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Abstract

In the first part of this paper I draw a comparison between the phenomenon of affective simula-
tion and the process of mirroring believed to involve the motor system. By analyzing both the 
similarities and the differences I set out to explain what the motor mirror system might be for. The 
idea that motor mirroring is simply a species of embodied simulation was mainstream when the 
mirror neurons seemed to be too limited in scope to underpin imitation. By the end of the paper I 
come to suggest that learning and genuine cases of transfer of skill provide better candidates for 
the main function of the motor mirror system.
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I. Introduction
How might we come to acquire knowledge of the emotional states of others? While 
most interpersonal judgements are based on explicit descriptions or cognitive elabora-
tions of some objective states of affairs, all such elaborations must be complemented by 
first person experiences if they are to yield genuine understanding – or so I will argue in 
this paper. In order to start seeing why one’s emotions need be operative in the recogni-
tion of the emotional states of others, we need to turn to the phenomenon of affective 
simulation.1 

A widely-held account of affective simulation posits a two-step process in the brain 
whereby an individual is caused – through emotional contagion – to entertain, and then 
experience, the emotions of another individual. Thus, according to Adolphs (2002: 171): 
“viewing facial expressions of emotion triggers an emotional response in the perceiver 
that mirrors the emotion shown in the stimulus […]. And representing this emotional 
response in somatosensory cortices in turn provides information about the emotion.” 
The mechanisms underlying the phenomenon of affective simulation are now believed 
to depend in part on the operation of mirror neurons of the sort identified in the ventral 
pre-motor cortex of monkeys and humans some twelve years ago (Rizzolatti et al. 1996) 
– except for the fact that the affective mirror neurons are hypothesized to populate the 
emotion brain areas. 

The apparent similarity between simulation and mirroring mechanisms has led 
many people to treat the resulting phenomena as identical. Thus, according to Damasio 
(2003: 115-6):
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The presumed mechanism for producing this sort of feeling [the feeling 
of empathy] is a variety of what I have called the ‘as-if-body-loop’ 
mechanism. It involves an internal brain simulation that consists of a 
rapid modification of ongoing body maps. This is achieved when certain 
brain regions, such as the prefrontal/pre-motor cortices, directly signal 
the body-sensing brain regions. The existence […] of comparable types 
of neurons has been established recently. [They are located] in the frontal 
cortex of monkeys and humans, and are known as ‘mirror neurons’.

A number of discrepancies, however, need also be recognized between mirroring 
and simulation, discrepancies that attain to major differences between the functions and 
properties of the motor system on the one hand and the functions and properties of the 
affective system on the other. It is still possible that the basic mechanisms underlying 
affective simulation will prove to be fairly akin to the mirror neurons found in the pre-
motor cortex of monkeys and humans; there may even be a specialized mirror system 
for every emotion-induction brain area (Rizzolatti and sinigaglia 2007). on the other 
hand, the resulting phenomenon of affective simulation is utterly different, as I will 
argue, from the phenomenon of mirroring resulting from the workings of the motor 
mirror system.

In the first part of this paper (section 2) I introduce the notion of an affective simula-
tion as a passive form of sympathy, in order to distinguish it from the process of mir-
roring believed to involve the motor system (section 3). Although action and emotion 
are deeply intertwined, simulation and mirroring involve different mechanisms and are 
underpinned by different brain circuits, as Rizzolatti and sinigaglia (2006) convinc-
ingly argue. The comparison between mirroring and simulation mechanisms (section 4) 
is nonetheless revealing, and it is clear that their full efficiency partly depends on how 
well they complement each other. By the end of the paper (section 5) I defend the view 
that imitation may be a better candidate than action understanding for providing a major 
function of the motor mirror system. 

II. Affective simulation
The phenomenon of affective simulation can be understood as the result of two distinct 
processes. The first one consists of a form of response priming in which a familiar 
stimulus (a given emotional display) activates in the observer an emotional copying 
response, and the second one amounts to the normal emotional process leading to feel-
ing, that is, the mental image representing the observer’s body maps as interfered upon 
by the target’s emotions.2

While the notion of emotional contagion implies that we cannot fail to experience 
at least some of the emotions of our kin, a sensible observer can endeavor to experience 
the emotions of more people by imagining to be affected by what happens to them. The 
point could be couched in terms of the Humean distinction between sympathy as an 
instinctual, automatic endowment, and the notion of sympathizing as an active attitude 
arising from the need to fully realize the principles of humanity.3 Whatever one may 
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think about the moral significance and real force of the latter, it is thanks to the former 
that our brain can partly reproduce the emotions of others with a view to understanding 
them, for it is only these partial reproductions that enable us to experience what it feels 
like to entertain those emotions. 

