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Objective: To review the literature for evidence based understanding of mirror neurons, its discovery,
and significance in social cognition.

Background: Mirror neurons are a type of brain cell that respond when we perform an action and
when we witness someone else perform the same action. They possess the fascinating property of
being activated by the performance as well as the observation of specific motor actions. It is widely
assumed that mirror neurons were designed by evolution to enable action understanding. That is, the
neuron "mirrors" the behavior of the other, as though the observer was acting. It was first discovered
in the ventral premotor cortex (area 5) of the monkey (Rhesus macaque). Recent research has
discovered these neurons invarious parts of the human brain including the somatosensory cortex.
These areas are thought to make the observer feel what it’s like to move in the observed manner.
Mirror neurons play an important role in understanding the actions of other people, and for learning
new skills by imitation. It is believed to play a role in various aspects of cognition, observed action,
mind skills, and language abilities.

Design: A systematic review of original research papers investigating mirror neuron systems in
humans and its effect in social cognition like imitation, language, emotion, empathy and learning was
conducted. Literature was sourced from articles and reviews in PubMed.

Results and Conclusions: Mirror neurons play a significant role in intentional thought, subsequent
action and interpretation in a person as well as that of others. Social interaction may have a
neuroscientific basis although more research is needed to evaluate the underlying mechanisms
involved.

Copyright©2016, Jerusha Santa Packyanathan and Dr. S. Gowri Sethu. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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INTRODUCTION

instances of mental simulation®>. This has revolutionized our
understanding of social behaviour as it is claimed to be “the

It has been argued that interaction with members of one’s own
social group enhances cognitive development in primates and
humans*?. For vyears, such experiences have puzzled
psychologists, neuroscientists and philosophers. Why do we
react to other people's actions? How do we understand, so
immediately and instinctively, their thoughts, feelings and
intentions? The discovery of mirror neurons might provide a
neuroscientific answer to these questions. It expands the
clarifying scope and experimental base for simulation as a
necessary component of social behavior. Prior to the discovery
of mirror neurons, it was believed that the fundamental process
of cognitive processing was the use of one’s own cognitive
resources in order to simulate another’s mind. However post
discovery arguments believe that “mirroring” may constitute

*Corresponding author: Jerusha Santa Packyanathan,
Saveetha Dental College, 162, Poonamalle High Road, Chennai —
600077, Tamil Nadu, India.

driving force behind ‘the great leap forward’ in human
evolution.””®. Mirror neurons were originally defined as
neurons which ‘‘discharged both during a monkey’s active
movements and when the monkey observed meaningful hand
movements made by the experimenter’*’ Mirror neurons are a
type of brain cell that respond equally when we perform an
action and when we witness someone else perform the same
action. They possess the fascinating property of being
activated by both the performance as well as the observation of
specific motor actions. Neurons with this capacity to match
observed and executed actions, can code both ‘my action’ and
‘your action’®. V.S. Ramachandran has called the discovery of
mirror neurons one of the "single most important unpublicized
stories of the decade” °. Since its discovery in 1992, many
theories have evolved about mirror neurons making it “the
most hyped concept in neuroscience’’'’. This article aims at
reviewing this fascinating concept that may hold the key to
understanding the human mind and its several processes.
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Discovery in Rhesus Monkey

GiacomoRizzolatti et al. in the early 1990s, first identified
these neurons and named them “mirror neurons™. They
discovered individual neurons in the brains of macaque
monkeys that fired when monkeys grabbed an object and also
when they watched another primate grab the same object.
These neurons were located in the ventral premotor
cortexarea 5 I'""?] Evidence now suggests that mirror neurons
(MNs) are present throughout the motor system, including
ventral and dorsal premotor cortices and primary motor cortex,
as well as being present in various regions of the parietal
cortex and the inferior parietal lobule (IPL) of the monkey

brain'® 4,

Discovery in Humans

Substantial evidence shows that MNs are also present in the
human brain'>. A study by Mukamel et al., in 2010 '® presented
direct evidence, from single cell recording of MNs in the
human brain. There is proof that supports the presence of
single neurons, or segregated populations of neurons, with
sensorimotor matching properties in classical areas of the
human brain, including posterior regions of the inferior frontal
gyrus (IFG). This area is considered the human homologue of
the area 5 cortex in the Rhesus macaque'’. Other areas include
the inferior parietal cortex'® and non-classical areas of the
human brain, the dorsal PMC, superior parietal lobule,
cerebellum'’, supplementary motor area, and medial temporal
lobe'”" Functional magnetic resonance imaging
(fMRI) suggests that a much wider network may be
involved in “mirroring” properties in the human brain 2%
Indirect evidence from neuroimaging, transcranial magnetic
stimulation (TMS), and behavioral studies show the existence
of MNs or comparable ‘mirror mechanisms’, which respond
durinzg both action and observation of action in the human
brain”.

