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Some argue that action comprehension is intimately
connected with the observer's own motor capacities,
whereas others argue that action comprehension
depends on non-motor inferential mechanisms. We
address this debate by reviewing comparative studies
that license four conclusions: monkeys and apes extract
the meaning of an action (i) by going beyond the surface
properties of actions, attributing goals and intentions to
the agent; (ii) by using environmental information to
infer when actions are rational; (iii) by making predic-
tions about an agent’'s goal, and the most probable
action to obtain the goal given environmental con-
straints; (iv) in situations in which they are physiologi-
cally incapable of producing the actions. Motor theories
are, thus, insufficient to account for primate action com-
prehension in the absence of inferential mechanisms.

Social animals wake up every morning to a dizzying array
of actions from allies and enemies, in contexts that
include cooperation, coalitionary violence, inter-group
territorial defense, resource competition and parental
care. Some actions are intentional, motivated by either
distal or proximal goals; some are accidental, but none-
theless result in similar consequences. How do individ-
uals distinguish between intentional and accidental
actions? A deep understanding of the representational
systems that support this capacity requires answering
two primary questions, one mechanistic and one phylo-
genetic. Mechanistically, what is entailed in the process
of perceiving an action and subsequently, extracting the
relevant details to make inferences about the actor’s
mental states? Phylogenetically, are the mechanisms
recruited for action comprehension uniquely human or
shared with other species?

Over the past decade, behavioral, psychological and
neurobiological research on humans and other animals
has begun to address these two questions. Studies of
human infants show that core components of action com-
prehension are present and functional early in develop-
ment [1-6], and studies of non-human primates show that
some of these same components are shared with closely
and distantly related animal species [7-12] (see Ref. [13]
for a recent review). Furthermore, single unit physiology
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studies of macaques, together with neuroimaging studies
of humans, reveal that there are dedicated cortical systems
that activate during action observation [14-18], including
some processes that link motor production with perception
[14,15], whereas other processes underpin inferential
mechanisms linked to mental states [17,18].

Despite the considerable progress to date, several ques-
tions remain about the processes underlying action com-
prehension [19,20]. Two broad competing theoretical
perspectives are currently in play. Motor theorists posit
a crucial link between action comprehension and action
production, such that organisms use their own motor
system as a guide for understanding the actions of others
[15]. Evidence for this perspective comes from studies
showing that common neural substrates, in the premotor
and posterior parietal cortex, activate both when an agent
performs an action and when they observe, or hear,
another individual perform similar actions [15,16,21].
Based on these common activation patterns between action
perception and production, researchers argue that action
perception consists of a direct-matching mechanism in
which observed actions are mapped onto one’s own pre-
motor system. This mapping causes the motor system to
‘resonate,” thereby allowing the observer to understand the
goal of the observed action as if she were performing the
action herself [15]. It is often claimed that the mirror
neuron system is intimately connected with social cogni-
tion, such that motor representations of observed actions
are necessary [22] or sufficient [15] for understanding
another individual’s goals.

The primary alternative to the motor simulation
perspective is a class of inferential theories, which argue
that action comprehension involves an interpretative
inferential mechanism that analyzes various visual
characteristics of an action [23]. Different kinds of infer-
ential models have been proposed (see Ref. [24] for a
discussion of the similarities and differences between
existing theories]. Because of space constraints, we focus
on one type of inferential model - the teleological theory —
which has received considerable attention across a range of
disciples in cognitive science, including developmental
psychology, animal cognition, cognitive neuroscience and
philosophy. Teleological models propose that an observer
assigns a goal to an action by evaluating the efficiency of
the action with respect to the current environment, and
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specifically, the constraints it imposes on goal attainment
[23]. Although teleological theories do not deny that motor
representations might have some role in action perception,
they argue that motor representations of observed actions
are neither necessary nor sufficient for action comprehen-
sion; some support for this position comes from behavioral
studies showing that human infants properly interpret the
goal of a 2D animated ball [5], even though they clearly
cannot move in this way.

