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Figure 1: (Left) Visual drumming feedback. (Middle) Forearm driving device. (Right) Vibrotactile device for collision sensation.

ABSTRACT
Passive motion is often used in physical skill transfer. This study
investigated sense of agency during virtual drumming with visual,
vibrotactile and auditory sensation feedback in three types of fore-
arm motion: voluntary, passive and imagined. Agency judgement
showed that visual, vibrotactile and auditory feedback contributed
to sense of agency around 25 %-45 % depending on the type of
forearm motion. Motor command in voluntary motion contributed
about 35 %, while proprioception in passive motion did about 25
%. Threse results suggested that multiple sensation feedback con-
tributed to generate sense of agency.
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1 INTRODUCTION
Sense of agency refers to the feeling of causing or taking in charge
of an action [James 2016], and it has been studied in the field of
health and wellbeing to psychologically investigate the states of
disorder patients [Franck et al. 2001]. Currently, it is also increas-
ingly studied in the field of human computer interaction (HCI) and
virtual reality (VR) to evaluate an interactive user interface or the
training simulation system [Berberian et al. 2012].

In this study, we focused on the sense of agency that occurs
when transferring drumming skills. We investigated how feedback
of visual, vibrotactile and auditory sensation contributed to sense
of agency. Contributions of intention and motor command in vol-
untary motion and proprioception in passive motion were also
investigated.

2 MATERIAL AND METHOD
2.1 Experimental System
A virtual drumming environment was designed to show visual feed-
back on a head mounted display (HMD) (Figure 1 Left). When a
drumstick collides with the drum’s surface, collision sound trans-
mitted to the headphones, and vibration sensation transmitted to
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the hands by a vibrotactile device for 0.1 second with frequency of
35 Hz. (Fig. 1 right).

The position of an actual drumstick was measured by a motion
capture system (OptiTrack V120 Trio) and was reflected in real time
in virtual space. A virtual hand was fixed to a virtual drumstick, but
its posture did not match with a real hand. A real forearm is fixed
to a band at the tip of a link that is rotated by a stepping motor (Fig.
1 middle). Resolution of the stepping motor was 0.01 deg/pulse;
maximum speed was 83 rpm; and peak torque was 20 Nm. Rotation
angle and rotation speed were set based on a trajectory planned in
advance.

2.2 Conditions and Procedure
Three types of beating the drum, which are voluntary, passive and
imagined motions, were compared. In voluntary motion, partici-
pants hit the drum with their own action, while in passive motion,
the forearm was driven by the link. The link rotated with 180 deg/s
speed to hit and 100 deg/s to return the forearm back to its posi-
tion. In imagined motion, the forearm and link were held at rest
with the stick contacting the vibrotactile device, then participants
were asked to concentrate on an image of hitting the drum. Eight
feedback conditions were set up from the combination of visual,
vibrotactile and auditory sensations; thus, 24 stimulus conditions
in total were rated.

Ten university students without drumming skills (average age of
22.9 years) were recruited to participate in the study. They learned
the operation of the system wearing an HMD and headphones.
Drumming started after the countdown sound went off. After each
trial, they rated the extent to which the drumming was done by
their own action (i.e. sense of agency) using a visual analogue scale
of ‘no voluntariness (0) to full voluntariness equivalent to own act
(100).’

3 RESULTS AND DISCUSSIONS
Figure 2 shows the rated amount of sense of agency in terms of
the 24 stimulus conditions list in the horizontal axis. The result
indicated that the use of visual, vibrotactile and auditory sensation
feedback highly contributed to the generation of sense of agency.
The agency increment was about 45 % for voluntarymotion, 35 % for
passive motion and 25 % for imagined motion. In voluntary motion,
even if the motion was intended and commanded to the motor
system to actuate the arm, sense of agency was greatly decreased
when no sensation feedback was provided. This shows that sense
of agency depends highly on integrated sensory input that matched
with predicted states in which sound and vibration from collision
simultaneously occur. However, the sense of agency was not 100
% because visual and tactile sensation feedback was deteriorated
from the real information.

On the other hand, it is reasonable for sense of agency to decrease
under passive motion conditions, in which no intention and motor
command were provided. However, it was a considerably high value
of around 50% when feedback of visual, vibrotactile and auditory
sensations was presented. This indicates that sense of agency does
not depend only on intention of action and motor command but
also sensory feedback that is involved in the consequence of an
action.

According to the result, with imagined motion, intention of ac-
tion contributed sense of agency about 5 %. From these data, we
simply calculated to find the contribution of motor command in
voluntary motion and proprioception in passive motion; when feed-
back of visual, vibro-tactile and auditory sensation was presented.
The difference between voluntary motion and passive motion was
about 40 %, which might be attributed to the motor command with
intension. Therefore, the contribution of motor command alone
was about 35 %. On the other hand, the difference between passive
motion and imagined motion was about 20 %, so the contribution of
proprioception was about 25 % (20 % + 5 % of intention). It indicated
that proprioception by itself could contribute to sense of agency
even if it was passive motion.

Figure 2: Explicit agency judgement for each arm motion
condition and multiple sensory feedback. o and x indicate
presentation of visual, vibrotactile and audio feedback.

4 CONCLUSION
Although the existence of action, intention and motor command
is a direct source, lack of sensory feedback in the VR space de-
creased the sense of agency. On the other hand, though the forearm
was passively actuated without intention and motor command,
proprioception by itself contributed to the sense of agency. Thus,
passive-motion drum trainer was revealed to maintain a part of
voluntary sensation in reception of drumming skills.
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