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AF 1.A – Search string for the systematic literature review 
Table A.1 Search string per database
	PubMed
	#1 Stroke 
	"Stroke"[Mesh] OR "Stroke Rehabilitation"[Mesh] OR cva[tiab] OR cvas[tiab] OR poststroke*[tiab] OR post-stroke*[tiab] OR stroke*[tiab] OR apoplex*[tiab] OR cerebrovascular diseas*[tiab] OR cerebrovascular accident*[tiab] OR cerebrovascular disorder*[tiab] OR ((brain*[tiab] OR cerebr*[tiab] OR cerebell*[tiab] OR intracran*[tiab] OR intracerebral*[tiab] OR vertebrobasilar*[tiab]) AND vascular*[tiab] AND (disease[tiab] OR diseases[tiab] OR accident*[tiab] OR disorder*[tiab])) OR ((brain*[tiab] OR cerebr*[tiab] OR cerebell*[tiab] OR intracran*[tiab] OR intracerebral*[tiab] OR vertebrobasilar*[tiab]) AND (haemorrhag*[tiab] OR hemorrhag*[tiab] OR ischemi*[tiab] OR ischaemi*[tiab] OR infarct*[tiab] OR haematoma*[tiab] OR hematoma*[tiab] OR bleed*[tiab]))

	
	#2 Kinetics and kinematics
	(("Movement"[Mesh:NoExp] OR "Motion"[Mesh] OR "Spatio-Temporal Analysis"[Mesh] OR "Kinetics"[Mesh] OR Kinematic*[tiab] OR kinetic*[tiab] OR angle*[tiab] OR motion[tiab] OR acceler*[tiab] OR deceler*[tiab] OR rotation[tiab] OR velocity*[tiab] OR speed*[tiab] OR spatiotemporal[tiab]))

	
	#3 Upper limb kinetics and kinematics
	OR "Upper Extremity"[Mesh] OR Upper Extremit*[tiab] OR Upper Limb*[tiab] OR arm[tiab] OR arms[tiab] OR shoulder[tiab] OR elbow*[tiab] OR forearm*[tiab] OR wrist*[tiab] OR hand[tiab] OR hands[tiab] OR finger*[tiab] OR thumb*[tiab]

	
	#4 Smoothness
	Smooth*

	Scopus
	#1 Stroke 
	TITLE-ABS-KEY ( cva  OR  cvas  OR  poststroke*  OR  stroke*  OR  apoplex*  OR  ( ( brain*  OR  cerebr*  OR  cerebell*  OR  intracran*  OR  intracerebral*  OR  vertebrobasilar* )  AND  vascular*  AND  ( disease  OR  diseases  OR  accident*  OR  disorder* ) )  OR  ( cerebrovascular*  AND  ( disease  OR  diseases  OR  accident*  OR  disorder* ) )  OR  ( ( brain*  OR  cerebr*  OR  cerebell*  OR  intracran*  OR  intracerebral*  OR  vertebrobasilar* )  AND  ( haemorrhag*  OR  hemorrhag*  OR  ischemi*  OR  ischaemi*  OR  infarct*  OR  haematoma*  OR  hematoma*  OR  bleed* ) ) )  

	
	#2 Kinetics and kinematics
	TITLE-ABS-KEY ( movement  OR  motion  OR  kinematic*  OR  kinetic*  OR  angle*  OR  motion  OR  acceler*  OR  deceler*  OR  rotation  OR  velocity*  OR  speed*  OR  spatiotemporal )  

	
	#3 Upper limb kinetics and kinematics
	TITLE-ABS-KEY ( "Upper Extremit*"  OR  "Upper Limb*"  OR  arm  OR  arms  OR  shoulder  OR  elbow*  OR  forearm*  OR  wrist*  OR  hand  OR  hands  OR  finger*  OR  thumb* )  

	
	#4 Smoothness
	TITLE-ABS-KEY ( smooth* )