There are at least two ways in which studies of non-
human primate behavior can provide unique inroads into
this debate, both theoretically and methodologically.
First, some of the strongest evidence in favor of motor
simulation comes from physiological studies with maca-
que monkeys, in which individual ‘mirror neurons’ have
been discovered that activate both during action pro-
duction and action perception [15]. Despite the wealth
of physiological evidence from cellular recordings, there
is little research examining how macaques interpret the
of actions on the behavioral level [7-9,25]. Without
accompanying behavioral data, it is difficult to charac-
terize the psychological computations that mirror
neurons might support under naturally occurring social
interactions. For instance, the activation of mirror
neurons during action perception could mean several
things. On one hand, the activation might reflect pro-
cesses that are necessary or sufficient for computing the
intentional state of an actor [15]; if so, then macaques’
ability to make inferences about the mental states of
others should depend, at least to some extent, on whether
the observed actions are within the observer’s own motor
repertoire. On the other hand, the activation of the motor
system during action observation might reflect processes
that are not directly related to mental state attribution
[20]; if so, then macaques’ ability to infer the mental
states of others should be independent of whether they
can perform the actions themselves. By testing how non-
human primates respond to actions across various social
contexts, we can ask whether their behavior accords most
closely with empirical predictions made by models of
motor simulation, inferential mechanisms or some com-
bination of the two.

Second, with studies of non-human animals, it is
possible to control an individual’s motor experience (e.g.
by teaching them how to perform new actions), use species
that have restricted motor capacities (e.g. primates vary
considerably in their dexterity) and modify visual experi-
ence (e.g. by restricting their visual experience of seeing
others perform actions). This type of experiential control is
important for distinguishing between motor and teleo-
logical theories of action comprehension because an indi-
vidual that develops in a normal environment will both
have motor knowledge of their own actions and visual
experience seeing others act in motorically familiar ways.
By systematically controlling an animal’s motor or visual
knowledge, it becomes possible to determine each of their
respective roles in action comprehension.

We next discuss empirical work that bears directly on
this debate. In the first section, we review evidence indi-
cating that exact motor representations of observed actions
are unnecessary for action comprehension. In the second
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section, we review evidence indicating that motor repres-
entations of observed actions are insufficient for action
comprehension. We conclude that a motor simulation
mechanism that operates in the absence of an inferential
mechanism cannot provide a complete account of the socio-
cognitive processes guiding non-human primate action
comprehension.

Are exact motor representations of observed actions
necessary for action comprehension?

Motor and teleological theories make different predictions
about the range of actions that can be successfully inter-
preted by an organism. Motor theories argue that obser-
vers use their own motor representations to comprehend
the meaning of the actions of another, thereby predicting
that action comprehension should be limited to actions
that are within the observer’s motor repertoire. By con-
trast, teleological theories argue that action comprehen-
sion involves analyzing various visual representations of
an event [23]. Thus, although action comprehension might
use motor representations, it is not reliant on this kind of
information.

The adult rhesus monkeys living on the island of Cayo
Santiago have observed humans throw objects overhand.
However, these animals never throw objects, and nor
would they be capable of doing so given the lack of appro-
priate musculature. A recent study [26] explored whether
rhesus understand and predict the consequences of throw-
ing even though they cannot throw. An experimenter
approached lone subjects and showed them that he had
arock in one hand. He then performed an overhand throw
towards the subject, without releasing the rock. The de-
pendent measure was whether the subject moved from its
current location, an adaptive response and measure of
avoidance in the face of a potential threat.

Eighty-five percent of the subjects moved away after
observing the overhand throw, indicating that they suc-
cessfully predicted the outcome of the action and inter-
preted it as a potential threat. Rhesus were then tested
with a wide variety of different types of throws to examine
whether this behavior is best explained through an inflex-
ible learning mechanism that established an association
between an observed movement pattern (the overhand
throw) and a negative consequence (being hit by a rock),
or through a more sophisticated mechanism that general-
izes previous experience of observed throws to novel
throws according to the most relevant properties of the
action. When the experimenter performed a novel under-
hand throwing motion that rhesus had little to no experi-
ence observing, they nevertheless showed identical levels
of avoidance compared to the overhand throw. By contrast,
rhesus showed less avoidance when the experimenter
performed a throwing action that lacked all of the kin-
ematic components of an overhand throw (i.e. moving arm
backward, rotating shoulder forward, extending forearm).
Similarly, rhesus showed less avoidance when the throw
was performed with an empty hand or soft food object
rather than a rock, at a slower speed (i.e. overhand throw
was performed at one-third of normal speed), towards a
different direction from the subject (i.e. experimenter
looked at subject but performed the overhand throw 90°



away from subject) or with a trajectory that could not
produce sufficient torque to serve as a threat (i.e. exper-
imenter moved arm straight towards subject). Crucially,
rhesus also showed less avoidance when the experimenter
performed the overhand throw but directed their eye gaze
90° in a different direction. This indicates that their
avoidance behavior is based both on a biomechanical
analysis of the throw and on their understanding of the
actor’s attention and, thus, presumably their goal [26].
Rhesus did not simply respond to learned associations
between familiar throwing motions and negative con-
sequences because many of these throws were identical
in motion, but nevertheless yielded different behavioral
responses. Rather, these results provide evidence that
rhesus evaluate throwing actions by parsing them into
at least three relevant components: the kinematics of the
motor action, the observer’s attention and the object held.
This indicates that although rhesus monkeys lack exact
motor representations of throwing actions, they are quite
sophisticated in their ability to comprehend and predict
the outcome of a throwing action when it is performed by a
human. Thus, when non-human animals assess the
mental states of others, exact motor representations
of the observed actions are unnecessary for action
comprehension.

