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ABSTRACT 

 

 

 

 Brain research in primates and humans suggests evidence for a neurological 

system, a mirror neuron system, responsible for providing representations not only of an 

individual’s motor, emotional, and cognitive states, but also those states of another. These 

overlapping, or shared, representations provide a neurological link between self and 

other. Further evidence suggests a positive association between the attenuation of a 

specific electroencephalography signal, the Mu rhythm, and the activation of this mirror 

neuron system. The current study sought to elicit the attenuation of the Mu rhythm across 

tasks tapping into motor, emotional, and cognitive components of empathy, so as to 

verify the Mu rhythm as a signature of the mirror neuron system, and demonstrate mirror 

neuron involvement during empathic tasks. Results indicated that the emotional empathy 

task produced Mu rhythm attenuation, while the motor and cognitive tasks did not. A 

significant difference between Mu rhythm attenuation during the emotional and cognitive 

tasks existed, but not between the motor task and emotional and cognitive tasks. Analysis 

indicated the origin of the Mu rhythm over the sensorimotor cortex. This suggests that 

shared sensorimotor representations are utilized during emotional empathy, while it is 

unclear whether they are used during motor and cognitive empathy. 
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Many people possess a mixed understanding of empathy. One might say empathy 

pervades the daily experience of nearly all human beings with a semiautomatic and 

familiar air. People will naturally reference the emotions and perspective of others to 

express a social feeling or analyze a social interaction. Empathic emotions possess a 

sometimes inescapable grip on those who bear witness to the suffering of others.  

Moreover, it seems as though one cannot function in society without a minimal level of 

mastery over interpreting the mind-state of others. Yet like many other psychological 

phenomena that arise as part of the human condition, empathy remains a mysterious but 

provocative topic throughout the academic disciplines. 

A review of the literature addressing developments in empathy research follows. 

This review delineates the nature of empathy as a research topic, a pursuit focusing 

mainly on semantics, so as to provide useful considerations when theoretically examining 

the phenomenon. This review subsequently examines the literature on empathy, 

providing details into its theoretical and neurological manifestations. Finally, with a top-

down and bottom-up account of empathy, the current study presents an attempt to 

experimentally validate the posited interpretation of the literature and theory to date. 

Literature Review 

Empathy Theory 

 Defining Empathy. 

A discussion on empathy normally begins with presenting or developing a 

functional definition of the term empathy itself. The difficulty of this endeavor arises 

immediately when one considers empathy in its various occurrences as a topic of interest, 

as well as a psychological phenomenon, even in the layperson’s world. Countless 
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empathy researchers have conducted their research under the guise of a personal or 

particular definition of empathy (Batson, Fultz, & Schoenrade, 1987; Berger, 1987; 

Decety & Jackson; Decety & Meyer, 2008; Eisenberg & Fabes, 1990; Greenson, 1960; 

Goldman, 1993). As a result, the academic conjecture and research on empathy has tied 

the term with a handful of related but fundamentally independent phenomena, leaving the 

term empathy ambiguous and polysemantic. These definitions, though fairly specific, are 

really addressing the same broad concept, and a unifying conceptualization of the term 

empathy would provide a strong foundation to interpret and guide the literature. To this 

end, one should restrain from defining empathy within specific bounds, and attempt to 

develop a broader conceptualization of the phenomenon before providing a formal 

definition and experimenting. Therefore, I will review the literature that specifically 

confronts the conceptual ambiguity of empathy, and present a broad definition. 

 From the literature, Davis (1996) provides an early description of the current 

state of semantic conflict among empathy researchers. He expresses the dire circumstance 

of Balkanizing the study of empathy with local, rather than global, definitions. Moreover, 

Davis (1996) presents a broad definitional framework for the purposes of highlighting the 

connections between reoccurring constructs in the literature. Research would benefit 

from working under a global and unified semantic framework, with an acknowledgement 

that empathy takes many forms and shows many faces. Davis (1996) identifies four 

separate constructs of interest that arise in empathy research: antecedents, processes, 

intrapersonal outcomes, and interpersonal outcomes. Figure 1 shows Davis’s (1996) 

framework and displays the interaction between primary categories. 
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Figure 1 – Davis’s (1996) Definition Framework of Empathy. 

 

Figure 1. Conceptual framework of empathy as a collection of interacting categories. 

Adapted from Davis (1996). Antecedents precede and shape processes, while processes 

produce intrapersonal and interpersonal outcomes. 

As shown, antecedents are characteristics of the observer, the other, or the 

situation. Antecedents could entail biological capacities of the observer and other, 

individual differences between them, and their respective learning histories or 

experiences. Antecedents precede and influence all aspects of empathy, playing a very 

deterministic role.  
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Processes are the particular mechanisms by which empathic outcomes are 

produced, and can be classified as noncognitive, simple cognitive, or advanced cognitive 

processes. To elaborate, noncognitive processes include primary circular reaction and 

motor mimicry. Both primary circular reaction and motor mimicry play an early role in 

empathic, and cognitive, development, hence their noncognitive categorization. Primary 

circular reaction is the seemingly innate tendency for newborns to cry in response to the 

crying of other newborns (Davis, 1996). Motor mimicry primarily involves the act of 

putting oneself into the same bodily state as another, or as Davis (1996, p. 15) puts it: 

“the tendency for observers to automatically and largely unconsciously imitate the other.” 

These processes are seen in newborns and are inherently non-cognitive, or require no 

abstract thought. 

Simple cognitive processes include classical conditioning, direct association, and 

labeling. Classical conditioning, in the case of empathy, involves the association of 

perceptual cues to a known or common affective state of another (Davis, 1996). Direct 

association refers to the tendency for humans to associate external cues with previously 

experienced emotions that are similar to known, or shared affective states of another. 

Thus, these external cues will elicit the associated emotions in the observer. Labeling is 

the process by which an observer uses simple cues to infer something about a target. 

Simple cognitive processes occur at very early stages of development, and are, by 

namesake, simple. 

The last of empathic processes provided by Davis (1996) are language-mediated 

association, elaborated cognitive networks, and role-taking, and they each characterize 

advanced cognitive processes. Language-mediated association is similar to direct 
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association, except the external cue takes the form of symbols or language, and these cues 

come to elicit emotions in a similar fashion as environmental cues during direct 

association. Elaborated cognitive networks are utilized when an observer uses cues to 

activate stored information within semantic frameworks. Role-taking, as the most 

advanced cognitive process, is defined as the attempt by an individual to understand 

another by imagining the other’s perspective. These processes, though classified as non-

cognitive, simple cognitive, or advanced cognitive, are all in essence cognitive 

psychological constructs that presumably have a neurological basis in the brain. Davis 

(1996) himself admits that during his time there existed little research on empathic 

processes. 

Intrapersonal outcomes refer to cognitive and affective responses produced in the 

observer that do not manifest in overt behavior toward the target. Parallel and reactive 

responses, empathic concern, personal distress, and anger all characterize affective 

intrapersonal outcomes, while interpersonal accuracy and mental attribution judgments 

are non-affective.  Interpersonal outcomes refer to behavioral responses directed toward 

the target. Interpersonal outcomes include: helping, aggression towards the transgressor 

of a perceived victim, and social behavior. Outcomes are normally the most salient and 

observable constructs in psychology, thus they are primarily emphasized in earlier 

research. Psychologists can normally measure intrapersonal and interpersonal outcomes 

through the use of questionnaires, or surveys, which can provide quantifiable measures of 

a specific psychological construct through rigorous validation processes. One of the most 

important questionnaires, or subjective measures, of empathy is the Interpersonal 

Reactivity Index (IRI) developed by Davis himself (1980, 1983). The IRI provides a 
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multidimensional measure of interpersonal and intrapersonal outcomes, which 

theoretically reflect empathic tendencies in individuals. 

