collapse Maai in the 
Kendo match. Finally, we found that subjects could improvise action by changing the 
controller manipulation method depending on the situation. 
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