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Résumé

Analysis and modelling of motor coordination during a learning protocol in
swimming
This presentation first introduces a method for detecting key points in the arm and leg cycle
of the breaststroke using 3D accelerometric and 3D gyroscopic signal processing. These sig-
nals are collected via six inertial measurement units (IMUs) placed on the swimmer’s wrists,
ankles, pelvis, and neck (Komar et al., 2023). These key points allow for the detection the
propulsive and non-propulsive phases of the swimming cycle, as well as the angular varia-
tions of the knees and elbows, in order to analyse the coordination between arm and leg
movements-either by estimating the temporal gaps between key points of the cycle, or by
computing the continuous relative phase between elbow-knee oscillators (Chollet et al., 2004;
Seifert et al., 2011).

Second, we present how this method was applied in a 16-session breaststroke learning proto-
col involving seven novice swimmers. A clustering analysis was then applied to distinguish
between several learner profiles (based on the different clusters of coordinating arms and
legs). Finally, a drift Markov modelling (DMM) approach was used to estimate the proba-
bility of occurrence of the different coordination profiles over the learning process (Komar
et al., 2023). This modelling is particularly insightful as it shows that some coordination
modes, present in the novices’ initial repertoire, are temporarily abandoned in favour of other
coordination modes, which are themselves later replaced by more efficient and stabilised co-
ordination patterns.

More specifically, the DMM allow for the identification of an intermittent regime during
learning, in which the learner alternates between exploiting existing coordination modes and
exploring new ones (Komar et al., 2023; Seifert et al., 2025). The coordination modes used
temporarily during learning, which are later abandoned, might be used to explore in the fu-
ture more effective coordination patterns. Conversely, existing coordination modes are used
as fallback solutions when newly explored coordination patterns are not effective.

Finally, data sciences (e.g., signal processing, data mining, machine learning) enable the
automatic processing (as opposed to manual notational analysis) and increased robustness
of analyses. Furthermore, they go beyond descriptive approaches to provide modelling of the
dynamic of learning. Grounded in complexity science, the modelling of individual learning
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dynamics contributes to a ‘sustainable’ approach to motor behaviour.
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