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Abstract

The discovery of mirror neurons and the mirror neuron system is one of the most interesting 

breakthroughs in the field of neuroscience in recent years. The topic stretches over a wide 

spectrum of research fields but one of the more prominent areas is concerned with the role of 

mirror neurons in autism spectrum disorder. It is hypothesized that an impaired mirror neuron 

system may be one of the main causes underlying the deficits seen in autistic individuals. 

Parallel to the broken mirror theory of autism there are critical voices claiming there is not 

enough empirical evidence to support such a theory. Research carried out in the area seems to 

offer support for both contradictory approaches making it hard to conclude the definite role of 

mirror neurons in this developmental disorder. Future research may offer conclusive answers 

concerning the role of the mirror neuron system in autism spectrum disorder as well as other 

important questions regarding the functional properties of the brain areas under question.

Keywords: mirror neuron, the mirror neuron system, autism spectrum disorder, social 

interaction 
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1. Introduction

Mirror neurons are a particular type of neurons that fire when an individual 

performs an action as well as when he or she observes a similar action being executed by 

another individual (Rizzolatti, 2005). The name “mirror” comes from the fact that these 

neurons mirror actions of other individuals by re-enacting them in the area responsible for 

motor actions in the observer’s own brain (Keysers & Fadiga, 2008). The discovery of mirror 

neurons by Giacomo Rizzolatti and his colleagues constitutes one of the most groundbreaking 

breakthroughs in the field of neuroscience in recent years (Keysers & Fadiga, 2008). It has led 

to an ever-increasing interest in the area as indicated by a wealth of studies carried out 

shedding light on the properties and possible functions of mirror neurons in macaques as well 

as in humans. In addition to action understanding, the postulated functions of the mirror 

neuron system include, among others, imitation, theory of mind, and empathy (Oberman & 

Ramachandran, 2007). 

Autism spectrum disorder (ASD) is a developmental syndrome characterized by 

a marked impairment in social interaction and communication (Kanner, 1943, as cited in 

Rizzolatti et al., 2009). A set of ASD symptoms, such as impairments in communication, 

language, emotion and the capacity to understand others, seem to match functions mediated 

by the mirror neuron system (Rizzolatti et al., 2009). It is therefore suggested that a 

dysfunctional mirror neuron system may underlie the social and communicative deficits seen 

in individuals with autism spectrum disorders (Oberman & Ramachandran, 2007). There are a 

number of findings supporting this hypothesis which is sometimes referred to as the “broken 

mirror theory” (Southgate & de C. Hamilton, 2008). Side by side with this hypothesis 

claiming that the dysfunction of the mirror neuron system plays a crucial role in autism there 

are also critical voices claiming there is not enough hard evidence to build such a theory on. 
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Here, evidence and research from both approaches is examined to hopefully provide a 

balanced overall picture of the research field at this point. 

The aim of this essay is to provide a detailed description of the phenomenon of 

mirror neurons and the mirror neuron system and to discuss to what extent the dysfunction of 

the system can explain the symptoms of autism spectrum disorder. First, the discovery and 

functional properties of the mirror neuron system, both in the macaque and the human brain 

will be described. Then the relation between the mirror neurons and autism spectrum disorder 

will be introduced by first giving an overview and a description of the developmental disorder 

of autism. Next, the broken mirror theory of autism will be described and studies supporting 

this theory will be put forward. Also, the essay will give an account of criticism of the broken 

mirror theory. Finally, future prospects of mirror neuron research will be looked into.

2. The Discovery and Functional Properties of the Mirror Neuron System

In the early 1990´s something groundbreaking took place at the University of 

Parma, Italy. Giacomo Rizzolatti together with his colleagues studied how the frontal areas of 

a monkey’s brain responded as the animal moved its hand, grasping for a tasty grapefruit. 

Brain cells in the premotor area were activated and “fired” at the moment when the animal 

grasped the fruit. These cells were “silent” when the monkey only saw the juicy fruit or was 

just about to lay its hand on it. Interestingly, however, the same neurons fired when the 

monkey simply observed the human experimenter grasping the grape. This laid the ground for 

the study of “mirror neurons” (Gazzaniga, Ivry & Mangun, 2002).

The discovery of mirror neurons in the premotor cortex of the monkey has been 

considered to be one of the most exciting recent breakthroughs in neuroscience. The 

popularity of these neurons partly depends on the window they opened into the study of 
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neural systems underlying our ability to understand other individuals, a capacity that has 

fascinated both philosophers and psychologists for centuries (Keysers & Fadiga, 2008). 

Originally mirror neurons were discovered in the premotor (area F5) and 

parietal cortex of the monkey, but subsequent neurophysiological (TMS, EEG, MEG) and 

brain imaging studies have shown that a mirror mechanism is also present in humans (Fabbri-

Destro & Rizzolatti, 2008). Although currently there are no single neuron studies showing the 

existence of mirror neurons in the human brain, functional imaging studies have revealed 

activation of the likely homologue of a monkey area F5, that is Brodmann areas 44 and 6, 

during action observation (Rizzolatti, 2005). These regions in the frontal cortex of the human 

brain, that is premotor cortex and adjacent areas, are known to be involved in planning

complex, coordinated movements. In addition to the frontal areas, the human mirror system is 

thought to involve the rostral part of the inferior parietal lobule (Rizzolatti et al., 2001, as 

cited in Gallese et al., 2004). Therefore, the human mirror system is often referred to as a 

parieto-frontal mirror network (Rizzolatti & Fabbri-Destro, 2008). Furthermore, the mirror 

mechanism is suggested to involve limbic areas, such as the insula and the anterior cingulate

cortex (ACC), regions dealing with the emotional processing of stimuli. The functions 

mediated by the mirror mechanism vary according to its anatomical location (Fabbri-Destro & 

