
Autism, Social Cognition, and 
“Mirror Neurons”

Raphael Bernier, Ph.D.
Department of Psychiatry and Behavioral Sciences

Department of Psychology
University of Washington Autism Center

Center on Human Development and Disability



Disclosures

No Conflicts of Interest
Funding sources:

SFARI SIMONS FOUNDATION
AUTISM RESEARCH INITIATIVE

Bernier, R. & Gerdts, J. (2010). 
Autism Spectrum Disorders, 
ABC-CLIO.



Overview
Autism as disorder of social cognition
Imitation and autism
“Mirror Neuron System”
Current work underway



Social Cognition
The ability to 
detect, attend to, 
and process social 
information in the 
environment, and 
to use this 
information to 
guide behavior



Social Brain Circuitry Implicated in ASD

Medial Prefrontal Cortex
(Dawson et al, 1998)

Superior Temporal 
Sulcus (Pelphrey &
Carter, 2008)

Inferior Frontal Gyrus;
Inferior Parietal Lobe
(Dapretto et al, 2006)

Anterior Cingulate 
(Mundy, 2003)

Amygdala
(Baron-Cohen et al, 2000)

Cerebellum
(Courchesne, 1997

Hippocampus
(Bauman & Kemper, 2005)

Fusiform Gyrus
(Schultz et al, 2000)



Social Brain Circuitry Implicated in ASD

Inferior Frontal Gyrus;
Inferior Parietal Lobe
(Dapretto et al, 2006)



Imitation Impairments in Autism
Symbolic meaning hypothesis 
– (Baron-Cohen, 1988; Rogers et al, 1996)

Executive functioning hypothesis 
– (Ozonoff, Pennington & Rogers, 1991; Rogers et al, 1996)

Poor social motivation to attempt tasks 
– (Trevarthen & Aitken, 2001) 

Dyspraxia or motor dysfunction 
– (Jones & Pryor, 1985)

Deficit in Self-Other mapping 
– (Rogers & Pennington, 1991; Williams et al, 2001)



Imitation and Mirror Neurons

Class of visuomotor neurons that activate 
when an individual is both performing an 
action and observing a similar action
Potentially serve as neurological substrate 
for self other mapping



Mirror Neurons: non-human 
primates

(Gallese et al, 1996)

• Mirror neurons activate 
during the execution AND 
observation of actions.

• First identified in area F5 of 
monkeys.

• Proposed to mediate action 
understanding.

(from Ramachandran 
& Oberman, 2006)



Mirror Neurons: Humans

In humans, also appears to be an 
execution/observation system. 
Proposed to be the mirror neuron system—
limited direct evidence (e.g., fMRI and EEG).



Mirror Neuron Regions

Inferior Frontal 
Gyrus
Inferior Parietal Lobe
Related regions? 
– Superior Temporal 

Sulcus
– Insula
– Anterior Cingulate

Rizzolatti & Arbib, 1998



Mirror Neurons: Humans
In humans, area 44 (Inferior Frontal Gyrus) is 
activated when observing, executing, and 
imitating movement.

 Iacoboni et al, 1999



Mirror Neurons: Humans

Only species 
specific actions 
result in MNS 
activation.

 Buccino et al, 2004



Mirror Neurons: Humans
Activation occurs
– With intransitive movements
– Actions that are in behavioral repertoire (lip reading 

vs barking)
– Emotional expressions

Seems to serve a wider role.
Provide the ability to understand others’ actions and 
emotions through internal representation without 
reflection. 
Hypothesized to underlie imitation, empathy, theory of 
mind, metaphor, and evolution of language.
How best to study non-invasively with individuals with 
autism?



Electroencephalography and 
Mirror Neurons

EEG Mu rhythm reflects 
execution/observation matching system



EEGs and Mirror Neurons
Mu rhythm is neuronal activity recorded 
from central channels over motor cortex 
in ~8-13 Hz frequency band 
– At rest = synchronous
– Execution and observation of movement = 

asynchronous  reducing mu amplitude



EEGs and Mirror Neurons



Research Questions

Proposed role of MNS in social cognition.
Proposed dysfunction of MNS in 
individuals with autism.

Is there disruption of the MNS in autism?
Is there a correlation between imitation 
ability and MNS functioning?



