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Lecture #26:  Mirror neurons


So far in this course, we have established that bipedalism was the first relatively unique human trait (unique among mammals, that is) to have evolved in the hominin lineage.  We have also discussed the possible consequences of bipedalism freeing the arms and hands for new uses, since they were no longer necessary at all for locomotion.  However, most of the traits that we generally think of as uniquely human and that are particularly important to us are related to capacities of the human mind/brain.  Of particular note are traits such as language, consciousness and the ability to think about problems in the absence of any immediate ‘physical’ stimulus (for example, thinking through scenarios about how we might interact with a particular individual even when we are alone), theory of mind, and learning by imitation.  Is there anything known about the biology of human brains that could give us some insight into how these particular traits evolved, how they are mediated by human brains, and why they are relatively unique to humans?  Some recent discoveries in the area of neurology/neurophysiology may provide some clues in this regard---at least for two important human traits: learning by imitation and understanding the intentions and emotions of others (theory of mind).  If hypotheses regarding how humans/ancestral hominins evolved their unique mental capacities ultimately lead scientists to investigations that help us to understand the neurobiology of the human mind, this will have been a very fruitful endeavor.  The process appears already to have begun.


Humans appear to have far greater capacities for learning by imitation as compared to other animals.  This is presumably mostly a function of human brains.  If so, what is it about the human brain that confers on us our ability to imitate?  Is this capacity somehow a function of brain size?  Or are there specialized types of circuits in human brains that are not present (or present in only a ‘rudimentary’ form) in other species?


The relatively recent discovery of so-called mirror neuron systems in humans and other primates holds some potential for helping to understand the neural basis of imitation learning.  The classical concept of motor and sensory pathways is that these are quite separate systems, though linked so that sensations can lead to motor responses.  In simplest form, consider a reflex arc.  In this case, a sensory nerve is stimulated and this leads either directly, or via interneurons, to stimulation of spinal motor nerves---leading to a motor action.  More complex systems involve the transmission of sensations from peripheral receptors to brain processing systems, which then transmit information to brain motor systems for potential motor actions.  

Discovery of mirror neuron systems:  The discovery of mirror neurons owes as much to serendipity as to skill. In the 1980s, Rizzolatti and his colleagues had found that some neurons in an area of the macaque monkeys' premotor cortex, called F5, fired when the monkeys did things like reach for or bite a peanut. 
The researchers wanted to learn more about how these neurons responded to different objects and actions, so they used electrodes to record activity from individual F5 neurons while giving the monkeys different objects to handle.  They quickly noticed something surprising: When a researcher picked up an object--say, a peanut--to hand it to the monkey, some of the monkey's motor neurons would start to fire. Even more surprisingly, these were the same neurons that would also fire when the monkey itself grasped the peanut.
The researchers found that individual neurons would only respond to very specific actions. A mirror neuron that fired when, say, the monkey grasped a peanut would also fire only when the experimenter grasped a peanut, while a neuron that fired when the monkey put a peanut in its mouth would also fire only when the experimenter put a peanut in his own mouth.  The initial discovery was published in 1992, and four years later the term "mirror neurons" was first used to describe this system.
Once the researchers identified mirror neurons in monkeys, the next step was to look for them in humans. But they couldn't record activity from single neurons in humans the way that they could in monkeys, because doing so requires attaching electrodes directly to the brain. 
         Instead, the first human mirror neuron study examined hand-muscle twitching. In 1995, Rizzolatti and Fadiga recorded motor-evoked potentials--a signal that a muscle is ready to move--from participants' hand muscles as the participants watched the experimenter grasp objects. They found that these potentials matched the potentials recorded when the participants actually grasped objects themselves. 
        Since then, most studies on the human mirror-neuron system have used some sort of neuroimaging, generally functional magnetic-resonance imaging (fMRI). For example, neuroscientist Marco Iacoboni used fMRI to image the brain activity of college-student participants as they watched experimenters make finger movements and as they made the same finger movements themselves. In the study, Iacoboni and his colleagues found activity in some of the same areas of the frontal cortex and the parietal lobule in both situations.
        The difference between the imaging studies in humans and the electrophysiological studies in monkeys is one of scale, explains psychologist Christian Keysers, who studies the human mirror-neuron system at the University of Groningen in the Netherlands:  "When we record signals from neurons in monkeys, we can really know that a single neuron is involved in both doing the task and seeing someone else do the task," he says. "With imaging, you know that within a little box about three millimeters by three millimeters by three millimeters, you have activation from both doing and seeing. But this little box contains millions of neurons, so you cannot know for sure that they are the same neurons--perhaps they're just neighbors."  In other words, although researchers have found evidence of a mirror system in humans, they have yet to prove the existence of individual mirror neurons outside monkeys. That's why, Keysers says, it's important that researchers continue to study the mirror system in both monkeys and humans.

