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— In case of Javelin throw and Shot put. —
(Abstract)
Introduction

_Japanese competitiveness in throwing events in track and field differs from that in other
countries depending on the event. In order to investigate this difference in competitiveness,
studies have been conducted with scientific and objective analyses that make use of motion
analysis based on physical phenomena and the development of “efficient” motor skills that
follow from physical principles. However, these studies are not sufficient to identify the
difference in competitiveness between other countries since few studies have investigated the
natural skill and/or “sensibility” that comprise exercise experience, thinking, judgement, and
talent. Thus, in this study, we investigated the shot put and javelin throw events, wherein the
differences in competitiveness between other countries are considerable. We also qualitatively
compared throwing movements in these competitions in order to identify the cause of the
difference in competitiveness and factors that are required to enhance competitiveness.
Methods

Participants were male throwing competitive athletes who specialized in shot put or javelin
throw, and male competitive athletes who specialized in events other than throwing, We
investigated initial velocity of the throwing object, throwing angle, and throwing height as
basic parameters of throwing skills. Furthermore, we caleulated average force, impulse, force
direction and average power as kinetic parameters. We also analyzed movement perception
and understanding of movement plan, functional analysis and structural analysis as
qualitative investigations.

Results and discussion

For shot put, objective evaluation criteria are not standardized, and consistent
characteristics and challenges of the event remain unclear. Thus, in this study, we
investigated basic and kinetic parameters of the throwing events. The results showed that, in
order to improve competitiveness, athletes increased impulse and horizontal force as well as
trunk rotation. Then, we identified movement structure of shot put that athletes subjectively
recognized to investigate movement aspects that athletes considered as challenges. As a
result, glide motion phase was shown to be an important skill, thereby suggesting that
horizontal transition of body required the most focused. It has been shown that the recognition
of horizontal transition of the body is an attempt to automate motions to the next movement
phase or into a power position. These study results demonstrated that in shot put, movement
challenges may differ between quantitative and qualitative perspectives.

For javelin throw, previous studies have shown that standard objective evaluation criteria,
consistent characteristics, and challenges of the event are already known by competitors.
Thus, we first identified movement structure that athletes subjectively recognized, and then




investigated challenges of athletes in throwing events using self-reflective motion analysis by
athletes, as well as objective motion analysis and functional analysis by researchers (cbservers
and coach). The results showed that 1) increased velocity and stable strides during an
approach run; 2) backward tilt of upper body while pulling the javelin, thereby maintaining
the velocity during an approach run; and 3) transfer energy to javelin as much as possible and
throw in an optimal angle. These characteristics were almost identical to objective evaluation
criteria that were shown in previous studies. Therefore, in javelin throw, movement
challenges were similar between quantitative and qualitative perspectives; movement
challenges were identical between movement perception, which reflected the subjective sense
of the athletes, and physical approaches.

These study results indicated that, when movement challenges were compared between
qualitative and quantitative aspects, both showed a similar tendency in the javelin throw,
where there is a smaller difference in competitiveness between other countries. Meanwhile,
the qualitative and quantitative aspects differed in shot put, where there is a greater
difference in competitiveness. Identification of quantitative movement challenges is essential
to achieving high performance in throwing events, and the approach is efficient and
reasonable. Conversely, it is the human that performs the task, and thus qualitative
approaches, such as movement perception and awareness, are also important. We found
different movement challenges in kinetic parameters between the two throwing events. This
result indicates that approaches from movement perception may differ between the two tasks.
When human attempts to solve movement challenges, movement perception is required to
solve the task. The difference in movement perception for problem solving from a kinetic
perspective was identified as the factor that may be related to the difference in
competitiveness between other countries in both of the above-described throwing sports. In
particular, shot put requires further investigation to solve these challenges.
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