Procedure



Imitation battery
– Tasks:

Single step facial expressions
Sequenced facial expressions
Single step hand gestures
Sequenced hand gestures
Complex two hand gestures
Meaningless hand movements
Actions on objects (gentle or harsh style)



Imitation Task Models

Single Face Expression Example Sequenced Hand Gesture Example



Results

Condition X Group: p<.05

Ratio of mu power by condition
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Chart4

		execute		execute		0.0911229133		0.10364152

		observe		observe		0.0638475749		0.1020855083



control

autism

Condition

Ratio of mu power (condition/resting)

Ratio of mu power by condition

0.4278536667

0.5462735714

0.4445446667

0.7501882143



typeeg

		subject		allcont5		allexec5		allimit5		allobs5		allrest5		lc5h		rc5h		le5h		re5h		li5h		ri5h		lo5h		ro5h		lr5h		rr5h		lr25h		rr25h

		31		0.73212		0.28457		0.50797		0.43575		3.31893		0.43186279		0.30025901		0.15341573		0.1311589		0.24567961		0.2622867		0.20534981		0.23040486		2.0610278		1.2579007		1.4966704		1.1511412

		32		1.13597		0.53411		0.43154		0.9272		3.80744		0.76606644		0.36990383		0.29732224		0.23678523		0.26309702		0.16844297		0.56050198		0.36669495		2.0952219		1.7122132		1.3805677		1.3142703

		40		1.56228		0.5608		0.61877		1.41833		2.09423		1.1040824		0.45820133		0.26812798		0.29267671		0.28717461		0.33159849		0.8782705		0.54006374		1.2327751		0.86145793		1.2930422		1.0811203

		41		0.55572		0.34697		0.23658		0.29516		0.48255		0.39499436		0.16072682		0.17179884		0.17516937		0.12565106		0.11092866		0.19326163		0.10190309		0.35060535		0.13194741		0.97806521		1.5942744

		46		0.62174		0.54362		0.43233		0.60515		2.841		0.32428206		0.29745356		0.30919622		0.23442023		0.25643842		0.17588754		0.32859869		0.27655488		1.2270525		1.6139432		1.4850622		1.4948773

		47		0.94798		0.89092		0.92451		0.95454		5.14556		0.39361		0.55436		0.51291		0.37801		0.45189		0.47262		0.61773		0.33681		2.34280		2.80277

		48		0.88971		0.70815		0.75693		1.35958		6.0121		0.5269003		0.36280643		0.36526445		0.342883		0.38511076		0.37181781		0.57438069		0.78520074		2.5999427		3.4121563

		59		1.04053		1.27426		0.51257		1.07438		3.74392		0.50742408		0.53310863		0.51258509		0.76167292		0.21927626		0.29329556		0.4488771		0.62550279		1.5897899		2.1541331		1.653566		2.0119352

		77		1.07675		1.09262		0.8941		1.62918		3.2106		0.63111138		0.44563879		0.52886358		0.56375681		0.43227153		0.46182551		0.91944484		0.70973636		1.4887943		1.7218043		1.5001885		1.6466099

		88		0.62644		0.38551		0.35158		0.42588		0.73315		0.27527327		0.35117081		0.15388715		0.23162756		0.16136991		0.19021408		0.18297142		0.24291214		0.34936627		0.38378757

		91		0.30596		0.29171		0.35149		0.25656		1.49444		0.13716658		0.16879431		0.14073105		0.15097499		0.19424434		0.15724865		0.11867573		0.13788168		0.57847972		0.91596297		0.40670596		0.6030197

		97		0.2552		0.24649		0.46084		0.23283		0.28021		0.13498145		0.12021763		0.13058305		0.1159084		0.26797142		0.19287196		0.11267		0.12015596		0.14916243		0.13105238

		108		.		0.82598		0.66498		0.73766		1.1504						0.43015208		0.39582887		0.32669228		0.33828355		0.39011483		0.34754715		0.71532807		0.43507166

		116		0.73115		0.93319		0.58607		0.57749		0.78727		0.27361		0.45754		0.35738		0.57581		0.28578		0.30029		0.21550		0.36199		0.33460		0.45267

		117		1.81511		1.19491		1.13885		2.21864		4.39548		0.99970013		0.81540956		0.50484561		0.69006353		0.51400124		0.62484446		1.0942811		1.1243603		2.6634589		1.7320236

