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How the central nervous system (CNS) overcomes the complexity of multi-muscle and multi-joint 

control and how the CNS acquires and adapts motor skills are fundamental and open questions in motor 

neuroscience. Knowledge of the dynamics of a multi-DOF system and of the requirements and 

constraints of specific tasks may simplify control. For example, in robotics, knowledge of the robot 

motion equations allows computing the torques necessary to generate a desired motion. As it is unlikely 

that the CNS stores explicit analytical internal models of the musculoskeletal system and of the tasks, 

such knowledge may be implicitly incorporated in the organization of modules used to construct motor 

commands. A modular control architecture can generate motor commands for a variety tasks and task 

conditions by flexibly combining shared modules embedding features of both the system dynamics and 

the tasks. If a small number of modules is sufficient to generate adequate motor commands, the 

complexity of control is reduced by directly mapping task goals into a small number of module 

combination parameters. Several investigations of the electromyographic activity recorded from many 

muscles during the performance of different motor skills have shown that motor commands are 

generated by the combination of a small number of muscle synergies, coordinated recruitment of group 

of muscles with specific amplitude balances or activation waveforms, thus supporting a modular 

organization of motor control. Modularity may also help understanding skill learning. If a new skill can 

be performed using existing modules, learning can be achieved by acquiring a new low-dimensional 

mapping of goals into combination parameters. However, a skill may require new modules and learning 

new modules is likely slower than learning new mappings. Thus, compatibility of the modules required 

for a new skill with the modules for existing skills may affect learning difficulty.  A recent study in 

which human subjects used myoelectric control to move a mass in a virtual environment has shown that 

the difficulty in adapting to a perturbation depends on the compatibility of the perturbation with the 

muscle synergies used to generate hand force. By altering the mapping between recorded muscle 

activity and simulated force applied on the mass, as in a complex surgical rearrangement of the 

tendons, it has been possible to show that it is easier to adapt to a perturbation that is compatible with 

the existing muscle synergies than to a similar but incompatible perturbation. These results suggest that 

motor learning relies on two adaptive processes: a fast learning of module combinations and a slow 

learning of module structure. 


