Neural mechanisms of imitation
Marco Iacoboni
Recent advances in our knowledge of the neural mechanisms
of imitation suggest that there is a core circuitry of imitation
comprising the superior temporal sulcus and the ‘mirror neuron
system’, which consists of the posterior inferior frontal gyrus
and adjacent ventral premotor cortex, as well as the rostral
inferior parietal lobule. This core circuitry communicates with
other neural systems according to the type of imitation
performed. Imitative learning is supported by interaction of the
core circuitry of imitation with the dorsolateral prefrontal cortex
and perhaps motor preparation areas — namely, the mesial
frontal, dorsal premotor and superior parietal areas. By
contrast, imitation as a form of social mirroring is supported by
interaction of the core circuitry of imitation with the limbic
system.
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in macaques. These neurons are active when the monkey
performs a goal-directed action and when the monkey
observes somebody else performing the same action [3–
5]. Mirror neurons have been found in the ventral premotor cortex (area F5 [3,5,6]) and in the rostral sector of
the inferior parietal lobule (area PF [7]). F5 and PF are
anatomically interconnected [8]; in addition, PF connects
with the superior temporal sulcus (STS) [9]. In the STS,
there are higher-order visual neurons that respond to
seeing the actions of others [10]. Thus, in the macaque,
there seems to be a circuitry composed of the STS, PF
and F5 that codes the actions of others and seems to be
able to map these actions onto the motor repertoire of the
observer.
These neurophysiological properties seem optimal as
precursors of neural mechanisms of imitation in humans.
Indeed, functional imaging studies in humans adopting
imitative tasks have identified a similar circuitry in the
human brain [11–14]. This circuitry comprises the human
STS and the human mirror neuron system — namely, the
inferior frontal cortex [11], which seems particularly
important for coding the goal of the imitated action
[13], and the rostral part of the inferior parietal lobule
[15,16].
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Introduction
Over time, the scientific community has markedly changed its view of imitation. Until few decades ago, imitation
was definitely not considered to be associated with high
forms of intelligence; however, first, the advent of the
‘cognitive revolution’ and, later, the emergence of the
‘embodied cognition’ approach have changed this perception so much that a recent interdisciplinary collection on
imitation describes it as, ‘‘a rare ability that is fundamentally linked to characteristically human forms of intelligence, in particular to language, culture, and the ability to
understand other minds’’ [1].
With the exception of a very special form of imitation
(birdsong learning, the neural correlates of which have
been studied extensively over the years [2]), detailed
studies of the neural correlates of imitation have emerged
only in the past few years. This surge of interest in the
neural correlates of imitation has been probably inspired
— at least in part — by the discovery of ‘mirror neurons’
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Two main questions emerged from the initial work on the
neural mechanisms of imitation in humans. First, given
the overlap between the areas activated by imitation tasks
and classical areas of language (an overlap that supports
the hypothesis that mirror neurons might be important
neural elements in the evolution of language [17]), is the
activation of classical language areas during imitation
essential to imitative behavior or is it simply an epiphenomenon due to internal verbalization [18,19]? Second,
given that monkeys have mirror neurons but do not seem
to be skilled imitators, what is the role of mirror neurons
in monkeys and how do mirror neuron areas in the human
brain support imitation? In this review, I will discuss
recent studies that have addressed these questions.

Virtual lesion approach to studies
of imitation
The advent of functional neuroimaging has made it
possible to study in detail the neural correlates of all sorts
of human behavior; however, functional neuroimaging
cannot provide information on how essential a brain area
is to the behavior under investigation. With transcranial
magnetic stimulation (TMS), by contrast, it is possible to
induce a ‘transient lesion’ in the stimulated area and to
measure the behavioral effects of such a lesion [20,21].
If the area stimulated is essential to the task, then a
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behavioral effect will be observed. To rule out nonspecific effects, it is important to have a control task and a
control stimulation area. With this design, if a behavioral
effect is observed only in the experimental task, and then
only in the investigated area and not in the control area, it
can be reasonably argued that the area under investigation is essential to the task. This approach is even more
powerful when TMS is ‘image-guided’, that is, when it is
possible to use structural or functional neuroimaging data
to guide the brain stimulation [22].
Image-guided TMS has been used in a recent study on
the links between pars opercularis of the inferior frontal
gyrus (a classical language area) and imitation. Subjects
were stimulated while they imitated finger movements
directed at various keys on a keypad and while they
performed a control visuomotor task in which the motor
output was identical to the imitation task but the visual
input was simply due to a red dot jumping over the keys of
the keypad. The data demonstrated that TMS reduced
performance during imitation, but not during the control
visuomotor task, when applied to pars opercularis of the
inferior frontal gyrus. By contrast, no effect was observed
for either imitation or the control visuomotor task when
TMS was applied to the control stimulation site in the
occipital lobe [23]. These data show that pars opercularis
of the inferior frontal gyrus is essential to imitation, and
they support the hypothesis that this brain area contains
the human homolog of area F5 of the macaque [17].
Notably, TMS disrupted only some aspects of the imitation process — namely, the goal of the imitated action.
This observation is in line with previous imaging findings
showing that pars opercularis of the inferior frontal gyrus
is particularly active when imitating actions with visible
goals [13].