It should be clear that on this reading the notion of simulation properly applies to 
sub-personal processes over which we have no direct or volitional control. This notion 
of an affective, passive simulation should be neatly distinguished, therefore, from the 
notion of simulation that is sometimes used to refer to the various interpretive proce-
dures whereby humans are said to mind-read or understand each other.4

one reason for employing the notion of an impersonal simulation in this context 
is that it helps us realize that the relevant features of the emotions being recognized 
need not be actively or intentionally copied by the observer; her affective system will 
do it on her behalf. simulating (in this fairly technical sense) is always done by some 
mechanism that we may or may not consciously use for whatever purpose we might 
be pursuing. for example, a flight simulator is a mechanism designed to replicate for 
a would-be pilot the experience of flying an aircraft as closely and realistically as pos-
sible. The simulator is not supposed to act, pretend or fake anything, but to respond in 
some regular ways to the various actions of the pilot.

This notion of passive simulation is most fit, I believe, to describe a number of hu-
man skills. for example, a simultaneous interpreter that modulates her voice to give 
you exactly the sense of the rhetorical values of the source sentences is not really act-
ing (much the less pretending to act) but passively simulating the speaker’s illocution-
ary acts by reproducing – somehow mechanically – the conventional tones indicating 
whether a given sentence is a question, a command, a joke, or a hypothesis.5 

  

III. The motor mirror system
The mirror neurons were discovered about ten years ago by giacomo Rizzolatti and col-
leagues (Rizzolatti et al. 1996, gallese et al. 1996) in the ventral pre-motor cortex (area 
f5) of macaque monkeys, and were later identified with some variations in humans 
(Rizzolatti et al. 2001, umiltà et al. 2001). Area f5 is characterized by visuo-motor 
neurons which do not represent elementary movements (or kinetic parameters such as 
velocity and acceleration) but goal-related actions, also referred to as motor acts. using 
this property as a classification criterion, the neurons in f5 were initially classified into 
four distal classes (“grasping-with-the-hand-and-the-mouth neurons”, “grasping-with-
the-hand neurons”, “Holding neurons”, “Tearing neurons”) plus two proximal classes 
(“Reaching neurons”, “Bringing-to-the-mouth-or-to-the-body neurons”) (Rizzolatti et 
al. 1988). The peculiarity of mirror neurons (as opposed to the other, canonical neu-
rons of f5) is that they fire during the execution of transitive actions (such as grasping, 
holding, bringing something to the mouth or the body)6 and during the observation of 
other individuals performing the same or similar actions (Rizzolatti et al. 1996). mirror 
neurons are so-called because their passive activations seem to reflect (and are defined 
‘congruent’ with) the very actions the subject is observing.7 
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What is the function of the motor mirror neurons? many proposals have been put 
forth over the years, from action priming to response facilitation to action understand-
ing. The current consensus is that these neurons (whatever their original function) are 
likely to play a number of different roles, but the belief that they may explain mind-
reading in terms of simulation dates back to gallese and goldman (1998) and is still 
widespread. In their seminal article, gallese and goldman argued for a simulationist 
interpretation of the function of mirror neurons. Their argument depends on the simu-
lationist hypothesis “that a significant portion of mind-reading episodes involves the 
process of mimicking (or trying to mimic) the mental activity of the target agent” (1998: 
497). such a mimicking seems to involve the generation of pretend mental states that 
the attributor can utilize off-line to predict (or retrodict) the decisions of the target. The 
action plans thus generated are not entirely off-line, however. nor is the ensuing motor 
activity entirely inhibited, as a number of Tms experiments demonstrate. This fact may 
render the notion of pretend mental states (and decisions) much less clear than gallese 
and goldman might be willing to recognize. To see why, a few remarks on the notion of 
a pretend mental state will be sufficient.  

