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Bernstein (1967) emphasized the necessity of solving the redundancy problem by 

answering the question of how the nervous system chooses a specific combination of 

degrees of freedom from many possible combinations each time a goal-directed 

movement is made. According to the equilibrium-point theory, control levels of the 

nervous system do not dictate which and how degrees of freedom or muscles should 

participate in reaching a motor outcome. Instead, these levels change specific neuro-

mechanical parameters that only narrow the set of possible motor actions whereas a 

particular motor action from that set emerges due to the interaction between the organism 

and environment. These parameters pre-determine where, in spatial coordinates or frames 

of reference, the neuromuscular periphery should work, rather than how it should work. 

This modus operandi is called “referent control”. Referent control is associated with a 

global minimization process: the neuromuscular periphery tends to minimize, in the 

limits of internal and external constraints, the difference between the emergent, actual 

biomechanical variables and their referent values specified by neural control levels. A 

minimum is associated with reaching an equilibrium state in the interaction between the 

organism and the environment. The minimization process always yields a unique motor 

action. However, the uniqueness of the motor action is not defined by the nervous system 

per se: it results from the interaction between the organism and the environment. If the 

emergent action does not meet the motor goal, the system modifies referent control until 

the goal is reached. Referent control thus opens a new perspective in approaches to 

redundancy problems in biological systems by emphasizing the role of the environment 

in solving these problems. How referent control may be used to produce reach-to-grasp 

and other movements will be discussed.  

 