Rizzolatti, 2008). Whereas the parieto-frontal mirror network is thought to underlie action and 

intention understanding, the limbic mirror network is hypothesized to mediate the 

understanding of emotions of others. 
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2.1 Action and Intention Understanding

The original hypothesis proposed for explaining the functional role of the 

mirror system is action understanding (Gallese et al., 1996; Rizzolatti et al., 1996, as cited in 

Rizzolatti, 2005). Usually humans understand with ease what others are doing and thus 

Rizzolatti and colleagues (2009) suggest that actions performed by others, after being 

processed in the visual system, are directly mapped onto the observer’s motor representations 

of the same actions. Since the observer is aware of the outcomes of his or her own actions, the 

similarity of the neural pattern induced by the observation of the behaviour of others to the

one produced by the observer’s own voluntary motor acts enables the latter to understand the 

actions of others. 

Before examining the role of mirror neurons in action understanding further, it 

is important to define some terms at the basis of motor organization: movement, motor act 

and action. Movement indicates the displacement of a body part and the term does not include 

the idea of a goal. Motor acts are defined as a series of movements performed to reach a goal 

and finally, motor action is a series of motor acts that allows an individual to fulfil his or her 

intention (Fabbri-Destro & Rizzolatti, 2008). Thus, with regards to mirror neurons, it is 

important to differentiate between the understanding of motor acts and the understanding of 

motor action.

A number of studies support the role of the mirror mechanism in the 

understanding of motor acts performed by others. Umiltà and colleagues (Umiltà et al., 2001, 

as cited in Fabbri-Destro & Rizzolatti, 2008) investigated mirror neurons in macaques. They 

recorded the activity of neurons in area F5 in two conditions. In one condition, monkeys 

observed an entire action (e.g., a hand grasping movement) and in the other, the same action 

was presented but its final critical stage, that is, the hand-object interaction was hidden by a 

screen. The results showed that more than half of the neurons active during the observation of 
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the entire motor sequence also responded when part of the sequence was hidden. In a second 

series of experiments, mirror neurons in area F5 were recorded when the monkey either (1) 

saw, (2) heard or (3) saw as well as heard the execution of noisy actions (e.g., breaking 

peanuts). Like all F5 mirror neurons, the cells in the study showed motor properties and fired 

not only during the execution of the action but also during observation. About 15% of mirror 

neurons responsive to the presentation of actions accompanied by sounds also responded to 

the presentation of sounds alone. These so-called “audio-visual mirror neurons” hence 

represent actions independently of whether the actions are performed, heard or seen (Kohler 

et al., 2002, as cited in Gallese et al., 2004). These experiments thus suggest that the activity 

of mirror neurons underpins the understanding of motor acts, that is, understanding not only 

the movements but also the goal these movements are meant to achieve. Furthermore, this 

holds regardless of whether this comprehension is based on vision, sound or mental 

representation. 

The involvement of the mirror mechanism in understanding the goal of motor 

acts has also been demonstrated in human subjects. In a TMS experiment conducted by 

Gangitano and colleagues (Gangitano, Mottaghy, Pascual-Leone, 2004, as cited in Rizzolatti 

& Fabbri-Destro, 2008) motor cortex excitability was tested during the observation of hand 

movements directed to a specific goal involving predictable or common movements and trials 

where the hand moved in an unpredictable or uncommon way. The results showed that 

passive observation of natural or predictable movements induced a pattern of cortical 

excitability similar to the patterns induced by the execution of corresponding movements. 

Additionally the researchers found that the observation of unpredictable movements did not 

differ in the excitability pattern of the cortex from that induced by the observation of 

predictable movements. Thus, these findings suggest that observed motor acts are coded in 

terms of the final goal of the motor sequence from the beginning and that the mirror 



                                                                                           Mirror Neuron System in Autism 10

mechanism is not susceptible to changes in visual cues. As such, this study also suggests that 

the role of the mirror neuron system is movement as well as goal understanding (Rizzolatti & 

Fabbri-Destro, 2008).

The mirror neuron system has been suggested to be involved in not only 

understanding the goal of observed motor acts but also the intention lying behind these acts. 

In macaques certain action-constrained motor neurons have been described, cells which 

display mirror properties and which selectively discharge during the observation of motor acts 

embedded in a specific action (e.g., grasping for eating but not for grasping for pacing) 

(Fogassi, Ferrari, Gesierich, Rozzi, Chersi & Rizzolatti, 2005, as cited in Fabbri-Destro & 

Rizzolatti, 2008). According to the authors this mechanism allows the observer to not only 

recognize the observed motor act but also to code for following motor acts, that is, to 

understand the intentions behind the acts.

There is convincing evidence that also the human mirror system is involved in 

intention understanding. For example, in a recent fMRI study investigating the neural basis of 

the human capacity to differentiate between actions reflecting the intention of an agent from 

those actions that do not reflect it, it was shown that the observation of both types of actions 

activates a common set of areas, such as the inferior parietal lobule, the lateral premotor 

cortex and mesial premotor areas. The contrast of non-intended and intended actions showed 

activation in the right temporo-parietal junction, left supra marginal gyrus and mesial 

prefrontal cortex, while converse contrast did not show any activation. It was concluded that 

the capacity to recognize non-intended actions was based on the activation of areas signalling 

unexpected events in spatial and temporal domains, additionally to the activation of the mirror 

system (Buccino, Baumgaert, Colle, Buechel, Rizzolatti & Binkofski, 2007, as cited in 

Fabbri-Destro & Rizzolatti, 2008). Thus, the mirror system is the neural mechanism for a 

motor (experiential) understanding of intentionality.
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Further evidence comes from an EMG study, where typically developing 

children were compared with autistic children. When typically developing children observed 

an action formed by several motor acts, the muscles involved in the last motor act of the 

sequence became active already during the observation of the first act. In children with 

autism, this activation was absent. The results suggest that the mirror system provides the 

observer with a copy of the entire action already at the very start of the action, thus enabling 

the observer to understand the agent’s intention. Children with autism seem to lack this 

understanding (Cattaneo et al., 2007, as cited in Rizzolatti & Fabbri-Destro, 2008).