				Control		Execute		Imitate		Observe		Rest

		mean		0.8783328571		0.674254		0.591274		0.8765553333		2.633152		0.4929333393		0.3853996636		0.3224708673		0.351782652		0.2944431953		0.2968300647		0.4560413433		0.4205147093		1.318560078		1.314593038		1.2742335213		1.3621560375

		st err		0.1126529649		0.0890564985		0.0639169608		0.1489464004		0.4642420768





auteeg

		subject		allcont5		allexec5		allimit5		allobs5		allrest5		lc5h		rc5h		le5h		re5h		li5h		ri5h		lo5h		ro5h		lr5h		rr5h		lr25h		rr25h

		3		1.78222		0.60788		0.67265		1.37117		2.16256		0.80916		0.97306		0.31242		0.29546		0.35813		0.31452		0.65333		0.71784		1.07781		1.08475

		4		0.26979		0.31055		0.3311		0.28776		0.81515		0.12719		0.14260		0.13866		0.17189		0.15025		0.18085		0.13072		0.15704		0.35008		0.46507		0.44682		0.64058

		7		0.28977		0.40696		0.31784		0.25423		0.42851		0.13667		0.15310		0.21484		0.19212		0.16892		0.14892		0.16361		0.09062		0.17828		0.25023		0.18229		0.21624

		8		0.92557		0.51045		0.35162		0.60542		1.56711		0.48019		0.44538		0.23104		0.27941		0.14644		0.20518		0.27919		0.32623		0.69086		0.87625		0.23834		0.29141

		18		6.02273		1.69254		2.45077		4.73727		6.90091		2.82399		3.19874		0.87050		0.82204		1.12168		1.32909		2.53571		2.20156		3.66401		3.23690		5.19298		4.90290

		27		1.32898		0.86946		0.89512		1.76118		1.70634		0.59218		0.73680		0.37314		0.49632		0.38714		0.50798		0.91308		0.84810		0.62669		1.07965		1.10338		1.25693

		34		0.69538		0.34736		0.36602		0.49741		3.25846		0.40581		0.28957		0.17638		0.17098		0.19597		0.17005		0.25704		0.24037		1.82262		1.43584		0.67570		0.65149

		52		1.0943		0.8492		0.71956		1.33283		1.09212		0.68971		0.40459		0.44970		0.39950		0.36617		0.35339		0.79859		0.53424		0.65910		0.43302		1.75406		2.15428

		55		3.11685		1.14243		0.60351		1.70187		4.25405		1.78861		1.32824		0.53286		0.60957		0.25825		0.34526		0.79271		0.90916		1.99434		2.25971		2.21251		2.02656

		56		2.88644		1.41356		1.04406		4.09408		6.19655		1.58211		1.30433		0.66678		0.74678		0.51550		0.52856		2.01225		2.08183		3.09838		3.09817

		60		1.19309		1.06553		1.03098		2.03041		2.39502		0.61934		0.57375		0.55328		0.51225		0.53281		0.49817		1.09689		0.93352		1.17995		1.21507		4.32167		2.99080

		75		0.25154		0.2477		0.21256		0.26743		0.30489		0.14707		0.10447		0.11835		0.12935		0.10391		0.10865		0.16232		0.10511		0.16151		0.14338

		84		0.79416		0.42353		0.40702		0.71602		0.57107		0.26788		0.52628		0.17301		0.25052		0.20107		0.20595		0.28653		0.42949		0.25006		0.32101

		114		0.34597		0.35158		0.45316		0.30154		0.23541		0.19308		0.15289		0.19255		0.15903		0.22773		0.22543		0.16389		0.13765		0.12717		0.10824

				Control		Execute		Imitate		Observe		Rest

		mean		1.4997707143		0.7313378571		0.7039978571		1.4256157143		2.277725		0.7616413393		0.7381278143		0.35739226		0.3739435007		0.3381399486		0.3658572693		0.7318471364		0.6937681671		1.1343471686		1.1433787107		1.79197191		1.6812427867

		st err		0.4238967069		0.1211122888		0.1526473237		0.3777000863		0.5760675084





eegratios

		ID		left exec		left imit		left obs		right exec		right imit		right obs		ID		left exec		left imit		left obs		right exec		right imit		right obs