With Davis’s (1996) broad definitional framework, one can see the many facets of 

empathy as a research topic. Davis (1996) presents an examination of empathy 

antecedents, processes, interpersonal and intrapersonal outcomes, from a 

social/personality perspective using this framework. From this perspective, however, 

Davis focuses primarily on intrapersonal and interpersonal outcomes, and does not 

provide substantial elaboration on empathic processes. Though this approach worked to 

provide useful subjective and self-report measures of empathy, like the Interpersonal 

Reactivity Index (Davis, 1980; Davis, 1983), it directs focus primarily on personality and 

overt individual social and behavioral tendencies over time. Thus, this approach places 

less emphasis on developing an account for the underlying mechanisms, or processes, 

that elicit real-time empathic behavior. To provide an appropriate elaboration of empathic 

processes, one would incorporate the use of a neurocognitive approach. The 

neurocognitive approach treats psychological phenomena more concretely and 

objectively by specifically examining neurologically expressible processes with specific 

functional roles. As mentioned before, Davis (1996) deliberately adopts a 

social/personality approach, and neurological research was at its infancy during his time, 

so one must look to more recent research to understand empathic processes from a 

neurocognitive perspective--this will occur later in the review. 

To summarize, empathy as a research topic exists as a collection of concepts that 

categorize into antecedents, processes, and outcomes, as Davis (1996) pointed out. 

Empathic processes seemingly take on a central role, as certain antecedents precede and 
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shape processes, while processes lead to certain behavioral and psychological outcomes. 

This warrants a discussion on the nature of empathy as a process, or rather, a collection of 

processes. Examining empathy under this restriction befits a neurocognitive approach 

most adequately, as this allows one to isolate the neural systems responsible for real-time 

act of empathic processing. 

Davis (1996) has laid an extensive groundwork. Despite Davis’s (1996) focus on 

empathic outcomes, his process-outcome distinction proves important even today. A rift 

in the literature, since the early days of empathy research, demonstrates this. Like Davis 

(1996), researchers tended to focus primarily on the prosocial outcomes of feeling 

another’s sorrow, while conjecturing little on the processes that bring one to feel 

another’s sorrow (Ianotti, 1978; Doescher & Sugaware, 1992; Denham, 1994; Roberts & 

Strayer, 1996; Eisenberg-Berg, 1979; Manger, Eikeland, & Asbjounrsen, 2001; Young, 

Fox, & Zahn-Waxler, 1999; Zahn-Waxler, Robinson, & Emde, 1992). This process-

outcome distinction provides a means to sift through the literature to find research that 

addresses empathic processes specifically.  

With the process-outcome distinction in mind, one can look to more recent 

literature for etymological reviews of empathy, in the hopes of capturing accounts of 

different empathic processes. Batson (2009) provides a comprehensive and useful 

examination of empathy’s various semantic and conceptual forms. To start, Batson 

(2009) portrays empathy research as driven by the desire to answer two questions: “How 

can one know what another person is thinking and feeling?” and "What leads one person 

to respond with sensitivity and care to the suffering of another?" These questions, 

however, reflect the process-outcome distinction presented by Davis (1996). To most 
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empathy researchers, the answer to the first question is the answer to the second question, 

in that, if one can come to understand what another is thinking and feeling, then one will 

be more likely to respond with sensitivity and care to the suffering of another. 

Batson (2009) goes on to describe empathy in its broadest conceptualization as a 

conglomeration of eight independent but related phenomena, each of which received the 

label of empathy at one point in history. Batson (2009) identifies eight such concepts as 

follows: 1) Knowing another person’s internal state, including his or her thoughts and 

feelings; 2) Adopting the posture or matching the neural responses of an observed other; 

3) Coming to feel as another person feels; 4) Intuiting or projecting oneself into another’s 

situation; 5) Imagining how another is thinking and feeling; 6) Imagining how one would 

think and feel in the other’s place; 7) Feeling distress at witnessing another person’s 

suffering; and 8) Feeling for another person who is suffering. Since each of these 

concepts received the label of empathy at some time, one can easily see the term has 

become conflated to the point of confusion. 

Despite this confusion, these concepts maintain an underlying relatedness, or 

structure, that expresses itself in their persistent interchangeability in the literature. To see 

this, one must further distinguish the concepts outlined by Batson (2009), by categorizing 

them using the process-outcome distinction mentioned before. Concepts two, three, four, 

five, and six implicitly attribute specific empathic processes, whereas concepts one, 

seven, and eight characterize specific outcomes or desired states after empathic 

processing. See Figure 2 for details.  

 The processes described by Batson (2009), as categorized with the process-

outcome distinction, are broader conceptualizations of the processes described by Davis 
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(1996). Batson’s (2009) second concept subsumes the noncognitive processes: motor 

mimicry, imitation, and primary circular reaction. Batson’s (2009) third concept, coming 

to feel what another feels, subsumes all of Davis’s (1996) simple cognitive processes, 

classical conditioning, direct association, labeling, as well as language-mediated 

association, and elaborated cognitive networks as advanced cognitive processes. Batson’s 

(2009) fourth, fifth, and sixth concepts characterize role taking. Under the neurocognitive 

approach, these processes presumably possess an underlying neurological substrate, yet 

one can apply more theoretical accommodations to these constructs before addressing 

recent neurological findings. 
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Figure 2 – Batson’s (2009) Eight Conceptualizations of Empathy.  

 

Figure 2. The process-outcome distinction applied to Batson’s eight conceptualizations 

of empathy. Each of the concepts numbered one through eight have been labeled as 

empathy throughout the history of the term. They can be divided into processes and   

outcomes. 

 A Componential Approach. 

This review continues to examine a collection of empathic processes compiled 

from Davis’s (1996) framework and Batson’s (2009) list of concepts. As mentioned 

before, this collection of processes presents an underlying structure, aside from the 

process-outcome distinction. These processes synthesize into more global categories as 
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motor, emotional, or cognitive empathic processes. Motor empathy, in essence, subsumes 

empathic processes such as adopting the posture/neural response of another. The 

emotional empathy category is comprised of the process of coming to feel as another 

feels. Cognitive empathy involves role-taking, imagining how another is thinking and 

feeling, and imagining how one would think and feel in the other’s place. Another class 

of processes including conditioning, direct association, language-mediated association, 

and labeling, fall under a separate category as associative or learning processes and 

incessantly resonate throughout the literature alongside empathic processes. In essence, 

though all of the processes comprising the components of empathy have strong 

interrelatedness, at the very least indicated by their interchangeability in the literature. 

It is reasonable to assume the empathic processes, such as adopting the posture or 

matching the neural responses of an observed other, coming to feel as another person 

feels, intuiting or projecting oneself into another’s situation, imagining how another is 

thinking and feeling, imagining how one would think and feel in the other’s situation, all 

have some neurological basis in the brain. Given their conceptual similarity, these 

processes presumably express themselves as either the manifestation of one neurological 

system or as a collection of tightly integrated subsystems with primary representational 

abilities along motor, emotional, and cognitive dimensions. In either case, one 

neurological system, or a collection of subsystems, provides every piece along the motor, 

emotional, and cognitive dimensions of representation, so as to encompass the entirety of 

another human as a psychological being who possesses physical and meta-physical 

characteristics. 
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Some theoretical literature directly supports a broader, componential approach to 

understanding various empathic processes, in contrast to the tendency for researchers to 

study specific definitions and details within each component. Blair (2005) advocates this 

theoretical standpoint, and he reiterates the common multi-appropriation of the term 

empathy to a collection of neurocognitively separable processes. Blair (2005) states these 

processes are primarily responsible for representation along the motor, emotional, and 

cognitive dimensions of empathy. Blair’s (2005) comments are similar to Davis’s (1996) 

and Batson’s (2009), in that they all acknowledge the scattered conceptualizations of 

empathy, but Blair (2005) reduces these conceptualizations to these three dimensions. He 

suggests conceptualizing the process of empathy as a distributed network of 

neurocognitive processing subsystems with their own disparate neurological 

manifestations, but that these neurological manifestations do overlap to a certain extent.  

One result of this neurological overlap has been the constant conflation and 

interchangeability of the various empathic neurocognitive processes in the literature. 

Blair (2005) uses a fairly neurocognitive approach and provides conceptual descriptions 

of each component of empathy and evidence for their neurological correlates in the 

human brain. The components will now be described in more detail. 

