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Many tasks in daily life involve coordinating movements between two or more individuals. A couple of dancers, a team of players, two workers carrying a load or a therapist interacting with a patient are just a few examples. Acting in collaboration or joint action is a crucial human ability, and our sensorimotor system is shaped to support this capability efficiently. When two partners have different goals but may benefit from collaborating, they face the challenge of negotiating a joint strategy. To do this, first and foremost both subjects need to know their partner’s state and current strategy. It is unclear how the collaboration would be affected if information about the partner is unreliable or incomplete. 


This work intends to investigate the development of collaborative strategies in joint action. 


To this purpose, I developed a dedicated experimental apparatus and task. I also developed a general computational framework -- based on differential game theory -- for the description and implementation of interactive behaviours of two subjects performing a joint motor task. The model allows to simulate any joint sensorimotor action in which the joint dynamics can be represented as a linear dynamical system and each agent’s task is formulated in terms of a quadratic cost functional. The model also accounts for imperfect information about dyad dynamics and partner’s actions, and can predict the development of joint action through repeated performance. 


A first experimental study, focused on how the development of joint action is affected by incomplete and unreliable information. We found that information about the partner not only affects the speed at which a collaborative strategy is achieved (less information, slower learning) but also optimality of the collaboration. In particular, when information about the partner is reduced, the learned strategy is characterised by the development of alternating patterns of leader-follower roles, whereas greater information leads to a more synchronous behaviour. Simulations with a computational model based on game theory suggest that synchronous behaviours are close to optimal in a game theoretic sense (Nash equilibrium). The emergence of roles is a compensation strategy which minimises the need to estimate partner’s intentions and is, therefore, more robust to incomplete information. 


A second study addresses how physical interaction develops between adults with Autism spectrum disorder (ASD) and typically developing subjects.  ASD remains mostly a mystery and has therefore generated some theories trying to explain their cognitive disabilities, which involve an impaired ability to interact with other human partners. Although preliminary due to the small number of subjects, our results suggest that ASD subjects display heterogeneity in establishing a collaboration, which can be only partly explained  with their ability to perceive haptic force.  


This work is a first attempt to establish a sensorimotor theory of joint action. It may provide new insights into the development of robots that are capable of establishing optimal collaborations with human partners, for instance in the context of robot-assisted rehabilitation..
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