Mirror neurons and imitation
Mirror neurons fire during both the execution of one’s
own actions and the observation of the actions of others —
properties that seem relevant to imitation. Moreover,
functional neuroimaging studies in humans have shown
that areas of the human brain that are relevant to imitation
seem to be the homolog of the mirror neuron areas in
macaques. Taken together, these observations suggest
that mirror neurons are important cells in imitation.
However, the degree of imitative ability in monkeys is
subject to debate [24,25], although there is a general
consensus that monkeys do not imitate well or often
and do not learn quickly by imitation. What is the role,
then, of mirror neurons in monkeys? Furthermore, what is
the relationship between mirror neurons and imitative
learning?
To address the first question, it is useful to consider a
recent behavioral study in macaques. In this study, two
experimenters performed actions simultaneously with the
macaques. One experimenter copied the actions of the
www.sciencedirect.com

monkey precisely, while the other experimenter performed other types of action that were in the monkey’s
motor repertoire but were not being performed by the
monkey at that time. Under these conditions, macaques
preferred to look at the human that was imitating them,
showing that they recognized being imitated [26]. Macaques might have used their mirror neurons to perform this
recognition. More generally, mirror neurons in macaques
might provide the ability to recognize the actions of
others and the intentions associated with them. In fact,
two recent studies in macaques [7] and humans [27]
have demonstrated that mirror neurons can code the
likely future actions of others so that observers are able
to anticipate the intentions of others.
These functional properties could be the basis for those
forms of imitation that are important for social interactions, mutual identification and empathy (see later); however, the ability to recognize and even to imitate actions
that are already in the motor repertoire of the observer
is not helpful in learning new actions. Imitative learning
is highly appealing because it provides a form of learning that avoids time-consuming trial-and-error learning.
Are mirror neurons sufficient to support imitative
learning?
Recent single-cell studies suggests that mirror neurons
might have the ability to change their responses to the
visual input received and that this could represent an
initial step toward imitative learning. Classical early studies of mirror neurons showed that these cells fire at the
sight of a grasping action but do not fire when the object is
grasped with a tool rather than directly with the hand
[3,17]. Because macaques do not use tools, it made sense
to propose that their mirror neurons would not fire at the
sight of an action that did not belong to their motor
repertoire. Recently, however, a contingent of mirror
neurons with neural responses that are stronger to the
sight of actions using tools than to the sight of grasping
actions has been observed [28]. The most likely interpretation of these findings is that these neural responses
were induced by the repeated exposure of the monkeys to
the sight of tool-use actions performed by the experimenters. Whether these experience-dependent neural
responses are relevant to the ability to learn new actions
remains to be tested.

Neural correlates of human imitative
learning
Recent attempts have been made to clarify the role of the
mirror neuron system in imitative learning. These
attempts can be categorized into two domains: theoretical
and empirical. Initial imaging work suggested that there is
a flow of information processing across the three principal
cortical areas for human imitation — namely, the human
STS and the two frontoparietal mirror neuron areas. First,
the STS provides a higher-order visual description of the
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observed action. Second, this description is fed into the
frontoparietal mirror neuron system, where the goal of the
action and the motor specification on how to achieve it is
coded. Last, efference copies of the motor imitative plan
are sent from the frontoparietal mirror neuron system to
the STS, where there is a matching between the predicted sensory consequences of the planned imitative
action and the visual description of the observed action
[29].
This information flow has been recently mapped onto a
theoretical framework of paired forward and inverse
internal models called MOSAIC, which was developed
in the motor learning field [30,31]. According to
MOSAIC, internal models are input–output functions
that mimic experience-dependent sensory-motor states.
The inverse model is a controller that retrieves the motor
plan necessary to achieve a desired sensory state (or goal),
whereas the forward model is a predictor of the sensory
consequences of a motor plan. Thus, the inverse model is
updated on the basis of the forward model. In neural
terms, the input of the inverse model would be the STS
output that is sent to the frontoparietal mirror neuron
system, and the output of the inverse model would be the
output of the frontoparietal mirror neuron system downstream to motor areas. Efference copies of motor commands originating from the frontoparietal mirror neuron
system would provide the input of the forward model,
whereas its output would be the matching process occurring in the STS [32,33] (Figure 1).
A recent study suggests that the origin of the efference
copy of imitated actions that is sent to the STS is located
in the ventral sector of pars opercularis of the inferior
frontal gyrus [34]. In that study, the data from seven
functional magnetic resonance imaging (fMRI) experi-