		3		0.28987		0.33228		0.60616		0.27238		0.28995		0.66176		31		0.07444		0.1192		0.09963		0.10427		0.20851		0.18317

		4		0.39608		0.42919		0.3734		0.3696		0.38887		0.33767		32		0.1419		0.12557		0.26751		0.13829		0.09838		0.21416																		execute		observe

		7		1.20507		0.9475		0.91771		0.76777		0.59513		0.36215		40		0.2175		0.23295		0.71243		0.33975		0.38493		0.62692																conmean		0.4278536667		0.4445446667

		8		0.33442		0.21197		0.40412		0.31887		0.23416		0.3723		41		0.49001		0.35838		0.55122		1.32757		0.8407		0.7723																autmean		0.5462735714		0.7501882143

		18		0.23758		0.30613		0.69206		0.25396		0.41061		0.68014		46		0.25198		0.20899		0.2678		0.14525		0.10898		0.17135																consterr		0.0911229133		0.0638475749

		27		0.59541		0.61775		1.45699		0.4597		0.4705		0.78553		47		0.21893		0.19288		0.26367		0.13487		0.16863		0.12017																autsterr		0.10364152		0.1020855083

		34		0.09677		0.10752		0.14103		0.11908		0.11843		0.16741		48		0.14049		0.14812		0.22092		0.10049		0.10897		0.23012						left execute		right exec		left obs		right obs

		52		0.68229		0.55556		1.21164		0.92259		0.81611		1.23375		59		0.32242		0.13793		0.28235		0.35359		0.13615		0.29037				conmean		0.3754046667		0.4803026667		0.424506		0.4645833333

		55		0.26719		0.12949		0.39748		0.26976		0.15279		0.40233		77		0.35523		0.29035		0.61758		0.32742		0.26822		0.41221				autmean		0.5519664286		0.5405807143		0.8013757143		0.6990007143

		56		0.2152		0.16638		0.64945		0.24104		0.1706		0.67195		88		0.44048		0.46189		0.52372		0.60353		0.49562		0.63293				consterr		0.0729776417		0.1092681849		0.0538479757		0.0738471742

		60		0.4689		0.45155		0.92961		0.42158		0.40999		0.76829		91		0.24328		0.33578		0.20515		0.16483		0.17168		0.15053				autsterr		0.1066774047		0.1006056353		0.1058479356		0.098323081

		75		0.73277		0.64337		1.00502		0.90215		0.75778		0.73309		97		0.87544		1.79651		0.75535		0.88444		1.47172		0.91685

		84		0.69187		0.80409		1.14584		0.78041		0.64157		1.33793		108		0.60134		0.4567		0.54536		0.9098		0.77754		0.79883

		114		1.51411		1.79075		1.28875		1.46924		2.08269		1.27171		116		1.06808		0.85409		0.64405		1.27203		0.66338		0.79968

																117		0.18955		0.19298		0.41085		0.39841		0.36076		0.64916





eegratios

						0.0729776417		0.1066774047

						0.1092681849		0.1006056353

						0.0538479757		0.1058479356

						0.0738471742		0.098323081



Control

Autism

Condition

Ratio of Mu Power

Ratio of mu power segregated by hemisphere



imitation

						0.0538479757		0.1058479356

						0.0738471742		0.098323081



control

autism

Hemisphere

Ratio of Mu Power

Ratio of mu power segregated by hemisphere



powerchart

						0.0911229133		0.10364152

						0.0638475749		0.1020855083



control

autism

Condition

Ratio of mu power (condition/resting)

Ratio of mu power by condition



		ID#		Dx		Single Face		Sequence Face		Single Hand		Sequence Hand		Complex		Movement		Acts1		Acts2		Style1		Style2		Single Total		Sequence Total		Face Total		Hand Total		Total Score		Errors		Style Total				ID#		SingFaceC		Sequence Face		SingHandC		Sequence Hand

		3		aut		9		30		15		38		12		28		18		17		1		2		24		68		39		53		167		15		3				3		27		30		45		38

		4		aut		11		24		7		3		8		31		16		18		0		1		18		27		35		10		118		20		1				4		33		24		21		3