on one hand, pretend states are presented as elements of representation systems that 
are constitutively off-line – hence their purported inability to cause action. on the other 
hand, these very pretend states are allowed to cause muscle contractions “not entirely 
inhibited”, and on this ground they are treated on a par with genuine decisions to act 
and fully operative motor intentions. It should be noted, however, that the motor plans 
(or “movement intentions”) believed to correspond to these passive neural activations 
– activations that many have acquired the habit of calling ‘simulated actions’ – are not 
actions, intentions, or something one could sensibly ascribe to an agent. They are at best 
neural activations typically caused by the sight of actions that are similar to the actions 
the relevant neurons are supposed to control. 

In light of this clarification, I think that construing the notion of congruence in terms 
of a similarity relation between observed and ‘simulated’ actions may prove misleading-
ly circular. The wanted congruence must be between observed actions and some of the 
actions in the subject’s repertoire, but in no way can the activation of a neural pattern be 
similar to a real action. Rizzolatti and Arbib (1998) must have been alert to the problem 
when they made the following statement: “We argue that individuals recognize actions 
made by others because the neural pattern elicited in their premotor areas during action 
observation is similar to that internally generated to produce that action” (190).  This 
formulation cleverly shuns any talk about the similarity between action observed and 
action executed and concentrates instead on the neural patterns. It is the neural pattern 
elicited by the sight of another person’s action that is similar to the pattern responsible 
for the execution of a similar action by the subject. so the relevant congruence relation 
is now between the actions a given cell commands (e.g. “grasping”) and the actions the 
very same cell can represent (e.g. “grasping”, “Tearing”, “Pushing”). But once again, 
the similarity that both the experimenter and the subject can observe, and on which the 
congruence relation ultimately rests, is between the action as seen and the action as 
done – and this points us toward the issue of imitation, as we shall see in section 5.
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IV. Simulating and mirroring
According to vittorio gallese the motor mirror system is part of a larger system whose 
function is to enable a direct matching of the emotions and intentions of other people. In 
a number of studies, gallese has described in detail the automatic sub-personal mecha-
nisms whereby an interpreter has her body maps so modified that the emotional states of 
others can be “directly experienced” (gallese and goldman 1998, gallese 2005, 2006). 
When we take part in some social situation, he writes, “we are not alienated from the 
actions, emotions and sensations of others”; we are “attuned” to them. “By means of in-
tentional attunement, ‘the other’ is much more than a different representational system; 
it becomes a person, like us” (gallese 2005: 31). on this view, the functional similar-
ity between the mirror system and the various simulation mechanisms is supposed to 
explain the deep intertwinement between action and emotion. A major problem arises 
here in connection with the apparent uselessness of a mechanism designed to merely 
simulate goal-related actions. 

for while it is clear that simulating an emotion can help a subject to learn what 
another is feeling, it is less clear what a ‘simulated action’ might be instructive of – es-
pecially when the action that the subject thus ‘simulates’ is not executed. A common 
answer wants us to consider that a number of internal forwarding models are activated 
whenever we act or observe other people acting. As gallese (2005: 35) puts it:

When an action is planned, its expected motor consequences are fore-
cast. This means that when we are going to execute a given action we 
can also predict its consequences […]. Through a process of  ‘equiva-
lence’ […] this information can also be used to predict the consequences 
of actions performed by others […]. The same functional logic that pre-
sides over self-modeling is employed also to model the behavior of oth-
ers: to perceive an action is equivalent to internally simulating it. This 
enables the observer to use her/his own resources to penetrate the world 
of the other by means of a direct, automatic, and unconscious process 
of motor simulation.