	Cochrane
	#1 Stroke 
	cva OR cvas OR poststroke* OR stroke* OR apoplex* OR ((brain* OR cerebr* OR cerebell* OR intracran* OR intracerebral* OR vertebrobasilar*) AND vascular* AND (disease OR diseases OR accident* OR disorder*)) OR (cerebrovascular* AND (disease OR diseases OR accident* OR disorder*)) OR ((brain* OR cerebr* OR cerebell* OR intracran* OR intracerebral* OR vertebrobasilar*) AND (haemorrhag* OR hemorrhag* OR ischemi* OR ischaemi* OR infarct* OR haematoma* OR hematoma* OR bleed*))

	
	#2 Kinetics and kinematics
	reach* OR coordination OR grasp* OR grip* OR "Upper Extremit*" OR "Upper Limb*" OR arm OR arms OR shoulder OR elbow* OR forearm* OR wrist* OR hand OR hands OR finger* OR thumb*

	
	#3 Upper limb kinetics and kinematics
	Movement OR Motion OR Mechanical OR biomechanic* OR Kinematic* OR kinetic* OR angle* OR motion OR acceler* OR deceler* OR rotation OR velocity* OR speed* OR spatiotemporal

	
	#4 Smoothness
	Smooth*

	Embase
	#1 Stroke 
	'cerebrovascular accident'/exp OR cva:ab,ti OR cvas:ab,ti OR stroke:ab,ti OR  apoplex*:ab,ti OR poststroke*:ab,ti OR ((brain*:ab,ti OR cerebr*:ab,ti OR cerebell*:ab,ti OR intracran*:ab,ti OR intracerebral*:ab,ti OR vertebrobasilar*:ab,ti) AND vascular*:ab,ti AND (disease:ab,ti OR diseases:ab,ti OR accident*:ab,ti OR disorder*:ab,ti)) OR (cerebrovascular*:ab,ti AND (disease:ab,ti OR diseases:ab,ti OR accident*:ab,ti OR disorder*:ab,ti)) OR ((brain*:ab,ti OR cerebr*:ab,ti OR cerebell*:ab,ti OR intracran*:ab,ti OR intracerebral*:ab,ti OR vertebrobasilar*:ab,ti) AND (haemorrhag*:ab,ti OR hemorrhag*:ab,ti OR ischemi*:ab,ti OR ischaemi*:ab,ti OR infarct*:ab,ti OR haematoma*:ab,ti OR hematoma*:ab,ti OR bleed*:ab,ti))

	
	#2 Kinetics and kinematics
	reach*:ti,ab OR coordination:ti,ab OR grasp*:ti,ab OR grip*:ti,ab OR 'upper limb'/exp OR 'Upper Extremit*':ti,ab OR 'Upper Limb*':ti,ab OR arm:ti,ab OR arms:ti,ab OR shoulder:ti,ab OR elbow*:ti,ab OR forearm*:ti,ab OR wrist*:ti,ab OR hand:ti,ab OR hands:ti,ab OR finger*:ti,ab OR thumb*:ti,ab

	
	#3 Upper limb kinetics and kinematics
	'movement (physiology)'/de OR 'limb movement'/de OR 'arm movement'/exp OR 'hand movement'/exp OR 'motion'/de OR 'velocity'/exp OR 'mechanics'/de OR 'biomechanics'/exp OR 'force'/exp OR 'kinematics'/exp OR 'kinetics'/de OR 'torque'/exp OR 'temporal analysis'/exp OR 'spatial analysis'/de OR torque*:ti,ab OR biomechanic*:ti,ab OR Kinematic*:ti,ab OR kinetic*:ti,ab OR angle*:ti,ab OR force*:ti,ab OR motion:ti,ab OR acceler*:ti,ab OR deceler*:ti,ab OR rotation:ti,ab OR velocity*:ti,ab OR speed*:ti,ab OR spatiotemporal:ti,ab

	
	#4 Smoothness
	Smooth*:ti,ab

	CINAHL
	#1 Stroke 
	(cva OR cvas OR poststroke* OR stroke* OR apoplex) OR ( brain* OR cerebr* OR cerebell* OR intracran* OR intracerebral* OR vertebrobasilar* ) AND vascular* AND ( disease OR diseases OR accident* OR disorder* )  OR (cerebrovascular* AND ( disease OR diseases OR accident* OR disorder* ) ) OR ( brain* OR cerebr* OR cerebell* OR intracran* OR intracerebral* OR vertebrobasilar* ) AND ( haemorrhag* OR hemorrhag* OR ischemi* OR ischaemi* OR infarct* OR haematoma* OR hematoma* OR bleed* )