ments on hand action imitation and observation were
pooled together and re-analyzed, and the results were
plotted onto probabilistic cytoarchitectonic maps of the
human brain [35,36]. Two peaks of activity emerged in
probabilistic Brodmann area 44 (BA44), which corresponds to pars opercularis of the inferior frontal gyrus.
A dorsal peak was active during both the imitation and
observation of action, corresponding to the pattern of a
classical mirror neuron. A ventral peak was active during
action imitation, but not action observation. Surprisingly,
this peak was not even active during a control motor task
in which the performed action was identical to the action
performed during imitation. Thus, the activity in the
ventral sector of pars opercularis is specific to imitation
and might represent the origin of the efference copy.
In fact, imitation requires a precise matching of the
performed action onto the observed one; thus, a predictor
is useful during imitation. The control motor task, by
contrast, could be performed by simply selecting the
appropriate action and thus does not require a predictor.
It should be noted, however, that this recent study pooled
together imaging studies of relatively simple, overlearned
actions. The real question for imitative learning is what is
happening during the imitation of novel actions that do
not belong to the motor repertoire of the observer?
A recent fMRI study has addressed this question. Musically naive subjects were studied while they observed and
subsequently executed guitar chords. As expected, the
frontoparietal mirror neuron system was active during
both the observation and the execution of the guitar
chords. The imitation of novel actions, however, yielded
additional activation of the dorsolateral prefrontal cortex
(BA46) and of cortical areas relevant to motor preparation
— namely, dorsal premotor cortex, mesial frontal cortex
and superior parietal lobule [37]. The activity in BA46

Figure 1

Neural mechanisms of imitation. Shown is a representation of the core circuitry for imitation on the lateral wall of the right cerebral hemisphere,
together with the internal models the circuitry implements during imitation. Abbreviations: MNS, mirror neuron system; STS, superior temporal sulcus.
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Figure 2

Neural mechanisms of imitative learning and social mirroring. In this model, imitative learning is implemented by interactions among the core
imitation circuit, the dorsolateral prefrontal cortex (BA46) and a set of areas relevant to motor preparation (PMd, pre-SMA, SPL), whereas
social mirroring is implemented by the interactions among the core imitation circuit, the insula and the limbic system. Abbreviations: BA46,
Brodmann area 46; MNS, mirror neuron system; PMd, dorsal premotor cortex; pre-SMA, pre-supplementary motor area; SPL, superior
parietal lobule STS, superior temporal sulcus.

seems to reflect the selection of motor acts that are
appropriate for the task [38], a role that would not be
specific to imitation but would also be crucial to other
forms of sensory-motor behavior [39]. Thus, imitative
learning seems to be supported by a core circuit for
imitation composed of inferior frontal, inferior parietal
and superior temporal areas and an additional circuit
comprising motor preparation areas and BA46 (Figure 2).

Imitation as a form of social interaction
Imitation also seems to be a pervasive form of social
communication and identification [40]. People tend to
imitate each other during social interactions [41]. The
more that people tend to imitate others, the more that
they tend to be empathic and concerned with the emotional states of others [41]. This suggests that the core
circuitry for imitation might interact with the limbic
system (the neural system concerned with emotions)
during social mirroring [42]. A recent fMRI study of
the observation and imitation of facial emotional expressions has revealed a large-scale neural network that comprises the core circuitry for imitation (the mirror neuron
system and the STS), the insula and the limbic system
[43]. Subsequent studies of the imitation or observation of
emotions have supported the idea that empathy has a
sensory-motor, mirroring basis [44–46].
It is conceivable that disorders of social behavior might
be due to dysfunction in this circuit. In particular,
whether one of the core deficits in autism is a dysfunction
in the mirror neuron system has been actively investigated [47,48,49]. A recent magnetoencephalographybased study has indeed shown that during the imitation
www.sciencedirect.com

of lip movements adults with Asperger’s syndrome activate the same areas as control subjects, but these activations tend to lag behind the temporal progression
observed in the control group [50]. Moreover, recent
fMRI data show that during the observation and imitation of facial emotional expressions, children with autistic
spectrum disorder have reduced activity in both mirror
neuron areas and the limbic system as compared with
typically developing children [51], thereby providing
the first developmental evidence of a dysfunction in this
circuit in autistic children during a task involving social
mirroring.