Pathogenesis

Eye-tracking measures of infants suggest development of the
mirror neuron system before 12 months of age®. Champoux
et al**address the critical issue of the developmental trajectory
of mirror neurons and argue that motor behaviors in utero may
serve as building blocks for the appearance of the MNs. The
most widespread theory behind the origin of mirror neurons is
the genetic hypothesis. Other theories like associative learning,
canalization and exaptation also attempt to explain the origin
of these “mind mirrors” **.

Genetic hypothesis

According to this hypothesis, gene-based natural selection has
provided each individual — monkey and human - with MNs
that code the mapping between a fixed set of observed and
executed actions, and that knowledge plays a role in the
development of the observation-execution matching properties
of these neurons. Gallese et al. (2009) *suggested the
formation of links, during gestation, between motor regions
and “to-become-visual” regions. These then mediate
sensorimotor matching abilities in infants. They suggested that
these projections are genetically predisposed to target certain

visual areas, and that the matching properties of MNs are
produced by data programmed in the genome.

Associative Learning Hypothesis

Hebbian *” or Associative learning are models that propose the
“mirroring” attribute of these neurons ** *> *’. Keysers and
Gazzola *' describe a neurophysiological mechanism involving
Hebbian learning that can account for the shared
representations of mirror neurons. It implies that the
characteristic matching properties of MNs result from a
genetically evolved process, associative learning, but this
progression is not ‘designed’ by genetic evolution to produce
MNs. Rather, when the developing system receives correlated
experience of observing and executing similar actions it
processes MNs. When the system receives correlated
experience of observing objects and executing actions, the
same associative process produces canonical neurons. When
the system receives correlated experience of observing one
action and executing a different action, the same associative
process produces logically related MNss.

Neural Exploitation Hypothesis

Gallese® proposes the ‘‘neural exploitation hypothesis’ to
explain how brain mechanisms mediate aspects of social
cognition initially evolved for sensory-motor integration. The
neural exploitation hypothesis holds that embodied simulation
and the MNs provide the means to share communicative
intentions and meaning, thus granting the parity requirements
of social communication

Canalization Hypothesis

This is similar to associative learning hypothesis. It
Canalization is a measure of the ability of a population to
produce the same phenotype regardless of variability of its
environment or genotype. It is hypothesized that mirror
neurons are canalized as it is believed that their developmental
pathways are shaped by evolution. In contrast with the
associative hypothesis it affirms that self-observation above
social interaction is a source of significant sensor motor
experience in development **.

Expatiation

They propose that MNs are produced, by a particular kind of
sensorimotor learning which receives input from self-
observation of hand motion ***°. This special kind of learning
is an “exaptation” for action understanding; it evolved from
more domain general mechanisms, such as those producing
canonical neurons, specifically to promote action
understanding through the production of MNss. It suggests that
“some additional structure is required, both to constrain the
variables relevant for the system, and to track trajectories of
those relevant variables”, and that the function of this extra
structure is to ensure coding of goals or ‘“hand-object
relationships®>”

Other processes

Semin and Cacioppo’view mirroring as a monitoring
synchronization process that is only a supportive component of
social cognition but that it can occur in at least three different
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forms of co-action. Chong andMattingley'*argue that MN's are
open to top-down processes such as cognitive strategy, learned
associations and selective attention. Oberman and
Ramachandran®’expand the definition of mirroring as a
remapping from one domain into another and hence expand the
explanatory power of this process. Similarly, Pineda et al*®
extend the definition for mirroring-like processes that occur at
all levels of information processing in the central nervous
system producing a gradient of faculties that vary in
complexity from stimulus enhancement, response facilitation,
emotional contagion, mimicry, simulation, and emulation to
imitation, empathy, and theory of mind.

Imitative or predictive role?