	
	#2 Kinetics and kinematics
	reach* OR coordination OR grasp* OR grip* OR "Upper Extremit*" OR "Upper Limb*" OR arm OR arms OR shoulder OR elbow* OR forearm* OR wrist* OR hand OR hands OR finger* OR thumb*

	
	#3 Upper limb kinetics and kinematics
	Movement OR Motion OR Mechanical OR biomechanic* OR Kinematic* OR kinetic* OR angle* OR motion OR acceler* OR deceler* OR rotation OR velocity* OR speed* OR spatiotemporal

	
	#4 Smoothness
	smooth*



All articles with #1 AND #2 AND #3 AND #4 NOT ('animal'/exp NOT 'human'/exp) were retrieved.


AF 1.B – Modelling reach-to-grasp movement in healthy subjects
A minimal jerk model correlates well with healthy subjects in 2D unconstrained point-to-point reaching movements [1]. Reach-to-grasp movement is commonly used to assess movement quality as part of clinical tests such as ARAT and FM-UE. However, reach-to-grasp does not follow a minimal jerk profile [2]. Therefore, here, we model a base velocity profile for reach-to-grasp movements required for testing the different simulations proposed in the paper. For this, data from the EXPLICIT study containing 12 healthy subjects performing reach-to-grasp a block as part of the ARAT using the dominant hand was used. The study was registered at the Netherlands National Trial Register (NTR1424), approved by the Medical Ethics Committee of the VU University Medical Centre, Amsterdam, The Netherlands and carried out in accordance with the Code of Ethics of the World Medical Association, Declaration of Helsinki. The average age of the subjects was 64.2  5.8 years, and seven of them identified as males. Fig B.1 shows all 28 trials of reach-to-grasp movement performed by a healthy subject. The profile, unlike a minimal jerk model is skewed and the peak speed is not at half of the reaching duration.

[image: ]
Fig. B.1: Trials of the dominant hand of a single healthy subject performing reaching tasks.
First, we attempted to model a reaching profile by averaging reaching data from all healthy subjects. However, as resting hand velocity among subjects was not exactly zero, there were minor differences in the start and end velocities among subjects. Therefore, the average profile did not have a zero velocity and zero acceleration at the end and beginning of the movement. Therefore, using Fig. B.1, we defined requirements for the shape of the asymmetric profile, and fitted a curve through these specific points. For instance, the velocity at the beginning and end of the movement should be zero. Further, the peak value of velocity should be at 32.7% of the total reaching time. Therefore, the following coordinates are available: (0; 0), (0.327; 1) and (1; 0). As three coordinates are known, it is possible to fit these points using a polynomial. With this procedure, the derivatives can also be taken in to account. The following six conditions were created for the coordinates and derivatives. MATLABTM 2015b was used for the analysis.
Coordinates (x; y)				Derivatives (x; dy/dx)
(1) (0; 0)					(2) (0; 0)
(3) (0.327; 1)					(4) (0.327; 0)
(5) (1; 0)					(6) (1; 0)
As there are six conditions, a polynomial with six variables is expected to meet these conditions. This polynomial would be in the form of .
Using the conditions stated above, the following equations are generated:
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
Solving the set of equations, a solution was found, as can be seen in Fig. B.2  (g = 0). Although this velocity profile satisfies all the requirements, it does not have the desired profile of Fig. B.1. The additional variable g was tuned to improve the profile. The new polynomial equation is therefore .
The equations stated above are now solved for this new equation. However, multiple solutions were found as there is redundancy in this set of solutions (seven variables, six equations). To optimize the value for parameter g, an error cost function is calculated and optimized
, with v, the average velocity profile of subject 1 and vfit the modelled polynomial velocity profile. vfit was adjusted based on the distance and duration of the reaching movement v. v is derived by normalizing all trials to movement distance and duration. The error is minimized using an interior-point algorithm (implemented using MATLABTM function fmincon). A g value of 54 was found to be most optimum. This fit will be referred to as ‘Polynomial 1’.

Fig. B.2: Influence of varying the parameter ‘g’ on the polynomial fit.