Blair (2005) defines the motor empathy component as the tendency to 

automatically mimic and synchronize facial expressions, vocalizations, postures, and 

movements of another. Blair (2005) suggests humans use personal action representations 

as a resource for representing the actions of others. In other words, humans utilize the 

same representations of action for themselves as they do for others. Thus, there must exist 

a neurological overlap of how humans represent their own actions and how humans 
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represent the actions of others. Blair (2005) provides a neurocognitive model, known as 

the perception-action model (Preston & de Waal, 2002), to account for this, as well as 

neurological evidence, and both are expanded upon later. 

Blair (2005) provides no formal definition of emotional empathy, but identifies 

two main forms of emotional empathy. Blair (2005) characterizes the first form of 

emotional empathy as emotion recognition, and suggests cortical and subcortical 

pathways that demonstrate an interaction between the interpreted emotion and the 

activation of specific brain regions. Blair (2005) states these pathways also demonstrate a 

strong overlap with aversive conditioning and discrimination learning pathways, where 

the valence and context of the emotion provides appetitive or aversive conditioning 

stimulation. Moreover, Blair (2005) identifies the second form of emotional empathy as a 

response to emotional stimuli, particularly language. Both forms of emotional empathy 

described by Blair (2005) reflect the aforementioned influence of learning processes on 

empathic processes, and in essence, specific physical expressions become associated with 

environmental stimuli to produce emotional understanding. Other neurocognitive 

processes, other than learning and association processes may produce empathic emotions. 

For example, Hoffman (2000), discussed below, provides a theoretical neurocognitive 

process that may produce empathic emotions, with a possible neurological basis that is 

similar to the shared representation approach to motor empathy. Hoffman’s (2000) theory 

is later elaborated upon. 

As for the cognitive component of empathy, Blair (2005) essentially labels the 

entire theoretical conception of theory of mind as cognitive empathy. Theory of mind 

refers to the ability to represent the mental states of others, including their thoughts, 
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desires, beliefs, intentions, and knowledge (Premack & Woodruff, 1989). The means 

through which individuals develop such a representation of another’s mind remains a 

divided topic. One account provided by theory of mind researchers suggests, again, a 

shared representation mechanism responsible for cognitive empathy. 

In essence, using Blair’s (2005) componential conceptualization of empathy, one 

finds the theoretical literature is converging on a shared representation account of 

empathic processing, in that, there exists a neurocognitive mechanism, or process, 

responsible for representing motor, emotional, and cognitive features of another. More 

details into major theoretical models for each component of empathy follow, and should 

clearly demonstrate the shared representation account as a major influence during motor, 

emotional, and cognitive empathic processing. 

The perception-action model (Preston & de Waal, 2002) theoretically elucidates 

this shared representation account for how humans represent the perceived actions of 

others. This model is one of the first theories to present a strong neurological and 

process-oriented viewpoint, with evolutionary implications on the environmental and 

epigenetic levels. The perception-action model is an extension of the ideomotor 

framework, or perception-action hypothesis (Preston & de Waal, 2002). The perception-

action hypothesis is one of two major theories of action, which states that representations 

of perceived actions and executed actions overlap (Preston & de Waal, 2002). A specific 

example of this would be if a lesion on an individual’s brain caused an inability for that 

individual to imitate as well as independently produce a specific action. The other major 

theory of action, the sensory-motor framework, implicates a stimulus to response 

mechanism that coordinates the interaction between perceptual and motor representations 
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within the brain (Iacoboni, 2009). In this case, a lesion to an individual’s perceptual 

representation of a specific action would not prevent them from performing the action 

independently. The way in which humans so seamlessly, even automatically, imitate 

others suggests the perception-action hypothesis provides the most realistic, and thus 

speedy, account of motor empathy. 

From the perception action hypothesis, the perception action model states,  

“…that attended perception of the object’s state automatically activates the subject’s 

representations of the state, situation, and object, and that activation of these 

representations automatically primes or generates the associated autonomic and somatic 

responses, unless inhibited” (Preston & de Waal, 2002, p. 4). In essence, the main 

premise of the perception-action model is that perception of action effortlessly activates 

one’s own representations for that action, and output from this shared representation 

automatically proceeds to other areas of the brain, where responses are prepared and 

executed. Thus, the model provides a speedy connection between observed and executed 

action through the use of shared representations. 

Hoffman (2000) presents one of the most comprehensive, outcome-based, 

theoretical accounts of empathic mechanisms, with a focus on the emotional dimension. 

Hoffman (2000) makes an important conclusion on the evolutionary and developmental 

linearity of motor mimicry, classical conditioning, direct association, language-mediated 

association, and role taking. Hoffman (2000) constructs a hierarchical structure for these 

empathic processes, with fundamental non-verbal neonatal processes leading and 

contributing to high level abstract cognitive processes (see Figure 3).  
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Figure 3 - Hoffman’s Empathic Mechanisms. 

 

Figure 3. Hoffman’s empathic mechanisms and their developmental linearity. These      

empathic mechanisms begin developing from birth, following a path from motor to 

emotional and cognitive empathic processes. 

Hoffman (2000) presents more than just a description of apparent empathic 

processes, but also an emphasis on the influence of empathy on all facets of 

development--specifically motor, emotional, and cognitive development. Hoffman (2000) 

suggests as an individual develops from birth, they first use primary circular reaction and 
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imitation to develop a physical representation of self, which contains emotions and 

thoughts that are independent from what is perceived. From this, an individual gains 

interpersonal and intrapersonal insight. Hoffman (2000) states humans possess an 

automatic tendency to adopt physical, or motor, manifestations of mental states, such as 

facial expressions, crying, or laughter. Humans then reflect upon the somatosensory, or 

afferent, feedback of these states to build a representation of what different emotions 

mean. This theory parallels the perception-action model (Preston & de Waal, 2002), 

implicating a shared representation account for emotions as well. 

One proposition by theory of mind researchers is that humans gain the knowledge 

of what it is like to fill the position of another individual by developing lay theories or a 

folk-psychology of how a mind responds to certain situations. This proposition is 

otherwise known as theory theory (Carruthers, 1996). Simulation theory, on the other 

hand, posits a cognitive mechanism through which humans simulate the experiences of 

another individual, in order to draw inferences from the output of an off-line or ‘pretend’ 

recruitment of our own cognitive mechanisms (Gordon, 1996). Simulation theory 

presents itself as another theory implicating the use of shared representations to account 

for the understanding of others, whereas theory theory is a theoretical account of the 

learning and associative empathic processes. Theory of mind researchers suggest a 

converging theory, combining both theory-driven and simulation-driven processes 

(Gallese, Keysers, & Rizzolatti, 2004). 

In summary, various theoretical perspectives approach the different components 

of empathy with conceptually similar accounts. This suggests a strong interaction among 

empathy components, as well as a similar neurological substrate, which seemingly would 
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possess shared representational properties. These theoretical accounts also demonstrate 

an interaction between associative and learning processes and empathic processes to 

create simulation and association based representations of others. This may at least be the 

case in terms of cognitive and emotional empathy, states not as easily observed in others. 

Thus, with these broad conceptualizations of empathic processes, I define empathy as the 

overall process by which individuals employ the use of shared representations and 

learning processes to internally recreate and act upon the motor, emotional, and cognitive 

states of another individual.  

What follows is evidence of a possible neurological substrate for the shared 

representation phenomenon, seen in this definition, and as it occurs in the literature 

across the dimensions of empathy. But first, one should understand the extent of 

interaction between the components of empathy. Facial emotion recognition seems to 

capture the greatest interaction between motor and emotional empathy. Hoffman’s (2000) 

afferent feedback mechanism accounts for this. Blair (2005) suggests that emotional 

empathy may depend upon the reflections incurred by the representations of others’ 

mind-states. In other words, he develops an interaction between emotional and cognitive 

components of empathy. Further conjecture suggests humans may make use of empathic 

emotional capacities to draw inferences about the beliefs, intentions, and thoughts of 

others. Thus, one can see a bidirectional interaction between cognitive and emotional 

empathy. The most prominent theory of emotion today emphasizes a bidirectional 

interaction between thoughts and emotion within the individual; it only makes sense for 

our representations of others’ thoughts and emotions to reflect this two-factor theory of 
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emotion (Feldman Barret, Mequita, Ochsner, & Gross, 2007; Schachter & Singer, 1962; 

Aron & Duton, 1974).  

