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 Appendix A. Signal-to-Noise Ratio

 The modulation of a feature across different strokes of a handwriting pattern can be

considered as a signal. This signal can be estimated by stroke-wise averaging of the stroke

features across a series of replications of a pattern. The patterns may need to be rescaled or

normalized. The difference of each replication with respect to this average pattern can be

considered as additive motor noise. A series of replications of a handwriting pattern allows

the estimation of the signal-to-noise ratio (SNR), defined here as the ratio of the standard

deviation of the modulation of the signal and the standard deviation of the noisy variations per

stroke feature:

 SNR = (Var(Signal) / Var(Noise))1/2 (1)

 The SNR can be estimated as follows. Assume X
ij

 describes the data set of features for all

strokes i (I strokes) and replications j (J replications). Averages across replications j are

denoted as X
i*

, etc. The analysis of variance schema for the main effect of strokes (I levels)

and J replications yields:

 Var(Noise) = [Sum j=1,J] [Sum i=1,I] (X
ij

 - X
i*

 - X
*j

 + X
**

)2 / (I-1)(J-1) (2)

and

 Var(Signal) = [Sum i=1,I] (X
i*

 - X
**

)2 / (I-1) - Var(Noise) / J (3)

Var(Signal) is negative in rare cases, and should be set zero then. This dimensionless measure

is useful when comparing invariances of patterns of different features.
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  Table 1

An example of the SNRs and the between-parameter correlations r, in the normal
condition and the correlations between the normal and the fast condition, all based
upon the down strokes in one subject for the parameters of the mechanical equation of
vertical stroke size dy, peak force ay, duration dt, and force efficiency effy.

———————————————————————————————————

Mechanical Equation dy = effy × ay × dt2

———————————————————————————————————

SNR 5.0 2.6 2.1 4.2

Between Parameter-Correlations

 r(dy,effy), r(effy,ay), r(ay,dt2) +0.13 -0.56 -0.04

 r(dy,ay), r(effy,dt2) +0.43 -0.36

 r(dy,dt2) +0.46

Between-Condition Correlations

 r(normal,fast) 0.99 0.96 0.95 0.97

———————————————————————————————————
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  Table 2

An example of the SNRs and the between-parameter correlations r, in the normal
condition and the correlations between the normal and the fast condition, in one
subject for the parameters of the mechanical equation of the net vertical displacement
of a stroke pair dy

12
, the vertical displacement of a downstroke dy

1
, and of its

successive upstroke dy
2
.

———————————————————————————————————

Mechanical Equation dy
12

 = dy
1
 + dy

2

———————————————————————————————————

SNR 4.2 5.0 3.8

Between Parameter-Correlations

 r(dy
12

,dy
1
), r(dy

1
,dy

2
) +0.46 -0.47

 r(dy
12

,dy
2
) +0.10

Between Condition-Correlations

 r(normal,fast) 0.98 0.99 0.99

———————————————————————————————————
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Figure Captions

Figure 1a and 1b. Two replications of a handwriting pattern together with several time
functions in calibrated scales: x, y (horizontal and vertical coordinates), vx, vy (horizontal and
vertical velocities), v (absolute velocity), ax and ay (horizontal and vertical accelerations).
Circles indicate the stroke segmentations on the basis of relative minima of v. Dotted traces
refer to movements above the paper. The top-down hierarchy says that (vertical) stroke sizes
are more invariant than stroke durations or vertical-force peaks (derived from ay). The
sequence hierarchy says that the motor noise of stroke size is immediately corrected in the
next stroke but the noise of stroke duration is not.