To generalize the polynomial model for all subjects, all trials of all healthy subjects were normalized, and averaged after removing outlies. Using the average profile, the error cost function was minimized by tuning variable g, and also the location of the peak value, using fmincon. This resulted in a value of 81.5 for the g parameter and 0.3157 for the peak location. The error between the new found profile and the normalized mean velocity profile was 0.04. This model had a lower steep slope following the peak velocity, and this polynomial will be referred as ‘Polynomial 2’.
It was found that the difference between the two polynomial profiles is not that large. Over all trials, Polynomial 1, had an average error of 0.2369 while Polynomial 2 had an slightly lower average error of 0.2169. Polynomial 2 will be used in the analysis and can also been seen in Fig. C.1. 




AF 1.C – Base velocity profiles used 
[image: fig1symmasymm]
Fig. C.1: The base velocity profiles (symmetric and asymmetric) with a reaching duration of 1 s and distance 0.3 m are shown.


AF 1.D – Mathematical definition of metrics
· Number of sub-movements (NOS) [3]: This algorithm fits the velocity profile by a combination of minimal jerk velocity profiles. This is done by using an interior-point algorithm (MATLAB’s function fmincon) and minimizing the error function: 
[image: ] where G(t) is the movement speed profile and F(t) is the fitted speed profile.
[image: ]
With Ns the number of sub-movements, vmj the minimal jerk speed profile, ∆ the sub-movement distance, T the sub-movement duration and Ts the sub-movement time shift.  Subscript i denotes the ith sub-movement.  ∆, Ts and T are minimized, while the function was ten times  initialized  at  random  points  within  the  solution  space,  with Ns=  1.   For  ∆  the solution  space  is  between  0  and  1  m,  for T between  0.01  and  3  s  and  for Ts between 0 s and the total duration of the movement. The sampling frequency used was 100 Hz.  
The optimization ended if the error was less than 0.02. In other cases, the number of sub movements is increased, and the algorithm is iterated once more. In case more than 7 sub movements were required, the algorithm was aborted. In these extreme situations (presence of added noise, or sinusoidal disturbances), the algorithm fails to converge to the right solution. Finally, NOS gives the number of subtracted sub-movements Ns, which is the measure for smoothness.
We analyzed the optimization algorithm and found that the time taken for the optimization increased with the number of sub-movements. As the number of submovements increased, the number of iterations required for optimization also increased. The computational costs were also high. For instance, when a movement was made up of 8 sub-movements, an optimum solution was found only once out of 250 iterations of the optimization. This took 21 minutes. Although further constraints can be explored for the algorithm, the choices made for selecting the boundary criteria influences the NOS. These are major drawbacks to address if one wishes to improve this metric.   

· Speed metric (SM) [4]: , where vmean and vpeak are respectively the mean and peak velocity of the whole movement. 

· Normalized reaching speed (NRS) [5]: 

· Movement arrest period ratio (MAPR) [6]:  where F is the fraction that is taken from the peak velocity to calculate the threshold and T is the total duration. Rohrer and colleagues [4] used a F-value of 0.1.

· [image: ]Velocity arc length (VAL) [7]: 
where t1 and t2 are the time points at the start and end of the movement.

· Correlation metric (CM)[8]: First, the minimum jerk speed profile is calculated by
    
where v(t) is the hand speed, vmj(t) is the minimal jerk speed profile. ∆ is the distance of the reaching movement. T is the duration of the reaching movement. Then, the correlation coefficient is calculated in the standard form as
	
	
Where and are the mean values of the normalized hand speed and minimum jerk speed profile.
As the CM ranges between [-1.0 1.0], a value between [0.3 1] shows moderate to strong correlation with a minimum jerk profile. However, any values between [-1.0 - 0.3] might suggest that reaching profile has a moderate to strong correlation in the negative direction. This could most likely occur if the measurement system is not properly calibrated or if the participant is performing a reverse reach movement (which is unlikely). Any value between [-0.3 0.3] shows that the movement performed is very noisy or is quite intermittent and thereby of very low smoothness. It might be of interest to consider a CM measure that takes account of correlation with a velocity profile that models the reaching task, for instance the asymmetric profile for reach-to-grasp movements.
· Peaks metric (Peaks) [9]: This metric counts the number of vmaxima, where vmaxima is defined as  where  ,  and  are respectively the first, second and third time derivative of position.