Itis important to note that this study cannot definitively
rule out the possibility that motor representations have
some role in the comprehension of throwing, or other motor
actions that fall outside their repertoire. Mirror neurons in
the premotor cortex are both ‘strictly congruent’ (i.e. they
activate to observed actions that are the same as the
corresponding motor action) and ‘broadly congruent’ (i.e.
they can activate to observed actions that are different
from the corresponding motor action provided that the
action accomplishes the same goal), raising the possibility
that broadly congruent neurons activate when rhesus
observe a human throw. Indeed, after extensive obser-
vation, some mirror neurons activate for observed actions
that the monkey cannot perform themselves [27]. Future
studies might, therefore, explore whether broadly congru-
ent motor representations are causally related to action
comprehension in situations in which organisms lack exact
motor representations of the actions.

Are motor representations of actions sufficient for
action comprehension?
As part of the suite of inferential theories, a teleological
mechanism assigns a goal to an action by evaluating the
efficiency of the agent’s action with respect to environmen-
tal constraints on goal attainment [23]. Thus, under this
model, an analysis of an action will involve information
about a potential goal, the observed action as an optimal
means of obtaining that goal, and the environmental con-
straints facing the agent at the moment of action.
Recent studies of free-ranging rhesus monkeys explored
whether these kinds of processes underlie action compre-
hension [7-9]. An experimenter presented two potential food
sources (overturned coconut shells) to a subject, acted on
one, and then walked away, allowing the subject to selec-
tively approach. Although coconuts are native to the island
on which these animals live, rhesus cannot open the hard
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outer shells themselves and, therefore, only obtain the
desired inner fruit when the coconuts have been opened
and discarded by a human. It,thus, logically follows that if
subjects perceive the experimenter’s action as goal-directed,
then they should selectively approach the coconut contacted
as this maximizes the odds of obtaining food.

Rhesus selectively approached the targeted coconut
when the experimenter grasped the coconut with his hand,
foot or with a precision grip involving the pointer finger
and thumb; by contrast, they approached the two coconuts
at chance levels when the experimenter flopped the back of
his hand on the coconut, touched or grasped the coconut
with a tool or grasped the container with his hand for
balance while standing up. These results rule out low-level
association accounts, and show that when assessing the
meaning of actions, rhesus are highly sensitive to the
action means used to achieve a goal — for example, perceiv-
ing a hand grasp action as goal-directed but a hand flop
action as accidental, despite the fact that the exper-
imenter’s body position, eye gaze and duration of contact
with the coconut were identical across the two conditions.

Subsequent studies [9] explored whether rhesus
assess the meaning of actions by evaluating whether
an action is ‘rational’ given the constraints of the situ-
ation. We use the notion of rational here in the same way
that it has been discussed by Gergely and Csibra [23,28]
in their developmental studies of human infants, specifi-
cally, to describe an interpretation of actions as attentive
to the agent’s goals, and the means by which these goals
can be achieved. Using the two-option approach measure
discussed earlier, subjects observed an experimenter per-
form the same elbow touch action under two contrasting
environmental circumstances: in one condition, the
experimenter’s acting hand was occupied by holding an
object, and in the second condition, the experimenter’s
acting hand was free.

Rhesus used the elbow touch as a cue to find the hidden
food when the experimenter’s acting hand was occupied, but
not when it was free. These results again rule out low-level
association accounts: if rhesus restricted their attention to
the locus of contact or attention, then they should have
shown the same behavior across conditions because the
experimenter attended to and made contact with a coconut
in both conditions. Instead, rhesus took into account current
environmental constraints on goal-directed action, perceiv-
ing the elbow touch as a rational alternative when the acting
hand was occupied, but not when it was free. An identical
pattern of results was found with cotton-top tamarins and
chimpanzees [9], and other laboratories, using both rhesus
monkeys and other mammals, have obtained convergent
evidence in several species using a variety of methods,
ranging from violation of expectancy looking-time measures
[12] to selective imitation [29,30]. Together, these studies
show that non-human animals infer the meaning of an
action by evaluating action means in relation to the environ-
mental constraints imposed on the agent in relation to a
potential goal state. Action comprehension can, therefore,
not be based solely on a direct-matching motor simulation
mechanism in which the observed action means (initially
‘devoid of meaning’ with regards to the goal of the action [15])
is sufficient as the sole input.
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Interpreting the primate data in a broader comparative
context

