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ABSTRACT
Mirror neurons were accidentally discovered during research 
on the activity of nerve cells which was conducted by a team 
of Italian scientists in Parma. They observed that certain brain 
cells were activated when an animal performed a given activ-
ity but also when it observed a similar activity performed by 
someone else. The following discovery of mirror neurons in the 
human brain initiated a wave of experimental research which 
confirmed that mirror nerve cells are responsible for under-
standing the mental state of other humans. This process is much 
more complicated and important from an evolutionary point of  

 
view than it might initially seem. The activity of mirror neurons 
is noticeable in everyday life, during all interactions with other 
living beings. This is exhibited through mirroring – the reflec-
tion of emotional and epistemic mental states of others based 
on their behavior. We present the activities of mirror neurons 
and the theoretical framework of research. Finally, we discuss 
the results of neurological studies which have made it possible 
to locate and define in detail the role of the mirror neuron sys-
tem in the human brain.
Keywords: mirror neurons; mind theory; autism; empathy. 

INTRODUCTION 

The accidental discovery of mirror neurons by Italian research-
ers at the turn of the 1990s not only showed the location of 
a previously unknown type of nerve cell but also directed the 
attention of the scientific world to the cognitive mechanisms 
of empathy. Understanding these mechanisms as the basis for 
all human interactions has proven to be as important for the 
understanding of the nature of consciousness as the discovery 
of DNA was for biology. Mirror neurons may help us under-
stand how a subjective world is created in our mind and how 
we come to understand each other as unique individuals by 
constantly exchanging experiences with others. 

This work describes the properties of mirror neurons, with 
particular emphasis on their participation in fundamental cog-
nitive processes related to human social activity. It has been 
prepared thanks to an impressive body of literature dedicated 
to various aspects of the mirror neuron system. The first part 
of the paper presents the daily manifestations of mirror neu-
ron activity, i.e. the mirroring of other people’s emotional and 
epistemic states of mind. The subsequent chapters explain this 
phenomenon in detail, based on a theoretical framework and 
empirical research. We discuss Baron-Cohen’s classic “theory 
of mind” describing the 4 stages in the process of mirroring, 
how these were confirmed by experimental research and fur-
ther developed based on research into the human brain. The 
final neurological part describes an extensive system of mirror 
neurons, taking into account the most important anatomical 
structures of the brain involved in various aspects of mirroring. 

MULTIMODAL RESONANCE OF MIRROR NEURONS 

Everyday resonance 
Everyday life is filled with countless events where we must 
evaluate the observed behavior of other people in order 
to assess their mental state, intentions, or goals of action and 
how we should respond to these. This happens continuously, 
automatically, directly, often completely unconsciously, and is 
something without which we could not function in society [1, 2, 
3]. This experience of ‘emotional contagion’, i.e. automatic shar-
ing of other people’s emotions, is done through a permanent but 
unconscious mirroring of other people’s mental states in our 
mirror neuron system. It owes its name to the unusual activ-
ity of adjusting our conduct to fit the behavior of the observed 
person, resonating or tuning to the emotional and bodily state 
of the other person [1, 2, 4]. To better illustrate the concept 
of resonance, one could use an analogy of the resonance box 
of a guitar, where the vibration of one string makes the oth-
ers vibrate. When someone assumes a certain facial expres-
sion indicating his or her satisfaction, their interlocutor will 
immediately pick it up, match it to the emotions of satisfaction, 
and then directly feel and understand the emotions of their 
companion in a given context [2, 3]. The instrument’s reso-
nance box, on the other hand, can be compared to society – our 
social space where information is spread through sounds or 
non-verbal messages [5]. Since people do not differ from each 
other in terms of brain anatomy or in cognitive mechanisms, 
we have developed a common interpersonal area of meaning. 
This means that non-verbal signs characteristic of emotions are 
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in bullying, often resulting in unpleasant consequences for the 
object of psychological harassment. Over time, stress deepens 
and may even affect one’s immune system. In extreme cases, 
alienation can even cause depression and suicide attempts, 
which clearly demonstrates the importance of openness and 
mutual understanding between social contacts [3]. Resonance 
is often spoken of in the context of empathy, which seems to be 
the “most human” of all social phenomena and aptly reflects 
the essence of mutual understanding of one another’s inner 
states [11, 12]. Empathy is a very sophisticated form of behav-
ioral transmission when compared to systems other animals 
employ and is made possible by an elaborate system of mir-
ror neurons in the human brain. This unique feature of the 
human species may have enabled the rapid evolution of our 
brains, making Homo sapiens the most developed species on the 
planet in a relatively short time [13]. Thus, we can speak of 
empathy as a sophisticated form of imitation, thanks to which 
people are able to imitate not only the mechanical movements 
of limbs but also the subtle movements of the facial muscles, 
which allows us to experience the direct feeling of the other 
person’s emotions [14]. If it were not for our ability to feel the 
emotions of other people, we would not be able to understand 
their problems and hidden needs and desires. Consequently, 
we would not be able to be altruistic and create things together. 
It should be noted that, compared to other animals, Homo sapi-
ens show an exceptionally strong tendency to be altruistic, just 
as if it were a kind of default program of action. Without empa-
thy, we would remain deaf to negative emotions and internal 
conflicts in the minds of other people in need of help, and as 
a result, each of us would be stuck in a primitive survival-
oriented perspective, only satisfying our own needs. It is our 
ability to transcend this state of mind that distinguishes us 
from other living beings [15].

Mutual understanding and free communication enable 
a type of cooperation that is essential for a civilized and organ-
ized society consisting of various institutions that cannot exist 
without one another. It is only through the mutual exchange of 
experiences, their common analysis, and imitation of certain 
behaviors that we are able to understand the problems of indi-
viduals and of society, thus learning about the world and trans-
forming it together [15]. This is only possible because people 
have created a symbolic form of recording knowledge in order 
to preserve and pass on the achievements of older generations 
to younger generations. In this way, younger generations can 
learn what older generations have created and improve on this. 
The process is repeated for each successive generation, which 
results in the so-called ‘cultural ratchet effect’; as Homo sapiens 
cannot go back to previous stages of development, the achieve-
ments of previous generations are continuously improved upon. 
The cultural ratchet effect enables cumulative cultural evolu-
tion which is also influenced by a specific aspect of imitation, 
helped by the fact that only humans are able to imitate the 
ways and goals of a shared action [2]. Rizzolatti argues that 
due to the existence of 2 aspects of imitation, 2 types of mirror 
neuron resonance can be distinguished, high-level resonance 
allows us to understand the purpose of an action and low-level 

universal for all members of society, and this is what enables 
communication based only on a look or facial expression [3, 
6]. Apart from acts of emotional contagion, the phenomenon 
of resonance can be found in other situations involving mir-
roring, for example, when we spontaneously imitate observed 
behaviors. These can include situations such as when we fol-
low the gaze of our interlocutor or cross our legs after the 
other person has done so [3]. These imitative behaviors may 
seem trivial and insignificant, but this is exactly how all small 
children between 1–3 years of age learn – by mimicking adult 
behavior. As we gain experience by imitating observed behav-
iors, we learn new things and develop as individuals as well 
as a species [7]. 