Altogether the studies described above suggest that the mirror mechanism 

enables the observer to understand the movements and actions of others. It has been suggested 

(Rizzolatti, 2005) that by providing a copy of the observed action the mirror mechanism is 

ideally suited for imitation behaviour. Indeed, there is evidence demonstrating that in humans 

the mirror neuron system is involved in the immediate repetition of actions performed by 

others (Iacoboni et al., 1999, as cited in Rizzolatti, 2005). Moreover, rather than just 

understanding the motor acts, the mirror neurons allow individuals to also understand the 

goals and intentions underlying the observed actions.

2.2 Emotion Understanding

Besides being involved in the understanding of the goals and intentions of 

motor behaviour performed by others, the mirror neuron system is thought to underlie our 

capacity to understand and experience the emotional states of others (Gallese et al., 2004). 

Many of the studies investigating the role of the mirror neuron system in 

emotion understanding have focused on the emotion of disgust. It is well-known from brain-

imaging studies (e.g., Small, Gregory, Mak, Gitelman, Mesulam & Parrish, 2003; 

Sprengelmeyer, Ransch, Eyel & Przuntek, 1998, as cited in Fabbri-Destro & Rizzolatti, 2008) 
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that in humans experiencing the feeling of disgust activates the anterior insula. In a fMRI 

study, Wicher and colleagues (Wicher et al., 2003, as cited in Fabbri-Destro & Rizzolatti, 

2008) set out to investigate whether the insula sites that show activation during the experience 

of disgust also show activation during the observation of faces expressing disgust. The 

participants of the study took part in two sessions. First, they were exposed to unpleasant and 

pleasant odorants and in the second session they were presented a video showing facial 

expressions of people sniffing unpleasant, pleasant or neutral odours. During the exposure to 

smell, three structures of the brain became active: the amygdala, the insula and the anterior 

cingulate cortex (ACC). The amygdala was activated by both, pleasant and unpleasant odours. 

In the insula, the exposure to pleasant odorants produced a relatively weak activation in the 

posterior part of the right insula, whereas disgusting odorants activated the anterior sector 

bilaterally. The observation of other people exposed to odorants induced activation in the left 

anterior insula and the ACC but this activity was only seen during the observation of facial 

expressions of disgust. The results of the study demonstrate that precisely the same domain 

within the anterior insula activated by the exposure to disgusting odorants was also activated 

by the simple observation of disgust. The finding thus suggests that the insula and the ACC 

contain neural populations that become active both, when the participants themselves 

experience disgust and when they see it in the faces of others. 

These findings are corroborated in a study investigating emotional reactions to 

pain using an event-related fMRI paradigm (e.g., Singer, Seymour, O´Doherty, Kaube, Dolan 

& Frith, 2004, as cited in Fabbri-Destro & Rizzolatti, 2008). In this study, the participants 

first received a mildly painful electric shock from electrodes placed on their hand. Then they 

were asked to watch their loved ones receiving similar electric shocks. It was demonstrated 

that the same sites of the anterior insula and the ACC were activated in both conditions during 

direct pain experience and the observation of pain induced in others. Thus, the results show 
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that the observation of other people’s emotions, such as disgust or pain, activates regions 

involved in the experiencing of the same emotions, and can be hence taken as evidence for the 

role of the mirror mechanism in emotion understanding and empathy.

As presented in the chapter above, the mirror mechanism plays an important 

role in many cognitive functions. The functions range from understanding motor acts to 

understanding intentions, and from experiencing other people’s emotions to the imitation of 

the behaviour of others. Hence, the functions in which the mirror system is involved extend 

far beyond the properties of mirror neurons found in area F5 in the macaque’s brain (Fabbri-

Destro & Rizzolatti, 2008). The activation of neural structures normally involved in the 

production of our own actions and in the experiencing of our own emotions indicates that the 

neural mechanism of mirror neurons may underlie basic aspects of social cognition. The 

similar activation pattern creates a bridge between ourselves and others enabling an 

experiential insight into the minds of others. As such, the mirror network in humans may 

underlie Theory of Mind (ToM), the ability to infer intentions, goals and desires of other 

people (Gallese et al., 2004).   

3. Autism Spectrum Disorder

Autism spectrum disorder (ASD) is a developmental syndrome characterized by 

marked impairments in emotional and intellectual development which occur before a child 

reaches adolescence, remain for 6-12 months at minimum and lead to life-long problems in 

development. ASD is an all-embracing term including a spectrum of conditions with similar 

features, such as autism, Asperger syndrome, and Pervasive Developmental Disorder Not 

Otherwise Specified (for atypical autism, such as Childhood Disintegrative Disorder and 
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Childhood Schizophrenia). Among these, autism forms the core of autism spectrum disorders. 

Asperger syndrome is closest to autism in its symptoms and likely causes while Childhood 

Disintegrative Disorder and Childhood Schizophrenia are rarely seen (The Swedish National 

encyclopedia).