· Number of Peaks normalized by movement duration (NPt) [10]: 

· Number of Peaks normalized by movement distance (NPd) [11]: .
· Inverse number of peaks and valleys (IPV) [12] is defined by
  where PM is the number of peaks, defined earlier, vpeak is the peak velocity within the movement and T is the total movement duration. Note here that the number of peaks and valleys is defined as .

· Acceleration metric (AM) [5]:  where  is the second derivative of x(t) with respect to time, which is the acceleration.

· Integrated absolute jerk (IAJ) [13]: , where  is the third derivative of x(t) with respect to time, which is the jerk.

· Mean absolute jerk (MAJ) [14]: .

· Mean absolute jerk, normalized by peak speed (MAJPS) [4]:
	

· Integrated squared jerk (ISJ) [15]: 
· Root mean squared jerk (RMSJ) [16]: 
· Normalized integrated jerk (NIJ) [17]:



· Dimensionless squared jerk (DSJt) [18]: 

· Log dimensionless squared jerk (LDSJt) [19]: 


· Dimensionless squared jerk (DSJm) [20]:

Note that this one is the same as the DSJt  [18]. However, there is a factor 1/2 in front of the square root resulting in a value which is  higher.

· Dimensionless squared jerk (DSJb) [7]: 


· Log dimensionless squared jerk (LDSJb) [7]:


· Rotational jerk [21]:   where t1 is the beginning of the movement, t1 the end of the movement,  is the hand angular velocity vector and parameter  normalizes the jerk index with angular displacement of the rotation movement.

· Spectral metric (SPMR) [22]:


 Where  is the fast Fourier transform operation. The parameters are in this transformation are chosen such that each bin in the frequency domain is equal to 0.2Hz

· Spectral method (SPM) [23]: 
[image: ]
where is the zero padded version of  ,  V (ω) is the Fourier magnitude spectrum of , and [0 ] is the frequency band occupied by the given movement. Before detecting the maxima, spectral smoothing was done using a moving average filter using a window size of 5 samples.

· Spectral arc length 2012 (SPAL) [7]:
[image: ]
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where V(ω) is the Fourier magnitude spectrum of v(t), and [0 ] is the frequency band occupied by the given movement

· Spectral arc length (SPARC) [24] uses the same formula as the SPAL. However, to determine   the following additional formula is used
	[image: ].
· Combined smoothness metric (CSM) [25]:

Where  is the mean negative jerk, normalized by peak velocity,  is the number of peaks in the velocity profile,  is the ratio of mean velocity and peak velocity and  is the ratio of area under the velocity profile and its convex hull. The terms  and  are the normal values, determined by the authors. Respectively 1.15, 1, 0.5 and 0.9. were the values used by Kostić and Popović (2013).



AF 1.E – Metrics and cited sources
Table E.1 Metrics and cited sources
	Metric
	References

	Index of curvature
	[14]

	SD_XY
	[26]

	Number of sub-movements (NOS)
	[27]

	Speed metric (SM)
	[4,5,27–39]

	Normalized reaching speed (NRS)
	[5,40]

	Movement arrest period ratio (MAPR)
	[4,27,38]

	Tent metric
	[4]

	Velocity arc length (VAL)
	[24]

	Correlation metric (CM)
	[41,42]

	Number of peaks (Peaks)
	[4,5,40,43–51,7,52–61,10,62–71,12,72–81,14,82–91,29,92,31–33]

	Number of movement units (NMU)
	[90–92]

	Number of peaks normalized by movement duration (NPt)
	[10]

	Number of peaks normalized by movement distance (NPd)
	[11,89,93]

	Inverse number of peaks and valleys (IPV)
	[12]

	Acceleration metric (AM)
	[5,33]

	Integrated absolute jerk (IAJ)
	[13]

	Mean absolute jerk (MAJ)
	[14,94]

	Mean absolute jerk normalized by peak speed (MAJPS)
	[4,5,7,29,40,52,95]

	Integrated squared jerk (ISJ)
	[15]

	Root mean squared jerk metric (RMSJ)
	[96]

	Normalized integrated jerk (NIJ)
	[17]