Conclusion
Recent advances in our understanding of the neural
mechanisms of imitation suggest that imitative learning
and social mirroring are both associated with activity in a
core ‘imitation’ circuit comprising the frontoparietal mirror neuron system and the STS. However, during imitative learning the core circuitry for imitation interacts with
dorsolateral prefrontal cortex (BA46) and motor preparation areas, whereas during social mirroring it interacts
with the insula and the limbic system. Future studies in
this field should encompass the typical development of
these large-scale networks and their dysfunctions.

Acknowledgements
This work was supported, in part, by the Brain Mapping Medical
Research Organization, Brain Mapping Support Foundation, PiersonLovelace Foundation, Ahmanson Foundation, Tamkin Foundation,
Jennifer Jones-Simon Foundation, Capital Group Companies Charitable
Foundation, Robson Family and Northstar Fund, and grants from
the National Center for Research Resources (RR12169 and RR08655)
and the National Institute of Mental Health (MH63680).
Current Opinion in Neurobiology 2005, 15:632–637

636 Motor systems

References and recommended reading
Papers of particular interest, published within the annual period of
review, have been highlighted as:
 of special interest
 of outstanding interest

21. Walsh V, Cowey A: Transcranial magnetic stimulation
and cognitive neuroscience. Nat Rev Neurosci 2000,
1:73-79.
22. Paus T: Imaging the brain before, during, and after
transcranial magnetic stimulation. Neuropsychologia 1999,
37:219-224.
23. Heiser M, Iacoboni M, Maeda F, Marcus J, Mazziotta JC:
The essential role of Broca’s area in imitation. Eur J Neurosci
2003, 17:1123-1128.

1.

Hurley S, Chater N: Perspective on Imitation: From Neuroscience
to Social Science Cambridge, MA: MIT Press; 2005. [Mechanisms
of Imitation and Imitation in Animals, vol. 1]

2.

Brainard MS, Doupe AJ: What songbirds teach us about
learning. Nature 2002, 417:351-358.

3.

Gallese V, Fadiga L, Fogassi L, Rizzolatti G: Action recognition in
the premotor cortex. Brain 1996, 119:593-609.

25. Voelkl B, Huber L: True imitation in marmosets. Anim Behav
2000, 60:195-202.

4.

Rizzolatti G, Craighero L: The mirror-neuron system. Annu Rev
Neurosci 2004, 27:169-192.

26. Paukner A, Anderson JR, Borelli E, Visalberghi E, Ferrari PF:
Macaques (Macaca nemestrina) recognize when they are
being imitated. Biol Lett 2005, 1:219-222.

5.

Umilta MA, Kohler E, Gallese V, Fogassi L, Fadiga L, Keysers C,
Rizzolatti G: I know what you are doing. A neurophysiological
study. Neuron 2001, 31:155-165.

6.

Kohler E, Keysers C, Umilta MA, Fogassi L, Gallese V, Rizzolatti G:
Hearing sounds, understanding actions: action representation
in mirror neurons. Science 2002, 297:846-848.

7.


Fogassi L, Ferrari PF, Gesierich B, Rozzi S, Chersi F, Rizzolatti G:
Parietal lobe: from action organization to intention
understanding. Science 2005, 308:662-667.
A single-unit recording study showing that mirror neurons can code the
intentions associated with observed actions, thereby predicting likely
future actions.
8.

Rizzolatti G, Luppino G: The cortical motor system.
Neuron 2001, 31:889-901.

9.

Seltzer B, Pandya DN: Parietal, temporal, and occipital
projections to cortex of the superior temporal sulcus in the
rhesus monkey: a retrograde tracer study. J Comp Neurol 1994,
343:445-463.