A wealth of studies show that the pre-motor cortex acti-
vates during action observation. How do the results dis-
cussed here fit within this broader literature? We make two
general points. First, our findings converge with cellular
recordings of mirror neurons: as Csibra [20] points out, the
pattern of mirror neuron activation might be better under-
stood by appealing to a teleological mechanism as opposed
to a direct-matching mechanism. Teleological theories pre-
dict that observers judge an action to be goal-directed only
if the action is an optimal means to obtain the goal within
the context of the situation. Likewise, mirror neuron acti-
vation is heavily influenced by the broader context of the
situation: they fail to activate to intransitive gestures [14],
they activate to a hand grasp gesture only if there is a
visible (or hidden) goal object [31] and they activate dif-
ferently to the same action depending on the situational
context [32]. In these studies, the context and the action
means (as opposed to solely the action means) carried
information about the actor’s goal. Thus, although these
results are often cited as evidence that mirror neurons
compute the goal of an action, they also fit perfectly with
the idea that some other process — a teleological mechan-
ism - computes whether an action is goal-directed, with
mirror neuron activation reflecting this process. Mirror
neuron activation seems to be conditional on action un-
derstanding and not the other way around [20].

Second, action comprehension occurs on different levels
of analysis: ‘what’ action was performed (e.g. ‘grasping an
apple’), ‘how’ the action was performed (e.g. ‘with a whole
hand prehension’), and ‘why’ the action was performed (e.g.
‘because the actor wanted the apple’), and motor repres-
entations might have greater computational roles for some
levels than others [19]. There is some neurological support
for this: when individuals reflect on why an individual
performed an action, non-motor regions of the brain
involved in interpretative inferential processes — the medial
prefrontal cortex, posterior cingulate cortex and right
posterior superior temporal sulcus — show enhanced acti-
vation. By contrast, although the activation patterns of the
motor system indicate that it represents information about
what action was performed and how the action was per-
formed, it does not seem to represent information about
inferred mental states of agents, such as why the action was
performed [17,18]. Thus, when debating whether a particu-
lar process is involved in action comprehension, it is import-
ant to consider not only the type of process but also the level
of action analysis.

Conclusions

Animportant question in the cognitive sciences concerns the
cognitive and neural processes that are used to understand
the intentions of others in our social world. Studies with non-
human animals can help resolve several ongoing controver-
sies by examining which components of a general capacity
are necessary and which sufficient, and by revealing how
different mechanisms (e.g. the capacity to throw and the
psychological mechanisms needed to understand and pre-
dict the consequences of throwing actions) can dissociate
over the course of evolution. Furthermore, studies with
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Box 1. Outstanding questions

Although exact motor representations appear unnecessary for
action comprehension, they might nevertheless have some role in
action comprehension. Is action comprehension ‘enhanced’ in
some way when an observer has an exact motor representation of
an observed action?

e Humans and non-human animals infer an agent’s goal by
evaluating action means in relation to environmental constraints
on goal attainment. But what part of the action means, specifically,
is evaluated during this process? Does the analysis focus solely on
the acting body part? Or does it evaluate a wide range of
information, such as non-acting body parts, and the differential
capacities of particular agents (e.g. skilled versus unskilled
individuals)?

e What kind of the information about the broader context is

evaluated during action comprehension? Does the analysis focus

on what the actor could do in the future? Or is it restricted to the
current and immediate constraints on the agent?

animals enable precise control over various types of knowl-
edge, allowing for systematic investigations into the role of
various processes in social cognition (Box 1). Along these
lines, the studies reviewed here provide evidence for four
conclusions: monkeys and apes make inferences about the
mental states of others (i) by going beyond the surface
appearance of actions, attributing goals and intentions to
the agent; (i1) by using details about the environment to infer
when an action is rational or irrational; (iii) by making
predictions about an agent’s goals, and the most probable
action to obtain a goal, within the constraints of the situation
and, (iv) in situations in which they lack accompanying
motor knowledge of the actions. This indicates that a motor
simulation mechanism that operates in the absence of a
teleological mechanism cannot provide a complete account
of the socio-cognitive processes guiding non-human primate
action comprehension.
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