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ABSTRACT

This article is a literature review paper on an analysis of the neural mechanisms underlying empathy and cognitive
functions related to the comprehension of other individuals. Empathy refers to a multifaceted psychological phenom-
enon characterized by the capacity to understand and share the emotional and cognitive states of others. It involves
the ability to perceive and resonate with the feelings, thoughts, and perspectives of people, often leading to a sense of
emotional connection and a willingness to provide support or assistance based on this understanding. Neuroscientists
and psychologists alike have extensively explored various brain regions and neural processes that potentially contrib-
ute to empathy. However, despite significant research efforts, a definitive understanding of the precise underlying
factors that give rise to empathy remains elusive. Exploring the mechanisms of empathy is still in its nascent stages,
but researchers have developed a multitude of theories connected to this concept, such as the role of mirror neurons,
mental perspective-taking, theory of mind network, and the role of different ROIs (regions of interest) in the brain.
Throughout this paper, these diverse theories are explored, examining the empirical evidence supporting each one and
evaluating their potential applicability to empathy. By critically assessing these theories, we aim to contribute to the
ongoing discourse surrounding the root causes of empathy, with the ultimate goal of discerning which theory holds
the most validity, how these theories may overlap or differ, and how to make optimal use of this intricate phenomenon.

EMPATHY AND ITS COGNITIVE THEORIES

Empathy is a fundamental human trait that enables individuals to understand and share the emotional experiences of
others, fostering socio-cultural connections. The origin of the word empathy dates back to the 1880s when German
psychologist Theodore Lipps coined the term “einfuhlung” (meaning “in-feeling”) to describe the emotional appreci-
ation of another’s feelings. Empathy has further been described as the process of understanding an individual’s sub-
jective experience by vicariously sharing that experience while maintaining an observant stance. Essentially, empathy
is the curiosity that leads an individual to learn more about others and delve deeper into their emotions, leading them
to understand another's experiences within the person’s frame of reference. The frame of reference is limited by per-
ception, biases, and liabilities. The ability to empathize underpins prosocial behavior, cooperation, and the develop-
ment of cohesive societies.

Understanding the fundamental brain mechanisms governing empathy and its interaction with cognitive func-
tions is a fascinating and varied topic of study in neuroscience and psychology. Many ideas have been developed to
better comprehend the human capacity to unite one's own viewpoints and feelings with those of others. These theories
provide various insights into the complex machinery that governs empathy's careful balance of shared experience and
cognitive knowledge. Empathy encompasses a wide range of elements, including emotional, cognitive, and biological
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dimensions. However, investigating theories regarding cognitive and neurological facets, in specific, is critical for the
advancement of scientific understanding in this field.

Emotional empathy is the most common understanding society has of empathy, hinging on an individual’s
ability to vicariously experience the emotions of others. On the other hand, cognitive empathy operates through deeper
thought processes, extensive research, and logical thinking. While emotional contagion captures the affective aspect
of empathy, cognitive functions play a pivotal role in empathetic understanding by offering a more analytical perspec-
tive in interpreting the needs of others. Before delving into the neural complexities of how these concepts function in
the brain, it is crucial to first understand the foundational cognitive theories that researchers suggest play a pivotal role
in human understanding. Two main concepts make up this foundation: perspective-taking and theory of mind.

Perspective-taking

Firstly, perspective-taking analysis refers to the ability to mentally simulate a person's emotional responses by imag-
ining themselves in their circumstances. This ability allows one to identify an individual's emotions without neces-
sarily sharing them, thereby allowing them to cater to their needs (Mclaren, 2019). Although skillful perspective-
taking relies on the ability to share emotions, it also relies on a person's empathic accuracy, the quality of refocusing
and regulating one's own emotions. Therefore, one cannot grasp the perspective of others without understanding and
feeling emotions themselves.

