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In their fascinating article, Proietti, Pezzulo and Tessari propose a unified computational account of
the cognitive processing underlying action observation, understanding, learning and imitation
abilities, conceptualized as hierarchical active inference [1]. The authors justly recognize that neither
the idea of a hierarchy of action representations nor the idea that hierarchical action representations
and internal models are shared across action execution and perception are exactly novel [2,3,4,5].
Rather, the novelty of their proposal lies in the computational implementation they propose and test
in four different simulations and the specific, quantitative predictions their model yields, regarding,
for instance, the distinctive patterns of attention deployed when observing familiar as opposed to
novel actions or the neuronal dynamics we should observe during action observation and imitation.
My focus will be on the hierarchy of action representations that support observation and execution
and the way it is learned. | wish to highlight three main points.

First, the authors distinguish four levels in this hierarchy, an observation level where the kinematics
of a body part is observed and three levels of hidden variables that are inferred (movement
segments, proximal goals and distal goals). Learning this representational hierarchy is for them the
process that allows a novel, meaningless action to be associated with semantic meaning by
establishing mappings between action representations across hierarchical levels. This, however,
should not be taken to mean that learning action representations at a given level requires one to
have fully mastered action representations at lower levels of the hierarchy. For example, an
indifferent observer won’t take more than a few minutes to learn the difference between a forehand
shot and a backhand shot and start reliably classifying observed shots accordingly. In contrast, even a
dedicated learner will need hours if not weeks of practice before they can reliably execute backhand
and forehand shots. This suggest that salience, both in the technical sense in which the authors use
the term, where it is determined by prior beliefs about where uncertainty-reducing information is to
be found, and in the sense of the physical salience of a stimulus, plays an important role in the early
phases of learning. On the one hand, even people not versed in tennis typically know that it is a
racket sport that involves hitting a ball across a court and, on the other, collisions and sudden
changes of trajectory are physically salient events. Both types of saliences would thus initially orient
the observer’s attention to the location of impact between racket and ball and the positions of arm
and hand at the time of impact, giving them enough information about the core characteristics
backhand and forehand to enable them to distinguish between the two strokes. Yet, the functional
relations between the different phases of a stroke (e.g., type of grip, footwork, stance, backswing,
forward swing, contact and follow through) are at first much less evident and understanding them
will demand the right diet of repetitions and variations. All of this is consistent with the active
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inference model proposed by the authors, as well as with empirical and philosophical work on skilled
action learning [6, 7, 8, 9]. For instance, there is abundant evidence from sport psychology that
experts differ from non-experts on sport specific measures of attention allocation and information
pick-up and that, e.g., expert tennis and squash players are able to use earlier perceptual cues than
non-experts in order to anticipate the actions of their opponents [10, 11, 12]

Second, the authors distinguish between two types of uncertainty reduction processes respectively
involved when observing or executing familiar action (driven by prior-determined salience) as
opposed to novel actions (driven by novelty-seeking). Yet, actions are rarely if ever entirely novel or
entirely identical to past actions. As emphasized by Rafael Nadal, every single shot is different [13].
Even for (relatively) novel actions, pure novelty seeking behavior may not be the most efficient form
of learning. Many recent philosophical and psychological theories of skill learning insist that effective
improvement of performance is best achieved through deliberate practice where the learner focuses
on specific goals end systematically explores and vary means or techniques to improve one’s success
at these goals [6, 7, 14]. It is through such deliberate and regimented variations, rather than novelty-
seeking behavior simpliciter that the dependencies between component elements of task are best
learned. In this respect, performers may be better placed to learn than mere observers as they have
a form of control on the variations they execute that observers typically lack on the variations they
watch. Indeed, large differences have been found in the ability to anticipate events at soccer
between players and keen spectators [15].

Finally, while the authors rightfully insist that both action execution and action perception involve a
hierarchy of action representation, one should note that hierarchical structure is also present within
levels. The movement segments level involves a chunking of the elements accessible at the kinematic
level. The empirical evidence regarding motor chunking suggests that it is the result of two opposing,
hierarchical processes: a concatenation process through which elements in an action sequence are
bound together into larger units, and a segmentation process where multiple contiguous elements
are broken down into shorter action sets [16]. While concatenation is best thought of as an
associative learning process, parsing appears to be an executive or control process rather than an
associative one [17]. Parsing is sensitive to the internal logic of the action sequence and, by carving
action at its joints, counteracts rigid automatization and allows for flexibility and manipulability [6].
While internal hierarchical organization may be inchoative at the movement segmentation level, it is
a key feature of robust semantic representations at the levels of proximal goals and intentions. For
instance, it was found that in experts the semantic representation of a tennis serve was
characterized by an organization in a distinctive hierarchical tree-like structure, well matched with
the functional and biomechanical demands of the action and with very little variation from player to
player. In contrast, in novices, hierarchical organization was almost absent, representations were less
well matched with the functional phases of the action, and inter-individual variability was high [18].
Thus, while it may take only a few minute to acquire a coarse-grained semantic representation of a
forehand stroke, sufficient for telling forehand shots from backhand shots, the rich semantic
representations needed by players to insure high-level performance, by coaches to give sound advice
and by sports commentators for intelligent analyses of play may take years to acquire and require
them to learn, as the authors insist, accurate likelihood mappings between all levels of the action
hierarchy.



| have little doubt that the model proposed by the authors is powerful enough to accommodate the

features of action hierarchy learning | emphasized. Yet, attention to these features suggests that

while it may be true that hierarchical action representations once learned support both action

production and action production, learning by acting rather than by observation alone allows for the

acquisition of more robust representations and mappings between representations at different

levels.
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