A set of ASD symptoms, such as impairments in communication (both verbal 

and non-verbal), as well as in sharing and understanding the emotions and thoughts of other 

people seem to match the functions mediated by the mirror neuron system. Children with 

autism are also incapable of imitating the behaviour of others and to understand others´ 

intentions. According to recent experimental data, individuals with ASD have deficits in 

representing goal-directed actions, both when the acts are performed and observed (Rizzolatti 

et al., 2009). Hence, these individuals show impairments in organizing their own motor acts 

according to an action goal as well as in using this motor mechanism to understand the 

intentions of others (Rizzolatti et al., 2009). As such, people suffering from this chronic 

developmental disorder with variable degrees of severity are incapable of establishing 

meaningful social relationships.

4.  The Broken Mirror Theory of Autism Spectrum Disorder

As the mirror neuron system is thought to mediate action and intention 

understanding, imitative learning as well as empathy and “mind reading” (Gallese, 2003; 

Leslie et al., 2004, as cited in Hadjikhani et al., 2006), it is hypothesized that the deficits seen 

in autism could arise from a dysfunction in the mirror neuron system. The hypothesis can be 

better understood as three linked proposals: (1) the MNS supports imitation and the inference 

of goals and intentions; (2) the MNS is deficient in individuals with ASD leading to impaired 

performance on imitation tasks and deficits in the inference of goals and intentions; (3) these 
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low-level imitation and goal inference impairments in ASD are a causal factor in poor theory 

of mind and deficits in social cognition in these individuals. To examine the autistic mirror 

neuron dysfunction hypothesis (AMNS) or the broken mirror theory in autism spectrum 

disorder a number of studies have been carried out which offer support for the malfunction in 

the MNS in this condition.

4.1. Structural Deficits in the Mirror Neuron System in Autism Spectrum Disorder

Searching for the neural substrates underlying the ASD, Hadjikhani, Joseph, 

Snyder and Tager-Flusberg (2006) implemented a study in which they compared the measures 

of cortical thickness of 14 high-functioning ASD adults with a control group matched for sex, 

age, intelligence quotient and handedness. The results showed local decreases of gray matter 

volume in the ASD group in areas belonging to the mirror neuron system, more specifically in 

regions involved in emotion processing and social cognition. Additionally, cortical thinning 

was also observed in areas involved in facial expression production and recognition (face-

specific regions in the sensory and motor cortex and in middle temporal gyrus).  Moreover, 

the cortical thinning of the mirror neuron system correlated with the severity of ASD 

symptoms. As such, these findings suggest that the social and emotional deficits characteristic 

of autism may reflect the abnormal thinning of the mirror neuron system and the broader 

network of cortical areas subserving social cognition. As the MNS abnormalities are already 

present in early childhood, it may well be that early dysfunction of the MNS could generate 

abnormal development of other areas of the social brain and result in several of the 

characteristic features related to autism, including failure to develop reciprocal social and 

emotional skills and abilities. If social understanding has its basis in experiential sharing, 

which is a function sustained by the MNS, autistic symptoms could be seen as a consequence 
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of a lack of mimicry and emphatic activity caused by a failure in the MNS (Hadjikhani et al., 

2006). 

4.2. Functional Deficits in the Mirror Neuron System in Autism Spectrum Disorder

In autism changes in certain brain wave patterns known as mu rhythms (as 

measured by electroencephalogram, EEG) have been observed. EEG oscillations in the mu 

frequency (8-13 Hz) over sensimotor and premotor cortex are thought to reflect mirror neuron 

activity and because of this, one method for testing the integrity of the MNS system is to 

measure mu responsiveness to actual and observed movement. In typically developing 

individuals mu power is reduced both, when they perform actions and when they observe 

others performing actions, reflecting an observation/execution system which may play a 

critical role in the ability to understand and imitate the behaviour of others (Society For 

Neuroscience, November 7, 2007). Oberman and colleagues (2005) measured mu suppression 

in a sample of high-functioning individuals with ASD and in age-and gender-matched 

typically developing controls. The subjects performed four different tasks: (1) moving their 

own hand; (2) watching a video of a moving hand; (3) watching a video of two bouncing 

balls; and (4) watching visual white noise (baseline). It was hypothesized that control subjects 

would show mu suppression in the observed hand movement conditions, whereas the ASD 

subjects would show a lack of suppression during this condition, indicating an impairment in 

mirror neuron system functioning. Indeed, the healthy controls showed significant mu

suppression to both self and observed hand movements while the ASD group showed 

significant mu suppression to self performed hand movements but not to observed hand 

movements. These results support the hypothesis of a dysfunctional mirror neuron system in 

individuals with ASD. As it is well documented that individuals with ASD have difficulties to 

relate to others cognitively and emotionally and to imitate the actions of other individuals, the 
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results of the study provide further evidence that a dysfunctional mirror neuron system may 

contribute to the behavioural deficits observed in individuals with ASD. However, it is 

difficult to say whether the impairment in the mirror system is the primary dysfunction or a 

consequence of anatomical or functional impairments in other regions of the brain (Oberman 

et al., 2005). 

4.2.1. Deficits in Action and Intention Understanding

A deficit in understanding the intentions of others in autism is suggested to 

result from the mirror neuron system malfunction (Fabbri-Destro, Cattaneo, Boria & 

Rizzolatti, 2009). This malfunction can have different causes and can be due to either a deficit 

in the basic mirror mechanism mediating the understanding of movements and motor acts or 

in the organization of chained action on which the understanding of others’ intention is based 

(Fabbri-Destro et al., 2009). 