From the viewpoints of neuroscientific research, neuroimaging studies have highlighted brain regions to un-
derstand key players in skillful perspective taking analysis, as well as provide evidence to this theory as it relates to
empathy. Engaged brain regions include dorsal, middle, and ventral medial prefrontal cortex, precuneus (PC), and
temporoparietal junction (TPJ). These areas are selectively activated “when individuals engage in tasks that require
deciphering thoughts and emotions of others,” indicating their specialized role in social cognition (Chou, 2018). This
ability to make inferences on others' mental states (thoughts, beliefs, desires, etc.) is the foundation for understanding
perspectives, fostering empathy, and facilitating effective social interactions.

Decety and Jackson (2004) also investigated brain activity during perspective-taking activities using func-
tional magnetic resonance imaging (fMRI). Such activities included an image of a person surrounded by objects being
shown to a participant and asked the participant to take on the perspective of the image and indicate the quantity and
position of the objects in the picture. The study found increased activity in brain regions such as the medial prefrontal
cortex (MPFC) and posterior cingulate cortex (PCC), highlighting their importance in the cognitive part of empathy.
The mPFC is linked to self-referential processing and social cognition, whereas the PCC is linked to self-awareness
and understanding others' mental states. The increased activity in these regions during perspective-taking tasks shows
that they play an important role in the cognitive processes that underpin empathy, namely in comprehending others'
emotional experiences from their viewpoints.

Furthermore, Zaki and Ochsner (2012) conducted a meta-analysis that demonstrated the role of perspective-
taking in fostering prosocial behavior, demonstrating that adopting others' perspectives increases empathy-driven ac-
tivities. The meta-analysis demonstrated a consistent association between adopting others' opinions (by perspective-
taking) and demonstrating empathy-driven behaviors, such as engaging in prosocial actions. This suggests that the
cognitive process of perspective-taking not only improves empathic comprehension but also makes it easier to express
empathy through prosocial acts.

Similarly, while researchers have discovered the use of perspective analysis in relation to imitating another
person’s emotions, theory of mind is closely intertwined with cognitive empathy when it comes to predicting someone
else’s actions or behaviors based on an interpretation of their emotions.
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Theory of Mind

Theory of mind, or ToM, derives from the concept of constructivism, which states that human beings create intuitive
theories about reality based on concepts they already know. Theory of mind “starts from the basis that all notions and
ideas about the mind form a huge conceptual system” (Riviere et al, 2018). This conceptual system allows individuals
to ascribe mental states to other people and determine how these mental states predict and explain the behavior the
other person exhibits. Mental states can include thoughts, feelings, beliefs, desires, and so on. By attributing mental
states to others and predicting their actions, one can distinguish between their own mind from others.

For example, a neighbor demonstrates the behavior of constantly patting their pockets before getting into a
car, pacing back and forth, and rushing back inside their house. Automatically, the observer may assume that they
must have forgotten something. In this psychology, the ability to interpret someone’s behavior falls under the umbrella
of ToM. Therefore, ToM can be defined as a cognitive system that is used to manage, analyze, and understand behav-
iors with the support of neurological and conceptual systems.

Researchers have utilized a variety of strategies to investigate the neural foundation of theory of mind in
empathy. A study titled "Sociocultural Norms Influence Moral Judgments and Neural Responses to Unintentional
Harm" used transcranial magnetic stimulation (TMS) to investigate the involvement of the temporoparietal junction
(rTPJ) in theory of mind and empathic responses. TMS is a non-invasive brain stimulation technology that employs
electromagnetic induction to produce mild electric currents in specific brain areas. It has the potential to impair the
regular functioning of the targeted brain area for a short period of time.

In the study, the researchers created scenarios in which harm was inadvertently perpetrated. Participants were
asked to judge the morality of the actions depicted in various scenarios. The goal was to explore whether people
differentiate between intentional and unintentional harm in their moral judgments. In the TMS portion of the study,
the researchers targeted the rTPJ using TMS. Some participants received real TMS targeted at the rTPJ, while others
received a fake stimulation that did not affect brain activity. By comparing the effects of real and fake TMS, the
researchers found that disrupting the rTPJ influenced participants' moral judgments and empathetic reactions (Saxe et
al, 2009).