	Dimensionless squared jerk (DSJt)
	[28,45,73,86,97–104]

	Log dimensionless squared jerk (LDSJt)
	[19]

	Dimensionless squared jerk (DSJm)
	[20]

	Dimensionless squared jerk (DSJb)
	[7]

	Log dimensionless squared jerk (LDSJb)
	[7]

	Rotational jerk
	[21]

	Spectral metric (SPMR)
	[22]

	Spectral method (SPM)
	[23]

	Spectral arc length 2012 (SPAL)
	[7,21,31,32,105–108]

	Spectral arc length (SPARC)
	[24,109]

	Combined smoothness metric (CSM)
	[110]




AF 1.F – Simulation Results for the Asymmetrical Profile


Fig. F.1: Shape simulation. The vertical axis represents the metric value decreasing from yellow to blue. The horizontal axes represent the movement duration and movement distance. Metrics included are NOS* (number of sub-movements), SM (speed metric), MAPR (movement arrest period ratio), VAL* (velocity arc length), Peaks (number of peaks), IPV (inverse of number of peaks and valleys), DSJt* and DSJb* (Dimensionless squared jerk), LDSJb* and LDSJt* (log of DSJt* and DSJb*), CM (correlation metric), SPMR (spectral metric), SPM (spectral method), SPAL (spectral arc length 2012), and SPARC (spectral arc length). By definition, the metrics with a * increase with decreasing smoothness.


Fig. F.2: Harmonic Disturbances. The vertical axis represents the metric value decreasing from yellow to blue. Metrics included are NOS* (number of sub-movements), SM (speed metric), MAPR (movement arrest period ratio), VAL* (velocity arc length), Peaks (number of peaks), IPV (inverse of number of peaks and valleys), DSJt* and DSJb* (Dimensionless squared jerk), LDSJb* and LDSJt* (log of DSJt* and DSJb*), CM (correlation metric), SPMR (spectral metric), SPM (spectral method), SPAL (spectral arc length 2012), and SPARC (spectral arc length). By definition, the metrics with a * increase with decreasing smoothness.



Fig. F.3: Measurement Noise. The thick blue line represents the mean value of 25 different realizations of the noise for each noise RMS, and shaded area is the corresponding standard deviation. The dotted lines denote the minimum and maximum value of the metric found at that RMS value. The dashed blue line shows mean value of the filtered noise sets. Metrics included are NOS* (number of sub-movements), SM (speed metric), MAPR (movement arrest period ratio), VAL* (velocity arc length), Peaks (number of peaks), IPV (inverse of number of peaks and valleys), DSJt* and DSJb* (Dimensionless squared jerk), LDSJb* and LDSJt* (log of DSJt* and DSJb*), CM (correlation metric), SPMR (spectral metric), SPM (spectral method), SPAL (spectral arc length 2012), and SPARC (spectral arc length). By definition, the metrics with a * increase with decreasing smoothness.



Fig. F.4: Sub-movements simulation. The colours denote the number of sub-movements. Metrics included are NOS* (number of sub-movements), SM (speed metric), MAPR (movement arrest period ratio), VAL* (velocity arc length), Peaks (number of peaks), IPV (inverse of number of peaks and valleys), DSJt* and DSJb* (Dimensionless squared jerk), LDSJb* and LDSJt* (log of DSJt* and DSJb*), CM (correlation metric), SPMR (spectral metric), SPM (spectral method), SPAL (spectral arc length 2012), and SPARC (spectral arc length). By definition, the metrics with a * increase with decreasing smoothness.



AF 1.G – Monotonicity analysis for the sub-movement simulation 
The monotonicity of each metric during the sub-movement simulation and the influence of varying the underlying base profiles used was assessed. In addition to the minimal jerk model, two other profiles were used for the symmetric profile: Blackman and Hann. Additionally, a lognormal distribution (mean = 0.5, standard deviation = 0.5) was designed for the asymmetric profile. All velocity profiles had a total duration of 1s, and a total reaching distance of 0.3 m. The velocity profiles are as follows:

Fig. G.1: Varying base profiles used to assess the monotonicity to the Sub-movements Simulation. 

