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In their review, Pezzulo and colleagues [1] give a comprehensive account of different forms of sensorimotor com-
munication (SMC). We appreciate the authors’ approach of interpreting SMC in light of semiotics and communication
theory, which allows classifying different forms of SMC where intentional signaling (i.e., the attempt to disambiguate
one’s action from alternatives) is presented as the most sophisticated.

In our comment, we will discuss the underlying cognitive substrate and the function of signaling in social interac-
tions. We argue that signaling can be understood only within a second-person perspective [2], i.e., analyzing how the
interacting unit develops communication strategies to achieve joint goals, both long and short term. Indeed, although
we agree with the authors’ claim that (a conventional) prior knowledge or arrangement is not strictly necessary for
SMC, we suggest that signaling behaviors evolve and refine thanks to cumulative social motor learning (Point 1). To
successfully interact with others, we need to learn what signals are more easily read by most of the interactive partners
(e.g., when negotiating in which direction to walk through a corridor to avoid accidents), and also what signals are
better for that specific interaction partner (e.g., when performing a choreography with my dance mate). Moreover, we
believe that a theory of SMC would benefit from the integration of a neurocognitive perspective, offering an overview
of what cognitive abilities scaffold the adaptation of signaling to different social scenarios (Point 2). Finally, we sug-
gest considering that social motor representations characterize collaborative joint actions and might thus support the
emergence of signaling and shape its implementation (Point 3).

1. Learning to signal to support short and long term (joint) goals

One fundamental aspect of signaling is that it is based on a cost-benefit utility computation, in which the costs for
the sender (who needs to deviate from optimal action execution) and the benefits for the receiver or the dyad (in terms
of joint goal achievement) can be computed and weighted against each other over the course of the interaction. Agents
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can use this utility computation to modulate their behavior at a given trial and to predict the behavior of the partner,
who is expected to flexibly tune the amount of signaling to the needs of the dyad to optimally achieve the joint goal [3].

Interestingly, this computation may change dramatically as the agents shift from representing a short-term joint
goal (i.e., the success of the next trial, or at the game), to representing a long-term joint goal (i.e., establishing a
common ground for future interactions). The establishment of common ground between two interactive agents, on the
one hand, may reduce the amount of signaling implemented [4]. On the other hand, it may determine a different type
of interactive signals to be selected as efficient, e.g., deviations that require low-cost implementations, which convey
both the relevant content and the commitment of the sender [5]. As we are immersed in social interactions since birth,
it is plausible that adults implement behavioral strategies of signaling that, despite developed ad hoc for the given
scenario, draw from a life-long learned repertoire of social scripts. By resorting to this repertoire, agents may select
and produce types of signals that, because over-learned, are less costly for the sender, and possibly easier to recognize
for the receiver.

Therefore, signaling might support coordination in more than one way: it may support the achievement of short-
term joint goals, as a result of a strictly contingent utility calculation. But it may also support long-term joint goals,
determining a change in costs-benefits computation, going beyond the given implementation within the experimental
task. For instance, expert musicians, when playing with others, implement behavioral adaptations that are recognizable
for their partners, but nor are necessary for the performance, nor decrease as their expertise increases [6,7]. Further-
more, different groups of musicians display different behavioral patterns of SMC among players [8], suggesting that
suboptimal movements can become part of actual social scripts among interactive agents who share a common ground
(a history of interaction).

We, therefore, suggest that individuals’ social and motor experience (either contingent or not to the given in-
teraction) largely contributes to the computation of the costs of selection, implementation, and understanding of
communicative signals.

2. SMC and individual differences: the case of Autism Spectrum Conditions

Pezzulo et al. [1] discuss how factors such as temporal, informational and goal demands afford SMC. This per-
spective highlights how different task structures and ecological factors shape the selection and implementation of
communicative strategies by interactive agents. However, in interactive scenarios that require individuals to under-
stand, predict, and complement a partner’s actions, other variables are crucial for the recruitment of efficient SMC,
namely individual cognitive capabilities. In fact, SMC is grounded on a large set of cognitive and motor skills, the
lack of which may hamper individuals’ ability and motivation to engage in coordination by selecting appropriate com-
munication strategies. Research shows that individuals rapidly and effortlessly compute the perspective of a partner
in joint action contexts, suggesting that one function of visuospatial perspective taking might be to support predictive
processes and ultimately interpersonal coordination [9—11]. The implementation of adequate coordination smoothers
in joint tasks, such as signaling, could be predicted by individuals’ ability to represent the partner’s mental states,
goals, and perspective. In a recent study, Curioni et al. investigated whether the degree of individuals’ autistic traits
impacts their ability to coordinate in a joint action [12]. Because deficits in social communication, social interaction,
perspective taking and mentalizing characterize Autism Spectrum Conditions [13], individual differences along the
continuum from neurotypical development to Autism should predict individuals’ ability to recruit and modulate SMC.
Indeed, the results of this study show that high autistic traits predict a reduced modulation of motor behavior accord-
ing to the role that individuals had in the task. These results indicate that individuals’ differences in social, motor
and cognitive skills predict their ability to select the communicative behavior that is most adaptive in a given social
interaction. In line with suggestions [ 14] that the core cognitive processes of our social cognition (such as mentalizing,
taking someone’s perspective and predicting an agent’s intention) develop within and thanks to successful motor inter-
actions with others, we believe it is critical to consider how these processes influence the agents’ ability to implement
SMC and adapt it to different interactive circumstances.

3. SMC and “joint” motor representations

We have suggested that signaling may emerge to support interpersonal coordination in the long and short term as a
result of social and motor learning experiences (Point 1), and that it is grounded on individuals’ cognitive skills such
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as the ability to take the partner’s perspective and understand how to modulate one’s behavior to facilitate coordination
(Point 2). One might thus ask how signaling can be implemented seemingly without effort or awareness when partners
interact in a motor exchange.

During a joint action, the presence of a shared goal that drives and bias co-agents behaviors shapes motor planning
processes [15,16] to such an extent that it can even facilitate performance in patients with impairment of motor control
[17]. Shared goals allow co-agents to infer the partner’s contribution, thus supporting predictions on his/her future
behavior. These predictions are strictly motor in nature [18-20] and become an integral part of the agent’s motor plan
(that becomes “dyadic” as it specifies both one’s own and the partner’s contribution, [21]). Such dyadic motor plans
might thus support agents’ understanding of what they have to do to facilitate the partner’s task during the interaction,
e.g., applying signaling behaviors, and the ability to read signaling behaviors in the partner. Future research might
investigate whether the presence of shared goals that specify dyadic motor plans modulates the emergence of signaling,
and what “interactive” features support or prevent it. Because social and emotional variables have been shown to
modulate sensorimotor simulation during a motor interaction [22,23], they might also influence the emergence of
signaling. Research on this issue may shed light on the “social” nature of such a behavioral strategy.

To conclude, we argue that a neurocognitive theory of SMC and signaling would benefit from taking into account
that signaling is supported by social motor representations characterizing collaborative joint actions; it serves the
function of supporting interpersonal coordination in the short and long term and might be deeply influenced by con-
tingent and life-long social learning. It remains to be further specified how the individuals’ cognitive abilities, social
motor experience, and the social and emotional features of each specific interaction contribute to its development and
modulate its implementation.
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