The study suggests that the rTP, as well as ToM, plays a crucial role in the ability to understand others'
intentions, make moral judgments, and respond empathetically. The findings provide support for the idea that brain
regions like the rTPJ are involved in theory of mind processes, which enable us to attribute mental states to others and
understand their perspectives. This cognitive understanding of others' emotions forms the foundation of cognitive
empathy, thus allowing individuals to empathize with others without necessarily sharing the same emotional states.

NEURAL MECHANISMS

Building upon the insights gained from the activation of brain regions associated with cognitive empathy and its
theories, researchers have delved deeper into unravelling the intricate neural mechanisms that underlie empathetic
responses. Underlying cognitive aspects of empathy, neural processes work intricately across various areas of the
brain to reach certain levels of empathy. The pursuit towards the discovery of mechanisms such as a variety of brain
regions, neurotransmitters, and mirror neurons has led to a focused exploration of the neural circuitry that play pivotal
roles in the empathetic process.

Regions of Interest

Notably, studies like that of Christov-Moore et al. (2020) have significantly contributed to this area of research. Their
study titled 'Predicting Empathy from Resting State Brain Connectivity: A Multivariate Approach' sheds further light
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on the subject. In the study, machine learning techniques with fMRI data were used to explore the brain networks
linked to empathetic concern and predict differences in empathetic behaviors among individuals during resting state.

Investigating the neural basis of empathy, the study aimed to identify brain ROIs for empathy, predict trait
empathy, and explore the connectivity patterns of the brain during resting state. First, the resting-state fMRI scans
from participants were gathered without specific tasks in order to monitor spontaneous brain activity, focusing on
critical ROIs such as the ACC, Insula, and PCC (regions hypothesized to be integral components of empathy). After
analyzing average brain activity in these ROIs, connected patterns were analyzed using Pearson correlations to identify
the strength of correlation between connectivity patterns and empathetic behavior. This information was used to create
a description of each individual's brain connections. LASSO regression was used to determine the empathy of each
person. It was discovered that the connectivity patterns of the ROIs in resting state did indeed provide critical insights
into an individual’s empathetic tendencies.

Figure 1. ROIs (Regions of Interest) in the Brain for Empathy. The highlighted brain regions demonstrate a major
significance to empathetic responses within the brain.

At the forefront, the Anterior Cingulate Cortex, situated in the medial prefrontal cortex, has consistently
emerged as a region associated with empathy-related processes. Its role in monitoring and regulating emotional re-
sponses enables individuals to comprehend the emotional states of others. Functional connectivity studies have re-
vealed the engagement of the ACC during empathetic experiences, particularly when individuals are immersed in
emotional and perspective-taking tasks. Activation of the ACC has been correlated with feelings of compassion and
empathetic concern, underscoring its contribution to prosocial behaviors and altruistic actions.

Similarly, the role of another critical brain region, the Insula, located within the cerebral cortex, has been
demonstrated to engage in the processing of both emotional and bodily sensations. The Insula allows individuals to
vicariously experience the emotions and physical sensations of others. Its activation has been found to correlate with
the intensity of empathetic feelings, making it a pivotal node in the empathy network. Furthermore, the interconnection
between the Insula and other brain regions responsible for emotion regulation and social cognition highlight its role
in orchestrating empathetic responses.
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The Prefrontal Cortex, a diverse region, plays a dual role in empathy. The dorsolateral prefrontal cortex
(DPC) is involved in perspective-taking and theory of mind processes, as previously mentioned to be major compo-
nents of cognitive empathy. One of the functions of the DPC is to facilitate the understanding and inference of others'
mental states, which is theory of mind by definition. Conversely, the ventromedial prefrontal cortex is associated with
affective empathy, allowing individuals to share emotional experiences with others. This region contributes to emo-
tional regulation and the generation of empathetic responses in reaction to others' emotional cues.