The resonance mechanism includes an intuitive, peculiar 
feeling about what is going to happen during and after an inter-
action. As a person’s behavior can reveal numerous intentions 

– through eyebrow movements, the direction of gaze, tension, 
and restless hand movements, mirror neurons allow us to expe-
rience similar feelings which gives us the ability to understand 
the other person’s intentions and identify a potential threat. 
Nevertheless, mirroring only works efficiently and is only 
credible in interpreting emotions; the greatest effectiveness 
in evaluating any given situation can be achieved by adding 
reason to the equation [1, 2, 3, 4]. 

An interesting aspect of the phenomenon of resonance is that 
it occurs even when observing behavior presented by actors 
on a screen. This indicates that the mind is able to recognize 
that the recording we are watching is a scene that could be 
observed in reality [8]. This means that each scene in a film or 
advertisement activates a system of mirror neurons, and the 
observed behaviors may be reproduced in a favorable situa-
tion [3]. This is a significant observation for the modern infor-
mation society where the media tries to influence consumers 
to imitate the behavior on screen. It seems that by watching 
an advertisement in which someone purchases a given prod-
uct, we increase the probability of buying it ourselves [9]. This 
works even more efficiently in the case of subliminal stimula-
tion, i.e. when significant stimuli are presented in a time too 
short for them to be consciously perceived (40 ms), and yet 
their processing takes place on an unconscious level and has 
an impact on consumer decision-making. After the influence 
of subliminal stimulation on people has been proven, its use 
was prohibited in advertisements [2, 3]. 

Motor resonance is as important as emotional resonance. 
Observed primarily in the aforementioned spontaneous imi-
tation of other people’s behavior, it is also apparent in situa-
tions where there is difficulty in achieving consonance with 
another person. Mirror neuron systems differ in terms of their 
development which in practice means that some of us sim-
ply do not have the ability to show compassion or have some 
degree of difficulty with it [10]. This sense of alienation in cer-
tain groups of people at work or school results in their anxiety 
and manifests its self in many ways. Gaze is not reciprocated, 
attempts at conversation are ignored, and a number of subtle 
and sometimes incomprehensible signals suggest the undesir-
ability of interaction. Such acts of social annihilation are used 
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resonance allows us to imitate motion sequences [16]. Iacoboni 
adds that these 2 types of mirror neuron resonance are visible 
at the cerebral level – mirror neurons of the frontal cortex are 
responsible for understanding the purpose of action, and those 
in the parietal cortex for direct imitation [17]. This means that 
the human species is intelligent enough to understand that the 
same modes of action can be used to achieve different goals, 
and different goals can be achieved in different ways. Such 
a perspective has stimulated human creativity and caused the 
so-called combinatorial explosion, which resulted in various 
cultural inventions and a rapid transformation into a struc-
tured society [1, 16]. The significance of the discovery of mir-
ror neurons lies in the fact that explaining the phenomenon of 
resonance gives hope for the final unraveling of the mystery 
of the cultural evolution of Homo sapiens [13]. 

Discovery of mirror neurons 
The discovery of mirror neurons, which constitute the neu-
robiological explanation of the resonance phenomenon, was 
made by a group of scientists from the Institute of Physiology 
at the University of Parma, led by Giacomo Rizzolatti. Their 
research concerned sensorimotor integration, i.e. how the 
brain plans what action to take based on sensory data (stimuli) 
coming from inside and outside the body [18]. The objects of 
interest for scientists in this context were the areas of motor 
neurons directing the muscles, and therefore responsible for 
action taken [1, 2, 3]. The first studies of this type were carried 
out on macaques and consisted of implanting very sensitive 
electrodes into individual neurons, directly in and around the 
vicinity of the F5 area of the motor cortex in the animal’s brain. 
Their activity was then tracked while they performed various 
activities under laboratory conditions. The study showed that 
individual neurons in these areas of the brain were activated 
during the performance of purposeful movements. This meant 
that there were specialized nerve cells in the brain which, for 
example, would allow a hand movement to grasp fruit lying 
on a flat surface [2, 3, 4]. However, the motor neurons, on which 
Rizzolatti’s team initially focused, are not the main link in the 
system underpinning the phenomenon of resonance. Instead, 
this is the role of mirror neurons, adjacent to the motor neu-
rons in the F5 area, whose accidental discovery sparked a lively 
discussion about their role in the cognitive and social func-
tioning of an individual [1]. During the study, some abnormal 
neuron activity was observed in the F5 area of the abdominal 
pre-motor cortex (the equivalent of Brodmann areas A44 and 
A45 in the lower pre-motor cortex, partially coinciding with 
the Broca area in the human brain [1, 3, 19]) in the macaque 
brain which occurred when the animal merely observed the 
researcher reach for the apple lying on the table. This neuron 
was the same neuron that was previously activated when the 
macaque performed a similar activity. This meant that a pre-
viously unknown type of nerve cell, responsible for the phe-
nomenon of resonance, had just been discovered. 

Further experiments showed that mirror neurons are acti-
vated not only when imitating or observing a given activity, but 
even when a macaque did not see an action but heard a sound 

characteristic of the activity. In the case of humans, it is enough 
to overhear a conversation about a specific action for the rel-
evant neurons to become active and inform the subject about 
what is happening to the other person [2]. Mirror neurons there-
fore reliably perform their function regardless of the modality 
of stimuli needed to construct an appropriate representation. 
This phenomenon, initiated by the activity of mirror neurons, 
is called multimodal resonance [1]. This mechanism works by 
means of motor programs encoded in nerve cells which pro-
vide information on the sequence of activities characteristic 
of particular actions and multimodal representations which 
are systematically reflected in the mind [20]. Thus, each time 
a person senses specific emotions in their interlocutor, hears 
an unpleasant description of painful experiences, or directly 
observes how someone gets wounded, he immediately receives 
an internal representation of the proprioceptive experience 
that their companion is facing [2, 4]. We are able to feel and 
understand the other person’s situation and react accordingly 
since we have an almost identical experience to that of the 
other person, with the slight difference that the representation 
we have is only an internal simulation of what is actually hap-
pening [3]. This mechanism provides a neurobiological basis 
for empathy and all other social phenomena that act on the 
same principle [1]. 

