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Review of Advances and Implications

Basanta Kumar Bindhani* and Jayanta Kumar Nayak*

Abstract: Mirror neurons have emerged as a prominent 
topic in neuroscience and psychology, shedding light 
on the mechanisms behind human cognition, social 
interaction, and empathy. This comprehensive review aims 
to provide a thorough understanding of mirror neurons by 
examining their underlying mechanisms, functions, and 
implications. The present study begins by elucidating the 
neurophysiological basis of mirror neurons, exploring 
their discovery, and discussing the brain regions involved 
in their activation. The role of mirror neurons in action, 
observation and imitation is extensively examined, 
highlighting their contribution to motor learning, language 
acquisition, and social cognition. Furthermore, the review 
explores the functional significance of mirror neurons 
in various domains, including empathy, theory of mind, 
emotional processing, genetics, and environmental 
influences. The influence of mirror neuron dysfunction in 
neurodevelopmental disorders, such as autism spectrum 
disorder, is also discussed, emphasising the clinical 
implications and potential therapeutic interventions.
Keywords: Mirror neurons, advance in mirror neurons, 
functions of mirror neurons, implications of mirror 
neurons.

Introduction
Mirror neurons are a class of specialised neurons that play a crucial role in 
the understanding of actions, intentions, and emotions of others, as well as 
in imitative behaviours (Mara, 2017). Mirror neurons were first discovered 
in the 1990s by Giacomo Rizzolatti and his team in the premotor cortex of 
monkeys (di Pellegrino et al., 1992). These neurons exhibit a unique property 
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of activating when an individual performs a specific action and when they 
observe someone else performing the same or similar action. This observation-
action matching system has since been implicated in a wide range of cognitive 
processes, including action understanding, imitation, and empathy. Mirror 
neurons have been involved in various cognitive functions and behaviours. 
They play a crucial role in action understanding by allowing individuals to 
recognise and interpret the intentions and goals of others’ actions (Gallese et al., 
1996). Furthermore, mirror neurons contribute to imitation abilities, facilitating 
observational learning and social transmission of knowledge (Iacoboni et al., 
1999). The involvement of mirror neurons in empathy and social cognition has 
also been extensively explored (Decety & Jackson, 2004). Their activity has been 
linked to the understanding and sharing of others’ emotional states, fostering 
social bonding and cooperation.

Despite the excitement surrounding mirror neurons in the early 2000s, 
research on these fascinating cells has declined in recent years. However, 
mirror neurons remain a crucial area of study that deserves renewed attention 
from the scientific community. Mirror neurons provide insight into action 
understanding and social cognition and may be involved in language and 
speech perception. Dysfunction of mirror neuron systems may also be 
involved in disorders like autism. Additionally, the origins and development 
of mirror neurons are still unclear, and resolving this question is crucial for 
understanding the nature and flexibility of these neural systems.

Through an extensive analysis of relevant studies and empirical evidence, 
this article aims to deepen the holistic understanding of mirror neurons and 
their significance in human cognition and behaviour.

Method
A comprehensive literature search was conducted using several electronic 
databases, including PubMed, PsycINFO, Web of Science, and Google 
Scholar. The search strategy included a combination of keywords and 
phrases such as “mirror neurons,” “action observation,” “imitation,” 
“empathy,” “social cognition,” “neuroimaging,” “developmental trajectories,” 
“neurodevelopmental disorders,” and “clinical applications.” Boolean 
operators (AND, OR) were utilised to refine the search and ensure a broad 
capture of relevant articles. 

Inclusion and Exclusion criteria: The inclusion criteria for this review 
encompassed peer-reviewed articles, review papers, and meta-analyses, 
focusing on studies conducted on humans and non-human primates. 
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Only research articles published in English and those addressing the 
neurophysiological, psychological, and clinical aspects of mirror neurons from 
the early 1990s to the present were considered. Conversely, the exclusion criteria 
eliminated non-peer-reviewed articles, editorials, opinion pieces, studies 
without empirical data or theoretical relevance to mirror neurons, and articles 
published in languages other than English without available translations.

