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Testing the feasibility of “weight play” in piano keystroke.
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Abstract: It has been shown that exploitation of motion-dependent interaction torques is enhanced with
improvement of subject’s expertise in various kinds of motor tasks involving multi-joint movements.
However, it is not known whether gravitational force also learns to be effectively exploited for limb
movements. The present study attacked this issue by examining the upper-limb movements and muscular
activities during piano keystroke in seven expert pianists and seven novice piano players. To initiate the
downswing, flexion muscular torque at the elbow that had counteracted with gravity was decreased.
Associated with this, activity of the elbow extensors (agonist) occurred much earlier for the novices than
the experts. Instead, the experts decreased the postural activity of elbow flexors (antagonist) before
anti-gravity torque was decreased. These data indicated that the novices produced joint torque to extend
the elbow joint by actively contracting its agonists, whereas the experts made it by releasing postural
contraction of the antagonists to take advantage of gravitational force. These differences were noted at all
levels of sound loudness. The findings strongly indicated expertise-dependent modulation of
agonist-antagonist muscular synergy so as to strike the key with less muscular effort via exploiting

gravitational force.
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Fig. 1. LED and electrode placements and definition of
joint angles. The counterclockwise direction is defined
as a positive direction in angular displacement, which
describes flexion movement at the elbow joint.
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Fig. 2. Time history curves of the full-wave rectified
EMGs for the triceps and biceps muscles for one
representative expert and novice piano players when
striking the keys at forte (pink) and piano (green)
dynamics. MUS after removing its contribution to
counteract GRA and the elbow angular velocity are
also plotted. a: initiation of arm downswing, b:
moment of finger-key contact (Time=0).
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Fig. 3. The group means of the occurrence time of
muscular activity during arm downswing in keystroke
for the triceps and biceps muscles. Error bars represent
+ 1 SD. Time zero indicates the moment of finger-key
contact.
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L+, +1,+m,r" + m, (lz2 +r32)+m4 (122 +1,° +r42)
MUS=§, | +(m,r,l, +m,l,1, +m,L 1, )cos g, + (myryl, +m,1 1, )cos(, + ) + (m,r,l, )cos (¢, + ¢, +4,)
+2(myryl, +m,L 1, )cos g, +2(m4r412 )cos (¢, + 4, )+2(m4r4l3)cos @,
g {12 1+ 1, +myr,” +m, (122 +r32)+ m, (lz2 +1 +r42)+ :I
aE 2(m3r312 +m4lzl3)cos @, +2(m4r412)cos (¢3 +¢4)+2(m4r4l3)cos @,
_‘_¢~5-3{[3—i-14—i-m3 r32+m4(l32+r42) }
+(myryl, +mylL1, )cos gy + (m,r,l, )cos (@, +@, )+2(m,r,L )cos @,
+¢'4 [14 +m4r42 +(m41’412)COS(¢3 +¢4)+(m4r4l3)cos¢4 ]
+ ¢, [(myry, +myL 1, +m, L1 )sin @, +(myryl, +m,11 )sin (¢, + @y )+ (m,r,1, )sin (¢, + ¢, + ¢, )]
=g, [(myr, +m L1 )sin g, +(m,r,1, )sin (¢, +, )]
-4’ [(m r,l; )sinqﬁ4 +(m r,l, )sin(qﬁ3 +¢4)]
—¢51 ¢3[ (m rl, +m,l,l )sm;/ﬁ3 +2(m4r4 )sm( 3+¢4)]
—¢51 ¢54 [2(m4r4 )smqﬁ4 + 2(m4r4l )sm (¢3 +¢4)]
— @, ¢, [2(myrl, +m, 1,1, )sin g, + 2(m,r,1, )sin (4, + 4, )]
—¢2 ¢4[ (m rl, )smqﬁ4 + 2(m r,l, )sm (¢3 +9, )]
4/53 ¢54 [2(m 5 )sin¢4 + Z(m r,l, )sm(¢3 +¢4)]
+ g[(m,r, +myly +m,1, )sin (4, + @, )+ (myry +m,1, )sin (g, +@, +6, )+ (m,r,)sin (g, + 4, +4, +¢,) ]
—F [, cos(¢ +,)+1,cos(¢, + @, + )+ 1, cos(d + ¢, + o, +,)]
SYMBOLS. /; = moment of inertia about the center of gravity, 7; = distance to center of gravity from proximal joint of
the segment, /; = length, m; = mass (i = 1: upper arm, 2: forearm, 3: hand, 4: finger). The hand was defined as a portion
from the wrist joint center to MP joint center, while the finger was from the MP joint center to the fingertip. ¢; = joint
angle (i = 1: shoulder, 2: elbow, 3: wrist, 4: MP). To approximate the sum of key reaction forces applied at the thumb

and little finger, the measured key reaction force were doubled and inputted into the value of F in equations of motion
[11]. The tangential force was set to nil for simplicity of computation.
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