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Motivation and Goals BD@i%, DFTEEHNDLDGY

Motivation
o children with developmental dysgraphia (DD) often exhibit increased variability in speed
(generally, disfluent handwriting), longer in-air time periods, unstable pressure, etc.
o less is known about the effects of speed and scale

@ to explore the fine visuo-motor integration without a significant effect of orthographic
coding, several studies used simple graphomotor elements

Goals
Q investigate the effects of speed and scale on spiral drawing performance in children with
developmental dysgraphia (DD)
@ evaluate the diagnostic potential of kinematic and fractional-order derivative (FD)-based
features
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Participants & oF TECANOLOGY
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@ 269 children from Czech primary schools

o 3rd grade — 109 children (50 typically developing (IC), 59 with DD; age = 9.1 £ 0.5 yrs.)
o 4th grade — 160 children (64 IC, 96 with DD; age = 10.2 &+ 0.5 yrs.)
o No significant differences in age between the groups in either grade

o diagnosed by a special educational needs teacher

o diagnosis based on a comprehensive Czech standardized battery (including achievement
tests for school skills)

o study approved by the Ethics Committee of the Institute of Psychology at the Czech
Academy of Sciences

Mekyska et al. (BUT, CAS, Tecnocampus) Spiral Drawing in Children with DD



Protocol @ oF TECNLOCY
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o children were instructed to complete two Archimedean spirals (7 cm and 14 cm wide,
respectively) as quickly as possible
o performed on a Wacom Cintiq 16 display tablet (using a stylus with a felt nib)
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Drawing Parameterisation @ oF TECANOLOGY
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o assessing drawing fluency: relative number of interruptions, relative number of changes
in the velocity profile

o spiral-specific features: degree of spiral drawing severity, first-order smoothness of the
spiral, second-order smoothness of the spiral, the spiral precision index, spiral tightness,
variability in spiral width

o assessing kinematic abilities:

o velocity (global, vertical, horizontal)
o FD-based features (based on Caputo approximation; o = 0.1, 0.5,0.9)
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Statistical analysis
e confounding factors (grade and gender) removed via linear regression
@ Mann-Whitney U test and Spearman’s correlation with FDR correction

@ Box-Cox transformation — two-way ANOVA (diagnosis vs. scale)

Machine learning
@ XGBoost within a 10-fold cross-validation framework with five repetitions
@ Bayesian optimization, Matthews correlation coefficient as the optimization metric

@ interpretation via feature importances
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@ in both tasks, children with DD exhibited increased velocity and a higher number of
changes in the velocity profile

o big spiral: significant differences in the number of changes in the velocity profile and
vertical velocity (did not remain significant after FDR correction)

o small spiral: significant differences in vertical and horizontal velocity, as well as in the
number of changes in the velocity profile (remained significant after FDR correction)

o effect of diagnosis: children with DD exhibited significantly greater degree of spiral
drawing severity, lower tightness of the spiral, lower spiral precision, a higher number of
changes in the velocity profile, and increased horizontal velocity

o effect of scale: significant differences in the degree of spiral drawing severity, first-order
smoothness of the spiral, and vertical velocity (lower values in the small spiral)

@ no significant interaction effects between diagnosis and scale
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Table: Classification Performance

Task BACC SEN SPE MCC
Large spiral 0.53+0.08 0.71+0.10 0.354+0.13 0.07+0.17
Small spiral  0.61+0.09 0.774+0.08 0.45+0.16 0.23+0.19

BACC —balanced accuracy; SEN —sensitivity; SPE —specificity; MCC — Matthew's correlation coefficient

o the most relevant features were related to FD-based velocity metrics
o vertical movement features were more represented in the first model (large spiral)

@ a combination of both vertical and horizontal velocity-based features was observed in the
second model (small spiral)

o spiral precision index and the relative number of changes in the velocity profile contributed
significantly to both models
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@ children with DD drew spirals faster and with more frequent velocity changes but showed
worse quality — faster movement comes at the cost of control

o differences mainly observed in the small spiral — difficulty in regulating speed for
accuracy, particularly in fine movements

@ vertical movement was especially challenging for children with DD — vertical movement
engages more muscles and requires greater control, making accuracy more
difficult

o FD-based velocity measures were more sensitive to dysgraphic anomalies
@ poor classification performance with low specificity — back to handwriting

o limitations: small sample size; effect of gender was not explored; missing comparison with
a spiral performed with the comfortable speed
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