Study Selection: The initial search generated 200 articles. The titles and 
abstracts of these articles were screened for relevance based on the inclusion and 
exclusion criteria. After this initial screening, full-text versions of potentially 
relevant articles were obtained and reviewed. This process resulted in a final 
selection of 52 key articles that provided significant insights into various 
aspects of mirror neuron research.

Data Extraction: Data extraction was conducted systematically to ensure 
consistency and comprehensiveness. From each selected article, information was 
extracted on authors and year of publication, study design and methodology, 
and population/sample characteristics, including species, age, and clinical 
status. Key findings related to mirror neuron mechanisms, functions, and 
implications were also gathered, alongside details of neuroimaging and 
electrophysiological techniques used. The extraction included insights 
into developmental and comparative perspectives, clinical and therapeutic 
applications, as well as theoretical contributions and future research directions.

Developmental Trajectories and Advances in Mirror Neuron Research
The development of mirror neuron systems in humans undergoes significant 
changes throughout childhood and adolescence. Studies have shown that 
the emergence and maturation of mirror neurons are associated with the 
development of social cognition, empathy, and imitation skills (Nagy et al., 
2005). Investigating the developmental trajectories of mirror neuron systems 
can provide insights into the neural basis of social development and inform 
interventions targeting atypical development or social impairments.

Advancements in neuroimaging techniques and electrophysiological 
methods have contributed significantly to our understanding of mirror neurons. 
Functional connectivity studies using techniques like resting-state functional 
magnetic resonance imaging (fMRI) have shed light on the network dynamics 
associated with mirror neuron activity (Dinstein et al., 2008). Additionally, 
single-neuron recordings and transcranial magnetic stimulation (TMS) studies 
have provided valuable insights into the temporal dynamics and causal 
mechanisms underlying mirroring processes (Cattaneo & Rizzolatti, 2009). 
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Computational modelling approaches have been employed to understand the 
underlying mechanisms of mirror neurons and their computational functions. 
These models simulate the processes of action observation, motor imitation, 
and prediction based on the principles of mirror neuron functioning (Oztop et 
al., 2005). By compiling neurophysiological data and behavioural observations, 
computational models provide valuable insights into the computational 
principles underlying mirror neuron activity and its implications for cognitive 
processes. Integrating these methodological approaches has facilitated a more 
comprehensive investigation of mirror neuron functioning.

Studies suggest that mirror neurons undergo developmental changes and 
exhibit plasticity throughout their lifespan. Studies conducted with infants 
and children have indicated that the mirroring system gradually matures 
during early development, playing a crucial role in acquiring motor and social 
skills (Nagy et al., 2005). Furthermore, experience and learning can shape the 
functioning of mirror neurons, as evidenced by studies on expert performers 
and individuals engaged in specific motor training (Calvo-Merino et al., 2005). 
These findings highlight the dynamic nature of mirror neurons and their 
adaptive potential in response to environmental and experiential factors.

Mirror neurons have significant implications for social learning and 
cultural transmission. They enable individuals to learn from others through 
observation and imitation, allowing the transfer of knowledge and skills 
within a social group (Heyes, 2012). The mirroring system plays a crucial role 
in the acquisition of cultural practices, such as language, gestures, and cultural 
rituals (Meltzoff & Decety, 2003). Moreover, mirror neurons may contribute to 
the formation and transmission of cultural norms, as individuals imitate and 
internalise social behaviours through mirroring processes.

Mirror neurons play a crucial role in social communication and the 
understanding of others’ intentions and actions. Through the mirroring 
process, individuals can accurately interpret and respond to social cues, 
facilitating effective interpersonal communication (Iacoboni et al., 2005). 
Dysfunction or impairment of mirror neuron systems has been associated 
with difficulties in social interaction and communication, as observed in 
neurodevelopmental disorders such as autism spectrum disorder (Oberman et 
al., 2005). Understanding the role of mirror neurons in social communication 
can contribute to the development of interventions and strategies to enhance 
social skills and improve social outcomes.

