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Interpersonal competition in racket sports requires successive re-
sponses to opponents’ shots with short-interval decision making
and appropriate execution. However, the underlying dynamics dur-
ing real interpersonal sports competition remain unclear. Based on
a frame-by-frame observation, nine international and nine collegiate
men’s singles soft tennis matches were collected, and players’ move-
ments were analyzed and the two-dimensional displacement data re-
constructed. Shot angles and players’ movements were examined,
and successive decision making and execution were characterized
as a switching hybrid dynamical system (SHDS). SHDS consists of
discrete decision making as a higher module and continuous move-
ment as a lower module, connected by a feedback loop. For discrete
decision making, the regularity of the shot course regarding suc-
cessive decision making was examined using return map analysis
with surrogate data; four types of attractors and repellers were iden-
tified. For continuous movements, the third-order sequence effect

Anrrannandinag A A Aannanant’a ah Al acdiiAanaca araa Avarinad s

reading model that integrates both the discrete Markov deci-
sion process model(14) and continuous predictive coding model
of saccadic eye movements was proposed(15, 16). This discrete
model has two discrete hierarchical levels: the high-level policy
determines which word the agent is currently reading, while
the lower level dictates eye movements among the quadrants
containing letters. The continuous model generates the sac-
cadic eye movement corresponding to the attracting point of
fixation by the lower level policy. The computational theory
tackles the problem of brain and behavior corresponding to
decision making and movement, respectively; however, the
dynamics of the interpersonal competition in sports remain
unclear.

Here, we show that a switching hybrid dynamical system
(SHDS) model(17, 18) can explain the regularity of successive
decision making and the hysteresis in continuous motor execu-
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