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(a) Left Hand
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(b) Right Hand

Figure S1 – Perturbing the kinematics of human movements. The different panels show the kinematic characteristics of the original and “perturbed” hand trajectories for one of the movement (Trajectory 1 in Tables S1 and S2) used in our experiment. Data for the trajectories of the left and right hand are plotted in panels (a) and (b) respectively. In each panel the four figure signify the following: (upper left figure) raw (broken red line) and low-pass filtered (solid blue line) hand trajectories; (upper right figure) log-log plot of the instantaneous tangential velocity vs. curvature before and after applying the algorithm described in the Materials and Methods section for perturbing the slope of the two-thirds power law. The broken line indicate the best linear fit of the data; (lower figures) hand velocity (solid blue line) and curvature (broken blue line) of the path trajectory plotted as a function of time before (left figure) and after (right figure) perturbation of the slope of the two-thirds power law.
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Figure S2 – Results of a psychophysical experiment in which 6 subjects rated, in a scale from 1 (very unnatural) to 9 (perfectly natural), the naturalness of movements containing different degrees of perturbation of the two thirds power law. In the figure, the average rating is plotted as a function of the degree of perturbation of the exponent of the power law. That is, a value of 0 on the x axis indicates “normal” stimuli in our brain imaging experiment, whereas a value of 0.6 indicates the “perturbed” stimuli. Vertical bars represent standard errors.

In each trial of the experiment, subjects were presented a movie showing a human-like avatar whose hand movements exhibited different degrees of compliance with the two-thirds power law. The task of the subjects was to rate in a scale from 1 to 9 the perceived naturalness of the movement. The hand trajectories and the method used to perturb the two-thirds power law were the same as those in the brain imaging experiment (see Materials and Methods in the main text). In this psychophysical experiment we presented visual stimuli having four different equispaced degrees of perturbation of the two-thirds power law ranging from a value of  Δ=0 (i.e. no perturbation) to a value of  Δ=0.6.
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Figure S3 – Frequency content of the motion captured hand trajectories used to animate the avatars. The curves represent the average power spectra of the hand trajectories along the horizontal (X) and vertical (Y) axes respectively. Solid lines represent power spectra of the low-pass filtered trajectories, whereas dashed line represent the power spectra of the original unfiltered trajectories.
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Figure S4 – Brain areas activated by abstract motion displays independent of their compliance with normal kinematic laws of motion. The panels show the BOLD responses of a group of subjects during observation of a motion stimulus consisting of a cloud of dot moving along elliptical trajectories complying with (“normal”) or violating (“perturbed”) the two-thirds power law (Dayan et al., 2007). The activation patterns in the figure were obtained, similar to Fig. 4 in the main text, by masking the contrast perturbed-baseline with the contrast normal-baseline.


Figure S5 – Brain areas activated by human movements independent of their compliance with normal kinematic laws of motion (panel a) and by static pictures of the human body (panel b) . The activation patterns in panel (a) were obtained by intersecting the two contrasts perturbed > static with the contrast normal > static whereas the activation patterns in panel (b)  indicate brain areas that were significantly more active during observation of static pictures of the human body with respect to baseline activity. In both cases statistical maps were thresholded at p<0.001 (uncorrected) at the voxel level and at p<0.05 (corrected) at the cluster level. Abbreviations indicate: PMd = Pre-Motor dorsal, IPS = Intra-Parietal Sulcus, STS = Superior Temporal Sulcus, IFG = Inferior Frontal Gyrus).

	
	Slope (tangential velocity vs curvature)
	Duration

	
	Normal
	Perturbed
	

	
	Left Hand
	Right Hand
	Left Hand
	Right Hand
	

	Trajectory 1
	-0.29
	-0.31
	0.33
	0.3
	2.89s

	Trajectory 2
	-0.27
	-0.3
	0.35
	0.31
	2.5s

	Trajectory 3
	-0.3
	-0.32
	0.32
	0.27
	2.46s

	Trajectory 4
	-0.27
	-0.29
	0.37
	0.33
	2.79s

	Trajectory 5
	-0.29
	-0.3
	0.32
	0.32
	2.79s

	Trajectory 6
	-0.31
	-0.33
	0.28
	0.28
	2.21s

	
	-0.3±0.02
	0.32±0.03
	2.61s±0.26s


Table S1 – Characteristics of the hand movements used to generate the normal and  perturbed stimuli used in the brain imaging experiment. The first two columns (“Normal”) show the estimated slope of the power law relating tangential velocity and curvature of the original motion captured hand trajectories. A value of -1/3 indicates compliance with the two-thirds power law. The third and fourth columns (“Perturbed”) show the estimated slope of the power law relating tangential velocity and curvature after the timing was modified as described in the main text. The rightmost column (“Duration”) shows the duration in seconds of each movement.

	
	Tangential Velocity (min, average, max) in m/s

	
	Normal
	Perturbed

	
	Left Hand
	Right Hand
	Left Hand
	Right Hand

	Trajectory 1
	0.59, 1.15, 1.61
	0.58, 1.08, 1.59
	0.64, 1.15, 2.21
	0.66, 1.08, 2.04

	Trajectory 2
	0.61, 1.09, 1.6
	0.67, 1.04, 1.66
	0.61, 1.09, 2.15
	0.64, 1.04, 1.83

	Trajectory 3
	0.52, 1.08, 1.77
	0.56, 0.96, 1.81
	0.58, 1.08, 2
	0.63, 0.96, 1.69

	Trajectory 4
	0.47, 1.11, 1.58
	0.55, 1.05, 1.58
	0.57, 1.11, 2.04
	0.51, 1.05, 1.83

	Trajectory 5
	0.36, 1.07, 1.69
	0.45, 1, 1.6
	0.58, 1.07, 2.14
	0.47, 1, 1.93

	Trajectory 6
	0.37, 1.24, 1.92
	0.46, 1.18, 1.85
	0.77, 1.24, 2.83
	0.7, 1.18, 2.53

	
	0.49, 1.12, 1.69
	0.55, 1.05, 1.68
	0.62, 1.12, 2.23
	0.6, 1.05, 1.97


Table S2 – Kinematic characteristics of the hand movements used to generate the normal and  perturbed stimuli used in the brain imaging experiment. The characteristics of different movements are shown on different rows. The bottom row shows the average values across movements. Each slot in the table shows the minimum, average (in red) and maximum value of the tangential velocity. Values used to animate stimuli used in the “normal” condition are shown in the first two columns, whereas data used to animate stimuli used in the “perturbed” condition are shown in the two rightmost columns.
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