As MNs are involved in imitation, it leads to a fascinating
paradox that although macaque monkeys possess such cells in
the premotor areas, there still remains substantial data proving
they posses only restricted capacity for imitation. This suggests
that mirror neurons may play different functional roles in the
two species or may be involved in a unique common role.
Current studies show that non-human primates possess the
ability of reasoning to the extent of being capable of
identifying the intention behind the actions *°. This is
consistent with a ‘‘predictive’” rather than an ‘‘imitative”’
function for mirror neurons. This implies specialized cells may
be more concerned in inferring intentionality rather than in
imitating actions. Studies at the single cell level provide
evidence consistent with this explanation*®'* *' Furthermore,
the existence of ‘‘logically-related cells’” as compared to
“‘congruent’ cells in the inferior frontal gyrus and their ratio
in human and non-human primate brains provides a
prospective explanation as to why monkeys possess low
imitation capacities and higher intentionality and why humans
are exceptional at both.

Significance

Mirror neurons have led to a fresh understanding of intentional
thought processes and help us discern the generation of our
own actions and the interpretation of the actions of others. This
discovery has prompted the concept that, action, execution and
observation are closely associated processes, and our ability to
interpret the actions of others requires the involvement of our
own motor system. Mirror neurons have been variously
described as the “cells that read minds™*, “the neurons that
shaped civilization”*and a “revolution” in understanding
social behavior**. They have been recognized to play an
extensive role in social cognition. The role of MN's may be
associated with action understanding 45’46, imitation‘w,and
language processing48embodied simulation®empathy>’emotion
recognition’'intention-reading’, language  acquisition™,
language evolution™, manual communication, sign language
processing™, speech perception®,speech production’',music
processing’’, sexual orientation’® and aesthetic experience.
Intriguing phenomenon like ‘‘chameleon effect’’, which is the
unconscious mimicry by the observer of postures, expressions,
and behaviors of people around them can find a
neurophysiological explanation with the presence of MNs in
the human brain®. Furthermore, it is believed that MN

malfunction can lead to autism®" 62’63, schizophrenia 64,

Down’s syndrome®, multiple sclerosis®', nicotine addiction®’
63
and obesity .

Mirroring mechanisms in emotion

Recent brain imagery studies in humans, for example, have
revealed that the insula is the brain structure that is active
when a person experiences an emotion such as disgust, as well
as when the same person perceives another person
experiencing disgust. This supports the notion of a
““mirroring”’ theory of social cognition, according to which the
basis of human social cognition would be provided by a variety
of mirroring brain mechanisms.

Understanding intentions behind actions

MNs are believed to explain how we predict the goals or
intentions of a person by just watching only one part of the
activity. The activity of neurons in the IPL has been recorded.
In this experiment, monkeys watched an experimenter either
grasp an apple and bring it to his mouth or grasp an object and
place it in a cup'’.It is believed from the conclusions of this
study that only the nature of action, and not the kinematic force
with which the subject manipulates the objects, determined
neuron activity. Neurons fired prior to the observation of the
second motor act (bringing the object to the mouth or placing it
in a cup). Hence, IPL neurons "code the same act (grasping) in
a different way according to the final goal of the action in
which the act is embedded"'*. This offers a neural basis for
predicting another individual’s succeeding actions and
understanding intention'.

Language

Our understanding of the meaning of a word like ‘‘table’” does
not stem from our use of a linguistic game, which, at best, can
specify when to apply a given word as a tag to a given object
in the world. The meaning of ‘‘table’’ stems from its use, from
what we can do with it, that is, from the multiple and
interrelated possibilities for action it evokes *7°. Homologous
to the monkey mirror neuron system in the inferior frontal
cortex, Brocas region claimed as the language center of the
brain is associated with MN in the nearby regions. Brain
activity of two participants playing a game of charades was
measured using fMRI. Analysis revealed that the mirror-
neuron system of the observer reflects the pattern of activity in
the motor system of the sender, supporting the idea that the
motor concept associated with the words is indeed transmitted
from one brain to another using the mirror system’’. When we
speak, by means of the shared neural networks activated by
embodied simulation, we experience the presence of others in
ourselves and of ourselves in others. Hence “mirroring”
bridges the gap. McGuigan and Dollins (1989)"' also used
EMG to show that tongue and lip muscles are activated in
covert speech in the same way as during overt speech.