These regions show to be promising in underlying empathy, however, it is possible that the disjunction be-
tween resting and task-positive brain function isn’t as vast as assumed in the past. This implies the need for a more
comprehensive approach to the interplay of such cognitive processes and different brain states. Historically, it has
been common to distinguish between the brain's activity at rest and default mode during specific tasks or cognitive
processes. Resting-state activity was frequently dismissed as irrelevant or unrelated to active cognitive tasks. How-
ever, new research reveals that this disjunction may not be as apparent as previously imagined. The idea of the default
mode network (DMN), which includes brain areas like the posterior cingulate cortex (PCC) and medial prefrontal
cortex (mPFC), was first connected to resting-state mind-wandering and self-referential thinking. Contrarily, task-
positive networks include brain areas that light up when concentrating on particular tasks or cognitive demands. At
first, it was thought that these networks competed with the DMN.

This growing understanding becomes especially pertinent when discussing empathy. The fluidity and intri-
cacy of these processes may not be well captured by the dichotomy of resting and task-related states. It is possible that
flexible involvement of both resting-state and task-related brain networks occurs during empathetic reactions, which
necessitate both cognitive empathy (such as perspective-taking) and affective empathy (such as emotional sharing).

Neurotransmitters

Neurotransmitters, chemicals that are released from a nerve cell or neuron, are hypothesized to be another captivating
avenue of investigation by scientists. The influence of neurotransmitters, particularly serotonin, further refines our
understanding of the intricate neural circuitry that shapes empathy.

Serotonin, a neurotransmitter renowned for its role in mood regulation and emotional processing, has been
particularly highlighted in the research paper by Kanen et al. (title: "Serotonin depletion amplifies distinct human
social emotions as a function of individual differences in personality"). Serotonin, also known as 5-hydroxytryptamine
(5-HT), plays a significant role in mental functions regarding social behavior.

In their study, Kanen and his collaborators embarked on an exploration of how serotonin affects emotional
responses in diverse social scenarios. To investigate this, they employed innovative methodologies such as acute tryp-
tophan depletion (ATD) and selective serotonin reuptake inhibitors (SSRIs). ATD involves temporarily lowering brain
serotonin levels by depleting its precursor molecule, tryptophan. On the other hand, SSRIs are believed to enhance
extracellular serotonin levels. By manipulating serotonin levels using these techniques, the researchers aimed to dis-
sect the intricate relationship between serotonin and individual personality traits, such as empathy, psychopathy, and
impulsivity, and how these factors collectively influence emotional reactions.

The study's findings illuminated the intricate interplay between serotonin, personality traits, and emotional
responses across a spectrum of social contexts. Notably, serotonin depletion was found to interact with empathy,
psychopathy, and impulsivity in shaping emotions like guilt, annoyance, and shame. This suggests that the serotonin
system plays a complex role in modulating emotions, with its effects varying based on an individual's unique person-
ality characteristics.
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Mirror Neurons

Although neurotransmitters prove to enhance the mood of individuals and those around them,the existence and role
of mirror neurons in empathy has raised ongoing debate. Mirror neurons, a minute class of neurons, have drawn
considerable attention due to their proposed ability to imitate the experiences, emotions, moods, and actions of others.
These neurons fire both when an individual performs a specific action and when they observe someone else performing
the same action.

Following a pathway to basic action potentials within the central nervous system, the mirror mechanism
transforms observations of other species’ actions as a sensory input into a nerve impulse during the integration process,
then into its own motor or visceromotor signals and response directed towards the other’s behavior. During the inte-
gration process, the activation of neurons is less intense than when the observer performs the same action themselves.
Still, these activation levels are much stronger compared to how our brain processes other senses. This mirroring effect
is thought to be the neural basis for simulating and comprehending the actions, intentions, and emotions of others.

