Generalized Synchronization by
Rhythmic Stimuli in Football
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How to orchestrate a football
team?
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Introduction:

25 pass goal as an example of joint action
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1. The human Brain has a strong link between auditory and

2.

motor Cortex (Thaut et al. 1999)

people tend to adapt their personal stride frequency to
an external rhythmic stimulus (MacDougal et al. 2005 ;
Styns et al. 2007, Hum. Mowv. Sci. 2007)

“simple”, quasi periodic Movements (finger tapping,
walking,...) can be described by complex (nonlinear,
chaotic) dynamical systems (Collins et al. 1993, West et
al. 2003, Mortl et al 2012).

Coupled nonlinear oscillators may show generalized
synchronization (Rulkov, 1995), viz. they may not doing
the same but the response of one unit is a function of the
other and vice versa. At a given coupling, the probability
for the occurrence of generalized increases if the
dominant Fourier frequencies of the oscillators get more
similar
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Design of the experiment:

Small Field (32m by 40m)
5 against 5 randomly chosen experienced(!) players
Two small goals on each side to provoke passing

Participants

Players were equipped with receivers to pick up either
synchr. or nonsynchr. stimuli

team-classification was randomized,
each match in 3 thirds of 10 min,
ewithout music,
*A synchr. B nonsynchr.,
*visa versa



Hypothesis:

The teams perform better in the
synchronous setting




Scheme of the statistical Analysis:

Data acquisition via eye revision of the video recordings

1. number of ball contacts
2. number of passes
number of pass-chains
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Representation of the null-hypothesis:

(1) Take randomly two pass-chains numbers Np1 and Np2 from the pool of
measurements without acoustic stimulus

Pass—chains

Game Team A Team B

1 14

2 17 15
‘ 13




Representation of the null-hypothesis:

(1) Take randomly two pass-chains numbers Np1 and Np2 from the pool of
measurements without acoustic stimulus

(2) From the same pool take Np1 and Np2 pairs of number of passes
and number of contacts

Numbers taken from real games Fictitious game
Team A Team B Team A Team B
es Contacts Passes  Contacts 14 chains 19 chains
Passes  Contacts Passes

Q@ 1D
5 9 0 2
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An alternative strategy:

We can also create ensembles of random numbers
of the pair statistic derived from the data pool of
the synchronous and asynchronous setting!
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random numbers
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What about more classical indicators like goals
and number of passes?




If the main frequency of the acoustic stimulus is far outside the
range of the dominant movement frequencies, the stimulus
provokes a dispersion of movement rhythms and, hence, the

probability for generalized synchronization decreases




Another hypothesis is, that the acoustic stimulus modulates

the amount of attention of the soccer player.
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Internal representation of time?




CONCLUSIONS

he results might have practical impact.

uestions are touched, a
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