Mirror neurons have been implicated in the processing of language and the 
understanding of linguistic actions. Research suggests that mirror neurons play 
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a role in mapping observed actions onto corresponding motor representations, 
enabling the comprehension and production of language-related gestures and 
actions (Fadiga et al., 2002; Pulvermüller, 2005). Investigating the relationship 
between mirror neuron activity and language processing can provide insights 
into the neural mechanisms underlying language acquisition, communication, 
and the integration of action and language systems.

Mirror neurons have implications for skill transfer and observational 
learning. Through the activation of mirror neuron systems, individuals can 
acquire new skills and knowledge by observing and imitating others’ actions 
(Heyes, 2012). This phenomenon has practical applications in domains such as 
sports training, education, and rehabilitation, where observational learning can 
facilitate skill acquisition and motor recovery. Understanding the mechanisms 
and factors influencing skill transfer through mirror neuron activity can inform 
the development of effective training methodologies and interventions.

One of the key areas of interest in mirror neuron research is their 
relationship with empathy. Mirror neurons are thought to play a critical 
role in understanding and sharing others’ emotions and intentions, forming 
the foundation of empathic responses (Keysers & Gazzola, 2010). Activating 
mirror neuron systems during observation enables individuals to simulate 
and resonate with the experiences of others, fostering a sense of empathy 
and perspective-taking (Decety & Lamm, 2006). Mirror neurons are involved 
in action understanding and the perception and understanding of others’ 
emotions. Studies have shown that observing emotional facial expressions 
activates mirror neurons and elicits corresponding emotional responses in the 
observer (Carr et al., 2003; Jabbi et al., 2007). Mirror neuron-mediated emotional 
empathy plays a crucial role in social bonding, empathy, and the ability to infer 
others’ mental states. Further research on the neural mechanisms underlying 
mirror neuron-mediated emotional empathy can enhance our understanding 
of emotional processing and interpersonal interactions.

Empathy disorders, such as psychopathy and certain personality disorders, 
are characterised by deficits in empathic responses and understanding others’ 
emotions. Research has shown that dysfunction in mirror neuron systems may 
underlie these empathy deficits (Decety et al., 2013). Investigating the specific 
mechanisms and neural correlates of mirror neuron dysfunction in empathy 
disorders can provide insights into the underlying cognitive and neural 
mechanisms and potentially inform the development of targeted interventions.

The role of mirror neurons in consciousness is a topic of ongoing research 
and debate. Mirror neurons are thought to contribute to self-awareness and the 
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ability to recognise oneself in others (Keysers & Perrett, 2004). Understanding 
the relationship between mirror neuron activity and conscious awareness 
can shed light on the neural mechanisms underlying social cognition and the 
nature of subjective experiences.

Cultural factors can influence the functioning of mirror neurons and their 
manifestations. Studies have suggested that cultural practices, social norms, 
and individual experiences shape the mirroring processes, leading to cultural 
variations in mirroring behaviours and responses (Chiao & Ambady, 2007). 
Exploring the cultural influences on mirror neuron functioning can provide a 
deeper understanding of the interaction between biology and culture and how 
they jointly shape human cognition and behaviour.

Mirror neurons have implications for motor skill learning and rehabilitation. 
Research has demonstrated that observing skilled actions activates mirror 
neurons and enhances motor learning (Mattar & Gribble, 2005). Mirror 
neuron-based interventions, such as action observation therapy, have shown 
promise in facilitating motor recovery in patients with neurological disorders 
(Franceschini et al., 2010). Understanding the mechanisms underlying mirror 
neuron-mediated motor learning can inform the development of effective 
rehabilitation strategies and interventions.