To be able to determine whether the neural mechanism matching action 

observation and execution is abnormal in autistic individuals, TMS was applied over the 

primary motor cortex (M1) during observation of intransitive finger movements (Théoret, 

Halligan, Kobayashi, Fregni, Tager-Flusberg & Pascual-Leone, 2005). In the study, motor-

evoked potentials (MEPs) from the right first dorsal interosseus (FDI) and abductor pollicis 

brevis (APB) muscles were measured in ten high-functioning individuals with ASD and in ten 

age- and gender-matched controls while the subjects passively viewed 10 second movie clips 

of index finger or thumb movements. In the control group, observation of index finger 

movements facilitated the MEPs recorded from the FDI whereas observation of thumb 

movements facilitated the MEPs recorded from the APB. In the ASD group, muscle-specific 

facilitation showed to be absent during observation of movement away from the observer. In 

conditions in which hand orientation and finger movements were towards the observer, 
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however, the facilitation was similar to that seen in controls. The authors (Théoret et al., 

2005) suggest that the reported cortical abnormalities in the ASD group during action 

observation could be related to a lower-lever dysfunction in primary motor cortex or in 

cortico-spinal projections. Moreover, the findings may represent the neural underpinnings of 

the social deficits characteristic of ASD and may ultimately lead to abnormal self-other 

representations, reduced reciprocal social skills and additionally possibly prevent the 

development of empathy and intact theory of mind (Théoret et al., 2005). 

In a study  (Cattaneo et al., 2007, as cited in Fabbri-Destro et al., 2009) 

investigating the kinematics of intentional actions, children with autism and typically 

developing children (TD) were asked to execute two actions, each consisting of three motor 

acts. EMG activity of myloidens (MH), a muscle involved in the opening of a mouth, was 

recorded while the children executed an action of reaching and grasping a piece of food and 

bringing it to the mouth. The data showed that in TD children, EMG activity of the MH 

muscle started to increase several hundred milliseconds before the participants’ hand grasped 

the food, continued to increase during food grasping and reached its peak when the participant 

opened the mouth. According to the authors, these findings indicate that from the very 

beginning of an action TD children know not only the final goal of the action but also how to 

motorically implement it. In children with autism the motor behaviour was strikingly 

different. In these children no increase in the MH muscle activity was found during the 

reaching and grasping phases of the action. The MH muscle became active only during the 

final brining-to-the-mouth phase. As the children with autism brought food to their mouths it 

is clear they had the intention to perform the action, even though this intention was not 

reflected in their motor organization. These children knew their own intention but appeared to 

be unable to translate this into an appropriate motor sequence. 
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To understand the impairment in motor sequence formation in autism, Fabbri-

Destro and colleagues (2009) carried out an experiment in which the first two motor acts of 

two actions were the same in terms of the type of an object to be grasped and the distance of 

the object from the agent, while the last motor act differed in its execution difficulty. The 

experiment was based on previous kinematics studies showing that when individuals perform 

an action comprising of several motor acts, the motor act kinematics is influenced by factors 

such as the action’s final goal and the context in which the action is carried out. This means 

that if the first motor acts are identical but the last one varies, its effect should influence the 

execution of the first ones. The results of the study showed that in TD children, the difficulty 

of the final motor act in an action formed by a sequence of motor acts, influenced the timing 

of the first one in spite of the fact that this act was identical in the two conditions. Although 

the size of the object and its distance from the hand were the same, the reaching time 

increased with the difficulties of the final motor act. As such, TD children, just like healthy 

adults, plan a visually determined action globally, rather than a sequence of independent 

steps. However, in contrast to TD children, in children with autism the kinematics of the first 

motor act was not modulated by the task difficulty. The findings thus suggest that children 

with autism have a deficit in chaining motor acts into a global action and instead program 

single motor acts independently of each other Fabbri-Destro et al., 2009).

Boria and colleagues (2008, as cited in Fabbri-Destro et al., 2009) provide 

further evidence in favour of the notion that autism is reflected by an impairment in the 

chained organization of the motor system. TD children and children with autism were tested 

by showing them pictures representing various motor acts. The acts were either a hand 

touching an object or a hand grasping an object in different ways. The children were 

instructed to tell the experimenter what the agent was doing and, in the case of grasping, why 

the agent was doing the action (e.g., using it for moving or placing it). The results revealed
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that children with autism had no difficulties in recognizing the motor acts, however, in 

contrast to TD children, they frequently failed in understanding the intention behind the motor 

acts.  

Fabbri-Destro and colleagues (2009) note that there exists a clear parallelism 

between the motor and cognitive deficits in children with autism. Their incapacity to translate 

their own intention into a motor chain appears to parallel their inability to understand the 

intention of others on the basis of the motor behaviour of others. Thus, motor and cognitive 

deficits coincide. 

Altogether, the findings presented above suggest that mirror neuron mechanism 

dysfunction in autism lies in the inability to organize chained motor acts mediating the 

understanding of intentions of motor actions performed by themselves or others.

4.2.2. Deficits in Imitative Ability

There is a well established association between autistic spectrum disorder and 

impairments in imitative ability (e.g., Rogers, 1999; Williams, Whiten & Singh, 2004, as cited 

in Williams et al., 2006). It has been suggested that impaired imitative skills in childhood may 

reflect a neurological deficit that could account for autistic syndromes. Imitating is influenced 

by the attribution of goals and intentions and is a means for representing self-other relations. 