Mirror neurons are responsible for human movement and 
can be considered the basis of our cognitive functioning in 
general [21]. The aforementioned motor programs encoded in 
mirror neurons consist of individual sequences of action and 
the characteristics of these are recorded as the subject inter-
acts with the outside world. By experiencing reality through 
observation and imitation, we record the initial sequence and 
then by repeating the activity on our own, we gain more and 
more certainty as to how the activity ends. Therefore, we do not 
have to observe the whole activity from the beginning to the 
end – it is enough for us to register its initial sequence so that 
we can understand the purpose of the activity and respond to it 
accordingly [1]. Without a system of mirror neurons, it would 
be impossible to enter a crowded tram, for example, because 
without the ability to directly understand the purpose of other 
people’s actions, we simply could not protect ourselves from 
the rushing crowd taking the last available seats. It would also 
be impossible to carry out soccer competitions or other team 
games because, without the ability to predict the movements 
of teammates, an athlete would not be able to predict the tra-
jectory of the ball’s flight and go in the right direction [22]. 

This automatic and intuitive knowledge about the develop-
ment of events arises only on the basis of one’s own experience, 
and is therefore burdened with the possibility of error [4]. Peo-
ple are characterized by unpredictability in action and the ini-
tial sequence of the observed action, although it may be a very 
familiar occurrence, may result in a completely different out-
come due to the ambiguity of gestures and other non-verbal 
signs [6]. Thus, when assessing an external situation, it is also 
worthwhile to support our assumptions with analytical think-
ing, thanks to which we can protect ourselves from the trap 
of our own automatisms which often force us to involuntarily 



Pomeranian J Life Sci 2020;66(4)	 33

The role of mirror neurons in cognitive and social functioning

perform reactions which do not guarantee success in every 
situation [3]. In conclusion, the discovery of mirror neurons 
has led to a new understanding of our own decision-making 
processes and the actions and mental states of other people. 
This is now the starting point for further reflections on the 
cognitive-social functioning of the individual. 

A good theoretical basis for an in-depth study of the subject 
is Baron-Cohen’s “theory of mind”, which describes in detail 
the successive stages of mirroring – from the recognition of 
an object as an external actor, through shared attention, to the 
understanding of the mental state of the external actor [8]. 
This theory was confirmed by the discovery of an extensive 
and complex system of mirror neurons existing in the human 
brain. The scientists in Parma did not stop at studying the 
mirror neurons discovered in the F5 area of the macaque’s 
pre-motor cortex – in further experiments, the same class of 
neurons was also found in many other structures in the brain. 
These areas were found to work together in a neuronal circuit 
responsible for the most fundamental human cognitive activi-
ties, allowing researchers from around the world to look at 
these issues from a completely new perspective [1, 2, 3, 4, 23]. 

SIMON BARON-COHEN’S THEORY OF THE MIND 

Baron-Cohen’s Mindblindness. An Essay on Autism and Theory 
of Mind offers a useful model of the mind which, as a system of 
hypothetical-theoretical assumptions, has been used to explain 
the human ability to immediately detect the state of mind of 
other people based on their behavior [24]. According to the 
author, this process is carried out through 4 mechanisms: “the 
intentionality detector” (ID), “the eye-direction detector” (EDD), 

“the shared-attention mechanism” (SAM), and “the theory-
-of-mind mechanism” (ToMM). These subsystems play differ-
ent roles, working closely together to produce the so-called 

“theory of mind” – a subjectively constructed concept of the 
other person’s current mental state. These mechanisms will 
be discussed in detail in the following sections of this chapter. 

Intentionality detector 
The ID is the 1st subsystem of the theory-of-mind. When acti-
vated, this mechanism mobilizes the other subsystems. It is 
therefore the initial stage of mirroring, taking place when at 
least 2 people interact. Therefore, the task of ID is to identify 
the so-called external agents and to interpret their movements 
as deliberate and motivated by a certain desire. The operation 
of this subsystem makes it possible to get a general sense of 
the observed scene, and it is said to be the most basic cognitive 
mechanism a child needs to start understanding other minds. 
Children between the ages of 18–24 months are in fact sensitive 
to spontaneous changes in an adult’s intentions – it has been 
shown that they react differently to giving and pretending 
and that they already make attempts to do the same [25]. This 
indicates the child’s understanding of the relationship between 
reality and the state of mind of the observed person [8]. The 
only condition that must be met in order for an object to be 

identified as an agent is self-excited movement [26] since this 
is the information that determines that we are dealing with 
another living being with a volitional state of mind. As such, 
there is an indifference to shape. Regardless of their size and 
how abstract they look, if they move by themselves, they are 
interpreted as agents. There are, however, situations in which 
the mind interprets inanimate objects as agents, such as a pool 
ball, a car, or a cloud, because at 1st they seem to move by them-
selves. However, after reflection we come to the conclusion 
that these objects move under the influence of some external 
force so they are not agents. The ID is triggered by a wide range 
of movements for evolutionary reasons – it is better to make 
a mistake by considering an inanimate object to be an agent 
and automatically go into combat mode, rather than ignore an 
agent that could pose a threat [8, 26]. In this context, a useful 
feature of ID is also its ability to identify agents on the basis of 
sensory data coming from all basic modalities (sight, hearing, 
touch). In our daily life, we largely rely on vision when dealing 
with agents in the outside world which leads to underappre-
ciation of our other senses. If, for example, we find ourselves 
in a completely dark room and suddenly hear a sound which 
is characteristic of a movement, or feel a hand on our shoulder, 
we realize that we are not alone and that this thing or person 
is conscious and can hurt us if that is his or her goal. In such 
a situation, the information provided by senses other than sight 
properly fulfill their role as they are able to alert the subject 
to the presence of another agent [8]. 

The existence of ID is supported by the 1944 Heider and 
Simmel study on a group of adult volunteers who were shown 
a silent film with geometric figures moving around the screen 
and then asked to describe what they had just watched. The 
results of the interview showed that in more than 90% of cases, 
there is a tendency to anthropomorphize the geometric fig-
ures – the participants did not give descriptions of the trajec-
tory of movement of the shapes, but used the pattern to create 
a kind of narrative with characters and plot. The researchers 
explain the results of the study by the fact that the partici-
pants interpreted the movement of the figures as self-excited, 
thus treating them as agents moving forwards or backwards 
in order to achieve a goal or to move away from it. During the 
interview, numerous phrases were used that indicated the 
attribution of a volitional state of mind: “it wants”, “it needs” 
etc. [27]. A few years later, similar experiments were also con-
ducted with children and infants which, to the satisfaction 
of the researchers, gave identical results and allowed for the 
unequivocal confirmation of the existence of ID [8]. 