For each profile, the sub-movement simulation was performed, and then the derivative of the change in metric for increasing delays was extracted. The percentage change was estimated as follows:

where  where  denotes the lag Ks. The minimum and maximum values of the change for each number of submovements used (2, 3, and 4) can be seen in Tables AF 1.G 1, 2, and 3. 
Table G.1 Percent change in metrics with increasing delay between 2 sub-movements

	
	Blackman
[min max]
(%)
	Hann
[min max]
(%)
	Min Jerk
[min max]
(%)
	Polynomial
[min max]
(%)
	Lognormal
[min max]
(%)

	NOS*
	[-57.1    42.9]
	[-50          50]
	[-50          50]
	[-50          50]
	[-50          50]

	SM
	[-24.6    75.4]
	[-23.2    76.9]
	[-24.4    75.6]
	[-46.5    53.5]
	[-10.3    89.7]

	MAPR
	[-78.8    21.2]
	[-76.2    23.8]
	[-82.5    17.5]
	[-59.6    40.4]
	[-56.4    43.7]

	VAL*
	[28.2    128.2]
	[28         128]
	[28         128]
	[28.3    128.3]
	[50.4   150.4]

	Peaks*
	[0            100]
	[-49.4    50.6]
	[-33.3    66.7]
	[0            100]
	[-50          50]

	IPV
	[-100          0]
	[-75.4    24.6]
	[-85.7    14.3]
	[-100          0]
	[-83.3    16.7]

	DSJt*
	[-25.3    74.7]
	[-12.2    87.9]
	[-33.3    66.7]
	[-11.3    88.7]
	[-1.7      98.3]

	LDSJT*
	[-32.9    67.1]
	[-19.5    80.6]
	[-23.9    76.2]
	[-9.4      90.6]
	[-51.7    48.3]

	DSJb*
	[-6.6      93.4]
	[-13.7    86.3]
	[-50.6    49.4]
	[-38.8    61.3]
	[0           100]

	LDSJb*
	[-18.4    81.6]
	[-4.9      95.1]
	[-22.5    77.5]
	[-22.9    77.2]
	[-42.5    57.5]

	CM
	[-90.8      9.2]
	[-96.4      3.6]
	[-98.3     1.7]
	[-67.4    32.6]
	[-38.2    61.9]

	SPMR
	[-55.8    44.2]
	[-43.7    56.3]
	[-44.7    55.3]
	[-52       48.1]
	[-50.5    49.5]

	SPM
	[-100          0]
	[-74.5    25.5]
	[-71.9    28.1]
	[-53.1    46.9]
	[-82.2    17.8]

	SPAL
	[-74.2    25.8]
	[-76.4    23.6]
	[-78.8    21.2]
	[-77       23.1]
	[-65.6    34.4]

	SPARC
	[-85.3    14.7]
	[-87.3    12.7]
	[-83.7    16.3]
	[-90.8      9.2]
	[-87.3    12.7]



Table G.2 Percent change in metrics with increasing delay between 3 sub-movements
	
	Blackman
[min max]
(%)
	Hann
[min max]
(%)
	Min Jerk
[min max]
(%)
	Polynomial
[min max]
(%)
	Lognormal
[min max]
(%)

	NOS*
	[-40          60]
	[-42.9    57.1]
	[-50          50]
	[-60          40]
	[-66.7    33.3]

	SM
	[-38.3    61.7]
	[-37.9    62.1]
	[-39.7    60.3]
	[-46.3    53.8]
	[-19.1    80.9]

	MAPR
	[-76.5    23.5]
	[-75.2    24.8]
	[-82.7    17.3]
	[-66.7    33.3]
	[-41.9    58.1]

	VAL*
	[11.7   111.7]
	[11.6    111.6]
	[11.5   111.5]
	[11.9    111.9]
	[41.4    141.4]

	Peaks*
	[0           100]
	[-49.7    50.3]
	[-40          60]
	[0            100]
	[-50          50]

	IPV
	[-100          0]
	[-77.4    22.6]
	[-85.7    14.3]
	[-100          0]
	[-88.2    11.8]

	DSJt*
	[-16.8    83.2]
	[-9.9      90.1]
	[-34.7    65.3]
	[-10.9    89.1]
	[-0.2      99.8]