10. Jellema T, Baker CI, Wicker B, Perrett DI: Neural representation
for the perception of the intentionality of actions. Brain Cogn
2000, 44:280-302.
11. Iacoboni M, Woods RP, Brass M, Bekkering H, Mazziotta JC,
Rizzolatti G: Cortical mechanisms of human imitation.
Science 1999, 286:2526-2528.
12. Koski L, Iacoboni M, Dubeau MC, Woods RP, Mazziotta JC:
Modulation of cortical activity during different imitative
behaviors. J Neurophysiol 2003, 89:460-471.
13. Koski L, Wohlschlager A, Bekkering H, Woods RP, Dubeau MC,
Mazziotta JC, Iacoboni M: Modulation of motor and premotor
activity during imitation of target-directed actions. Cereb
Cortex 2002, 12:847-855.

24. Byrne RW, Russon AE: Learning by imitation: a hierarchical
approach. Behav Brain Sci 1998, 21:667-712.

27. Iacoboni M, Molnar-Szakacs I, Gallese V, Buccino G,

Mazziotta JC, Rizzolatti G: Grasping the intentions of
others with one’s own mirror neuron system. PLoS Biol 2005,
3:e79.
An fMRI study showing that a mirror neuron area in humans codes the
same action differently if it is associated with different intentions, thereby
predicting the likely future unobserved action.
28. Ferrari PF, Rozzi S, Fogassi L: Mirror neurons responding to

observation of actions made with tools in monkey ventral
premotor cortex. J Cogn Neurosci 2005, 17:212-226.
A single-unit study demonstrating that some mirror neurons fire at the
sight of an action involving tool use.
29. Iacoboni M, Koski LM, Brass M, Bekkering H, Woods RP,
Dubeau MC, Mazziotta JC, Rizzolatti G: Reafferent copies
of imitated actions in the right superior temporal cortex.
Proc Natl Acad Sci USA 2001, 98:13995-13999.
30. Haruno M, Wolpert DM, Kawato M: Mosaic model for
sensorimotor learning and control. Neural Comput 2001,
13:2201-2220.
31. Wolpert DM, Doya K, Kawato M: A unifying computational
framework for motor control and social interaction.
Philos Trans R Soc Lond B Biol Sci 2003, 358:593-602.
32. Iacoboni M: Understanding others: imitation, language,
empathy. In Perspectives on Imitation: From Neuroscience to
Social Science. Edited by Hurley S, Chater N. Cambridge, MA: MIT
Press; 2005:77-99. [Mechanisms of Imitation and Imitation in
Animals, vol. 1]
33. Miall RC: Connecting mirror neurons and forward models.
NeuroReport 2003, 14:2135-2137.

15. Decety J, Chaminade T, Grezes J, Meltzoff AN: A PET exploration
of the neural mechanisms involved in reciprocal imitation.
NeuroImage 2002, 15:265-272.

34. Molnar-Szakacs I, Iacoboni M, Koski L, Mazziotta JC:
 Functional segregation within pars opercularis of the
inferior frontal gyrus: evidence from fMRI studies of
imitation and action observation. Cereb Cortex 2005,
15:986-994.
This re-analysis of seven fMRI studies of hand imitation and observation
shows two separate peaks of activity in the same cytoarchitectonic field,
which suggests that Brodmann area 44 is functionally differentiated into
at least two subfields.

16. Chaminade T, Meltzoff AN, Decety J: An fMRI study of imitation:
action representation and body schema. Neuropsychologia
2005, 43:115-127.

35. Amunts K, Schleicher A, Burgel U, Mohlberg H, Uylings HBM,
Zilles K: Broca’s region revisited: cytoarchitecture and
intersubject variability. J Comp Neurol 1999, 412:319-341.

17. Rizzolatti G, Arbib M: Language within our grasp. Trends
Neurosci 1998, 21:188-194.

36. Mazziotta J, Toga A, Evans A, Fox P, Lancaster J, Zilles K,
Woods R, Paus T, Simpson G, Pike B et al.: A probabilistic atlas
and reference system for the human brain: International
Consortium for Brain Mapping (ICBM). Philos Trans R Soc Lond
B Biol Sci 2001, 356:1293-1322.

14. Nishitani N, Hari R: Temporal dynamics of cortical
representation for action. Proc Natl Acad Sci USA 2000,
97:913-918.