Eye-direction detector 
Once the ID has played its role in locating the agent and clas-
sifying it as a living and conscious organism moving under the 
influence of a desire to achieve a goal, the cognitive system 
must then determine whether the goal is related to the cogni-
tive subject. This information is provided by the EDD. As the 
name suggests, this subsystem only works through the sense 
of sight. The EDD is a specialized part of the human visual 
system and is stimulated by the eyes and any other related 
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stimuli isolated from the observed faces. The purpose of this 
system is therefore to interpret the stimuli in terms of what 
the external agent sees. The EDD does this in 3 stages: eye 
detection, eye-direction detection, and the interpretation of 
seeing as perceiving [8].

In the 1st phase of operation, the EDD must interpret the 
perceived stimuli as the eyes of another organism. To do so, it 
fixates on them for some time and determines what they are 
doing. For a human being this is something completely natu-
ral because we have a preference to look into a person’s eyes 
longer than the rest of their face, as can be seen in 2-month-
old children [28]. Stern suggests that this is because, during 
breastfeeding, mother and child stay in a position where they 
can see each other’s eyes. By repeating this activity every day 
at an early stage of development, the mother’s eyes become 
natural stimuli for the child [29]. 

Once the eyes of another organism have been identified, 
the detector must determine whether they are directed at us 
or at something else. Just as with the over-compensation of 
risk assessment in the ID, realizing that we are in the agents 
field of vision increases vigilance and enables a quick transi-
tion to defense. Eye-direction detector does this by creating 
a representation of the relationship between our eyes and 
the agent’s eyes, or whatever it is that the agent is looking at. 
When visual contact is established, the body is controlled by 
perceptible physiological arousal as evidenced by, for example, 
an increased galvanic skin response [30]. Considering that both 
children and adults usually react with a smile to a recipro-
cated gaze, it can be assumed that the emotions evoked in this 
way are positive. However, the level of physiological arousal 
induced by visual contact differs among children, which means 
that, depending on the intensity of the stimulation, the child 
will aim to achieve the optimal level of arousal by breaking or 
prolonging visual contact [29]. 

In the last stage, EDD interprets the agent’s eye direction at 
a given object and assumes that the agent sees it. The ability 
to draw such a conclusion is probably already achieved as an 
infant through the experience of opening and closing their eyes 

– the child understands that when the eyes are open a visual 
experience occurs but is gone once they are closed. As the years 
go by, the child becomes able to generalize, so that he or she can 
conclude that this regularity also occurs with other agents [8].

The ID and EDD perform extremely important functions in 
the cognitive functioning of an individual, but their operation 
does not yet have much in common with the actual phenomenon 
of resonance. These systems operate on dyadic representations 
which means that their operation is noticeable within the cog-
nitive relations between 2 objects (the cognitive subject and 
the agent, and the agent and object), but is not enough to dis-
cuss obtaining a shared picture of reality. This is provided by 
an additional subsystem, one that elevates the entire process 
to a higher level, allowing for contact between several minds [8]. 

Shared-attention mechanism 
The SAM differs from the aforementioned 2 subsystems in the 
theory-of-mind because its main function is to create triadic 

representations or the relationship between 3 objects. This 
means that the mechanism is activated when there are at least 
2 agents (the cognitive subject and the external agent) and an 
object (an object or another agent) on which both focus. Thus, 
creating a triadic representation is tantamount to realizing that 
both the cognitive subject and the agent see the same object 
on which they can communicate freely, confident that they both 
know what they are talking about [8]. 

The pursuit of shared attention is already visible in chil-
dren between 9–14 months of age. For example, children often 
employ a so-called protodeclarative gesture of ‘pointing out’ 
through which the child induces the other person to concen-
trate their attention on the object the child is interested in [31]. 
In order to build a triadic representation, SAM requires infor-
mation about the other person’s perceptional state, which it 
gains through the ID and EDD i.e. previously created dyadic 
representations. This means that each triadic representation 
contains 2 nested dyadic representations – i.e. the represen-
tations of the perceptional state of ‘me’ and ‘the agent’. This 
relationship indicates the cooperation of the 3 subsystems [8]. 
In order to obtain the necessary information, the SAM retrieves 
data from all possible senses – although it seems that the most 
important are those related to the direction of the other person’ 
gaze, i.e. the dyadic representations created by EDD through the 
sense of sight. The mechanism compares our direction of vision 
with the agent’s direction of vision to determine whether the 
attention of both people is focused on the same object. Using 
the information offered by EDD is by far the easiest and quick-
est way for SAM to determine the fact of shared attention, and 
therefore the relationship between the 2 systems is thought 
to have a privileged status [3]. The limitation of this mechanism 
is that sight only makes it possible to determine what objects 
both agents are concentrating on within our field of vision. 
With reference to other senses, identifying the shared attention 
is more difficult since it is impossible to determine whether 
2 different people have the same sensory quality of taste or 
smell [8]. The process of creating triadic representations also 
involves ID. Through SAM, the output from ID becomes avail-
able to EDD, so that the object on which 2 people are focused 
on can be interpreted as their common goal [8]. 

In 1992, a group of researchers conducted a study on children 
aged between 9–18 months in order to confirm the hypothesis 
of their interpretation of eye-direction in terms of target detec-
tion. During the experiment, the researchers presented both 
clear and ambiguous actions to the children and then observed 
their reactions. The results showed that in the case of ambigu-
ous actions, the children’s reflex reaction was to direct their 
gaze directly at the experimenter’s eyes, which can be inter-
preted as a search for information about the purpose of the 
action [32]. The experiment shows that the intentional refer-
ence of at least 2 people to the same object is only possible if 
the 3 aforementioned systems work closely together – a lack 
of data from any of them makes the process impossible [8]. 

The interaction of ID, EDD, and SAM gives some knowl-
edge on what is happening to the other person by enabling us 
to communicate with them about the reality we see together, 
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although the triadic representations generated by SAM are 
still not enough to understand and read other people’s minds. 
For the resonance phenomenon to occur, a person still needs 
information about the more complex states of mind of the other 
person and the possibility to coordinate all the data obtained. 
This is the function of the last element of the presented model, 
the ToMM.

