Pacing signatures in KL3 and VL3 paracanoe races: a case study with GPS-
derived performance metrics

Samuel Bento da Silva', Thiago Fernando Lourengo!”, Vinicius Miguel Zanetti', Ana
Gabriela Almeida Maximo Pereira', Cleverson Silva dos Santos?, Luiz Gustavo Teixeira
Fabricio dos Santos'

Brazilian Paralympic Committee

2 Brazilian Canoe Federation

Paracanoeing comprises two types of boats such as kayak (KL) and va’a (VL) divided
into three different functional classes (1, 2 and 3) according to athlete impairment.
Understanding how pacing differs between these classes is essential for evidence-based
training and competition strategies, but objective analyses in elite-level contexts remain
scarce. This case-study investigated a world-class female athlete who competed in KL3
and VL3 at the 2024 ICF Paracanoe World Championships (Szeged, Hungary). Six
official 200 m races were analyzed (3 KL3 and 3 VL3). Performances were recorded
using 10 Hz GPS units (Catapult Sports) and processed in R® with 2 m spatial binning
throughout the race distance, producing continuous velocity and acceleration profiles.
Maximum velocity (Vmax), maximum acceleration (Amax), and their positions along the
course were determined, and pacing trends were assessed in quartiles (0—25%, 25-50%,
50-75%, 75—-100%) using the Mann—Kendall test with Sen's slope estimator. The results
showed that the mean race time was faster in KL3 (54.1 + 0.9 s) compared to VL3 (62.4
+ 2.1 s), corresponding to an approximately 15% slower performance in the canoe. Vmax
was higher at KLL3 (4.13 = 0.09 m/s) than at VL3 (3.77 &+ 0.10 m/s) but was reached later
(37-75 m; =30% of run) compared to the earlier Vmax at VL3 (26-37 m; ~16%). Amax
was also higher at KL3 (1.13 £ 0.19 m/s?) compared to VL3 (1.00 + 0.08 m/s?) but
occurred consistently at 24 m (~1.5% of run) across all trials, highlighting the
importance of the start. Trend analyses confirmed significant monotonic velocity declines
across all runs (t<0, p<0.001), with Sen's slopes indicating mean decreases of -0.00226
m/s per meter in KL3 (==0.45 m/s in 200 m) and -0.00317 m/s per meter in VL3 (=—0.63
m/s), demonstrating a steeper decline in the canoe. Acceleration trends revealed a strong
negative slope in the first quartile (t<0; p<0.01), followed by stabilization during mid-
run. In summary, despite the use of arms, trunk, and legs in both classes, the same athlete
exhibited distinct pacing signatures: KL3 runs showed a strong initial acceleration, a mid-
run plateau, and a late decline, while VL3 runs reached Vmax earlier and entered a
continuous decline thereafter. These findings highlight the relevance of GPS-derived
metrics with 2 m binning and MK-Sen analysis to objectively capture class-specific
pacing strategies in Paralympic paracanoeing.