Gender differences
Studies conducted by Yawei Cheng, have documented the

presence of a gender difference in the human mirror neuron
system, with female participants exhibiting stronger motor
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resonance than male participants’>”. In another study, gender
differences among mirror neuron mechanisms showed
enhanced empathetic ability in female in contrast to male
participants. This may be due to the fact men have limited
emotional expression as it has been practiced in most cultures..
However, when it came to recognizing the emotions of others,
all participants' abilities were very similar and there was no
key difference along a gender binary’.

Limitations and future scope

The functional role of mirror neurons, although researched,
still requires extensive study to provide a better understanding
of their specialized properties in the various processes of social
cognition. Whether mirror neurons arise as a result of a
functional adaptation and/or of associative learning during
development are important questions that still remain to be
answered. We need a better understanding of their links to
other neuronal systems and their integrated role in socio-
biological function and interaction.

REFERENCES

1. Barrett, L. and Henzi, P. 2005. The social nature of
primate cognition. Proceedings of Biological Science, 22,
272(1575), 1865-75.

2. Byrne, RW. and Whiten, A. 1988. Machiavellian
intelligence: Social expertise and the evolution of
intellect in monkeys, apes, and humans. Oxford: Oxford
University Press.

3.  Donald, 1991. Origins of the modern mind: Three stages
in the evolution of culture and cognition. Cambridge,
MA: Harvard University Press.

4.  Jacob. P, 2008. What Do Mirror Neurons Contribute to
Human Social Cognition?. Mind & Language, 23: 190—
223. doi: 10.1111/j.1468-0017.2007.00337.x

5. Heyes, C. 2010. Mesmerising mirror
Neuroimage, 51, 789-791.

6.  American phycologicalassociation, cover story. Available
at: http://www.apa.org/monitor/oct05/mirror.aspx
Accessed on 27™ December 2016.

7.  Gallese, V., Fadiga, L., Fogassi, L., and Rizzolatti, G.
1996. Action recognition in the premotor cortex. Brain

neurons.

119, 593-609.
8. Cook, R., Bird, G., Catmur, C., Press, C. and Heyes, C.
2014. Mirror neurons: from origin to function..

Behavioral and Brain Sciences, 37(2), pp. 177-192.
doi:10.1017/S0140525X13000903

9.  Ramachandran, V. S. 2000. "Mirror Neurons and
Imitation Learning as the Driving Force Behind 'the Great
Leap Forward' in Human Evolution" Edge 69, naugural
speech at "Decade of the Brain" lecture at the Silver
Jubilee meeting of the Society for Neuroscience 6.1.2000

10. Jarrett, C.B. 2012. Mirror neurons: the most hyped
concept in Neuroscience Psychol. Today [Blog]
http://www.psychologytoday.com/blog/brain-myths/
201212/mirror-neurons-the-most-hyped-concept-in-
neuroscience.

11. Di Pellegrino, G.; Fadiga, L.; Fogassi, L.; Gallese, V.;
Rizzolatti, G 1992. "Understanding motor events: A
neurophysiological study". Experimental Brain Research,
91: 176-180. doi:10.1007/b£f00230027. PMID 1301372.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Rizzolatti, Giacomo; Fadiga, Luciano; Gallese, Vittorio;
Fogassi, Leonardo 1996. "Premotor cortex and the
recognition of motor actions". Cognitive Brain Research
3 (2): 131-141. doi:10.1016/0926-6410(95)00038-0.
PMID 8713554.

Bonini, L., Rozzi, S., Serventi, F. U., Simone, L., Ferrari,
P. F. and Fogassi, L. 2010. Ventral premotor and inferior
parietal cortices make distinct contribution to action
organization and intention understanding. Cerebral
Cortex, 20(6), 1372-1385.

Fogassi, L., Ferrari, P. F., Gesierich, B., Rozzi, S., Chersi,
F. and Rizzolatti, G. 2005. Parietal lobe: From action
organization to intention understanding. Science,
308(5722), 662-667.

Molenberghs, P., Cunnington, R. and Mattingley, J. B.
2012. Brain regions with mirror properties: a meta-
analysis of 125 human fMRI studies. Neuroscience and
Biobehavioral Reviews, 36(1), 341-349.

Mukamel, R., Ekstrom, A. D., Kaplan, J., ITacoboni, M.
and Fried, 1. 2010. Single-neuron responses in humans
during execution and observation of actions. Current
Biology, 20(8), 750-756.

Kilner, J. M., Neal, A., Weiskopf, N., Friston, K. J. and
Frith, C. D. 2009. Evidence of mirror neurons in human
inferior frontal gyrus. Journal of Neuroscience, 29(32),
10153-10159.