"Mirror Neurons and Their Function in Cognitively Understood Empathy," suggests that mirror neurons fa-
cilitate the capacity to simulate the experiences of others, enabling individuals to mentally recreate the observed ac-
tions or emotional states of those around them. This simulation process provides a basis for understanding and pre-
dicting the intentions and feelings of others, forming the foundation of empathy. Through the activation of mirror
neurons, an individual can experience, at least to some extent, what another person is going through, fostering a deeper
sense of connection and emotional understanding,

Furthermore, Corradini explores how mirror neurons might be implicated not only in basic empathetic re-
sponses but also in more complex cognitive functions related to empathy, such as perspective-taking and theory of
mind. The ability to take on the perspective of others and attribute mental states to them is crucial for understanding
their emotions and motivations. Research suggests that mirror neurons may play a significant role in these higher-
level cognitive processes, allowing individuals to make sense of and respond appropriately to the social world around
them. By simulating and understanding the experiences of others, these neurons enable individuals to engage in em-
pathetic responses, fostering prosocial behavior and emotional connectedness (Corradini and Antonietti, 2013).

DISCUSSION

Adolescence is a critical period for the development of empathy, and it is significantly influenced by socioeconomic
and environmental circumstances. According to concepts such as perspective taking and theory of mind, youth with
greater psychological stability are inclined to reveal more empathy than those with insecurity. As introduced previ-
ously under the neural mechanism "mirror neurons," a person, in a stable environment, completing an action by them-
selves has a greater neuron activity level than when observing this same action being acted out by others. Individuals
who are not preoccupied with stressors have greater mental capacity and aptitude in understanding and empathizing
with others' perspectives. Suppose a teenager was forcefully raised with biased ideas surrounding equity, whether for
or against a certain community. The individual would be less inclined to accommodate their friends who experience
difficulties or emotions instilled by this highlighted party. This addresses the importance of prosocial behavior in
determining why one lacks or behaves with empathy.

We tested this theoretical conclusion by administering a series of surveys to youth aged 14-18 in the Mark-
ham area, inquiring about their home circumstances, lifestyle, and presumed biases, and then comparing it to their
personal recognition of the frequency in which they demonstrated an act of empathy every week. Given six distinct
challenges for which participants could corroborate their experience, the lowest value accepted was two. As a matter
of fact, those individuals believed they displayed empathy 6-10 times per week, which is far greater than the average
of 3-6 times per week. While all participants agreed that family and friend relationships do not contribute to their
difficulties and insecurity in the past year, there was an association with 66.6% reporting that they are struggling
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financially, academically, spiritually, and with comfort in their current life circumstances, all at the same time. In
accordance with the theories, this is the same set of surveyors who indicated a 3-6 time frequency in the employing
empathy. The 16.7% of participants who recognized they had more than four stressors in their lives at the same time
were also the only ones who voted 1-3 actions towards empathy. Options below and above the 1-10 occasions of
empathy were not chosen, which confirms our understanding that empathy is a regular psychological phenomenon
that involves the understanding and sharing of emotional and cognitive states of others.

Empathy is a fundamental human trait that enables individuals to understand
and share the emotional experiences of others, fostering sociocultural
contections. Approximately, how many gestures of empathy would you say
you make within a week.

66.6%

=13 346 =6-10

Figure 2. Pie chart representing the frequency in the number of empathy-derived gestures participants estimate they
make during a week.

When placed into scientific context, the experiment suggests that lower frequency of activation in ROI’s
resulting from personal obstacles with school commitment, family interactions, spiritual uncertainty, and overall self-
acceptance yields greater sensitivity by the individual towards the actions and emotions of others. Recall that the
Anterior Cingulate Cortex, Insula, and Prefrontal Cortex are all ROIs. They work in conjunctions to promote negative
feedback for both personal (direct) and others’ (external) stressors. Lifestyles with less stability, which commonly
arise during adolescence, would incline the central nervous system to place less priority on transporting electrical
charges from sensory neurons and neurotransmitters that determine level of communication with others. Communi-
cation of emotions and support are factors contributing to empathy. At this time, technology such as Functional Mag-
netic Resonance Imaging (fMRI) can not distinguish between neural activity arising from physical actions or inter-
pretation of another’s actions, unless the patient is placed in a control environment with instructed tasks. Therefore,
surveys are an important contribution to grasping the separation between the two factors. Note that the results are
often oversimplified, and further monitoring or investigation of the participant’s circumstances must be pursued.