Neurological Basis of a Shared Representation Account 

A review now follows on the neurological expression of a shared representation 

account that occurs in models addressing the different components of empathy. Neurons 

in general work to provide cell-to-cell communication through the use of electrical and 

chemical signals. A neuron is said to fire when it produces an electrical signal or action 

potential. The firing rate of a neuron, as well as the location of the neuron within a 

network of neurons, serves to biologically code or represent information from the 

environment. Thus, one can determine what the neuron serves to represent by associating 

its activity with information available in the environment. 

There are indirect and direct ways of observing neuron activity. Electrodes that 

are directly on or near the neuron’s membrane provide a direct measure of the neuron’s 

action potential, and thus activity. Functional magnetic resonance imaging (fMRI) works 

to provide an indirect measure of activity within a population of neurons, by measuring 

increases in blood flow which is thought to correspond to an increase in neural activity. 

Electroencephalography is another indirect measure of neural activity, and will be 

discussed later in the review. 

Much of recent neurological empathy research focuses on the discovery of the 

mirror neuron. Mirror neurons seem to be the neurological manifestation of the 

aforementioned shared representation account. Direct and indirect evidence of this now 

follows. 
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Mirror neurons in macaques. 

Using implanted electrodes, researchers directly observed mirror neurons firing in 

the macaque ventral premotor cortex, the superior temporal sulcus, and the inferior 

parietal lobule (Gallese, Fadiga, Fogassi, & Rizzolatti, 1996; Rizzolatti, Fadiga, Fogassi, 

& Gallese, 1996; Rizzolatti, Fogassi, & Gallese, 2001; see Rizzolatti & Craighero, 2004 

for review). These areas of the macaque brain are associated with neural control and 

visual recognition of grasping actions and other goal-oriented actions, and as well as 

mouth actions associated with ingestion and communication (Rizzolatti & Craighero, 

2004). What distinguished mirror neurons from other neurons within these areas of the 

macaque brain, was that they fired not only during the monkey’s performance of an 

action, but also during the observation of other monkeys, or even humans performing, 

that same action (Rizzolatti & Craighero, 2004). This congruence between observed and 

executed action representation can be strict or lax, in the sense that the goals and 

intention of the actions may generalize to other mirror neurons, or some mirror neurons 

may represent a very specific action with a very specific goal (Rizzolati, Fogassi, & 

Gallese, 2001). Mirror neurons were even found to fire at the sound associated with an 

action, and could discriminate between substantially identical grasping actions associated 

with different intentions (Rizzolatti & Craighero, 2004). In contrast to discriminating 

between identical grasping actions with different intentions, mirror neurons were found 

not to fire during tasks involving the grasping of an object with a tool, with the same 

intention, suggesting that very specific actions are coded as well (Rizzolati, Fogassi, & 

Gallese, 2001). 
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Such discrimination suggests that mirror neurons provide the ability to code fairly 

abstract or specific actions and intentions of others. If a similar type of neuron exists in 

humans, and has an extensive system branching through the brain as in macaques, it 

could provide the neurological basis for shared representations involved in motor 

empathy, and presumably emotional and cognitive empathy. In other words, could a 

mirror neuron system provide the match between observed actions, emotions, and 

thoughts with executed ones?  Similar activation patterns implicating shared 

representation must be seen in humans to answer this. 

Mirror neurons in humans. 

Recent fMRI research serves to indirectly search for a human mirror neuron 

analogue to that of the macaque brain. Two human brain regions were discovered to have 

the same activity profile of macaque regions and are located in the posterior part of the 

inferior frontal gyrus and in the anterior part of the posterior parietal cortex (Iacoboni, 

2007). The frontal mirror neuron area was discovered to largely overlap Broca’s area, 

which is a major language center of the human brain, specifically tied into motor 

production of language (Petrides, Cadoret, & Mackey, 2005). This is very provocative 

evidence for the importance of shared representation in language development. Suspected 

mirror neurons in humans were also found to code intention associated with another’s 

action, as well as the action itself--just like in macaques (Iacoboni, 2007).  

With fMRI and the Interpersonal Reactivity Index (Davis, 1980; Davis, 1983), 

researchers found that mirror neuron activity correlates strongly with emotional empathy 

subscales, and somewhat strongly with cognitive empathy subscales, when subjects 

observed another’s actions (Gazzola, Azis-Zadeh, & Keysers, 2006). When subjects only 
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listened to actions, cognitive empathy alone correlated with mirror neuron activity 

(Gazzola, Aziz-Zadeh, & Keysers, 2006). These findings suggest the mirror neuron 

system has an influence on emotional and cognitive empathy. Longitudinal studies have 

shown that the mirror neuron empathy circuit is fully functional in 10 year olds (Iacoboni 

& Mazziota, 2007), while empathy scales showed robust correlations between emotional 

empathy and mirror neuron activity in 10 year olds but no correlation with cognitive 

empathy (Pfeifer, Iacoboni, Mazziota, & Dapretto, 2008). These results serve as evidence 

of the developmental course empathy takes, as indicated by Hoffman (2000), and implies 

that the cognitive shared representations that mirror neurons provide may not come into 

use until later in development. 

Carr, Iacoboni, Dubeau, Mazziotta, and Lenzi (2003) investigated the neural 

mechanisms attributed to the representation of observed facial expressions in humans and 

their connectivity to neural regions associated with emotion using fMRI. Carr et al. 

posited that if action representation was critical for emotion interpretation, then the mere 

observation of emotional facial expression should activate the same regions of motor 

significance that activate during the imitation of emotional face expressions. Carr et al. 

had subjects either observe or imitate emotional facial expressions. Stimuli consisted of 

three randomly ordered sets of pictures depicting six emotions: happy, sad, anger, 

surprise, disgust, and fear. Each of the three sets consisted homogeneously of whole 

faces, mouths, or eyes. The results indicated a large overlap between networks activated 

by both observation and imitation of the emotional expressions. There was no significant 

difference between viewing whole faces, mouths, or eyes. The pars opercularis in the 

inferior frontal gyrus, lateral prefrontal cortex, premotor cortex, anterior insula, superior 
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temporal sulcus, and the amygdala demonstrated significant activity during imitation and 

observation conditions. Activity significantly increased when the subjects imitated the 

presented expressions. This evidence implicates a neural basis for shared representations 

of emotive actions. 

There is evidence to suggest mirror neuron deficits in individuals with autism 

spectrum disorder (ASD), and that these deficits have profound effects on development. 

In particular, individuals with ASD show decreased functionality across motor, 

emotional, and cognitive domains, especially in terms of empathy. Hadjikhani, Joseph, 

Snyder, and Tager-Flusberg (2005) examined the cerebral density of suspected mirroring 

areas in 14 high-functioning adults with ASD. The results of density analysis found 

significant thinning in the pars opercularis, inferior parietal lobules, and superior 

temporal sulcus in the ASD group, compared to normally developed adults. The ASD 

group also demonstrated significant thinning in areas associated with facial expression 

production and recognition. Importantly, there was no difference of density between 

groups in the remaining areas of the cortex, and cortical thinning was not associated with 

IQ scores. Further, significant associations between cortical density and ASD symptom 

severity were found nearly exclusively in suspected mirror neuron areas such as the pars 

opercularis in the inferior frontal gyrus, lateral prefrontal cortex, premotor cortex, 

anterior insula, superior temporal sulcus, and the amygdala. 

In summary, human mirror neuron research provides supporting evidence for a 

system comprised of neurons responsible for shared representation in humans, and this 

evidence continues to grow. A positive association with the activation of this system and 

motor, emotional, and cognitive empathic processing exists. Moreover, evidence suggests 
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mirroring deficits in individuals with ASD. This implicates a mirror neuron system that 

has pervasive influence on behaviors and developments concerning motor, emotional, 

cognitive empathy. 