Genetic and Environmental Influences on Mirror Neurons
The functioning and development of mirror neurons are influenced by both 
genetic and environmental factors. Genetic studies have identified candidate 
genes associated with mirror neuron activity and its related phenotypes 
(Grossmann et al., 2010; Yang et al., 2009). Additionally, environmental factors, 
such as early social experiences and cultural influences, shape mirror neuron 
functioning and its manifestations (Decety et al., 2016; Chong et al., 2010). 
A previous study also explored the moderating role of gene-environment 
interactions on mirror neuron-related behaviours (Tost et al., 2015).

Further, investigating the interplay between genetic and environmental 
influences on mirror neurons can provide a comprehensive understanding of 
their development, plasticity, and individual differences.

Cross-Species and Comparative Perspectives
While mirror neurons were initially discovered in monkeys, subsequent research 
has explored their presence and functioning in other animal species, including 
non-human primates (di Pellegrino et al., 1992). Comparative studies have 
identified mirror neuron-like systems in species such as songbirds, dolphins 
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and even in humans’ closest relatives, such as chimpanzees (Nishitani et al., 
2009; Mukamel et al., 2010). The existence of mirror-like mechanisms across 
species provides valuable insights into the evolutionary origins and adaptive 
significance of these neural systems along with the neural mechanisms 
underlying action understanding, imitation, and social interactions, bridging 
the gap between animal and human research.

Clinical Applications and Therapeutic Potential
Mirror neuron research has promising applications in clinical settings. 
Studies have explored the therapeutic potential of mirror neuron-based 
neurorehabilitation interventions, such as mirror therapy (Altschuler et al., 1999; 
Garrison et al., 2010). Mirror therapy, involving the use of mirrors to create an 
illusion of movement, has shown positive effects in motor recovery for conditions 
like stroke and limb injuries (Ramachandran & Rogers-Ramachandran, 2000). 
Furthermore, understanding the role of mirror neurons in neurodevelopmental 
disorders, such as autism spectrum disorder, provides insights into potential 
interventions and treatment approaches (Hamilton, 2013; Ramachandran & 
Rogers-Ramachandran, 2000). Dysfunctions in the mirror neuron system have 
been proposed as potential underlying mechanisms in neurodevelopmental 
disorders, such as autism spectrum disorder (Oberman et al., 2005). A previous 
study also revealed evidence for mirror neuron dysfunction in schizophrenia 
and its potential implications for social cognitive deficits (Mehta et al., 2014). 
Another study reported that video modelling, a technique based on mirror 
neuron principles, improves social communication deficits in individuals with 
autism spectrum disorder (ASD) (Bernier et al., 2013).

Understanding the specific alterations in mirror neuron systems in these 
disorders can contribute to diagnostic criteria, treatment approaches, and the 
development of targeted interventions. 

Synthesis and Interpretation
The review article comprehensively explores the multifaceted role of mirror 
neurons in various cognitive, social, and clinical domains. Mirror neurons, 
initially discovered in monkeys, have been identified in humans and other 
species, highlighting their evolutionary significance. This discussion delves 
into the primary themes covered in the review, emphasising the mechanisms, 
functions, and implications of mirror neurons. Mirror neurons are a class of 
neurons that activate both during the execution of an action and the observation 
of the same action performed by others. This dual activation property suggests 
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that mirror neurons play a crucial role in action understanding and imitation, 
providing a neural basis for these cognitive processes. The review highlights 
that these neurons are predominantly located in the premotor cortex and the 
inferior parietal lobule in monkeys and humans, with similar systems identified 
in other species, such as songbirds and dolphins.

One of the most significant contributions of mirror neurons is their role in 
social cognition and empathy. Mirror neurons facilitate the understanding and 
sharing of others’ emotional states, fostering social bonding and cooperation. 
This empathic mirroring is crucial for social interactions and communication. 
Studies cited in the review show that the activity of mirror neurons is linked 
to the neural mechanisms underlying empathy, as evidenced by functional 
MRI studies showing activation in the same brain regions when individuals 
experience emotions and observe others experiencing similar emotions. 
The development of mirror neuron systems undergoes significant changes 
throughout childhood and adolescence. The review indicates that the emergence 
and maturation of these systems are associated with the development of 
social cognition, empathy, and imitation skills. Neuroimaging studies have 
shown that mirror neuron activity becomes more specialised and efficient as 
children grow, suggesting that the refinement of these systems is crucial for the 
acquisition of complex social and motor skills.

