




































































target 2 target 3

target 1 target 4

1 2 3 4 5 6

0

0.5

1

1.5

2

2.5

3

3.5

1 2 3 4 5 6

0

0.5

1

1.5

2

2.5

3

3.5

4

1 2 3 4 5 6

0

0.5

1

1.5

2

2.5

3

3.5

1 2 3 4 5 6

0

0.5

1

1.5

2

2.5

3

3.5

Figure 8. Distributions of the Hessian eigenvalues across participants for each target.In our
scenario, the outcome space is bi-dimensional or, the solution manifold is a four-dimensional
surface embedded in the six-dimensional action space (see sec. 4.3). Hence, the local tolerance
of each participant is dominated by the first two eigenvalues of the Hessian matrix.
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Figure 9. Distributions of the first (uH1 ) and second (uH2 ) principal curvature directions
across participants for each target. The first principal curvature direction is dominated by the
vertical release position and velocities while, the lateral and longitudinal components
contributes ’equally’ for Target 1 and Target 2, while for Target 3 and Target 4, the
longitudinal components were ’more score relevant’ than the lateral ones.. The second
principal curvature direction is instead dominated by the lateral release position and velocity.
Taken together, these results highlights that the squared error of throwing outcomes is slightly
more sensitive to throwing variability directed along the sagittal plane than the frontal plane.
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Figure 10. Distributions of the eigenvalues of the covariance matrix across participants for
each target. The first three principal components can explain 95% of the total variance.
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Figure 11. Low-dimensional representation of the beta index. A: principal curvature
directions (blue bars) and principal variability directions (black bars). B: principal curvature
plane, local action score and score-relevant perturbations (yellow square). C: principal
variability directions and principal components (thin and thick black lines respectively)
projected on the principal curvature plane. The three principal components contribute to the
score-relevant variability which is represented with the one-standard deviation yellow
covariance ellipse. The gray ellipses are a visual representation of the β index and of the effect
of the local sensitivity in amplifying the score-relevant variability (B matrix). Because β has
the units of the score, the gray colormap gives an additional visual representation of the
tolerance-variability index and facilitate the comparison across participants.
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Figure 12. The TNC method proposed in [21]. Given two datasets, A and B, for instance the
release strategies of two different partecipants, the method requires the generation of surrogate
data-sets S0 (covariation-free) and Ssh (covariation-free but shifted mean). The difference in
mean score between experimental and surrogate datasets are then used to calculate the relative
tolerance ∆T , noise ∆N and covariation ∆C1, ∆C2 between the two strategies.
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