After much deliberation, Mukamel, Ekstrom, Kaplan, Iacoboni, and Fried (2010) 

verified the existence of mirror neurons in humans. Mukamel et al. recorded extracellular 

activity of 1117 neurons in participants. Electrodes were placed in the medial frontal 

cortex, supplementary motor area, anterior cingulate cortex, amygdala, hippocampus, 

parahippocampal gyrus, and entorhinal cortex. These electrodes were primarily implanted 

in the participants’ brains for clinical and treatment purposes and participants volunteered 

for investigative research given their unique situations. Thus, researchers had participants 

perform action observation, action execution, and control tasks. The observation task 

involved passive observation of actions on a laptop computer. The execution condition 

involved performing actions indicated by visually presented words.  The control 

condition involved passive observation of the same visually presented words. Though 

most recordings indicated neuronal activity primarily during observation or execution 

conditions alone, a significant proportion of neurons responded to both conditions. 

Mirroring specifically occurred in the supplementary motor area, as well as in the 

hippocampus, parahippocampal gyrus, and entorhinal cortex. Some mirror neurons 

demonstrated inhibitory responses, suggesting a mechanism for controlling unwanted 

imitation and a means for self-other differentiation. As such, this evidence suggests 

mirroring capacities on the cellular level, in many different areas of the human brain, 

implicating a variety of mirror neuron areas. Unfortunately, electrodes for this study 

could not be placed within previously suspected mirror neuron areas such as the pars 
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opercularis in the inferior frontal gyrus, lateral prefrontal cortex, premotor cortex, 

anterior insula, superior temporal sulcus, and the amygdala. 

 Electroencephalography investigations of mirror neurons. 

 Review. 

Neurophysiological manifestations of mirroring in humans exist outside fMRI 

signals. Another stem of neurological empathy research incorporates the use of 

electroencephalography (EEG) to monitor empathy related electrical activations within 

the brain. As one of the oldest methods of brain activity measurement, EEG provides a 

glimpse into the brain in a unique way. EEG measures the electrical activity of the brain, 

representing the collective post-synaptic currents of local groups of neurons in the 

neighborhood of electrodes placed on the scalp of the subject. EEG differs substantially 

from other forms of brain imaging in terms of its temporal resolution, which can reach 

the order of microseconds. Only magnetoencephalography (MEG), a magnetic variant of 

EEG, provides as clear a picture of brain activity with respect to time. The essence of an 

EEG signal lies in the amplification of an electrical signal, from the order of microvolts 

to volts, while digital components interpret and convert the amplified signal into 

meaningful information for computers to use. 

Srinivasan, Winter, and Nunez (2007) provide an excellent review of EEG 

methodology, explaining that neurons transmit information in the form of 

electrochemical potentials. These electric potentials arise primarily from excitatory and 

inhibitory postsynaptic potentials. With invasive measures, these potentials can be 

measured on the scale of a single neuron. When a localized group of neurons fires, the 

electric potential reaches amplitudes that can be measured by a collection of non-invasive 
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electrodes on the scalp. These changes in electric potential, when measured over the 

course of microseconds, produce an EEG signal. Thus, EEG represents the changes in 

electrical activity of the brain over time.  

EEG data come in the form of a continuous signal, with a finite number of 

amplitude data points in the time domain. This signal can be broken down into specific 

brainwave rhythms associated with different types of activity (Srinivasan, Winter, & 

Nunez, 2007).  The Discrete Fast Fourier Transform (DFFT) quickly converts a real, 

finite length signal from a time-amplitude relationship to a frequency-amplitude 

relationship. In other words, an EEG signal can be represented as a sum of uniform 

sinusoidal waves, with varying intensity, along a range of frequencies. For the DFFT, the 

sampling frequency of the signal determines the highest frequency of this frequency 

range. The length of the signal, normally in powers of two, determines the resolution of 

the frequency domain. In other words, the length of the signal before transformation 

determines the number of points within the range of frequencies. The aforementioned 

EEG brainwave rhythms are defined by specific frequency bands along this frequency 

domain. The power, or strength, of a rhythm is given by the square of the amplitude at 

each frequency point within the rhythm’s associative frequency band. 

An EEG signal can also be converted from a collection of measurements from 

multiple electrodes, to a collection of maximally independent, or separate, components 

that represent the reversal of a spatial transformation that the brain has performed on 

source signals within the brain. This process is much like isolating the voices of two 

people in a room who are talking simultaneously using two microphones at specific 

locations within the room. The analysis to obtain the inverse of this transformation is 
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called independent component analysis (Hyvarinen & Oja, 2000), and there are other 

techniques like it to spatially isolate sources of EEG oscillations within the brain. 

The Mu rhythm. 

An EEG signature rhythm, identified as the Mu rhythm, has emerged as a recent 

focus of empathy research. Researchers have positively associated certain cortical 

synchronizations, as measured by their respective EEG oscillations, with idle states 

within the human brain, particularly during sleep (Pineda, 2005). Inversely, brain 

metabolic activity, and thus cortical network activation, is synonymous with 

desynchronization of cortical firings (Pineda, 2005). The Mu rhythm is an EEG 

oscillation identified by researchers along the 8-13Hz frequency band (Pineda, 2005). 

Attenuation, or a decrease in power, of the Mu frequency band is thought to represent a 

cortical, event-related desynchronization (ERD) of its area of origin (Pineda, 2005; 

Pfurtscheller, Brunner, Schlögl, & Lopes da Silva, 2006). Thus, Mu rhythm attenuation 

represents activation of a specific cortical network.  

The Mu rhythm demonstrates a significant attenuation primarily during tasks 

involving sensorimotor observation and imitation (Pfurtscheller, Neuper, & Krausz, 

2000; Muthukumaraswamy, Johnson, & McNair, 2004; Pfurtscheller, Brunner, Schlögl, 

& Lopes da Silva, 2006; Perry & Bentin, 2009). Even further, Ulloa and Pineda (2007) 

observed Mu rhythm attenuation when participants observed action minimally portrayed 

through light cues animating human movement, demonstrating an association with action 

observation even with sparse input data. Yang, Decety, Lee, Chen, and Cheng (2009) also 

discovered Mu rhythm attenuation as a reliable indicator of empathy for pain of others, 

and gender differences of Mu rhythm attenuation also reflect gender differences in self-
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report measures of empathy (Cheng, Yang, Lin, Lee, and Decety, 2008b; Yang, Decety, 

Lee, Chen, & Cheng, 2009). 

In addition to Mu rhythm research on typical adults, Bernier, Fultz, Webb, and 

Murias (2007) examined the Mu rhythm of 14 high-functioning adults with ASD and 15 

IQ- and age-matched conspecifics without ASD. Bernier, Fultz, Webb, and Murias 

conducted this study to test the self-other mapping deficit hypothesis to explain imitative 

impairments in individuals with ASD. This hypothesis posits that a biological 

dysfunction prevents an individual with ASD from forming and coordinating 

representations of the self and other. Results of this study showed reduced Mu rhythm 

attenuation in individuals with ASD, compared to normally developed adults, when they 

passively observed action of others. Oberman et al. (2005) and Oberman, Ramachandran, 

and Pineda (2008) have replicated these findings. Pineda et al. (2008) also showed a 

positive behavioral influence on children with ASD after Mu rhythm neurofeedback 

training. Moreover, adults with Down syndrome and marked imitative deficits also show 

a decreased Mu rhythm attenuation compared to normally developed adults during action 

observation tasks (Virji-Babul et al., 2008).  

The above findings implicate the Mu rhythm as the primary candidate for an EEG 

synchronous, idling signature of the sensorimotor cortex that is desynchronized or 

attenuated during action imitation/observation. Spatial analyses, in the form of 

independent component analysis (Hyvarinen & Oja, 2000), identified sources of the Mu 

rhythm over the sensorimotor cortex (Pineda, 2005). If the source of Mu rhythm is 

spatially isolated over the sensorimotor cortex, and it attenuates during sensorimotor 

tasks, then this helps to verify the Mu rhythm as an EEG signature of sensorimotor idling. 
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Given that Mu rhythm attenuation occurs during tasks similar to those used congruently 

in fMRI research to elicit mirror neuron activity, researchers suggest Mu rhythm 

attenuation is an EEG representation of mirror neuron activity, at least with respect to 

motor empathy (Pineda, 2005). More specifically, Pineda (2005) suggests that Mu 

rhythm attenuation reflects downstream, or subsequent, activation of sensorimotor 

neurons by premotor mirror neurons, and thus acts as an indirect measure of mirror 

neuron activity. 