Chong, T. T. J., Cunnington, R., Williams, M. A.,
Kanwisher, N. and Mattingley, J. B. 2008. fMRI
adaptation reveals mirror neurons in human inferior
parietal cortex. Current Biology, 18(20), 1576-1580
Mukamel, R., Ekstrom, A. D., Kaplan, J., Iacoboni, M.,
and Fried, 1. 2010. Single-neuron responses in humans
during execution and observation of actions. Current
Biology, 20(8), 750-756.

Gazzola, V. and Keysers, C. 2009. "The observation and
execution of actions share motor and somatosensory
voxels in all tested subjects: single-subject analyses of
unsmoothed fMRI data". Cereb Cortex 19 (6): 1239—
1255. doi:10.1093/cercor/bhn181. PMC 2677653. PMID
19020203.

Keysers, Christian; Kaas, John; Gazzola, Valeria 2010.
"Somatosensation in Social Cognition" (PDF). Nature
Reviews Neuroscience 11 (6): 417-28. doi:10.1038/
nrn2833. PMID 20445542,

Glenberg, A. (2011). Introduction to the Mirror Neuron
Forum. Perspectives on Psychological Science, 8(4), 363-
368.

TerjeFalck-Ytter, GustafGredebdack and Claes von
Hofsten 2006. "Infants predict other people's action
goals" (PDF). Nature Neuroscience, 9. Psyk.uu.se.

M Champoux , A Bennett, C Shannon, JD Higley, KP
Lesch and SJ Suomi, 2002. Serotonin transporter gene
polymorphism, differential early rearing, and behavior in
rhesus monkey neonates, Molecular Psychiatry, 7, 1058—
1063.

"Mirror neurons from origin to function". Behavioral and
Brain Sciences, 37 (6): 177-241. 2010. doi:10.1017/S0
140525X13000903.

Gallese, V., Rochat, M., Cossu, G. and Sinigaglia, C.
2009. Motor cognition and its role in the phylogeny and



35173

International Journal of Current Research, Vol. 08, Issue, 07, pp.35169-35174, July, 2016

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

ontogeny of action understanding. Developmental
Psychology, 45(1), 103-113.

Keysers and Perrett, Trends in Cognitive Sciences &
(2004)

Heyes C. M. 2001. "Causes and consequences of
imitation". Trends in Cognitive Sciences, 5 (6): 253-261.
doi:10.1016/S1364-6613(00)01661-2. PMID 11390296.
Brass, M. and Heyes, C. 2005. Trends in Cognitive
Sciences 9.

Heyes C. M. 2010. "Where do mirror neurons come
from?". Neuroscience and Biobehavioural Reviews 34
(4): 575-583. doi:10.1016/j.neubiorev.2009.11.007.
Keysers C, Gazzola V, 2006. Towards a unifying neural
theory of social cognition, Prog Brain Res., 156:379-401.
Vittorio Gallese, 2007. Mirror neurons and the social
nature of language: The neural exploitation hypothesis,
SOCIAL NEUROSCIENCE, 00 (00), 117.

Del Giudice, M., Manera, V. and Keysers, C. 2009.
Programmed to learn? The ontogeny of mirror neurons.
Developmental Science, 12(2), 350-363.

Arbib, M. A. 2005. From monkey-like action recognition
to human language: an evolutionary framework for
neurolinguistics. Behavioral and Brain Sciences, 28(2),
105-124; discussion 125-167.

Oztop, E., Kawato, M. and Arbib, M. A. 2006. Mirror
neurons and imitation: A computational lyguided review
Neural Networks, 19,254-271.

John T. Cacioppo, Gii n R. Semin, Gary G. Berntson,
Realism, Instrumentalism, and Scientific Symbiosis-
Psychological Theory as a Search for Truth and the
Discovery of Solutions, May—June 2004, American
Psychologist, Copyright 2004 by the American
Psychological Association 0003-066X/04/$12.00, Vol.
59, No. 4, 214 -223, DOI: 10.1037/0003-066X.59.4.214.
Lindsay M. Oberman and Vilayanur S. Ramachandran,
The Simulating Social Mind: The Role of the Mirror
Neuron System and Simulation in the Social and
Communicative Deficits of Autism Spectrum Disorders,
Psychological Bulletin Copyright 2007 by the American
Psychological Association 2007, Vol. 133, No. 2, 310-
327,  0033-2909/07/$12.00  DOI: 10.1037/0033-
2909.133.2.310.