		7		aut		13		41		15		23		14		34		18		18		5		4		28		64		54		38		176		21		9				7		39		41		45		23

		8		aut		11		26		9		17		12		25		16		15		2		2		20		43		37		26		131		29		4				8		33		26		27		17

		18		aut		14		41		15		40		13		32		17		17		5		4		29		81		55		55		189		22		9				18		42		41		45		40

		27		aut		12		38		9		24		8		29		13		15		1		4		21		62		50		33		148		47		5				27		36		38		27		24

		34		aut		16		43		12		27		13		30		16		18		0		0		28		70		59		39		175		14		0				34		48		43		36		27

		52		aut		9		27		11		18		13		34		17		18		2		6		20		45		36		29		147		11		8				52		27		27		33		18

		55		aut		15		39		11		16		11		30		16		17		1		0		26		55		54		27		155		29		1				55		45		39		33		16

		56		aut		10		35		13		36		11		31		18		15		4		3		23		71		45		49		169		13		7				56		30		35		39		36

		60		aut		11		37		14		30		8		29		17		17		2		5		25		67		48		44		163		18		7				60		33		37		42		30

		75		aut		14		33		14		19		10		31		16		16		2		3		28		52		47		33		153		10		5				75		42		33		42		19

		84		aut		13		30		11		11		12		30		15		18		0		4		24		41		43		22		140		8		4				84		39		30		33		11

		114		aut		12		31		14		19		6		25		17		17		2		3		26		50		43		33		141		22		5				114		36		31		42		19

		31		typ		14		38		12		29		11		26		17		17		5		5		26		67		52		41		164		14		10				31		42		38		36		29

		32		typ		16		46		14		41		15		35		18		18		3		6		30		87		62		55		203		5		9				32		48		46		42		41

		40		typ		15		44		16		34		12		32		17		17		2		5		31		78		59		50		187		8		7				40		45		44		48		34

		41		typ		15		36		14		24		15		35		17		18		4		5		29		60		51		38		174		10		9				41		45		36		42		24

		46		typ		15		43		12		35		15		33		17		18		6		6		27		78		58		47		188		8		12				46		45		43		36		35

		47		typ		16		48		16		37		14		33		18		18		4		5		32		85		64		53		200		9		9				47		48		48		48		37

		48		typ		16		46		16		36		13		33		18		18		3		6		32		82		62		52		196		13		9				48		48		46		48		36

		59		typ		13		45		13		26		15		36		18		18		5		6		26		71		58		39		184		4		11				59		39		45		39		26

		77		typ		13		46		11		23		14		28		18		18		5		6		24		69		59		34		171		14		11				77		39		46		33		23

		88		typ		13		42		14		22		14		26		18		16		6		5		27		64		55		36		165		15		11				88		39		42		42		22

		91		typ		16		46		15		22		15		34		16		18		4		6		31		68		62		37		182		17		10				91		48		46		45		22

		97		typ		15		44		15		43		14		34		18		17		4		5		30		87		59		58		200		11		9				97		45		44		45		43

		108		typ		14		43		16		36		14		33		18		18		6		6		30		79		57		52		192		19		12				108		42		43		48		36

		116		typ		13		36		14		31		12		33		17		18		2		3		27		67		49		45		174		22		5				116		39		36		42		31

		117		typ		15		44		15		37		15		36		18		18		6		5		30		81		59		52		198		17		11				117		45		44		45		37

																																												single face		sequenced face		single hand		sequenced hand

																																										mean		40.2413793103		38.6896551724		39.6206896552		27.4827586207

																																										sterror		1.1677682521		1.2605255846		1.301206141		1.8178240997

																																												face		hand		error		error

																																										single step		40.2413793103		39.6206896552		1.1677682521		1.301206141

																																										sequenced		38.6896551724		27.4827586207		1.2605255846		1.8178240997
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single step

sequenced

Type of imitation

Performance score

Imitation skills by type and complexity



		

		5 hz range for both hemispheres for both groups for conditions

						Control		Execute		Imitate		Observe		Rest

		control		mean		0.8783328571		0.674254		0.591274		0.8765553333		2.633152

		autism		mean		1.4997707143		0.7313378571		0.7039978571		1.4256157143		2.277725

		control		st err		0.1126529649		0.0890564985		0.0639169608		0.1489464004		0.4642420768

		autism		st err		0.4238967069		0.1211122888		0.1526473237		0.3777000863		0.5760675084
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Results
Mu suppression and face summary score

in the observe condition

Difference in mu power (greater value = greater attenuation)
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Conclusions
Individuals with ASD show less attenuation of the mu 
rhythm in response to the observation of actions. 
Suggests dysfunction of the mirror neuron system. 