LIMITATIONS

When discussing cognitive empathy, which includes perspective-taking and theory of mind, it's crucial to be mindful
of the limitations that come with simplifying these complex psychological processes. Perspective taking and theory
of mind entail an intricate interaction of cognitive and emotional components that might be difficult to express clearly.
Oversimplification risks overlooking the various ways in which people connect with and experience cognitive empa-
thy. Factors such as cultural background, personal history, and cognitive ability can significantly impact how people
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engage in perspective-taking and theory of mind, perhaps leading to an oversight of these individual variations. Sim-
ilarly, oversimplification can be an issue when it comes to neurotransmitters as well. Neurotransmitter interactions are
complex and can result in a variety of outcomes depending on the context and individual physiology. Associating a
single neurotransmitter with the complex landscape of empathy may overlook the complex symphony of numerous
neurotransmitters and their interplay.

Moreover, when concentrating on specific brain regions related with empathy, also known as regions of
interest (ROISs), it's critical not to display them as distinct entities. These areas are essential components of complex
neural networks that interact with other parts of the brain. Focusing simply on ROIs may jeopardize the many linkages
that contribute to the complicated process of empathy.

The interplay and connection of cognitive empathy, affective empathy, and biological components is difficult
to determine, since in terms of processing speed and involvement of consciousness, studies only describe them sepa-
rately. Essentially, discussions about these neurological elements should take into account the ethical dimensions. For
example, talks about employing pharmacological therapies to increase empathy necessitate a sophisticated examina-
tion of the ethical implications of autonomy and the authenticity of emotional responses.

Influential factors, including attention and prior knowledge, have not yet been considered in the framework
of empathy, thus underestimating their impacts on empathy processing.

In essence, while describing cognitive empathy, brain areas, neurotransmitters, and mirror neurons within
the context of empathy, it is critical to strike a careful balance between accuracy and simplification. Recognizing the
complexity and limitations connected with each component can lead to a more holistic understanding of the compli-
cated nature of empathy in all of its manifestations.

CONCLUSION

The relationship between brain regions involved in emotion and empathy can be complex and interconnected. Empa-
thy is a multidimensional construct, and different aspects of empathy, such as cognitive empathy (understanding oth-
ers' feelings and perspectives), affective empathy (sharing the emotional experience of others), and distinct brain
networks serve as the basis of the concept of empathy. Through exploring cognitive theories such as theory of mind
and perspective taking, and by activating brain regions associated with self-awareness and social cognition (such as
the mPFC or PCC), individuals can effectively simulate the emotional experiences of others and gain a more compre-
hensive understanding of their feelings and thoughts.

Although researchers must dive deeper into the science of empathy in order to work around various limita-
tions and collect valid data, the ongoing study of the neurological foundation for empathy not only increases our
scientific understanding of human behavior, but it also has far-reaching effects on professions such as psychology,
psychiatry, and even artificial intelligence. Understanding how empathy occurs and is processed in the brain may open
the way for interventions that improve empathy, communication, and interpersonal interactions. In addition, as tech-
nology advances, incorporating ideas from empathy neuroscience could lead to the development of more empathetic
Al systems capable of recognizing and responding to human emotions in a more complex and authentic manner.

In summary, empathy's extensive web of brain regions, cognitive processes, and emotional experiences
demonstrates the staggering complexity of human social relationships. Understanding and leveraging these processes
has the potential to not only increase our grasp of human nature, but also to encourage empathy and connection in a
society where understanding and compassion are becoming increasingly important.
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