J. A. Pineda, D. S. Silverman, A. Vankov, and J.
Hestenes, Learning to Control Brain Rhythms: Making A
Brain-Computer Interface Possible, TNSRE-2002-
BC024.

Lyons, D. E., Santos, L. R. and Keil, F. C. 2006.
Reflections of other minds: How primate social cognition
can inform the function of mirror neurons. Current
Opinion in Neurobiology, 16(2):230—4

Umilta, M. A., Kohler, E., Gallese, V., Fogassi, L.,
Fadiga, L., Keysers, C., et al. 2001. *‘I know what you
are doing’’: A neurophysiological study. Neuron, 32, 91—
101.

Iacoboni, M., Molnar-Szakacs, 1., Gallese, V., Buccino,
G., Mazziotta, J. and Rizzolatti, G. 2005. Grasping the
intentions of others with one’s own mirror neuron system.
PLoSBiology, 3, 529-35.

Blakesee, S. 2006. Cells that read minds. The New York
Times, January 10.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Ramachandran, V. S. 2009. The neurons that shaped
civilization. Available at http://www.ted.com/talks/vs_
ramachandran_the neurons_that shaped civilization.
html

Tacoboni, M. 2008. Mesial frontal cortex and super mirror
neurons. Behavioral and Brain Sciences, 31, 30.

Gallese, V., Gernsbacher, M., Hickok, G., Heyes, C. and
Tacoboni, M. 2011. Mirror neuron forum Perspectives on
Psychological Science, 6(4), 369-407.

Rizzolatti, G., Fadiga, L., Gallese, V. and Fogassi, L.
1996. Premotor cortex and the recognition of motor
actions. Cognitive Brain Research, 3(2), 131-141.
Iacoboni, M., Woods, R. P., Brass, M., Bekkering, H.,
Mazziotta, J. C. and Rizzolatti, G. 1999. Cortical
mechanisms of human imitation. Science, 286(5449),
2526-2528.

Rizzolatti, G. and Arbib, M. A. 1998. Language within
our grasp. Trends in Neurosciences, 21(5), 188-194.
Aziz-Zadeh, L., Wilson, S. M., Rizzolatti, G. and
lacoboni, M. 2006. Congruent embodied representations
for visually presented actions and linguistic phrases
describing actions. Current Biology, 16(18), 1818-1823.
Avenanti, A., Bueti, D., Galati, G. and Aglioti, S. M.
2005. Transcranial magnetic stimulation highlights the
sensorimotor side of empathy for pain. Nature
Neuroscience, 8(7), 955-960.

Enticott, P. G., Johnston, P. J., Herring, S. E., Hoy, K. E.
and Fitzgerald, P. B. 2008. Mirror neuron activation is
associated with facial emotion processing.
Neuropsychologia, 46(11), 2851- 2854.

Theoret, H. and Pascual-Leone, A. 2002. Language
acquisition: do as you hear. Current Biology, 12(21),
R736-737.

Arbib, M. A. 2005. From monkey-like action recognition
to human language: an evolutionary framework for
neurolinguistics. Behavioral and Brain Sciences, 28(2),
105-124; discussion 125-167.

Corina, D. P. and Knapp, H. 2006. Sign language
processing and the mirror neuron system. Cortex, 42(4),
529-539.

Glenberg, A., Sato, M., Cattaneo, L., Riggio, L.,
Palumbo, D. and Buccino, G. 2008. Processing abstract
language modulates motor system activity. The Quarterly
Journal of Experimental Psychology, 61(6), 905-919.
Kuhn, S. and Brass, M. 2008. Testing the connection of
the mirror system and speech: how articulation affects
imitation in a simple response task. Neuropsychologia,
46(5), 1513-1521.

Gridley, M. C. and Hoff, R. 2006. Do mirror neurons
explain misattribution of emotions in music? Perceptual
and Motor Skills, 102(2), 600-602.

Ponseti, J., Bosinski, H. A., Wolff, S., Peller, M., Jansen,
O., Mehdorn, H. M., et al. 2006. A functional
endophenotype for sexual orientation in humans.
Neuroimage, 33(3), 825-833.

Cinzia, D. D. and Gallese, V. 2009. Neuroaesthetics: a
review. Current Opinion in Neurobiology, 19(6), 682-
687.

