-

View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

provided by University of Essex Research Repository

Elsevier Editorial System(tm) for Physics of

Life Reviews
Manuscript Draft

Manuscript Number: PLREV-D-19-00019
Title: Implicit Perception Simplicity and Explicit Perception Complexity
in Sensorimotor Comunication. Comment on "The body talks: Sensorimotor
communication and its brain and kinematic signatures" Dby G. Pezzulo et
al.
Article Type: Comment

Keywords: Active Perception; Social Perception; Theory of Mind;
Perspective Taking

Corresponding Author: Dr. Dimitri Ognibene, Ph.D.
Corresponding Author's Institution: University of Essex
First Author: Dimitri Ognibene, Ph.D.

Order of Authors: Dimitri Ognibene, Ph.D.; Giuseppe Giglia, PhD; Letizia
Marchegiani, PhD; David Rudrauf, PhD


https://core.ac.uk/display/187116047?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Source file (Word or (La)TeX)
Click here to view linked References

Implicit Perception Simplicity and Explicit Perception Complexity in Sensorimotor Comunication.
Comment on "The body talks: Sensorimotor communication and its brain and kinematic
signatures" by G. Pezzulo et al.

Dimitri Ognibene ,1 School of Computer Science and Electronic Engineering, University of Essex, UK and 2 ETIC, Univeristat
Pompeu Fabra, Espafia (dimitri.ognibene@essex.ac.uk)

Giuseppe Giglia, 1. University of Palermo, Department of Biomedicine, Neuroscience and Advanced Diagnostics, Palermo, Italy
2. Department of Cognitive Neuroscience, Maastricht University, Maastricht, Netherlands ( giuseppe.giglia@unipa.it)

Letizia Marchegiani, Department of Electronic Systems, Aalborg University, Denmark (Im@es.aau.dk)

David Rudrauf, School of Psychology, University of Geneva, Switzerland (David.Rudrauf@unige.ch)

The article by Pezzullo et al [1] has comprehensively addressed several aspects of Sensory Motor
Communication (SMC) related to the complexity and the intentionality of processes on the information
“sender” side. However, it pays less attention to the role of the same factors on the “receiver” side. It is
known that interpretation of the detailed kinematics underlying the receiver side of sensorimotor
communication is a non-trivial task. It requires the integration of detailed sensory information from
multiple dynamic sources, such as the environmental context and the affordance it may entail, the
relevant body parts and involved effectors [2]. Furthermore, those sources may not be all simultaneously
accessible to sensory systems, e.g. being out of the field of view, warranting the adoption of active
perception strategies [3-5]

Surely other processes contribute on the receiver side to realize SMC. Mechanisms of social perspective
taking, i.e. the ability to mutually understand, even in a probabilistic sense, others interest, bound and
facilitate the receiver task in SMC by helping forming predictions and relevance weighting about the
different input sources and possible targets of interest. Thus, building expectations about specific
contexts in SMC can be supported by higher-order forward models of spatial intentionality, playing as a
common frame of interpretation assumed by the interacting agents. The detailed observation of the
actual kinematics as well as other information sources, which are part of the more general social context,
surely can be used to induce a revision of these expectations. But more abstract priors about the
relevant information to extract, can reduce sensory processing load and facilitate a complex task. At
minima, simple indications of overt spatial attention and orientation, e.g. yielding 3D look at information,
combined with emotion expression, e.g. indicating whether to approach or avoid a location, can greatly
contribute to reduce the complexity, in terms of sensory information integration, of social interactions and
coordination tasks. It has been proved, for instance, that, while the orientation of covert spatial attention
in the auditory domain is highly affected by the presence of a task [6], it can be facilitated by the
emotional valence of auditory stimuli, even when task-irrelevant [7, 8]. In the same way, the cognitive
computation demands evoked by social interactions can revise not only attention distribution, but the
neural correlates of processing speech as well [9].