In one fundamental respect, however, the phenomenon of mirroring differs from 
both emotional contagion and affective simulation. The responses that get copied in 
the course of empathizing with another person are visceral and muscular responses, 
and these must be (partly) executed if they are to leave those traces that the subject will 
be able to experience as feelings. While simulated emotions are partly (if not fully) 
executed, the actions one merely observes are carefully analyzed by her mirror system, 
and their motor programs are copied but not executed. It should be noted, moreover, that 
the execution of these copied motor programs is not volitionally aborted, suppressed, 
or inhibited – either consciously or not. Due to efficient inhibition mechanisms their 
execution is not even initiated.

 now according to Jeannerod (2001: s103) simulated actions (that is, passive activa-
tions of some mirror neurons) “are in fact actions, except for the fact that they are not 
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executed”. His point seems to be that a necessary component of actions is the activation 
of a neural pattern encoding the relevant motor program, and this is essentially the same 
in simulated, imagined, and overt actions. By the same token, however, there is some 
reason to insist that mirrorings are not actions. for example, they are not like cases of 
emulation in which a given motor program is executed. mirrorings are episodes (as gal-
lese tellingly put it) of two or more motor systems resonating with one another. A little 
more explicitly, they are cases where the motor programs executed by one individual 
get analyzed and copied (but not executed) in the motor system of another individual. 
An action, I am assuming, essentially involves the execution of a motor program, and an 
execution which is under the agent’s volitional control. mirrorings, much like simulated 
emotions in this respect, are not only externally provoked but also constitutively outside 
the subject’s volitional control.

In my view an action may be driven by external forces even to the point of being 
completely involuntary, both subjectively and objectively speaking. In such cases the 
agent is said to act unwillingly, but the execution of the relevant motor program is still 
something she could in principle volitionally interrupt. When a subject entirely loses 
this capacity to control the movements of her body we are entitled to construe her more 
like a passive bystander than a genuine agent. similarly, in emulation it may well be that 
the model (not the emulator) is responsible for eliciting the emulator’s actions. execut-
ing them is still something the emulator can in principle interrupt – whenever she can 
resist, so to speak, the magnetism of the model. In affective simulation the simulated 
emotional process (being too strong to be fully inhibited) is partly executed. However, 
this execution, being something over which the subject has no volitional control, is not 
an action.8 

To sum up: in affective simulation an emotional input is centrally signaled to the 
action system to trigger an emotional response involving the parietal execution of a 
similar motor program. Although such emotional responses have a function, they have 
no purpose, they are not actions. In much the same way, the passive activation of a mir-
ror neuron may well have some function, but surely no goal – it can represent (but not 
be) a goal-directed action. moreover, empathizing with others (I have been proposing 
with Damasio and spinoza) can be conceived of as being caused to experience their 
emotions by imagining or pretending to be acted upon by the same causes. from this it 
would be tempting to conclude that mirroring the actions of others (that is, pretending to 
be executing the same actions) is how our brain endeavors to experience the emotional 
effects of the actions we observe. my point is that there is no need to concoct the awk-
ward notion of a pretending brain once we conceive of affective simulation as a passive, 
sub-personal process. 

As I said, a flight simulator is not supposed to pretend, but to actually respond to the 
pilot’s maneuverings. In a sense the would-be pilot is not pretending either. All he may 
need to do (in terms of faking) is acting as if he were flying a real aircraft instead of a 
simulator. Why? Because in order to stay concentrated the pilot may have the need to 
believe that the simulator is a real aircraft.9 fortunately, a good simulator’s responses 
contribute more than little to help the belief to stabilize. so what the pilot can do in ad-
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dition (to get the belief) is to act as if the simulator was a real aircraft. But in order to do 
so the pilot has no need to pretend to do this or that: what he does he must do for real 
if the simulator is to respond in ways that enable the pilot to improve his technique. so 
having no one (except himself) to make believe he is flying a real aircraft, the pilot has 
no need to pretend to do this or that: what he may usefully pretend (with himself) is to 
be doing this or that. In other words, the pilot is not expected to pretend any action, but 
to execute all of them; what is faked is not the action, but some element in its content 
– an element derived from the content of the associated belief.

V. Mirroring and imitation
Due to automatic inhibition mechanisms, mirrorings do not result (at least normally) 
in actual motor mimicry, but might be used, as many insist, to imitate the actions of 
other individuals. unfortunately, monkeys – in whose brains the mirror neurons were 
firstly discovered – have never proved able to learn anything by imitation.10 According 
to Richard Byrne, however, convincing evidence of genuine observational learning is 
provided by the feeding behavior of mountain gorillas and other great apes. one of 
his favorite examples is the various stages of nettle processing: removing debris, de-
taching petioles, folding leaf blades, popping through lips. That gorillas can learn such 
behaviors by imitation is suggested by both their standardization and their flexibility.  
standardization: “Although the low-level organization and choice of action is highly 
variable and idiosyncratic, the overall behavioral programme is highly standardized 
within the population […] giving rise to the term ‘program-level imitation’ for the likely 
process of acquisition.” And flexibility: “like other complex feeding tasks in great apes, 
preparing nettles is a hierarchically organized skill, showing considerable flexibility: 
stages that are occasionally unnecessary are omitted, and sections of the process […] 
are often repeated iteratively” (Byrne 2003: 532).