The theory-of-mind mechanism 
The ToMM is superior to the other subsystems because its 
main task is to coordinate all the information that ID, EDD, 
and SAM have obtained. However, before it can integrate the 
data, it must supplement this with the final pieces of informa-
tion which it acquires on its own [8]. The aspects dealt with 
by ToMM are the so-called epistemic states of mind, i.e. states 
related to complex cognitive activities, such as thinking, judg-
ing, pretending, or imagining. The ToMM recognizes such states 
by representing the suggestive attitudes of agents as mental 
representations (agent – attitude – statement). For example, 
when talking to a friend about the weather, the mechanism 
represents the friend’s propositional attitude as: (Matthew 

– thinks – it’s “raining”), so that it can determine the friend’s 
epistemic state of mind, which in this case is “thinking”. The 
mental representations, therefore, are the medium through 
which we are able to understand what is happening to the 
other person – they allow us to ascertain his or her subjective 
state of mind in a given situation and to distinguish it from 
our own [33]. At this point, attention should be paid to the key 
property of epistemic states of mind, namely their so-called 
referential opacity. Referential opacity refers to the fact that 
the claim on which the agent’s propositional attitude is directed 
can be false, although the whole mental representation is true. 
This phenomenon can be explained with the aforementioned 
example. The representation (Matthew – thinks – “it’s rain-
ing”) is true because Matthew actually said aloud “I’s raining” 
and there is no indication that he is lying or joking and there-
fore, he really believes that it is raining. If, however, in reality, 
it is snowing and not raining then Matthew’s claim is false, 
although the whole representation is true. 

The process of reading the epistemic states of mind seems 
quite complex, but in actual fact, its effects are already notice-
able in properly developing children between the ages of 18–24 
months as this is the age where children begin to prefer games 
based on the most basic epistemic state of mind, i.e. pretend-
ing [34]. In the next stage of development, children also begin 
to understand the principle that knowledge is a product of per-
ception [35] and that people sometimes have beliefs in relation 
to reality that can either be true or false, which indicates that 
they perceive the opacity of epistemic states [36]. In 4- and 
5-year-old children, the action of ToMM is already very sophis-
ticated. This is shown by their understanding of fairy tales 
with storylines based on misunderstandings caused by deceit, 
and by their own use of deception in everyday situations [37]. 

Once ToMM has acquired the relevant information, it can 
proceed to its 2nd task, i.e. to merge all the data acquired by 
the 4 subsystems into 1 coherent theory of the other person’s 

mind. This is done by retrieving information from the ID and 
EDD via SAM, which indicates that there is an equally privi-
leged relationship between ToMM and SAM as there is between 
SAM and EDD. The triadic representations generated by SAM 
can also use the other person’s propositional attitudes, thus 
providing the appropriate input for ToMM which quickly and 
efficiently transforms the SAM’s triadic representations into 
its own M-Representations, completing the entire process of 
reading the other person’s mind [8]. 

In summary, this chapter presents the 4 mechanisms respon-
sible for carrying out the process of mirroring, which corre-
spond to the 4 stages of forming assumptions of a person’s 
intentions. This process, although it includes several stages 
and requires different types of knowledge, is almost instan-
taneous and is present during every moment of interaction 
with other people or animals. However, not every one of these 
mechanisms is part of our evolutionary devices. Table 1 sum-
marizes which stage of human development is affected by the 
appearance of cognitive abilities corresponding to each of the 
theory-of-mind subsystems. 

TABLE   1. Mean values ±standard deviation (SD) of the biochemical 
parameters of the efficacy of kidney storage 

Name of the 
mechanism

Cognitive abilities, specific 
to a given mechanism

Period  
of development

Intentionality 
detector (ID)

1.	detection of the purpose 
of action – interpretation 
of self-excited movement 
as indicative of the 
presence of another agent 
manifesting a volitional 
states of mind,

2.	building dyadic 
representations

innate 
mechanism: 
development 
from birth 
to about 9 
months of age

Eye-direction 
detector 
(EDD)

1.	recording of stimuli 
related to the eyes,

2.	monitoring eye-direction,
3.	interpreting the eye-

-direction in terms of 
target detection,

4.	building dyadic 
representations

innate 
mechanism: 
development 
from birth 
to about 9 
months of age

Shared- 
-attention 
mechanism 
(SAM)

1.	giving attention to an 
object/entity that is the 
other agent’s reference 
target, based on the 
direction of the agent’s 
gaze,

2.	building triadic 
representations

9–18 months

The theory-
-of-mind 
mechanisms 
(ToMM)

1.	recognizing one’s own and 
others’ epistemic states 
of mind – distinguishing 
between physical and 
non-physical entities,

2.	building mental 
representations 
on the basis of reading 
propositional attitudes

18–48 months
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The phenomenon of resonance is not merely a theoretical prop-
osition of scientists – it is a real complex cognitive process occur-
ring through the mirror neuron system in the human brain. This 
system involves many anatomical structures whose functions 
correspond to those of the individual mind theory subsystems 
discussed here, confirming Baron-Cohen’s assumptions about 
the mechanisms that work during human interactions. 

MIRROR NEURON SYSTEM IN THE HUMAN BRAIN

Development of the mirror neuron system 
The ability to imitate has shaped modern humans into a highly 
developed civilization full of various cultural creations and is 
somewhat inscribed in its genetic code [38]. The development 
of the system of mirror neurons is carried out according to the 
genetic program, i.e. through phylogenetic mechanisms related 
to the sensory-motor activity of Homo sapiens. The readiness of 
an individual to automatically and effortlessly imitate simple 
activities is therefore a consequence of ancestors who were 
exposed to constantly repeated activities undertaken under 
specific conditions. The kind of activities they are depends 
on the general sensory-motor specificity of the whole species, 
something which is shaped over centuries [21]. The system 
of mirror neurons, prepared in a genetically modified way, 
starts to function as early as the fetal period when the baby’s 
organism is still developing in the womb [38]. The activity of 
mirror neurons is very important here because they are the 
basis for the primary communication between mother and 
child, consisting of mutually tuning of their mirror neuron 
systems. This connection forms the basis for the further devel-
opment of the ability to imitate and communicate with other 
people and general development in both cognitive and social 
functioning, based on a fundamental distinction between “I” 
and “others”. The primitive imitation of one’s mother in this 
stage makes the imitation of other adults performing basic 
activities easier and more effortless for children postpartum 
and during infancy [39]. However, this becomes increasingly 
difficult over time as personal experiences makes us aware 
of the ambiguity of the activities observed, i.e., their various 
possible outcomes, whose prediction depends on the correct 
inference and interpretation of the situational context [21]. 