Methodological Extraction for the Current Study 

The above review contains a neurocognitive view of empathy, providing insight 

from the top-down cognitive models and bottom-up from the neurological basis of the 

shared representation similarity within these models. In the study that follows, I attempt 

to verify not only the physiological research to date, but also to bridge the gap between 

theory and physiological manifestation. The literature suggests the existence of a 

neurological mirroring system that spreads throughout the human brain. This mirror 

neuron system may provide a means to understand and internally reproduce the mind 

state of another through the use of overlapping motor, emotional, and cognitive 

representations of self and other. Moreover, Mu rhythm attenuation has been presented as 

a possible measure of the activity of this system within the human brain. Given the 

likelihood of mirror neuron involvement beyond motor empathy into emotional and 

cognitive empathy, one would assume the Mu rhythm, as an oscillatory idling signature 

of mirror neurons, should attenuate during tasks tapping into emotional and cognitive 

components of empathy, as well as during motor empathy tasks. If motor, emotional, and 

cognitive empathy tasks elicit Mu rhythm attenuation, one can reasonably assume that 
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mirror neurons contribute to all three components of empathic processing. The current 

study utilizes methodologies extracted from the following literature that address these 

issues directly. 

Perry and Bentin (2009) examined mirror neuron activity, as indicated by Mu 

rhythm attenuation, in the human brain while participants viewed various grasping 

actions. Perry and Bentin (2009) experimentally drew from an fMRI study by Shmuelof 

and Zohary (2006), who presented participants with videos of various grasping 

conditions. Grasping conditions were either showing the same grasping action performed 

on the same object, the same grasping action performed on different objects, different 

grasping actions performed on the same object, and different grasping actions performed 

on different objects. Perry and Bentin (2009) compared participant Mu rhythm 

attenuation over the premotor cortex, with respect to baseline, across factors: hemisphere, 

left or right grasping hand, medial or lateral sites, type of grasping, and type of object.  

Perry and Bentin found a Mu rhythm attenuation, or suppression, that was larger 

for different than repetitive grasping. A significant contralateral suppression for the 

observed hand was also discovered, though this hemisphere and observed hand 

interaction was significant at the lateral sites, while not on the medial sites. This indicates 

that the handedness of the observed hand influences the degree of attenuation in its 

opposing hemisphere, though the difference is not as profound near the center of the 

brain. Interestingly, Perry and Bentin tested static images of grasping tasks and 

discovered an insignificant difference between the suppression during the dynamic image 

observation case and that of the static case. This suggests it is possible to use images that 

simply convey the notion of action to induce a motor mirror neuron response. Perry and 
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Bentin did not directly test whether Mu rhythm attenuation was significant across 

participants, and did not use participants who demonstrated nonnegative attenuation. 

Instead, Perry and Bentin drew parallels with fMRI activation patterns associated with 

significant mirror neuron system activation during observation of the same stimuli. Perry 

and Bentin’s study is relevant to the current study in its attempts to associate the Mu 

rhythm as a signature of motor mirror neuron activation. The methods used by Perry and 

Bentin partly coincide with the methods used in the current study. Perry and Bentin 

demonstrated that videos of different actions suppressed the Mu rhythm the greatest, 

specifically the different action-different object video. The current study thus adopts a 

similar presentation paradigm to tap into the motor empathy component, and different 

grasping action videos were used in the current study to elicit the greatest amount of Mu 

rhythm attenuation.  

As for emotional and cognitive empathy, Pineda and Hecht (2009) examined the 

interaction of Mu rhythm suppression and performance with tasks that supposedly tap 

into two theoretical subcomponents of theory of mind. Pineda and Hecht made a 

distinction between social-perceptive (SP) and social-cognitive (SC) components of 

theory of mind. The SP component involves the judgment of mental state from facial and 

body expressions, while the SC component characterizes representation based attribution 

of intention and belief. These components theoretically parallel cognitive and affective 

empathy, and simply represent the theoretical conflation of similar empathic phenomena. 

Pineda and Hecht designed a non-verbal matching task for each component.  

The SP, or emotional empathy, component task incorporated emotion recognition 

and association using images of eyes in different expression configurations, taken from 
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the revised Eyes Test (Baron-Cohen, Wheelwright, & Hill, 2001). The participants 

viewed a target expression and three matching stimuli, one of which conveyed the same 

expression on a different face. Participants were tasked to generalize or match the target 

expression to the correct matching stimulus, requiring a motor response by the 

participants. Correct responses were correlated with Mu rhythm attenuation during 

matching stimulus presentation. 

The SC, or cognitive empathy, component task utilized cartoons from Brunet, 

Sarfati, Hardy-Bayle, and Decety (2000). The three tasks in Brunet, Sarfati, Hardy-Bayle, 

and Decety (2000), as well as in Pineda and Hecht (2009), required participants to 

identify the correct subsequent comic box, from a selection of three, after viewing a 

comic strip of three linearly aligned boxes that illustrate the context and causal direction 

of a mental attribution, character-object interaction, or physical causation situation. The 

mental attribution task requires participants to form a mental attribution of intention and 

belief for characters within the cartoons. Character-object interaction and physical 

causation cartoons, similar to those of the SC task, require understanding of physical 

causality, but require no understanding of the mental states of the characters to select the 

correct answer. Correct responses were correlated with Mu rhythm attenuation during 

matching stimulus presentation. 

Pineda and Hecht (2009) concluded that mirroring, as measured by Mu rhythm 

attenuation, correlated positively with accurate judgments about emotions as well as 

judgments about actions on performed on objects. In other words, Mu rhythm attenuation 

had an interaction with response accuracy on judgments about emotions and person-

object interactions. Interestingly, Pineda and Hecht found no interaction with the 
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accuracy of attributing mental states to characters within the cartoons. I would argue that 

the mental attribution task tapping into the SC component of theory of mind, primarily 

tapped into theory theory based learning processing areas, and did not engage cognitive 

empathic processes enough to elicit a mirror neuron response, despite their tight 

integration. Contrarily, the person-object task, tapping into the SC component, required 

interpretation of simple and salient perceptual action cues, which is not much different 

than the motor task in Perry and Bentin (2009). Moreover, given that Pineda and Hecht 

(2009) required accurate task performance, participants may have been using theory 

theory based heuristics, which presumably arise in later development and could be faster 

than using cognitive empathy processes. In both Brunet, Sarfati, Hardy-Bayle, and 

Decety (2000) and Pineda and Hecht (2009), the identification of the next sequential 

event required a motor response by the participants, which may have interfered with a 

signal that theoretically arises from a cortical area responsible for motor coordination and 

preparation. Furthermore, though the task was designed to be non-verbal, the multiple 

choices available were labeled with letters, which also may have produced unwanted 

interference with the signal from language centers of the brain. 

In the current study, I sought to conduct a combined replication of Perry and 

Bentin’s (2009) and Pineda and Hecht’s (2009) studies. If Mu rhythm attenuation is a 

signature of mirror neuron activation, and mirror neurons are involved in motor, 

emotional, and cognitive empathic processing, then Mu rhythm attenuation should be the 

same across tasks that elicit motor, emotional, and cognitive empathic processing. Stimuli 

for the current study were taken from the motor empathy observation task in Perry and 

Bentin (2009), thus Mu rhythm attenuation was expected.  Pineda and Hecht (2009), as 
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well as Carr et al. (2003), found facial stimuli of the eyes areas to elicit mirror neuron 

responses. Thus, the emotional task for this study, with stimuli taken from the Revised 

Eyes Test (Baren-Cohen, Wheelwright, & Hill, 2001), was expected to elicit a Mu 

rhythm attenuation. Finally, the cognitive empathy task, or SC task, from Pineda and 

Hecht (2009) was expected to elicit a mirror neuron response, as long as cognitive 

empathic processes were engaged. The strengths of each condition’s mirror neuron 

response, as indicated by Mu rhythm attenuation, should not be significantly different. If 

they are not significantly different, one can assume the manipulation across conditions 

was present if there existed sufficient Mu attenuation within each task. 

Methods 

Participants 

Nine participants were recruited from a small undergraduate, liberal arts college. 

