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Effective exploitation of arm dynamics in keystroke by expert pianists.
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Abstract: The present study investigated the expert-novice difference in the kinetics of upper-limb
movement during the keystroke on the piano. Kinematic recordings were made while experts (N = 7) and
novices (N = 7) of classical-piano players performed a right hand octave keystroke with staccato
articulation to produce four different sound dynamics. Using the inverse dynamics method, interaction
and muscular torques generated at the shoulder, elbow and wrist joints were computed. At all sound
dynamics, the experts produced larger interaction torques at the elbow and wrist joints compared to the
novices, and thereby had smaller muscular torques at these joints. This suggests that through the
long-term piano training the expert pianists acquired motor skill of reducing muscular load during the
keystroke by effectively exploiting the interaction torques.
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Fig. 1. LED placement and definition of joint angles.
The counterclockwise direction is defined as a positive
direction in angular displacement at each joint. Positive
angular displacement describes flexion movement at
the shoulder and elbow joints and extension movement
at the wrist joint.
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Fig. 2. The time-history curves of the computed NET
(solid line), INT (dashed line), and MUS+ (gray line)
at the shoulder, elbow, and wrist joints, and key and
hand vertical position at forte loudness level, and in
one representative expert (left panel) and novice (right
panel) pianist. The curves represent the average of 30
keystrokes. The dotted vertical lines indicate the
moments of the highest hand position (a) and the
lowest key position (b).
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Fig. 3. Left panel: The group means of the INTIm for
shoulder flexion (A), elbow extension (C), and wrist
flexion (E) during the keystroke. Right panel: The
group means of the MUSIm for shoulder flexion (B),
elbow extension (D), and wrist flexion (F) during the
keystroke. Error bars represent £ 1 SD.
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