Multidimensionality of the emphatic reaction 
The phenomenon of resonance is often equated with human 
empathy, which is not entirely incorrect because empathy is 
central to social understanding. It would, however, be wrong 
to say that empathic reactions are only caused by the mirror-
ing of emotions. Resonance is a multidimensional reaction that 
takes into account not only the affective but also the cognitive 
and motor components of experience [39]. Information about 
the cognitive subject and external agents is represented at 
many levels and by the various modalities available to the 
nervous system [17, 21, 23]. At the cerebral level, the multidi-
mensionality of the empathic reaction takes place through the 
activities of numerous brain structures, integrated by means 

of a network of mirror neurons, involved in processes related 
primarily to mimicry, language, motor activities, empathy, and 
the creation of theories [39]. These capabilities constitute the 
core of the mirroring phenomenon, and thus, analogically, the 
structures that make up their neurological background con-
stitute the core of the mirror neuron system. These structures 
mainly include the sensory-motor cortex, the premotor cor-
tex, the inferior frontal gyrus, the inferior parietal lobule, the 
superior temporal sulcus, the middle temporal gyrus, and the 
insular cortex [40, 41]. Among them, particular attention should 
be paid to the pre-motor cortex, specifically Brodmann areas 
A44 and A45, partially overlapping with the Broca area – as 
this part of the cortex has the largest concentration of mirror 
neurons [3]. Contributions from the areas of the brain related 
to perception, memory, analytical thinking, and many other 
aspects of resonance are also significant [40]. Since the sys-
tem of mirror neurons takes the form of a network connect-
ing individual brain structures, its 1st function is to synthe-
size information obtained through these. At the same time, 
this function constitutes the 1st stage of mirroring aimed at 
defining the perspective of the subject’s “Self”. The perspec-
tive of the “Self” is treated here as the state of mind of the 
cognitive subject at the present time, taking into account his 
or her well-being, previous experiences, attitudes, and views 
relevant to the situation [39, 40]. It is only after this synthesis 
that mirror neurons begin their main task, which is to tune 
their activity to the activity of the mirror neurons and brain 
structures of the external subject. Mirroring can therefore be 
known as the communication between the brains of 2 (or more) 
subjects, aimed at creating a shared experience by producing 
a simulation of it in the subjects brain. With a simulation that is 
multimodal and on multiple levels, we can feel what the other 
person feels at a given moment and relate to it accordingly [39, 
42]. However, it should be remembered that interpreting the 
observed actions by the filter of one’s own “Self” creates the 
risk of making mistakes in the attribution of the other per-
son’s views, goals, or intentions. Such errors are called ego-
centric errors because they result from personal experience 
or deficits in the functions of the individual brain structures 
of the cognitive subject. For example, if a person has a defi-
ciency in the functioning of the insular cortex and therefore 
has problems identifying emotions of anger in himself, there 
will also be anomalies in identifying emotions of anger in oth-
ers. These errors also include the everyday misunderstandings 
that arise from prejudices or negative experiences with peo-
ple or situations which are similar to what we are experienc-
ing in the moment [17, 43]. The mirroring process is a process 
that requires an incredible speed of reaction and precise syn-
chronization of the activity of many areas of the brain, which 
makes it difficult to separate the processes responsible for 
its different aspects. However, within the main abilities that 
are relevant to resonance (mimicry, language, motor activity, 
empathy, theory-of-mind creation), special relationships can 
be found between language and motor activities, and empathy 
and theory-of-mind processes [39]. These dependencies will 
be described in the following subsections. 
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Integrating the function of the mirror neuron system 
with respect to language and motor activity 
The system of mirror neurons is called a trimodal system 
because, for the processes of understanding speech, the cog-
nitive subject requires motor, auditory and visual stimuli, pro-
cessed in an integrated way. This system takes the form of 
a neural network, combining the sensory-motor, temporal 
and parietal structures of the cerebral cortex in the left hemi-
sphere [44]. Although all 3 aspects are equally important for 
the development of speech-related abilities, the participation 
of the motor system deserves special attention. In the brain, 
the eloquent cortex is involved in both linguistic processes and 
motor activity, mainly including the Broca area (in the inferior 
area of the frontal lobe), the primary motor cortex, the addi-
tional motor cortex, and the pre-motor cortex [45]. However, 
learning a language through the motor system and mirror 
neuron system is largely possible due to the specificity of the 
Broca area and the Wernicke area whose activity stimulates 
the motor system. The Broca area is responsible for generating 
speech and controlling the movements of the muscles of the face, 
cheeks, and lips that are active during speech. Located in the 
posterior dorsal area of the temporal lobe, the Wernicke area is 
responsible for carrying out processes related to understand-
ing speech. Thus, the proper functioning of the Wernicke area 
and the Broca area determines the proper course of language 
development, which is confirmed by documented cases of dif-
ficulties in language development in people with congenital or 
acquired damage to the inferior frontal and temporal areas of 
the cerebral cortex [39, 46]. 

The connection between language and motor abilities is 
apparent even in the fetal period of human development, spe-
cifically in the 3rd trimester of pregnancy when the fetus’ brain 
develops intensively, especially in terms of the sensory-motor 
cortex. The process of speech development is connected with 
the fetus’ movements in the womb and with external stimula-
tion in the form of mother-child conversation. Through a sys-
tem of mirror neurons, eloquent areas of the mother’s brain, 
active during speech, stimulate and develop analogous struc-
tures of the child’s brain. The link between language and the 
motor system is that the movements imitated by the child are 
mainly those of the movements of the mother’s facial muscles 
during articulation which constitutes a rudimentary form 
of communication at birth [21]. Thus, mirror neurons enable 
the learning of language because of their ability to map the 
representations of communication using the senses onto the 
personal representation of the motor activity. This allows the 
cognitive subject to get into a state of readiness to take a given 
action [39, 47]. This kind of motoric ability, obtained from the 
mother through a system of mirror neurons during the fetal 
period, allows the child to reach an understanding with other 
subjects via mirroring even before he or she starts communi-
cating through words. Wordless communication is therefore 
a primary form of speech since internal speech, indicated by 
gestures, activates the same pre-motor cerebral cortex com-
munication system as speech. This area, as already mentioned, 
has a dense network of mirror neurons responsible for action 

planning, which indicates the significant participation of mirror 
neurons in the process of understanding non-verbal messages. 
At the cerebral level, these messages take the form of single 
electrical signals transmitted between nerve cells – just like 
with spoken words [38]. The language and gestures of non-
verbal communication with motor activities are linked to the 
human ability to use tools. The left parietal cortex, associated 
with the control for gestures and the manipulation of objects, is 
connected by an integrative network of mirror neurons within 
the areas of the cerebral cortex close to the tegmentum, which 
takes part in language-related processes [44]. 