18. Grezes J, Decety J: Functional anatomy of execution, mental
simulation, observation, and verb generation of actions: a
meta-analysis. Hum Brain Mapp 2001, 12:1-19.
19. Heyes C: Causes and consequences of imitation. Trends Cogn
Sci 2001, 5:253-261.
20. Pascual-Leone A, Walsh V, Rothwell J: Transcranial magnetic
stimulation in cognitive neuroscience — virtual lesion,
chronometry, and functional connectivity. Curr Opin Neurobiol
2000, 10:232-237.
Current Opinion in Neurobiology 2005, 15:632–637

37. Buccino G, Vogt S, Ritzl A, Fink GR, Zilles K, Freund HJ,
 Rizzolatti G: Neural circuits underlying imitation learning of
hand actions: an event-related fMRI study. Neuron 2004,
42:323-334.
This fMRI study of imitation of novel actions shows that imitative learning
requires not only the core circuitry for imitation but also the recruitment of
additional areas, among them Brodmann area 46.
www.sciencedirect.com

Neural mechanisms of imitation Iacoboni 637

38. Rowe JB, Toni I, Josephs O, Frackowiak RS, Passingham RE:
The prefrontal cortex: response selection or maintenance
within working memory? Science 2000, 288:1656-1660.

47. Williams JH, Whiten A, Suddendorf T, Perrett DI: Imitation,
mirror neurons and autism. Neurosci Biobehav Rev 2001,
25:287-295.

39. Imamizu H, Kuroda T, Yoshioka T, Kawato M: Functional
magnetic resonance imaging examination of two modular
architectures for switching multiple internal models.
J Neurosci 2004, 24:1173-1181.

48. Theoret H, Halligan E, Kobayashi M, Fregni F, Tager-Flusberg H,

Pascual-Leone A: Impaired motor facilitation during action
observation in individuals with autism spectrum disorder.
Curr Biol 2005, 15:R84-R85.
This transcranial magnetic stimulation study demonstrates that there is
reduced corticospinal excitability during action observation in individuals
with autism spectrum disorder, suggesting that these individuals have
reduced mirror neuron activity.

40. Meltzoff AN, Decety J: What imitation tells us about social
cognition: A rapprochement between developmental
psychology and cognitive neuroscience. Philos Trans R Soc
Lond B Biol Sci 2003, 358:491-500.
41. Chartrand TL, Bargh JA: The chameleon effect: The perceptionbehavior link and social interaction. J Pers Soc Psychol 1999,
76:893-910.
42. Hatfield E, Cacioppo JT, Rapson RL: Emotional Contagion. Paris:
Cambridge University Press; 1994.
43. Carr L, Iacoboni M, Dubeau MC, Mazziotta JC, Lenzi GL:
Neural mechanisms of empathy in humans: a relay from
neural systems for imitation to limbic areas. Proc Natl Acad Sci
USA 2003, 100:5497-5502.
44. Avenanti A, Bueti D, Galati G, Aglioti SM: Transcranial magnetic
stimulation highlights the sensorimotor side of empathy for
pain. Nat Neurosci 2005.
45. Leslie KR, Johnson-Frey SH, Grafton ST: Functional imaging of
face and hand imitation: towards a motor theory of empathy.
NeuroImage 2004, 21:601-607.
46. Wicker B, Keysers C, Plailly J, Royet JP, Gallese V, Rizzolatti G:
Both of us disgusted in my insula: the common neural basis of
seeing and feeling disgust. Neuron 2003, 40:655-664.

www.sciencedirect.com

49. Oberman LM, Hubbard EM, McCleery JP, Altschuler EL,

Ramachandran VS, Pineda JA: EEG evidence for mirror neuron
dysfunction in autism spectrum disorders. Cogn Brain Res
2005, 24:190-198.
This electroencephalography-based study demonstrates that there is
reduced mirror neuron activity during action observation in individuals
with autism spectrum disorders.
50. Nishitani N, Avikainen S, Hari R: Abnormal imitation-related

cortical activation sequences in Asperger’s syndrome.
Ann Neurol 2004, 55:558-562.
This magnetoencephalography-based study shows that the temporal
progression of activity in brain regions of individuals with Asperger’s
syndrome is delayed during imitation.
51. Dapretto M, Davies MS, Pfeifer JH, Scott AA, Sigman M,
 Bookheimer SY, Iacoboni M: Understanding emotions in others:
mirror neuron dysfunction in children with Autism Spectrum
Disorder. Nature Neuroscience, in press.
This fMRI study shows that children with Autism Spectrum Disorder have
reduced activity in mirror neuron areas during imitation and observation of
facial emotional expressions. Furthermore, activity in mirror neuron areas
correlates with severity of disease in autistic children.

Current Opinion in Neurobiology 2005, 15:632–637