Continued impairments in behavioral imitation skills. 

Mu wave attenuation when observing actions 
correlates with facial imitation skills. Suggests the EEG 
mu rhythm may reflect underlying neurological activity 
related to imitation ability.



Question?

Individuals with autism demonstrate 
differential mu rhythm activity.

Do individuals with autism show 
differences in areas of cortical activation 
when observing, executing or imitating 
actions?



Source Localization



Observation and Imitation

Time 5Time 4Time 3Time 2Time 1



Time 2

Observation and Imitation

Greater amplitude in Cuneus (BA17) in 
typical adults compared to adults with ASD.

Bernier, Lunde & Dawson, 2007



Conclusions
No significant differences between peak 
areas of activity for execute, observe, 
and imitate conditions. 
Peak areas of activation are similar for 
both groups.
Differences are found during distinct 
phases of action (ie, approach to grasp).
Other areas (ie, Cuneus) warrant further 
investigation.



Question?

Adults with autism demonstrate differential 
mu rhythm activity linked to distinct stages 
of action observation.

How does this system work in children 
with autism?



EEG mu rhythm in children: 6-7 
year olds

Bernier & Aaronson, in preparation



Question?

This system is disrupted in both children 
and adults with autism. 

How does this system work across the 
lifespan?



EEG Mu rhythm over development

Oberman, McCleery, Hubbard, Bernier, Pineda, under review



Now what?

This action execution/observation system 
is disrupted in both children and adults 
with autism. 
– How is this system impacted by intervention?
– Is this electrophysiological signature an 

endophenotype?
– Is there a way to address connectivity?



Studies underway 

Intervention Response Study
Family Traits Research
Twins study
Social Connectivity



Current EEG mu rhythm study:

Response to Early Start Denver Model 
(ESDM) intervention
Diagnosed and assigned b/w 18-30 
months
Received 2 years of intervention
Evaluated for follow-up b/w 6-7 years 

Bernier & Aaronson, in preparation



Familiarity Vs. Unfamiliarity

Unfamiliar Familiar



Family Traits Research
(ACE Project 1)

EEG mu rhythm in parents
Parents in Simplex families
Parents in Multiplex families
Parents of typically developing children



EEG Mu Rhythm

Main Effect for Group: p<.001; Main Effect for Gender: p<.01; 
Interaction Effect for Group X Gender: p<.05



Twins

Biological Motion Non-biological Motion



Twins

Biological Motion Non-biological Motion



Twins



Social Connectivity

Effective connectivity based on ERP/EEG 
components involved in face processing.  

Basic Visual 
Processing

Structural 
Face 

Encoding

Higher Order 
Face 

Processing

Action 
Exec/Obs
Matching



Social Connectivity
Three types of face stimuli:

Emotional movement Impossible movementNon-emotional movement



Social Connectivity

EMOTION

IMPOSSIBLE MOTION

PUFFED CHEEKS



Pilot data



So What????

This system is functioning differently.
Better understanding may help with: 
– Understanding the etiology of autism

Endophenotype?
– Aid in early detection

Earlier is better.
– Help focus intervention approaches

Physical demonstration over observation
Medication
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Mirror Neurons and Autism
Evidence for dysfunction:
Imaging:

– Dapretto et al, 2006
– Hadjikhani et al, 2006 
– Williams et al, 2006 
– Martineau et al, 2010
– Yamasaki et al, 2010

Electroencephalography:
– Oberman et al, 2005 
– Bernier et al, 2007
– Bernier et al, 2007 
– Oberman et al, 2008 
– Martineau et al, 2008

Transcranial Magnetic Stimulation:
– Theoret et al, 2005

Electromyographic Activity:
– Cattaneo et al, 2007

Evidence against dysfunction:
Imaging:

– Dinstein et al, 2009
Electroencephalography:

– Raymaekers et al, 2009
– Fan et al, 2010
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