Thus regarding the distinction between true SMC and information transfer, according to pragmatics (i.e.
the ability to use language, gestures and body movements to convey communicative meaning in a
context [10]), it is worth noting that at least an understanding of partner’s mental state (i.e. a theory of
mind) should be present in both the receiver and the sender [11]. Experiments with human-robot
interactions in which tasks requiring SMC are performed could add insight to the topic while observing to
which extents humans use SMC to communicate with humanoid vs non biologically inspired industrial
robotic arms (as an example see Oztop et al, 2005 [12]).

Thus we propose that the observer may often adopt simpler strategies during interaction and deal with
the interpretation of the detailed kinematics only when deemed necessary. In such cases, information
sampling becomes a very active process where the receiver and the sender are strongly involved.

Back to the initial explanatory experimental condition of moving a table jointly, we can expect two
different types of observer behaviours. In one case (serendipitous or implicit) the receiver will decide only
on the basis of the current state of the table without consideration for the intentions of the “sender”, even
though those will still affect the “receiver” actions by changing the state of the table. In the other
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condition (engaged or explicit), the “receiver” will try to collect the signaling information provided by the
‘sender’, integrate it over time, and infer the intentions of the sender. This can be done in a hierarchical
manner starting from parsimonious information sampling.

The difference can be seen more explicitly in a simplistic example where the receiver is pushing the
table towards the right while the sender is pushing it in the opposite direction. In the first, simple
serendipitous case, we can expect that the receiver policy will either be independent from the force
applied by the sender (i.e. the receiver will simply continue pushing), or dependent on it (i.e. the receiver
will follow the lead of the sender). In the second, complex engaged case, the opposing reaction of the
collaborator may initially raise surprise and uncertainty in the receiver, which, consequently, may wait for
additional information, as the received sighal mismatches with his/her expectations about the sender
intentions, leading to the problem of re-estimating them. This may be achieved either by waiting or by
actively probing different alternatives. This will also raise the receiver’s attention towards the sender’s
efforts to improve his/her understanding. This example highlights the importance not only of signaling but
of receiving the sender state, and alter it if necessary. A number of works in robotics tackling similar
tasks [13—15] employ analogous collaboration strategies, each presenting a different degree of
complexity.

In SMC based collaborations, both these observer’s behaviours are likely to be present. The switch
between the two is foreseeably regulated by the observed interaction progress, combined with, and
related to, the observer’s expectations. For instance, expecting a specific partner behaviour with high
certainty will more likely lead to an observer behaviour of the first (serendipitous) type compared to a
condition where the observer does not have clear expectations about the partner behaviour, which will
more likely induce an observer behaviour of the second (engaged) type. When a large violation of the
expectations is observed, a switch from the simple behaviour to the complex one is likely to occur.

In most situations, these roles have to be interpreted as mutually coupled: each agent is both a receiver
and a sender. Interestingly, the difficulty of the SMC observation aspect as well as the different levels of
effort (serendipitous, engaged) that the observer may engage in an SMC collaboration are likely to
induce in the “sender” not only an increase of signaling efforts but also active check of the observer state
to better adapt its signaling strategies. In fact, the sender might need to monitor the actual state of the
receiver, as to produce a non-obvious collaborative maneuver he/she needs an engaged partner.

Overall, the complexity of the observation task is likely to induce in both the observer and the receiver
complex active observation strategies to identify the partner intention and state. Ultimately, the involved
epistemic actions [16,17] may be the most cognitively demanding components of an SMC process and
will be so tightly coupled with the other parts of the interactions that we may consider SMC as a form of
joint active inference. While several models capable of generating social epistemic actions to minimize
surprise and uncertainty on partners intentions [2-5] have been proposed, these are quite
computationally demanding and rigid, while the richness, flexibility and swiftness of the observed
interactions point to the necessity of further studies to better understand the mechanism of active social
perception. Integrating higher-order forward spatial models of intentionality based on perspective taking,
could help resolve a great deal of complexity, by focusing information sampling on the most relevant
cues. In the context of SMC, it would be interesting to study how the observer behaviour type
(serendipitous vs engaged) affects the sender behaviours, both in terms of signaling and of monitoring of
the observer. Using robotic observers would allow replicability, as well as the possibility of altering the
sender expectations on the observer receptive skills.
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