The activity of the mirror neuron system, noticeable in the 
process of shaping linguistic abilities, seems to support Noam 
Chomsky’s popular theory about the innate nature of human 
language [39]. Chomsky postulated the existence of so-called 
universal grammar, that is, a genetically determined initial 
state of linguistic ability conditioning the universal structure 
of natural languages. The development of this initial stage is 
thought to be established by biological processes, i.e. through 
the activity of appropriate brain structures responsible for lin-
guistic abilities, primarily in the Broca area and the Wernicke 
area [46]. Advances in neuroscience have allowed us to look at 
this linguistic-biological theory from a new perspective, com-
plement it with additional brain structures associated with 
linguistic abilities and indicate the significant role of mirror 
neurons in interpersonal communication, closely related to the 
activity of the motor system [39]. 

The integrating function of mirror neurons in relation 
to empathy and the theory of mind 
For the phenomenon of resonance, it is important to imitate 
movements faithfully and to understand the intentions and 
purposes of the activity for other people. As already men-
tioned, these abilities refer to low- and high-level resonance, 
respectively. The observations of the activities of the human 
brain connected with empathizing and mentalizing indicate 
the importance of these 2 aspects of mirroring [16, 17, 44]. The 
main areas of the brain associated with empathy are consid-
ered to be the posterior frontal gyrus and the adjacent part of 
the pre-motor cortex, i.e. exactly the same area in which high-

-level resonance activity is attributed. Low-level resonance 
activity is mainly associated with the parietal cortex, respon-
sible for the mirroring of bodily sensations [17, 39]. Observing 
the various aspects of multi-dimensional empathic responses, 
researchers found that the processes related to empathy and 
those related to the creation of the theories of mind, although 
distinctive in and of themselves, are closely connected. Despite 
their common neurological background (the inferior frontal 
cortex, pre-motor cortex, superior temporal cortex, insular 
cortex, amygdala, and medial prefrontal cortex) they are not 
the same [23]. Therefore, 2 types of empathy may be distin-
guished, cognitive empathy and emotional empathy. 

The 1st type is related to the ability to accept the perspec-
tive of another person, i.e. the ability to create a theory of mind. 
The basis of this ability is to perceive and experience one’s 
own and other people’s mental states, for which the medial 
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prefrontal cortex is primarily responsible. If, in addition, brain 
structures such as the insular cortex, the anterior and dorsal 
anterior cingulate cortex, the premotor cortex, and the basal 
ganglia are activated, then emotional empathy appears. This 
empathy is connected with experiencing emotional states, i.e. 
our ability to recognize moods, or showing strong emotional 
reactions as a result of observing someone experiencing pain [17, 
21, 23, 39]. Already at this stage of mirroring we can see how 
extensive the empathic reaction is and how subtle the bounda-
ries between individual abilities are, seamlessly working in 
tandem, both in the individual experience and at the neuro-
logical level. In order to illustrate the mirror activity of the 
brain, which takes place during interactions with other living 
beings, it is necessary to trace the path of the electrical signal 
transmitted between the nerve cells – from the reception of 
the external stimulus, through the sharing of the experience, 
to the mapping of activities or the construction of a theory of 
the mind of the other person. 

Neurological background of Simon Baron-Cohen’s 
theory of mind 
Baron-Cohen has distinguished 4 stages of mirroring with 4 
respective “cognitive devices”: the ID, the EDD, the SAM, and 
the ToMM. Baron-Cohen’s proposition seems to be a highly the-
oretical explanation of the human capacity for mentalization. 
However, his theory can be supported by mirroring recorded 
during the performance of cognitive activities as these cor-
respond to the tasks of individual modules of the theory of 
mind. In fact, thanks to its synthesizing and reflecting func-
tions, the mirror neuron system is the structure responsible 
for distinguishing between the “Self” and “others”, for sharing 
experiences and understanding the mental states of other sub-
jects which makes it possible to consider it the neurobiologi-
cal foundation of Baron-Cohen’s theory. The following section 
will provide neurological evidence to support this thesis [3, 8]. 

The process of mirroring, as already known, only occurs 
between living beings – the mirror neuron system is not acti-
vated in interactions with inanimate objects that do not move 
with a self-excited motion and do not manifest a volitional 
state of mind [3, 8]. Joachim Bauer suggests that the mirroring 
process begins with the recording of a moving visual stimulus 
through cones and rods, i.e. visual receptors located on the 
retina inside the eyeball. The receptors form synaptic connec-
tions with ganglion cells, for example, whose axons intertwine 
in the optic nerve from where signals coding the shape, color, 
and motor aspects of the stimulus, leave the eyeball. Having 
completed a visual pathway, where they go through the optic 
chiasm, thalamus, and lateral geniculate nucleus, they reach the 
occipital lobe of the visual cortex, where they are transformed 
into representations of what our eyes have observed [48]. The 
occipital lobe is connected to the temporal lobe by 2 nerve fibers 
on both sides of the brain. Through these fibers, the information 
from the visual cortex enters the superior temporal sulcus, i.e. 
the visual processing and interpretation system. There, on the 
basis of the motor aspect, a decision is made as to whether 
the observed object is a living agent – if so, the brain receives 

information that mirroring can begin [3]. A similar temporal 
lobe activity in monkeys, after they have observed an object 
moving in a self-excited motion, has prompted researchers 
to consider this area as the cerebral location of the ID – the 
1st of the cognitive devices proposed by the Baron-Cohen [8]. 
An issue that needs to be clarified here is that contrary to the 
assumptions of the author of “theory of mind”, the mirror neu-
ron system also reacts to accidental movements and not just 
those that are intentional. However, Baron-Cohen’s hypoth-
esis is not completely wrong, since the variant he proposed 
does occur in animals other than humans [47]. Bauer suggests 
that the superior temporal sulcus is also responsible for the 
processes assigned to the EDD and the SAM. This area is also 
responsible for determining the direction of vision in other 
subjects, on the basis of which it determines the object of their 
interest and the potential object of shared attention [3]. Mir-
roring of facial expressions via the determination of another 
person’s gaze also involves the inferior frontal cortex, pre-
frontal cortex, insular cortex, and amygdala [43]. At the level 
of the superior temporal sulcus, the cognitive agent is already 
aware that he or she is in contact with a living being who is 
moving in the direction suggested by the direction of his or 
her gaze. Humans usually direct their gaze in the same direc-
tion as the other person completely automatically, thought-
lessly and immediately, although at the cerebral level, there is 
still a long way to go before we can finally reflect the motoric 
movement or create a theory of the other person’s mind. In 
the next stage, the brain must determine whether it is safe 
to continue mirroring. This is done at the level of the primary 
sensory cortex, whose cells record the sensations from skin 
and connective tissue and determine where the stimulation 
comes from. Then, the associated lower parietal cortex sen-
sory cells form an internal representation of the sensory con-
sequences of the movement [3]. 

