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Popular examples of generalized synchronization are musicians of an orchestra  
or players of a football team.   

Is it possible to increase the degree of generalized synchronization (viz. 
the quality of the  interplay) of a football team by an adequate   

acoustic stimulus? 
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  were	
  equipped	
  with	
  receivers	
  to	
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  up	
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  or	
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Representation of the null-hypothesis: 
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measurements without acoustic stimulus 



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    



Results: 

Significance:      MWWr-test           

Team A                 0.046 %              

Team B                 0.03 % 

Significance of goal-difference     
is about 10% 



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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Nulll hypothesis (red) against 
synchron-asynchron condition (blue) 
but now the collectivity values are 
random numbers 
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< S >= −0.098 ± 0.21
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< S >= 0.072 ± 0.21
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The	
  effect	
  we	
  measured	
  can	
  be	
  explained	
  by	
  	
  
generalized	
  synchroniza0on	
  of	
  coupled	
  

oscillators!	
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We	
  repeated	
  the	
  experiment	
  with	
  women	
  football	
  teams	
  

In	
  total	
  14	
  female	
  matches	
  have	
  been	
  performed	
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Significance:    MWWUrtest           

Team A                 42 %   

Team B                31 %                          

Significance of goal-difference     
is about 25 % 
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What about more classical indicators like goals  
and number of passes? 

                  without Stimulus                   Synchron                     Asynchron 

Goals                  109                                    132                                 134 

Passes               1831                                  1852                               1795 



If	
  the	
  main	
  frequency	
  of	
  the	
  acous0c	
  s0mulus	
  is	
  far	
  outside	
  the	
  
range	
  of	
  the	
  dominant	
  movement	
  frequencies,	
  the	
  s0mulus	
  
provokes	
  a	
  dispersion	
  of	
  movement	
  rhythms	
  and,	
  hence,	
  the	
  

probability	
  for	
  generalized	
  synchroniza0on	
  decreases	
  	
  	
  	
  	
  



Another	
  hypothesis	
  is,	
  that	
  the	
  acous0c	
  s0mulus	
  modulates	
  	
  

the	
  amount	
  of	
  a>en0on	
  of	
  the	
  soccer	
  player.	
  



Another	
  hypothesis	
  is,	
  that	
  the	
  acous0c	
  s0mulus	
  modulates	
  	
  

the	
  amount	
  of	
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Internal	
  representa0on	
  of	
  0me?	
  

Are	
  women	
  faster?	
  

Are	
  there	
  differences	
  between	
  the	
  percep0on	
  

of	
  the	
  environment	
  between	
  men	
  and	
  women?	
  	
  



CONCLUSIONS 

The results might have practical impact. 

Fundamental questions are touched, as i.e. the 
internal representation of time. 
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