The review also explores the interplay between genetic and environmental 
factors in the development and functioning of mirror neurons. Gene-environment 
interactions play a moderating role in mirror neuron-related behaviours, 
influencing individual differences in social cognition and empathy. Studies 
have shown that early life experiences, such as social interactions and motor 
training, can significantly shape the development of mirror neuron systems, 
highlighting the plasticity and adaptability of these neurons. Mirror neuron 
research has significant implications for clinical applications, particularly in 
neurorehabilitation and the treatment of neurodevelopmental disorders. Mirror 
therapy, which involves the use of mirrors to create an illusion of movement, 
has shown positive effects in motor recovery for conditions like stroke and limb 
injuries. Additionally, understanding the role of mirror neurons in disorders 
such as autism spectrum disorder (ASD) and schizophrenia provides insights 
into potential diagnostic criteria and therapeutic interventions. For instance, 
video modelling, a technique based on mirror neuron principles, has been 
effective in improving social communication deficits in individuals with ASD.

The involvement of mirror neurons in language processing is another 
crucial area explored in the review. These neurons are implicated in the 
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understanding of linguistic actions, suggesting a link between motor actions 
and language comprehension. This connection provides a neural basis for 
the theory that language evolved from manual gestures and motor actions, 
supporting the idea that mirror neurons contribute to the neural mechanisms 
underlying language acquisition and processing.

Advancements in neuroimaging techniques, such as functional magnetic 
resonance imaging (fMRI) and transcranial magnetic stimulation (TMS), have 
significantly contributed to the understanding of mirror neurons. These methods 
have enabled researchers to investigate the functional connectivity and temporal 
dynamics of mirror neuron activity, providing valuable insights into their role 
in various cognitive processes. Computational modelling approaches have also 
been employed to simulate the processes of action observation, motor imitation, 
and prediction, offering a deeper understanding of the computational principles 
underlying mirror neuron functioning. Comparative studies across species have 
identified mirror neuron-like systems in various animals, providing insights 
into the evolutionary origins and adaptive significance of these neural systems. 
The existence of mirror neurons in species such as chimpanzees, dolphins, and 
songbirds suggests that these neurons have evolved to facilitate complex social 
behaviours and interactions, bridging the gap between animal and human 
research. These findings highlight the importance of mirror neurons in the 
evolution of social cognition and communication.

Conclusion
Mirror neurons represent a groundbreaking discovery in neuroscience, offering 
profound insights into human cognition, social interaction, and learning. This 
review has explored the neurophysiological mechanisms of mirror neurons, 
their role in action understanding, imitation, language processing, and 
emotional empathy, as well as their developmental trajectories and clinical 
implications. The mirror neuron system serves as a crucial bridge between 
perception and action, facilitating social learning, communication, and motor 
skill acquisition. Moreover, dysfunctions in this system have been linked to 
neurodevelopmental and psychiatric disorders, highlighting its relevance in 
clinical research and therapeutic interventions.

This paper is significant because it synthesises key advancements in mirror 
neuron research while addressing the gaps that remain in understanding their 
full potential. By integrating findings from neuroimaging, behavioural studies, 
and computational modelling, this review underscores the importance of 
further interdisciplinary research. Future studies should focus on unravelling 
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the genetic and environmental influences on mirror neuron function, refining 
our knowledge of their role in social cognition, and exploring their therapeutic 
applications in neurorehabilitation and mental health. Given their far-reaching 
implications, mirror neurons remain a critical area of study, with the potential 
to enhance our understanding of human behaviour, empathy, and cultural 
evolution. 
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