According to Williams and colleagues (2006) it is important to find out whether individuals 

with ASD make use of the mirror system less or in a different way during imitation, or 

whether other neural structures required for imitation are affected. If imitation is crucial in the 

development of normal social cognitive functioning such investigations can possibly tell us 

much about the nature of the social cognitive deficit in autism. The researchers (Williams et 

al., 2006) carried out a study to test the hypothesis that neural systems underlying imitation 

behaviour function abnormally in individuals with ASD. It is in fact the first fMRI study 
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focusing on imitation in ASD. In the study three stimulus types were used. The first consisted 

of an animation of a left hand resting on a plain background with either the index finger or 

middle finger being lifted. In the second condition, a photograph of the hand at rest with a 

black cross marking either the index or the middle finger was presented. The third contained a 

plain background with a cross on the left or the right side of the screen. These stimulus types 

were used in both execution and observation conditions. In the execution conditions, the 

participants were instructed to raise the index or middle finger of their right hand according to 

whether they saw (a) the animation of an index finger or middle finger being lifted; (b) the 

cross marking the index or middle finger; or (c) the cross on the left or right side of the 

screen. In the three observation conditions, the participants were asked to observe the three 

types of stimuli and to not execute any motor acts. 

The results demonstrated robust differences between controls and the ASD 

group in the brain activation patterns associated with imitation. Whereas the healthy controls 

showed activity in areas of the right parietal lobe, this activity in the ASD group was greatly 

reduced during imitative conditions and absent during non-imitative conditions. There were 

also abnormal patterns of activity in associative brain areas which according to the authors 

seems to indicate poor integration between areas involved in visual analysis, motor action, 

proprioception and emotion processing. This poor integration may affect imitative functions 

as well as other aspects of social cognition and hence influence the development of the 

Theory of Mind (ToM) (Williams et al., 2006). 

4.2.3. Deficits in Understanding the Emotions of Others

Empathy, a feature of human interpersonal interaction, is important for sharing 

and understanding the feelings and intentions of other people and is of crucial importance for 

a well-functioning social life (Eisenberg, 2007, as cited in Minio-Paluello et al., 2009).



                                                                                           Mirror Neuron System in Autism 22

Although reduced or lack of empathy is considered a core feature of autism spectrum 

conditions neurophysiologial evidence supporting this is scarce. Studies carried out to 

investigate deficits in empathic abilities in autistic individuals and the role the MNS might 

play in this have mostly focused on the phenomenon of empathic pain. It is known that 

observing others suffering from either psychological or physical pain evokes empathetic 

feelings. Even though pain has been considered to be a private, subjective state, it is important 

to understand and experience others´ pain as it may help us learn how to minimize our own 

exposure to pain (Minio-Paluello et al., 2009).

Studies have shown that people with ASD are insensitive to the pain of others, 

that is, they demonstrate deficits in empathetic pain experience. For example, Minio-Paluello 

and colleagues (Minio-Paluello, Baron-Cohen, Avenanti, Walsh and Aglioti, 2009) used

transcranial magnetic stimulation (TMS) to explore a form of empathy called sensorimotor 

contagion. In typical individuals this type of empathy is elicited when observing painful 

stimuli applied to another person’s body (e.g., Avenanti, Bueti, Galati & Aglioti, 2005, as

cited in Minio-Paluello et al., 2009). Sensorimotor contagion is indicated by the reduction of 

corticospinal excitability recorded from the specific part of the body which is affected by the 

observation of the painful stimuli. The question under investigation was whether individuals 

with Asperger syndrome (AS) do embody other’s pain as if they were feeling it and also if 

their empathic difficulties may extend from higher-order to more basic levels of neural 

processing.

In this study, sixteen men diagnosed with Asperger syndrome (AS) and twenty

neurotypcial individuals were asked to view four types of video clips showing either (a) a 

static right hand, (b) a needle deeply penetrating a right hand-muscle (the dorsal interosseous, 

FDI), (c) a cotton swab gently touching the FDI region, or (d) a needle deeply penetrating a 

tomato. Functional modulation of corticospinal excitability was estimated during observation 
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of the video clips. Additionally, motor-evoked potentials (MEPs) were induced by focal 

single-pulse TMS of the left primary motor cortex (M1) and were recorded from two right-

hand muscles: the FDI and the abductor digiti minimi (ADM).

Results showed that, in contrast to the control group, participants diagnosed 

with Asperger syndrome did not show a muscle-specific modulation to the observation of

other’s pain. This means, that when observing others being in pain they do not respond as if 

they were themselves affected by the harmful stimulation (e.g., Avenanti et al., 2006; Farina 

et al., 2003 & Svensson et al., 2003, all cited in Minio-Paluello et al., 2009). Importantly, 

when asked to imagine how they would feel receiving the painful stimulation seen in the 

video clips and rate the sensory and affective qualities of the imagined pain, the neurotypcial 

controls and individuals with AS had similar ratings indicating that the observed difference is 

not due to AS individuals being generally insensitive to pain. Moreover, corticospinal 

inhibition showed to be maximal in participants with fewer autistic traits and in individuals

with higher scores on empathic ability. 

Furthermore, control participants´ response to the observed painful action was 

found to be related to the sensory relevance of pain attributed to the model and thus, the more 

somatomotor contagion there was, the stronger the imagined pain. For individuals with AS the 

response was instead related to the level of self-oriented arousal experienced while watching 

the video-clips, meaning that the more somatomotor contagion, the weaker the arousal was. 

According to the authors, these results refer to the fact that autistic individuals seem to code 

others´ pain in a self-oriented manner. The tendency to respond in a self-oriented way may be 

linked to the inability to incorporate the model’s hand into ones own sensorymotor system 

(Minio-Paluello et al., 2009). 
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As such, the lack of sensorimotor contagion, that is the lack of embodiment of 

others´ pain, can be considered as an indication of reduced empathy and the presence of 

autistic traits. 

5. Criticism of the Broken Mirror Theory of Autism Spectrum Disorder

The autistic mirror neuron dysfunction hypothesis (AMNS) proposes that the 

mirror neuron system is dysfunctional in individuals with autism. However, a number of 

findings challenge the hypothesis suggesting that the evidence for this is inconsistent and 

inconclusive.

