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One of the crucial assumptions within the equilibrium-point hypothesis is that the neural control of 

action can be adequately described as time shifts of neural variables resulting in trajectories of spatial 

referent coordinates for the involved effectors. At the single-muscle level, the referent coordinate is 

equivalent to the threshold of the tonic stretch reflex, lambda. For multi-muscle actions, a hierarchical 

scheme has been suggested with a low-dimensional, task-specific input representing referent 

trajectories for salient variables, and a sequence of few-to-many mappings ultimately resulting in 

lambda values for all the muscles. The mappings are assumed to be organized in a synergic way, which 

means that the high-dimensional output can shows high variance as long as it is compatible with low 

variance of its salient action defined by the input. This scheme predicts equifinality (returning to a state 

or to a trajectory following a transient perturbation) in the space of task-specific variables and its 

violation in the spaces of elemental variables at different levels of the assumed hierarchy. This 

prediction has been confirmed experimentally in multi-digit, multi-joint, and multi-muscle spaces. A 

series of recent experiments, however, also provided examples of violations of equifinality at the task 

level. When a person is asked to perform a steady-state action and “not to interfere” with effects of 

perturbations, the application of a transient mechanical perturbation leads to a different final steady 

state if the perturbation involves a dwell time between its application and removal. In experiments with 

multi-joint hand movements, a drift of the referent hand coordinate has been demonstrated with the 

characteristic time of about 1 s. There was also a simultaneous drift in the arm apparent stiffness, 

which allowed the hand to stay at a steady position during the dwell time. The observed violations of 

equifinality have been interpreted as reflections of an unintentional drift of the hand referent coordinate 

towards its actual coordinate. This phenomenon, addressed as RC-back-coupling, can be viewed as a 

reflection of the natural property of physical systems to move towards states with low potential energy. 

The RC-back-coupling hypothesis allows offering an interpretation for other phenomena including, in 

particular, the unintentional force drift in tasks with constant force production observed after turning 

the visual feedback off. The time constant of the force drift in those studies, however, was much 

longer, on the order of 10-15 s. Currently we are exploring a scheme involving slow drifts of abundant 

systems along the uncontrolled manifold (UCM, space of no changes in a performance variable) and 

fast drifts orthogonal to the UCM. To summarize, the equilibrium-point hypothesis and its recent 

developments have provided a very fruitful framework for analysis of a range of phenomena 

characterizing biological movements. It has been a very important step towards developing a truly 

scientific approach to motor control, that is, physics of biological movement. 

 


