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Fig. 1. Liepman's model (1908, from Rosenbaum's monograph, 1991)
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Fig. 2. A data sample. The data from the motor task for target forces 2 N of
the left hand and 1 N of the right hand and target intertap interval 500ms were
sampled and digitized by an A/D converter after amplification and filtering.
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Table 1. Experimental conditions

Target peak force

Condition _

Left hand Right hand
Antiphase asymmetrical force left high 2 -1 2N 1N
4-2 4N 2N
Antiphase asymmetrical force right high 1 -2 1IN 2N
2-4 2N 4N
Inphase asymmetrical force left high 2-1 2N 1N
4-2 4N 2N
Inphase asymmetrical force right high 1-2 1N 2N
2-4 2N 4N




ERMISH A Z LD MEBHEICBIT 2 N OF EALER

4) F—HERIF
T A R TIC BT 2 EEER O iidh, 1T, &

EH X TORRE, BK LR Ol Z Fv iz,

Z OB B HERE L DEHATOS0ER N 55,
HHITOBRHD 105 v T OF—FBRE L I KOG &%
LD ETON. BRI IR E2RE
DENRERFTT D01, 2 (FIEHF) x 2 GHRE:
AFEETF) O-BEOBHGTEIT> 2. BEfREKIC
BLTH2 (WM x2 GRS O-EROSHS
%47 7z, post-hoc 7 A MZId Fisher's PLSD (protected
least square difference) 5% Fl 7z,

I &% =X

1) MFESvELTICEITEH0OHH

14 o
M Left Hand
124 Right Hand
10+
g 8
8
2 64

Condition

Fig. 3. Means and standard deviations of peak force under
the antiphase (top) and inphase conditions (bottom). The two
columns within each task correspond to forces of the left
hand and the right hand. Abbreviations, 2-1: left hand 2 N-
right hand 1 N, 1-2: left hand 1 N-right hand 2 N, 4-2: left
hand 4 N-right hand 2 N, 2-4: left hand 2 N-right hand 4 N.
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Fig. 4. Coefficients of variation of peak force under the
antiphase (top) and inphase conditions (bottom).
Conventions and abbreviations as in Fig. 2.
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Fig. 5. Means and standard deviations of times-to-peak force
under the antiphase (top) and inphase conditions (bottom).
Conventions and abbreviations as in Fig. 2.
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Fig. 6. Means and standard deviations of press durations
under the antiphase (top) and inphase conditions (bottom).
Conventions and abbreviations as in Fig. 2.
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Entrainment of force variability in bimanual tapping with asymmetrical force

Nobuyuki INUI*, Hirotoshi SAKUMA ** and Takashi IMANISHI **

(Key words: Bimanual tapping, Force control, Entrainment)

Summary - An experiment was conducted to examine the entrainment of force in bimanual finger tapping sequences with
asymmetrical forces. Participants were trained to produce bimanual finger tapping sequences. Finger tapping movements
consisted of an intertap interval of 500 ms and eight force conditions: two antiphase (alternating) asymmetrical force left high,
two antiphase asymmetrical force right high, two inphase (simultaneous) asymmetrical force left high, and two inphase
asymmetrical force right high conditions. Under the left or right high condition, while the peak force target in the unnamed hand
was 1IN or 2N, that in the designated hand was 2N or 4N. During practice, visual force feedback was provided for both hands
performing the bimanual tapping sequences. After practice, the participants produced the learned tapping sequencés in the
absence of feedback. In those trials, although there was no left-right difference for the time-to-peak force and press duration in
the right high conditions, the left hand took longer to reach them than the right hand in the left high conditions. These results of
the left high conditions indicated stress caused by the production of greater force in the left hand, suggesting that there may be
a hemispheric asymmetry in motor cortical activity during bilateral finger movements. Then, whereas the peak force variability
of the left (nondominant) hand was larger than that of the right (dominant) hand under the inphase right high conditions, there
was no left-right difference under the inphase left high conditions. This suggests that when the left hand was active, both
hemispheres were activated, resulting in decreased force variability of the right hand, and bringing the two force variabilities

closer together.
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