For example, de C. Hamilton and colleagues (2007) have executed a range of 

studies to test the broken mirror theory in autism spectrum disorder. In one study the 

researchers used a gesture recognition and imitation task to assess the ability of autistic 

children to understand the actions of others. The study examined the performance of 25 

children with ASD and 31 typically developing children of the same verbal mental age on 

four action representation tasks and a theory of mind battery. The results revealed that despite 

being impaired in the theory of mind tests, the ASD children performed as good as controls in 

the imitation of hand actions. Moreover, ASD children showed superior performance in the 

gesture recognition task. As the imitation and gesture recognition tasks both rely on the mirror 

neuron system, these results provide clear evidence against a general imitation impairment 

and a global mirror neuron system deficit in children with autism and thus challenge the 

broken mirror theory. 

It is known that typically developing children tend to imitate movements as if 

they were looking into a mirror (Wapner and Cirillo, 1968, as cited in de C. Hamilton et al., 

2007). For example, it has been shown that when children are asked to copy an adult who 
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moves his or her hand to cover a left or right target on the table top, they make a high 

proportion of hand errors when the experimenter moves the hand across his or her body to 

cover a contralateral target. It is proposed (Bekkering, Wohlschlager & Gattis, 2000; Gattis, 

Bekkering & Wohlschlager, 2002; all cited in de C. Hamilton et al., 2007)  that this error does 

not reflect simply a reluctance to cross the midline because children are able to imitate 

crossed-hands trials. Instead, the child represents the goal of the action, “touch the right” 

target and gives that a higher priority than the means of the action, “use left hand”. Thus, 

children imitate the goal but use the more convenient right hand which results in a hand error. 

The contralateral error is found more frequently when goals are visible on the table top than 

when the target is unmarked and the action does not have a prominent goal. This means, the 

presence of hand errors on contralateral movement trials provides evidence that children are 

able to represent and imitate the goal of an adult’s action (de C. Hamilton et al., 2007). 

It has been suggested (Avikainen, Wohlschlager, Liuhanen, Hanninen & Hari, 

2003, as cited in de C. Hamilton et al., 2007) that autistic individuals fail to take advantage of 

mirroring and thus show poor motor planning abilities. In other words, the AMNS hypothesis 

predicts that autistic individuals do not show this characteristic hand error pattern   and prefer 

to imitate the hand used to perform the action instead of the goal of the hand movements. To 

test this hypothesis, de C. Hamilton et al. (2007) carried out a study investigating whether 

participants with ASD have a preference for anatomical imitation over mirror imitation. The 

authors used a variation of the experiment described above with the only difference that the 

target locations were arranged in a single line between the child and the experimenter, 

meaning that each target could be reached equally well with either hand. On each trial the 

experimenter moved her hand to one target location and asked the child to copy the 

movement. If the child had a preference for mirror imitation, he or she would be expected to 

use his or her right hand when the experimenter modelled the action with her left hand and 
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vice versa. Contrary to expectations, the results demonstrated that similarly to controls, the 

ASD children preferred mirror imitation. All children, typically developing as well as autistic 

children, find motor planning difficult, still they are able to take advantage of the 

experimenter’s demonstration to improve their performance. According to the authors, the 

findings demonstrate that , children with ASD show  the same level of motor planning as do 

controls and are able to understand and imitate the experimenters’ goal in the imitation tasks 

(de C. Hamilton et al., 2007). 

Based on the studies demonstrating intact imitative abilities in autistic individuals, a 

broader “principle of mirroring” has been put forward  proposing that imitation does not 

solely depend on the MNS (e.g., Carpenter el al., 2001; Hamilton et al., 2007; Dapretto et al., 

2006, all cited in Southgate & de c. Hamilton, 2008). According to this theory, the neural 

substrates of mirroring include the traditional mirror neuron regions in frontal and parietal 

cortices but also extend to any brain regions showing overlapping activation during self and 

other related processes, including areas involved in somatosensory and emotional processing. 

As such, imitation behaviour cannot be localized to a single brain system but rather different 

types of imitation involve different cognitive and neural systems.  For example, when 

imitating a meaningful hand action, brain region for representing, understanding and planning 

goal-directed hand actions are involved, while imitating facial expressions involves regions 

for representing, understanding and performing face movements. Thus, it would be 

implausible to expect a single neurocognitive mechanism to underlie imitation in either the 

typical or autistic brain. Moreover, since the visual system is a necessary input to the MNS, it 

is plausible that abnormal visual processing in autism could be the cause of abnormal 

responses within the MNS. Therefore, different roles of hand processing, face processing, 

emotion processing and other social-motor domains should be examined, in both the 
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perceptual and motor behaviour of children with autism and atypical MNS activity when 

viewing biological actions should not be automatically attributed to a dysfunctional MNS.

In addition to action and intention understanding deficits, several studies suggest 

that the broken mirror theory of autism spectrum disorder cannot give a satisfactory 

explanation for the impairments in emotion understanding of others associated with the 

condition. It has been consistently demonstrated (e.g., Hobson, 1986; Capps et al., 1993; 

Bölte & Poustka, 2003; all cited in Bölte, Feineis-Matthews & Poustka, 2008) that ASD 

individuals have problems in not only understanding the emotions of other people but also in 

experiencing the feelings themselves thus referring to deficits in emotion processing in 

general. For example, in a study by Bölte and colleagues (2008) physiological response and 

affective report in 10 adult individuals with autism and 10 typically developing controls was 

measured. The researchers applied an emotion induction paradigm using visual stimuli to 

evoke fear, anger, disgust, happiness as well as sadness and collected self-report data on the 

experienced feelings in terms of valence, arousal and dominance (Bölte et al., 2008). The 

physiological measurement included measures of pulse rate and blood pressure. The results 

revealed atypical emotion processing in terms of physiological reactivity and affective report 

in autism. More specifically, autistic individuals experienced reduced arousal when viewing 

sad pictures and increased arousal to neutral stimuli. Additionally, they reported more control

when viewing fearful and sad pictures. 