In the context of grounding his mechanistic account of imitation as behavior pars-
ing, Richard Byrne has proposed that the mirror system may contribute more than re-
sponse facilitation to that highly valued ability.11 The crucial function of mirror neurons 
could be that of fixing the minimal units composing the action repertoire of the observer. 
These fixed elements become relevant in observational learning when the imitator needs 
to segment the complex behavior of the model in order to reproduce its cardinal as-
pects (sequence, bimanual coordination, hierarchical structure) that are extracted (on 
the hypothesis) from statistical regularities in observed repeated action. for this parsing 
process to operate, however, the movements must be reduced to strings of elements, and 
this prior segmentation could be the job of the mirror system.

The idea is not that the mirror system itself could be the parsing device behind the 
ability to imitate. Byrne holds that true imitation can only emerge at program level, 
while action-level copying is just a matter of response facilitation. on this view the 
mirror system may provide the building blocks that decide whether or not the imitator 
will be able to copy the overall program. Indeed when the imitator begins to segment 
observed behaviors into strings of elements, the size and content of the elements is de-
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termined by what motor acts are already in her motor repertoire, which in turn depends 
on what types of mirror neurons exist in her brain.

showing (with some degree of certainty) cases of true imitation among animals is 
known to be a delicate matter, because there is a panoply of phenomena providing easier 
explanations, from contagion to social simulation to emulation. so when it comes to es-
tablishing whether or not a given behavior is really a case of true imitation, the question 
is not whether the notion of imitation should reduce to copying or allow for creative in-
terpretation (as Jacob and Jeannerod (2005) provocatively asked), but rather to what ex-
tent an action must be unfamiliar (to the imitator) to provide evidence of true imitation. 
Richard Byrne is not alone in considering novelty the prime criterion to distinguish true 
imitation from other phenomena (like emulation and response facilitation) that merely 
simulate imitation. Perhaps when the problem is to hypothesize likely functions for 
mechanisms (such as the mirror system) we know only in part, the criterion of novelty 
may prove too demanding. It is also ironical that the condition for true imitation should 
be the execution of unfamiliar (even improbable) actions, while, at the same time, the 
quasi-stability of animal traditions is regarded as evidence of “the ‘conservative’ influ-
ence of imitation” (Byrne 2003: 531).

As a final consideration, I would like to suggest that if the parsing model is to have 
any chance to help clarify what the mirror system is for, then we will need to be told 
something more about (1) how the basic elements (the action units) are identified, and 
(2) what determines their size (or fineness of grain). for example, the fact that new “es-
sential” elements (such as the ability to use different kinds of pliers) can be acquired 
with repeated watching seems to suggest that their size may depend on the number of 
sub-goals that the mirror neurons are capable of picking out from the flux of observed 
behavior.12
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Notes

1 The notion of affective simulation that this paper proposes as a key to emotion recognition 
is clearly reminiscent of spinoza’s imitatio affectuum (see Damasio (2003) for an introduc-
tion). In his ethics (1676) spinoza offers the following characterization: “If we imagine a 
thing like us, toward which we have had no affect, to be affected with some affect, we are 
thereby affected with a like affect” (e3p27). Although spinoza calls it an imitation of the af-
fects (imitatio affectuum) it amounts to a mere effect of a body’s mechanism, as the ensuing 
demonstration makes clear: “If the nature of the external body is like the nature of our body, 
then the idea of the external body we imagine will involve an affection of our body like the 
affection of the external body” (e3p27d). Remember that by ‘imagining’ spinoza understands 
something very close to perceiving, that is, to being modified by external things, or caused by 
them to form bodily images. Because affects are bodily states, any episode of pretending de-
pends ultimately on this passivity of the mind; indeed spinoza (as Damasio (2003) correctly 
underlines) seems to maintain that in order to pretend an emotion one needs to get actually 
affected by that emotion.