Mirror neuron systems have been described for:

a. motor actions, such as grasping

b. sounds associated with motor actions

c. expression of emotion (disgust) as seen in facial expression, or sounds typically associated with the emotion (as a retching vocalization that indicates disgust)

Proposed functions of mirror neuron systems:

a. action understanding

b. imitation---but note that macaque monkeys have mirror neuron systems, yet show very little capacity to imitate; this suggests that mirror neurons did not evolve originally for imitation---though a function of mirror neurons in imitation (especially in humans) might be an exaptation  (that is, a structure that originally evolved to serve a different function from that which it currently serves)

There are two main areas of the cortex identified as sites of mirror neurons.  These are the ventral premotor cortex (F5 in the monkey, Broca’s area in the human) and the rostral part of the inferior parietal lobule.  It is interesting that Broca’s area appears to be the human homologue of area F5 of the premotor cortex of the macaque monkey.  Broca’s area was identified as a language center based on language deficits in persons with damage to that area (and later based on increased neural activity in that area during speech).  But this does not necessarily mean that Broca’s area evolved for a primary function in language per se.  Might it have evolved in relation to some more generalized function that simply happens to be very important for language?

Recent discovery of mirror neuron systems involved in ‘understanding’ the emotional responses of others:  It has recently been reported that certain brain regions become active both when an individual human expresses a particular emotion (such as disgust) and when that individual observes an expression of that same emotion by another individual.  In this case, the mirror neuron system involved was not associated with the motor cortex as in the case of mirror systems that are activated by observing motor actions of others (described above).  The mirror system that responded to expressions of disgust---provoked when participants inhaled noxious odors---were located in the anterior insula, which is a part of an olfactory area in the brain.  It has been suggested that such a system may be important for ‘understanding’ the emotions of others---and thus may be related to “theory of mind”.

There are apparently some interesting differences between the mirror neuron systems of monkeys and humans:

a. In monkeys, F5 mirror neurons fire when a hand grasps an object, but they do not fire when the action is merely mimed---that is if no object is present.  (The monkeys do not need to see the object during the actual trial, but they need to see that it is in place before the hand reaches for it.  Thus, the object that is the target of the grasping movement can be temporarily hidden behind an opaque panel while the experimenter reaches for it; monkey mirror neurons will still fire in this situation.)  Human mirror neurons will fire when an action is mimed; thus, they will fire when a hand performs the movements associated with reaching for and grasping an object even when no object has been viewed.

b. Monkey mirror neurons do not respond to observation of meaningless (intransitive) arm/hand gestures.  Some human mirror neurons do fire in response to such gestures.

How does the mind maintain a separation between ‘understanding’ of the actions and emotions of others as compared to one’s own situation?  This is a question that will need to be answered by further study of brain mechanisms.


As a general rule, for any biologically functional unit there should be some syndrome associated with malfunction of that unit (i.e., for any function there is a malfunction).  So, we might suppose that there ought to be a syndrome(s) resulting from malfunction of mirror neurons.  No such syndrome has been clearly identified yet, but there is a small amount of evidence that autism (characterized by a failure to understand and respond to the emotions of others) might be associated with a defective mirror neuron system. 

Somewhat stronger evidence for function exists for the anterior insula.  As described above, recording of brain activity suggested that a mirror neuron system in the insula is involved both in the expression of disgust and in recognition of disgust as expressed by others.  Two individuals with damage to the insula have provided corroborative evidence for this function.  These individuals failed to express disgust when exposed to noxious odors, and they also failed to recognize expressions of disgust by others. 

Also, in a medical condition known as Moebius syndrome the subject is unable to control facial expressions, and these individuals seem to be somewhat deficient in “understanding” facial expressions of others.

A big question regarding mirror neuron systems:  Are these systems innate or do they develop from experience?  So far, no studies have been done with very young monkeys or with human infants to attempt to answer this question.  (However, human babies can imitate some facial expressions or very simple arm/hand motions within a few days after birth.)  Also, studies have not been done to attempt to explore very novel types of stimuli to see how they would be handles by mirror neuron systems.