Chartrand, T. L. and Bargh, J. A. 1999. The chameleon
effect: The perception behavior link and social



35174

Jerusha Santa Packvanathan and Dr. S. Gowri Sethu, Mirror neurons — Discovery, significance and role in social cognition

61.

62.

63.

64.

65.

66.

67.

68.

69.

interaction. Journal of Personality and Social
Psychology, 76, 893 910.

Dapretto, M., Davies, M. S., Pfeifer, J. H., Scott, A. A.,
Sigman, M., Bookheimer, S. Y. et al. 2006.
Understanding emotions in others: mirror neuron
dysfunction in children with autism spectrum disorders.
Nature Neuroscience, 9(1), 28-30.

Nishitani, N., Avikainen, S. and Hari, R. 2004. Abnormal
imitation-related cortical activation sequences in
Asperger's syndrome. Annals of Neurology, 55(4), 558-
562.

Williams, J. H., Whiten, A., Suddendorf, T. and Perrett,
D. 1. 2001. Imitation, mirror neurons and autism.
Neuroscience and Biobehavioral Reviews, 25(4), 287-
295.

Arbib, M. A. and Mundhenk, T. N. 2005. Schizophrenia
and the mirror system: an essay. Neuropsychologia,
43(2), 268-280.

Virji-Babul, N., Moiseev, A., Cheung, T., Weeks, D.,
Cheyne, D. and Ribary, U. 2008. Changes in mu rhythm
during action observation and execution in adults with
Down syndrome: implications for action representation.
Neuroscience Letters, 436(2), 177-180.

Rocca, M. A., Tortorella, P., Ceccarelli, A., Falini, A.,
Tango, D., Scotti, G., et al. 2008. The "mirror-neuron
system" in MS: A 3 tesla fMRI study. Neurology, 70(4),
255-262.

Pineda, J. O. and Oberman, L. M. 2006. What goads
cigarette smokers to smoke? Neural adaptation and the
mirror neuron system. Brain Research, 1121(1), 128-135.
Cohen, D. A. 2008. Neurophysiological pathways to
obesity: below awareness and beyond individual control.
Diabetes, 57(7), 1768-1773.

Gibson, 1979; Glenberg, 1997,

skeosk skok skokosk

70.

71.

72.

73.

74.

75.

76.

Schippers, MB; Roebroeck, A; Renken, R; Nanetti, L;
Keysers, C. 2010. "Mapping the Information flow from
one brain to another during gestural communication"
(PDF). Proc NatlAcadSci U S A. 107 (20): 9388-93.
Bibcode:2010PNAS..107.9388S. doi:10.1073/pnas.1001
791107. PMC 2889063. PMID 20439736

McGuigan, F. J. and Dollins, A. B. 1989. Patterns of
covert speech behavior and phonetic coding. Paviovian
Journal of Biological Science, 24, 19 _26.

Cheng Y., Tzeng O.J., Decety J., Hsieh J.C. 2006.
"Gender differences in the human mirror system: a
magnetoencephalography study". NeuroReport, 17 (11):
1115-1119.  doi:10.1097/01.wnr.0000223393.59328.21.
PMID 16837838.

Cheng Y., Decety J., Hsieh J.C., Hung D. and Tzeng O.J.
2007. "Gender differences in spinal excitability during
observation of bipedal locomotion". NeuroReport, 18 (9):
887-890. doi:10.1097/WNR.0b013e3280ebb486. PMID
17515795.

Cheng, Y., Decety, J., Yang, C.Y., Lee, S. and Chen, G.
2008. Gender differences in the Mu rhythm during
empathy for pain: An electroencephalographic study.
Brain Research, in press.

Cheng Y., Lee P., Yang C.Y., Lin C.P., Decety J. 2008.
"Gender differences in the mu rhythm of the human
mirror-neuron system". PLoS ONE 3 (5): e2113.
Bibcode:2008PL0S0O...3.2113C. doi:10.1371/journal.
pone.0002113. PMC 2361218. PMID 18461176.
Schulte-Riither, M., Markowitsch, HJ., Shah, NJ., Fink,
GR. and Piefke, M (Aug 1, 2008). "Gender differences in
brain networks supporting empathy". Neurolmage., 42
(1):  393-403. doi:10.1016/j.neuroimage.2008.04.180.
PMID 18514546.