The primary sensory cortex also has numerous connections 
with other brain structures responsible for emotional empathy, 
the most important of which are the insular cortex and cingu-
late cortex [47]. They are, respectively, the cerebral centers of 
emotion, and the area responsible for pain sensation and the 
production of pain representations as a result of observing 
someone who is physically harmed [3]. When the mirroring of 
a given activity proves safe for the cognitive subject, the activ-
ity of the system moves to the area of the pre-motor cortex, 
where at the same time the planning of one’s own activity and 
reading of the observed goals and intentions takes place. Mirror 
neurons of the pre-motor cortex have inter-modal properties, 
which means that the reading of the purpose or intention of 
action can be based on data from different modalities rather 
than just sight [39, 44]. From there, the signal can be transmit-
ted to the motor cortex, which results in a mapping of the pre-
viously observed movement, or it can be stopped at the level of 
pre-motor neurons. However, processes ending with the motor 
cortex concern low-level resonance, based on faithful imita-
tion [3]. High-level resonance, associated with the reading of the 
agent’s intentions, also involves the cortical-central structures 
of the brain, i.e. the area most closely related to the creation of 
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the theory-of-mind. In addition to the temporoparietal junction 
and superior temporal sulcus described earlier, these include 
the middle frontal cortex with the adjacent anterior cingulate 
cortex and the temporal poles. They are responsible for higher 
cognitive functions related to understanding, thinking, and 
language, and are also able to use different modalities which 
means that they coordinate various types of perceptual infor-
mation. Among them, the neurological background of the last 
of the theory-of-mind modules are primarily considered to be 
the frontal and prefrontal cortex, whose activity enables us 
to adapt to new situations and to understand other points of 
view. On the other hand, the structures of the middle tempo-
ral lobe are responsible for the ability to imagine the future 
and is linked to the adoption of the other person’s perspective. 
Cortical-central structures, together with the sensory organs, 
are also responsible for the precise reading of the situational 
context of interaction [39]. It should be noted that for a close 
cooperation between the frontal lobe and the temporal lobe, 
it is necessary to combine them with structures responsible 
for emotions, simulation, motor activities, and language [47]. 
The process of mirroring also involves the participation of 
executive functions, which ultimately indicates that the crea-
tion of the theory of the other person’s mind is the result of 
a multidimensional empathic reaction, rather than the activ-
ity of a particular module in the mind [39]. 

In summary, mirror neurons 1st synthesize the activity of 
brain structures, which allows them to define the perspective 
of the “Self”. They then tune in to the pattern of activity of the 
observed agent, activating analogous brain structures to cre-
ate a simulation of the other person’s experience. Inter-modal 
information about the self and the other subject is then juxta-
posed by the frontal areas of the brain into a coherent theory 
of the other person’s mind. In all properly developing people, 
this system works on the same principle although its effective-
ness depends on the overall sensitivity of the individual. This 
means that, depending on the degree of reactivity of the nerv-
ous system, we will find people who are more attuned or less 
attuned to stimulation. In practice, highly sensitive individu-
als show an increased awareness of the mirroring processes 
that take place in interactions with others, which makes them 
intuitive and they will usually consider themselves to be more 
empathic [39]. We can also find people whose differences are 
due to certain irregularities, primarily autism spectrum dis-
orders (ASD), whose cognitive dysfunctions cause significant 
problems in developing theoris-of-mind [49]. 

SUMMARY AND PERSPECTIVES FOR FURTHER 
RESEARCH 

The data collected and summarized in this paper on the cogni-
tive-social manifestations of mirror neuron activity in humans, 
clearly indicate that the discovery of these neurons as a major 
event in science is not an exaggeration. By revealing the mecha-
nisms of understanding actions and reflecting the mental states 
of others, these cells have clarified many problematic issues in 

scientific research. What initially appeared to be a cluster of 
several new, specific nerve cells, turned out to be an extensive 
neural network integrating the most important structures of 
the cerebral cortex. The analysis of the processes carried out by 
mirror neurons has shaken the scientific world up as it seems 
to undermine the thesis of mind modularity while pointing 
to the multidimensional nature of the empathic reaction. The 
processes associated with understanding the actions of oth-
ers have proved to include many more factors than initially 
thought, and their interdependence seems to play a key role. 
However, despite promising prospects, researchers warn that 
there is still a long way to go. The broken mirror theory and the 
theory of mentalism have been only been developed relatively 
recently and still require a lot of research before we are able 
to develop effective cognitive therapy for people with ASD [50].

Many scientific publications suggest that mirror neurons, 
along with other significant findings in neuroscience, can con-
tribute to improving the quality of didactics and the process of 
rehabilitation. It has been noted that teaching methods includ-
ing cognitive mimicry and imitation mechanisms are much 
more effective than classical methods. Therefore, schools are 
increasingly using project-based teaching, with an emphasis 
on creative activities, cooperation, and efficient communication. 
Such changes aim to familiarize students with the realities of 
professional life by teaching them how to deal with stress which 
is often caused by public speaking or the inability to work in 
a group [51]. For individuals with behavioral problems under-
going rehabilitation, drawing their attention to empathy, and 
working with emotions as essential factors in the decision-

-making process has been effective. Positive psychology also 
draws attention to the existence of brain neuroplasticity – any 
negative patterns of behavior can be replaced by new ones that 
benefit both the individual and the society in which he or she 
lives. The brain never stops developing, and personal devel-
opment is all the more effective if we learn about ourselves 
through interactions with others [52]. 

Although the discovery of mirror neurons has created 
intriguing perspectives for science and social life, there are 
some prominent critics. Hickok expressed his objection to the 
theory of mirror neurons in his book entitled The myth of mir-
ror neurons [53]. For example, Hickok doubts the participa-
tion of mirror neurons in reading the situational context that 
is essential for a full understanding of messages. He argues 
that mirror neuron activity is not enough to provide a com-
prehensive picture of a situation. On other hand, Rostowski 
and Rostowska believes that it is the reflective function of 
mirror neurons that enables adaptation to various situations 
by inhibiting or stimulating adequate responses [39]. Hickok 
also doubts the fundamental issue of linking mirror neurons 
to empathy, which he claims requires understanding that needs 

“more” than just a simple mirroring of emotions [53]. However, 
we showed that empathy can be divided into emotional and 
cognitive categories, and that mirror neurons do not work 
alone but in the company of other brain structures that com-
plement the process with the information necessary to fully 
understand the state of mind of other people. The discovery 
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of mirror neurons is undoubtedly an absolute breakthrough 
in the field of cognitive science, showing the significance of 
empathy and reciprocity as the fundamental factors of social 
life. Perhaps when we realize how the brain creates a subjective 
mind based on every little bit of information, we will under-
stand how important every single individual is for a society. 
This may also help finally unravel the mystery of conscious-
ness and help us enter the era of artificial intelligence. 
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