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Abstract

Perceptual-motor action skills such as drinking a glass of water or throwing a ball are key to
human existence and enable functional actions and interaction with our environment. In fact, learning
and testing ourselves in new challenging skills appears to be a uniquely human drive: Seemingly
“useless” skills, such as skateboarding or playing soccer, have wide-spread appeal, both for
performers and spectators. Hence, revealing the fundamental principles of motor control and skill
learning is an important issue. This question becomes even more vital when such functional skills are
lost (e.g., in the case of a stroke). To develop interventions that restore or reverse the degradation of
functional behavior requires a rigorous understanding of the healthy neuro-mechanical system.

Our approach analyzes how task dynamics constrain and enable sensorimotor actions and their
change with practice. Key concepts that drive our inquiry are variability and stability. Characteristic
of our approach is to start with a mechanical model of the task and render it in a virtual environment.
As such, the human interacts with a fully known task environment. Based on stability analyses of the
modeled human-environment system, we study how humans develop dynamically stable solutions to
meet complex task demands. Analysis of distributional and temporal properties of variability sheds
light on how humans explore and establish their individual solutions to task challenges. Using three
model tasks, we show that developing skill means: (1) exploiting solutions with dynamical stability;
(2) finding the most error-tolerant strategy, and channeling sensorimotor noise into task-irrelevant
dimensions; and (3) optimizing safety margins and predictability of solutions. Based on these insights
into healthy function, we have started to test new intervention techniques that facilitate learning and
relearning of motor tasks.
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