As to the structural alterations observed in MNS areas in autistic individuals 

(Hadjikhani et al., 2006), it is important to note that it cannot be determined whether the 

observed anatomical differences are a cause or a consequence of behavioural abnormalities.  

For this, longitudinal studies need to be carried out. Also, more studies are needed to probe 

the functional integrity of the mirror  network in ASD and to investigate its associations with 



                                                                                           Mirror Neuron System in Autism 28

changes in cortical thickness, brain activation patterns and the severity of the problematic 

behaviour in autism (Hadjikhani et al., 2006). 

Altogether, the findings described above cast doubt on the broken mirror theory of 

ASD indicating that the evidence for a direct, causal relationship between the MNS regions of 

the human brain and social difficulties related to autism are at best weak.  Even if an 

experiment revealed a strong relationship between the altered activation of the MNS regions 

in the autistic brain and an impaired Theory of Mind in ASD individuals, this would not prove 

that the MNS activity causes poor social cognition in autism. It might well be that lack of 

attention to social or communicative cues, originating in other areas of the brain, could cause 

abnormal responses in the MNS instead (Southgate & de C. Hamilton, 2008). 

6. Discussion

Several years have passed since the discovery of mirror neurons and during this 

time researchers have made great progress in mapping out the functional as well as structural 

features of the mirror neuron system (MNS). The mirror mechanism is thought to engage a 

large network of brain areas, such as the frontal and parietal cortices as well as the limbic 

regions. In addition to being involved in action understanding, studies have shown the MNS is 

also involved in understanding the goals (Gangitano et al., 2004, as cited in Fabbri-Destro & 

Rizzolatti, 2008), intentions (e.g. Cattaneo et al., 2007, as cited in Rizzolatti & Fabbri-Destro, 

2008) and emotions (Gallese et al., 2004 and Singer et al., 2004 as cited in Fabbri-Destro & 

Rizzolatti, 2008) of other people. 

As many of these capacities seem to match deficits seen in autism spectrum 

disorder (ASD) (e.g., autism and Asperger syndrome) it is suggested that autistic individuals 

have a dysfunctional mirror neuron system (e.g., Rizzolatti et al., 2009). A number of studies 
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offer support for the so-called broken mirror theory of ASD demonstrating structural and 

functional abnormalities in the MNS of autistic individuals. They have been shown to have 

reduced cortical grey matter volume in MNS areas (Hadjikhani et al., 2006) as well as 

impairments in the function of the MNS while engaging in activities demanding imitative 

abilities (eg., Williams et al., 2006), action (eg., Théoret et al., 2005; Cattaneo et al., 2007; 

Fabbri-Destro et al., 2009) and intention (eg., Boria et al., 2008) understanding and 

empathetic capabilities (eg., Minio-Paluello et al., 2009). 

In contrast, several other studies question the hypothesis that the dysfunctional 

mirror neuron system underlies the impairments seen in ASD. These include findings 

demonstrating the intact ability of autistic individuals in understanding and imitating the goals 

of actions (e.g., de C. Hamilton and colleagues, 2007) as well as research results indicating 

that deficits in the empathetic capabilities of autistic individuals may stem from an emotion 

processing impairment in general, rather than a malfunctioning MNS (e.g., Bölte et al., 2008). 

Due to the existence of contradictory findings and theories, it is early to make 

any conclusive statements as to the exact role the MNS plays in autism spectrum disorder. A 

lot of research still needs to be carried out to shed more light upon the involvement of the

MNS in this developmental disorder as well as to offer a more detailed picture as to the 

functional properties of the brain areas under question.

7. Future Directions

Although evidence supporting the link between a dysfunctional MNS and ASD 

is far from being conclusive, continued research on the neural substrates of the mirror 

mechanism can have important practical implications in the future. Information concerning 

the mirror mechanism could be used to establish new rehabilitation strategies. These strategies 
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would be based on a motor approach, and the expectation is that if it is possible to improve 

the motor knowledge of individuals with ASD, their social knowledge and behaviour would 

also be enhanced (Rizzolatti et al., 2009). 

The non-invasive manipulation of MNS activity may also provide a new 

approach to improve emotion modulation in ASD patients, and could possible lead to overall 

clinical improvement in these individuals. Based on the fact that mirror neurons fire to both 

observed and performed actions it is suggested that there exists a possibility for observation-

based learning or even rehabilitation (e.g., Iacoboni & Mazziotta, 2007; Rossi & Rossi, 2006, 

as cited in Yuan & Hoff, 2008). 

There is ample evidence showing that many forms of experience, including 

physical exercise, sensory perception as well as direct brain stimulation and drugs, all may 

alter existing synaptic connectivity or induce synaptogenesis. Considering the neurobiological 

role of MNS in emotional disorders inherent in both autism and post-stroke conditions, Yuan 

and Hoff (2008) believe that targeted MNS activation could be used to prevent and/or 

improve the emotional disorders accompanying these conditions. Also, the existence of audio-

visual mirror neurons, cells that respond to sounds specific for certain actions, suggests that 

combined therapies including both, visual and auditory stimulation, would maximize the 

therapeutic outcome. 

Furthermore, MNS-based therapy, as an alternative to pharmaceutical 

approaches to improve depression and other negative mood states, could provide a novel and 

non-invasive approach for improving the physiological and psychological condition of brain-

injured patients.
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