	LDSJT*
	[-31.9    68.1]
	[-21.9    78.1]
	[-41.9    58.1]
	[-14.6    85.4]
	[-42.2    57.8]

	DSJb*
	[-1.9      98.1]
	[-14.9    85.1]
	[-52.6    47.4]
	[-39.1    60.9]
	[0           100]

	LDSJb*
	[-19.7    80.3]
	[-12.2    87.8]
	[-23.6    76.4]
	[-22.9    77.1]
	[-30.3    69.7]

	CM
	[-88.5    11.5]
	[-94.2      5.8]
	[-95.9      4.1]
	[-54.4    45.6]
	[-32.7    67.3]

	SPMR
	[-50.6    49.4]
	[-46.9    53.1]
	[-47.4    52.6]
	[-49.5    50.6]
	[-48.8    51.3]

	SPM
	[-17.8    82.2]
	[-29          71]
	[-34.2    65.8]
	[-15.7    84.3]
	[-23.2    76.9]

	SPAL
	[-68  32]
	[-67.8    32.2]
	[-67.6    32.4]
	[-68.2    31.9]
	[-89.6    10.4]

	SPARC
	[-72.2    27.8]
	[-77.7    22.3]
	[-84.2    15.8]
	[-83.7    16.3]
	[-86.3    13.7]




Table G.3 Percent change in metrics with increasing delay between 4 sub-movements

	
	Blackman
[min max]
(%)
	Hann
[min max]
(%)
	Min Jerk
[min max]
(%)
	Polynomial
[min max]
(%)
	Lognormal
[min max]
(%)

	NOS*
	[-50          50]
	[-50         50]
	[-50          50]
	[-66.7    33.3]
	[-50          50]

	SM
	[-43.9    56.1]
	[-47.3   52.7]
	[-48.6    51.4]
	[-48.5    51.5]
	[-28          72]

	MAPR
	[-76.6    23.4]
	[-74         26]
	[-79.9    20.1]
	[-68.8    31.2]
	[-38.1    61.9]

	VAL*
	[7.7     107.7]
	[7.4     107.4]
	[7.4     107.4]
	[7.9     107.9]
	[6.1     106.1]

	Peaks*
	[-48.9    51.1]
	[-49.8    50.2]
	[-42.9    57.1]
	[0           100]
	[-50         50]

	IPV
	[-75.8    24.2]
	[-75.9    24.1]
	[-88.2    11.8]
	[-100          0]
	[-91           9]

	DSJt*
	[-11.6    88.4]
	[-8            92]
	[-35.4    64.6]
	[-10.7    89.3]
	[-0.1     99.9]

	LDSJT*
	[-32.5    67.6]
	[-23.6    76.4]
	[-52          48]
	[-20.3    79.7]
	[-39         61]

	DSJb*
	[-0.7      99.3]
	[-15.5    84.5]
	[-53.4    46.6]
	[-39.3    60.7]
	[0           100]

	LDSJb*
	[-20.6    79.4]
	[-14.2    85.8]
	[-43.6    56.4]
	[-21.7    78.4]
	[-27.9    72.1]

	CM
	[-85.7    14.3]
	[-92            8]
	[-93.9      6.1]
	[-45.7    54.3]
	[-28.6    71.5]

	SPMR
	[-50.8    49.2]
	[-50.8    49.2]
	[-51          49]
	[-50          50]
	[-52.8    47.2]

	SPM
	[-28.7    71.3]
	[-35.7    64.3]
	[-42.4    57.6]
	[-18.3    81.7]
	[-38       62.1]

	SPAL
	[-69          31]
	[-66.8    33.2]
	[-66.9    33.1]
	[-70.3    29.7]
	[-96.5      3.5]

	SPARC
	[-82.2    17.8]
	[-81.3    18.7]
	[-85.6    14.4]
	[-88.4    11.6]
	[-80.7    19.3]




We see from the three tables that only VAL* is truly non-monotonic. It was found that the monotonicity of metrics depended on the design of the base velocity profile. For SPARC, this could be due to the discontinuity in selecting the cut off frequency [24]. Only VAL*, SPMR, and SPARC showed less or were not dependent on the underlying base profile. Moreover, we see that SPAL and SPARC show a monotonic change when the steps over which the derivative of the simulation was 0.06 s or greater. 
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