2 Responsible for both are the amygdala and orbifrontal cortices, which may generate, inter 
alia, “an emotional response in the subject, via connections to motor structures, hypothala-
mus, and brainstem nuclei, where components of an emotional response to the facial expres-
sion can be activated. This mechanism might contribute to the generation of knowledge about 
another person’s emotional state, via the process of simulation, and would draw on somato-
sensory related cortices in the right hemisphere for representing the emotional changes in the 
perceiver” (Adolphs 2002: 172). 

3  David Hume firstly introduced the distinction as a prelude to the more pregnant difference 
between restricted and extended forms of sympathy. Hume’s (1751) morally biased pref-
erence for general over one-to-one benevolence should not obscure the real extension and 
importance of episodes of automatic, passive sympathy within his philosophical system. 
“sympathy, we shall allow, is much fainter than our concern for ourselves, and sympathy 
with persons remote from us, much fainter than that with persons near and contiguous; but 
for this very reason, it is necessary for us, in our calm judgments and discourse concerning 
the characters of men, to neglect all these differences, and render our sentiments more public 
and social” (sect. v, part II). for a recent discussion of how this distinction may help explain 
Hume’s multifaceted attitude toward religion and sectarianism see Herdt (1997). 

4  In what follows I take no stance on whether mind-reading is more a matter of building theo-
ries about others or of simulating their emotions and mental states. Being concerned with (1) 
whether some mirror neurons may have a role to play in affective simulation and (2) whether 
the motor mirror system is a mechanism for action understanding or imitation, I will be using 
the concept of simulation to refer to sub-personal processes of the sort indicated. for a recent 
criticism of the notion of a sub-personal simulation see gallagher (2007).

5 In this sense a mechanism can be said to simulate the behavior of a real system insofar as it 
responds to an interacting agent in ways that match (in the relevant respects) the ways the real 
system would respond. for more on the unintentional features of simultaneous interpretation 
see goffman (1981) and Katan (1999).

6 Human mirror neurons are reported to code also intransitive actions such as gestures and 
speech, but the topic of this paper will be restricted to transitive actions.
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7 for a most comprehensive review of the data and the history of the research on the mirror 
neurons see Rizzolatti and sinigaglia (2006, 2007). 

8 The comparison with reflexes is instructive. Reflexes are not actions, even though humans are 
normally in the position to control them, or at least to abort their execution. A distal motor 
program and the accompanying emotion may be externally generated, but the execution of the 
former is much easier to control than the execution (or release) of the latter. “emotions call 
forth powerful motor programs that mobilize activity in the muscles of the face, the trunk, the 
limbs, and other parts of the body. […] To eliminate the visible signs of emotion, emotional 
suppression likely mobilizes ‘bracing’ and ‘braking’ actions that attempt to hold these emerg-
ing somatic aspects of emotion in check” (levenson 1994: 278). I maintain that the motor acts 
suited to activate the motor mirror system of an observer belong to what leDoux (1994) calls 
Type II responses, which typically follow type I responses, and whose programs are normally 
under the agent’s volitional control. 

9 Although it is not clear that the belief to be flying a real aircraft would play (in this context) 
any essential causal role, I take it for granted that the presence of a similar mental state (what-
ever its origin) is usually considered critical for many simulation processes to succeed. Here 
my point is simply to suggest that the presence of a (self-induced) false belief may also free 
the would-be pilot from the need to counterfeit the various responses she is learning to com-
mand. 

10 visalberghi and fragaszy (1990) are the Bible on the matter. In the same vein speak Rizzolatti 
and sinigaglia (2006), Jacob and Jeannerod (2005) and many others. But see Zentall (2006) 
for a more nuanced examination. 

11 Response facilitation is the mechanism whereby brain records of past responses are primed 
by the sight of actions of others.

12 università degli studi di milano, Dipartimento di filosofia, via festa del Perdono 7, 20122 
milano. Phone: +39.02.50312738. e-mail: sergio.levi@unimi.it. many thanks to corrado 
sinigaglia, Anna nicholson and an anonymous reader for helpful comments and sugges-
tions. 


