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Average mutual information (AMI) 

 

We calculated average mutual information (AMI) for determining the optimal value of time delay, as 

highlighted in the work of Wallot & Mønster (2018). The AMI was calculated for the left and right 

limb trajectories across all participants and trials. We then found that a time delay value of 2 was 

observed in 62% of the instances (mean: 2.64, SD: 1.67, median: 2, range: 2-7, as illustrated in Fig. 

S1). This result was consistent with our choice of using a value of 2 for the time delay. 

 

 

Fig. S1 Histogram of calculated 𝜏 for all observations. 

 

  



False-nearest neighbors (FNN) 

 

The previous studies by Goodman et al. (2000) and Mitra et al. (1997) have shown that an embedding 

dimension of five is well-suited for analyzing rhythmic limb movements (as further cited by 

Richardson et al., 2007). This notion from the previous studies was consistent with the FNN results 

above. Thus, we used the embedding dimension of five for our study. As a note, there is another 
criterion for %FNN (false-nearest neighbors) such as below 5% (Heggeret et al., 1999). When we 

calculated the FNN using the methods by Wallot & Mønster (2018), the results showed the embedding 

parameter of two or three dimensions can be adequate in satisfying the criterion below 5% (see Fig. 

S2).  

 

 

Fig. S2 FNN percentages for all observations. 

 

  



The degree of asymmetry 

 

We calculated the degree of the asymmetry of the ratio of upper/lower triangles of the recurrence plot. 

To calculate the degree of the asymmetry, we set the parameter “side” to “upper” or “lower” and 

calculated the ratio of the recurrence rate between “upper” and “lower”. The means of the degree of 

asymmetry in amateur and professional players were 1.01 (95% CI = 0.91-1.10) and 0.81 (95% CI = 

0.68-0.95). 

 

 

 

 

Fig. S3 The degree of asymmetry by calculating the ratio of upper/lower triangles of the recurrence 

plot. 

  



The diagonal-wise recurrence profile 

 

We calculated the diagonal-wise recurrence profile with a code by Coco and Dale (2014). The means 

of maximum lag of the recurrence rate in amateur and professional players were 0.03 (95% CI = -0.14 

– 0.20) and 0.08 (95% CI = -0.09 - 0.23). 

 

 

 
Fig. S4 The diagonal-wise recurrence profile based on lag analysis. 
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