Participants were screened for diagnosed psychiatric or neurological disorders, recent 

stimulant use, and handedness. Three participants were dropped from analysis due to 

technical difficulties. The sample included three females and three males. They provided 

informed consent in the form of a contract approved by the institution’s IRB, and were 

not compensated for their participation. Two participants were dropped from analysis due 

to technical difficulties during data collection. 

Procedure 

Participants were run through three conditions containing stimulus sets that 

tapped into motor, emotional, and cognitive empathy. The conditions each lasted for 10 

minutes and were counterbalanced across participants to address fatigue effects. Each 

stimulus set contained its own relevant baseline stimulus subset that was randomly 
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presented intermittently between activation stimuli. Participants sat about 20 inches away 

from a laptop computer situated at approximately 30 degrees below eyelevel. 

Figure 4 – Motor Empathy Condition Experimental and Baseline Stimuli 

 

Figure 4. Stimuli taken from the motor empathy condition. Adapted from Perry and 

Bentin (2009). The picture on the left is a screen capture from an experimental video 

portraying various grasping actions on various objects. The picture on the right is a 

screen capture of a baseline video portraying a ball bouncing off of the right of the 

screen, where its shadow is animated. 

Motor condition. 

Derived from procedures in Perry and Bentin (2009), the motor condition 

contained 10 digital video stimuli of different grasping actions performed on various 

objects and five baseline video stimuli. For this study, participants observed five types of 

stimuli, each of 40s length: on different object-different grasp video (played six times), 

two same object-different grasp videos (played two times each), and two baseline videos. 
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Baseline videos consisted of an animated ball bouncing off the left or right side of the 

screen, the former video played two times while the latter video was played two times. 

See Figure 4 for screen captures of the videos used. The baseline videos have been shown 

to elicit no significant Mu rhythm attenuation in Perry & Bentin (2009). Left handed 

participants viewed the flipped horizontal version of baseline and activation stimuli. In 

order to tap into motor empathic processes, the participants were instructed to mentally 

reproduce any actions they observed, and to passively observe anything else. 

Emotional condition. 

The emotional condition incorporated adapted images from the revised Eyes Test 

(Baren-Cohen, Wheelwright, & Hill, 2001). The Revised Eyes Test originally involved 

verbal attribution, tasking participants to correctly identify the presented expression from 

a list of four words. To prevent interference from verbal mechanisms, the emotional 

empathy task for this study consisted of passive observation of 35 experimental stimuli 

and 15 baseline stimuli (see Figure 5), without any verbal cues. The baseline stimuli 

consisted of a subset of the Eyes stimuli with randomly rearranged pixels, so as to distort 

the original image but retain various image characteristics. The participants observed all 

stimuli randomly for 12 seconds each. In order to engage emotional empathic processes, 

participants were instructed to internally recognize and reproduce the expressions and 

emotions conveyed, while remaining motionless, and to passively observe anything else. 
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Figure 5 - Emotional Empathy Condition Experimental and Baseline Stimuli 

 

Figure 5. Examples of the Revised Eyes Test. Adapted from Baron-Cohen, 

Wheelwright, and Hill (2001). The above picture depicts an emotional expression as 

conveyed through a picture of a person’s eyes. The bottom picture depicts a pixilated, 

scrambled version of a similar stimulus. Passive observation of the top picture should 

elicit Mu rhythm attenuation. 

Cognitive condition. 

The procedures and stimuli for the cognitive condition were adapted from Brunet, 

Sarfati, Hardy-Bayle, & Decety (2000). For this study, the entire correct sequence of 

events for each of the total 35 stimuli (12 baseline stimuli) was presented in four linearly 
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aligned boxes for 15s. Samples of baseline and activation stimuli are presented in Figure 

5. This made the task prompt entirely non-verbal and non-motor. The baseline stimuli 

were taken from the physical causality condition involving only objects from Brunet et al. 

(2000), which demonstrated no significant Mu rhythm attenuation. The cognitive 

empathy activation stimuli were taken from the attribution of intention condition, where 

the participants must interpret the mind-state of the characters and their intentions to 

understand why each box followed the other. The participants were instructed to try to 

interpret the situation, as well as the intentions and perspective of any characters they 

saw. 

Figure 6 - Cognitive Empathy Condition Experimental and Baseline Stimuli 

 

Figure 6. Stimuli taken from the cognitive empathy observation condition. Adapted 

from Brunet et al. (2000). The above picture illustrates a scene requiring mental 

attribution, or cognitive empathy, to understand the actions and intentions of the 

character. On the bottom, a baseline stimulus depicts a causal linearity involving an 

inanimate object. Mirror neurons may be involved in interpreting the top picture and 

elicit an attenuation of the Mu rhythm. 
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Data Acquisition and Analysis 

The analog EEG signals were recorded continuously using a Lexicor Neurosearch 

24-channel qEEG device, though only 19 electrodes were used. The electrodes were 

mounted on an elastic cap according to the extended 10-20 International Electrode 

Placement system, using a linked ear referential montage. A trained clinician connected 

and operated the device during testing. The sampling frequency was set to 512 Hz. The 

amplifier was equipped with an analog 60 Hz notch hardware filter. The impedances on 

all electrodes were measured and confirmed to be less than 5 kOhms before testing. 

Data were analyzed using EEGLAB, an open source MATLAB toolbox, and with 

house-made MATLAB routines. Since an overlap between the Mu rhythm and the 

posterior alpha band may be affected by states of expectancy and awareness, the first and 

last five percent of each block of data for each stimulus were removed to eliminate the 

possibility of attention transients due to initiation and termination of the stimulus. The 

DFFT utilized cosine transform windows, with data window sizes set to 256, 512, and 

1024 samples. The varying windows sizes are in response to the greater probability of a 

discontinuity from artifact removal being within the window. A greater window size 

provides a greater frequency resolution, but is more likely to have a discontinuity in it. 

Thus, an average power across the 8-13Hz frequencies and across window sizes provided 

a more protected measure of Mu rhythm power, or strength, against discontinuities of the 

data after artifact removal. Only 10-20 International Electrode Placement sites Cz, C3, 

and C4 were used to compute Mu rhythm power using DFFT, as they are primarily 

located over the sensorimotor cortex. Independent component analysis was conducted in 

EEGLAB on one motor baseline task to isolate the spatial area of origin of the Mu 



40 

 

rhythm. Independent component analysis is non-statistical, thus it only provided a 

qualitative measure of the spatial origin of the Mu rhythm. 

After data were removed of artifacts, a one-way repeated measures analysis of 

variance (ANOVA) was conducted. The within-subjects factor corresponded to motor, 

empathy, and cognitive conditions. Each condition contained both experimental and 

baseline stimuli. This provided an experimental and baseline measure of Mu rhythm 

power, or strength, for each condition in units of volts squared. To provide a unitless 

index of the degree of Mu rhythm attenuation for each condition, a ratio of experimental 

over baseline Mu rhythm power for each condition was computed. Since power is always 

positive, the ratios would have a lower bound at zero, making the measure non-normal. 

To ameliorate this, the natural logarithm of this ratio was computed. If the log of the ratio 

is negative, then the experimental power was less than that of the baseline power; this 

would indicate Mu rhythm attenuation. If the log of the computed ratio is close to zero, 

then the ratio was close to one, and this would indicate no attenuation. This log ratio for 

each condition was used as the dependent variable for the ANOVA. 

Results 

As expected, qualitative analysis of the EEG signal across electrodes indicates 

that electrodes Cz, C3, and C4 contributed most to Mu rhythm power (Figure 7). 

Independent component analysis was conducted on the EEG signal during a baseline 

motor task. The component with the highest peak over the Mu rhythm frequency band 

was identified. This component was spatially mapped and isolated, and the primary area 

of origin was identified over the sensorimotor cortex (Figure 8).  
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The emotional empathy task elicited the greatest amount of Mu rhythm 

attenuation (M = -0.22, SD = 0.18). In contrast, during the motor (M = -0.052, SD = 

0.08) and cognitive (M = -0.01, SD = 0.14) tasks, participants produced near zero 

attenuation. Levene’s homogeneity of variance testing revealed non-significant 

differences in variances, permitting an ANOVA. ANOVA revealed significant 

differences of means across task conditions (F(2, 15) = 3.77, p = 0.047). Post-hoc 

Fisher’s LSD comparisons demonstrated that Mu rhythm attenuation during the 

emotional condition was significantly different than the cognitive condition, while the 

motor condition was not significantly different from both cognitive and emotional 

conditions. 
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Figure 7 – Mu Rhythm Power Across Electrodes. 

