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Abstract: In this study, we investigated how a jumping strategy changes with an increase in the vertical jump height for
a resultant ground reaction force (GRF) vector. We expected that the resultant force vector between two sequential
motion phases (i.e., countermovement and push-off) of the countermovement jump would significantly change with the
vertical jump height to take advantage of the resulting supportive force (i.e., an initial push-off force larger than the
body weight) through the countermovement phase. Nine healthy young subjects were instructed to jump straight up to
five different height levels ranging from 191 cm to 221 cm, and the kinematic and kinetic data were obtained in regular
trials. The results showed that a lower center of mass position and larger resultant force vector were clearly observed in
a higher jump, implying that the countermovement strategy changed with the vertical jump height to prepare for
sufficient joint deviation and obtain a force advantage for larger push-off work.
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Fig. 1 Sequential steps of a standing vertical jump with
countermovement action:  countermovement,
push-off, aerial, and landing(not shown in the
figure)
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Fig.2 The mean empirical data of all subjects during
the countermovement jump with increasing jump
height: (a) Vertical CoM displacement, and (b)
vertical CoM velocity. Each trajectory was
shifted leftward based on the take-off time, and
aligned to visibly compare with each other. The
inset in (a) shows how the lowest CoM position
changes with increasing vertical jump height,
where the error bars indicate SD. The position
and velocity data were normalized by the body
height (m), and the square root of the body height
multiplied by the gravitational acceleration (m/s),
respectively
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Fig. 3 The mean empirical data of all subjects during the
countermovement jump with increasing jump
height: (a) vertical and (b) horizontal ground
reaction forces (GRFs). Each trajectory was
shifted leftward based on the take-off time. The
inset in (a) shows how the amount of vertical
GRF at zero velocity (i.e., lowest position) changes
with increasing vertical jump height, where the
error bars indicate SD. The force advantage which
is the outcome of the counter-movement, indicates
the difference between initial push-off force and
the body weight. The ground reaction force data
were normalized by the body weight (N)
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