 

Figure 7. Mu rhythm power with respect to frequency. As indicated by the peak over 8-

13Hz, the Mu rhythm demonstrates prominence over the sensorimotor cortex with 

respect to electrode placement. 
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Figure 8 – Results of Independent Component Analysis. 

 

Figure 8.  Results of independent component analysis, with spatial maps along a specific 

frequency. The peak across the 8-13Hz frequency band represents the Mu rhythm. The 

second component indicated by the red line, shows the largest peak over the Mu 

frequency band. Its spatial map at the top of the figure indicates its area of origin in the 

sensorimotor cortex. 
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Discussion 

Empathy as defined for this study took a broad definition. Empathy was defined 

as the overall process by which individuals employ the use of shared representations and 

learning processes to internally recreate and act upon the motor, emotional, and cognitive 

states of another individual. A shared representation account of the motor, emotional, and 

cognitive components of empathy occurs in the literature. The use of shared 

representations is further supported by the existence of mirror neurons in macaque and 

humans. Mirror neurons seem to be the neurological manifestation of the shared 

representations used during motor, emotional, and cognitive empathy.  

In the current study, I sought to elicit mirror neuron activity, as measured 

indirectly by Mu rhythm attenuation, by having participants perform tasks that tap into 

motor, emotional, and cognitive empathy. The tasks required participants to attend to 

visually presented grasping actions, facial emotional expressions, and cartoons of 

characters performing goal-oriented and everyday behaviors. These tasks were used and 

were similar to tasks used in fMRI and EEG studies that provided direct and indirect 

evidence of mirror neuron activity during motor, emotional, and cognitive tasks in 

humans, (Carr et al., 2003; Perry & Bentin, 2009; Pineda & Hecht, 2009) though the 

involvement of mirror neurons in cognitive empathy remains unclear. In addition to 

paying attention, participants were encouraged to actively mentally reproduce and imitate 

the stimuli for the motor and emotional task, as well as to take the perspective and 

understand the situation of characters they saw in the cognitive task. This was an attempt 

to prevent any interference from other transient processing occurring in the brain, and 

was an attempt to induce empathic processing in each of the conditions. 
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Independent component analysis on a single motor condition trial, from a single 

participant, provided qualitative, as opposed to statistical, means to spatially isolate the 

Mu rhythm’s area of origin as the sensorimotor cortex. The literature suggests the Mu 

rhythm as an idling signature of this area of the brain (Pineda, 2005). The expectations 

were that Mu rhythm attenuation would be seen in each of the conditions, and that the 

unitless log ratio comparison of baseline and experimental stimuli in each condition 

would be the same for each condition. This would indicate that Mu rhythm attenuation, 

though present, was no different across conditions, implying that mirror neuron activity 

was found for each condition. 

Results indicated a fair degree of Mu rhythm attenuation during the emotional 

empathy task. These findings parallel the results of Pineda and Hecht (2009), who found 

that accuracy on an emotion recognition task correlated positively with Mu rhythm 

attenuation. Since the Mu rhythm is suggested as an idling signature of the sensorimotor 

cortex, the findings of the current study suggest sensorimotor processing was utilized 

during the emotional empathy task because attenuation, and thus activation of the 

sensorimotor cortex, was seen during this task in at least one participant. It is important to 

first note, however, that participants remained still throughout the experiment. Secondly, 

Carr et al. (2003) found an association with sensorimotor areas, as well as mirror neuron 

areas, during tasks that are very similar to the current study’s emotional empathy task. 

Since participants remained still, and no motor response was required, another 

antecedent, or prior, process must have been interacting with the sensorimotor cortex. 

Since the task was similar to Carr et al.’s (2003), it is reasonable to assume the 
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sensorimotor cortex activity during the emotional empathy task could be a downstream, 

or subsequent, modulation of mirror neuron activity. Pineda (2005) suggests this as well. 

 The average degree of Mu rhythm attenuation during the motor task centered 

over -0.05. Such a small difference suggests there may have been little Mu rhythm 

attenuation during the motor task, which would run counter to Perry and Hecht’s (2009) 

findings. Despite this small value, the motor task average fell between emotional and 

cognitive log ratio means, and was significantly different from neither. A larger sample 

size would increase the ANOVA’s inferential utility, and create clearer distinctions 

between tasks. The average of more measurements would provide a closer approximation 

to the actual extent of Mu rhythm attenuation during each task. Another explanation for 

this finding could be that manipulation during the motor task was not strong enough. 

The cognitive empathy ratio means lay very close to zero. This suggests the 

cognitive condition did not elicit mirror neuron activity. This finding parallels the results 

of Pineda and Hecht’s (2009) study, in which participants performed a mental attribution 

task similar to the current study’s cognitive empathy task. Pineda and Hecht (2009) found 

that accuracy on their mental attribution task did not correlate with Mu rhythm 

attenuation. These findings suggest that sensorimotor information processing is not 

utilized during cognitive empathy tasks because the sensorimotor cortex remained in an 

idled state during the cognitive empathy condition. If sensorimotor cortex activity is a 

result of an influence by mirror neurons, then this finding would indicate mirror neurons 

are not involved in cognitive empathy. This does not necessarily exclude mirror neurons 

from the process; rather, activity of the mirror neurons involved in cognitive empathy 
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may not be measurable with the Mu rhythm. Or, like the motor empathy condition, the 

cognitive empathy task may not adequately elicit mirror neuron activity. 

The current study had some flaws. I encountered issues with data collection due to 

a poorly streamlined data collection process. Multiple computers and programs were 

responsible for EEG amplification, experimental implementation, and data collection, 

making experimentation a complicated process. Future studies would benefit from a more 

streamlined approach, with fewer moving parts, in which data collection, experimental 

implementation, and amplification run in parallel on a single computer. 

As for anecdotal findings, some participants expressed difficulty in restraining 

their facial and hand movements during the emotional and motor tasks. One participant 

also commented that the cognitive empathy stimuli were difficult to interpret, indicating 

that passive observation of four cartoon boxes was not too simple of a task, though this is 

no guarantee other participants found the task stimulating or challenging. On the 

contrary, some participants also found it difficult to maintain attention to the stimuli, as 

the tasks involved no overt movement or responses. Both the cognitive and motor 

empathy tasks were comprised of dull and uninteresting visual stimuli, which may 

account for their insignificant Mu rhythm attenuation scores. A better cognitive empathy 

task involving more sensorimotor information, specifically in the form of realistic human 

beings rather than cartoons, could produce a need for or activation of shared 

representations. Further, a more engaging motor task that doesn’t involve actual 

movement is in order. On a last note, the size of this sample could not allow further 

statistical inference along other independent variables, such as gender or age. 
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In summation, there is much left to understand about the mirror neuron system, as 

well as its relationship to the Mu rhythm. As it stands, the literature and the current 

findings suggest that Mu rhythm attenuation is primarily indicative of downstream, or 

subsequent, modulation of the sensorimotor cortex by premotor mirror neurons (Pineda, 

2005). Since the Mu rhythm has been repeatedly found to exhibit attenuation during 

motor and emotional empathy tasks, one might conclude that this interaction with the 

sensorimotor cortex involves the highly integrated shared representations of motor and 

emotional empathy. On the other hand, cognitive empathy tasks did not elicit Mu rhythm 

attenuation in this study or in Pineda and Hecht (2009). This suggests cognitive empathy 

may not have a strong reliance upon shared representation, at least in the sensorimotor 

case. Further studies should incorporate the use of combined direct and indirect 

techniques to continue to verify the Mu rhythm as an electrophysiological signature of 

mirror neuron activity. This would provide another means to verify the mirror neuron 

system as the neurological manifestation of shared representations within the brain, 

specifically along the motor, emotional, and cognitive dimensions. 
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