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Abstract 
The paper, “From Synapses to Self”, examines the connection between neural 
processes and human identity. It posits that the “self” is a dynamic entity, 
continuously molded by evolving brain activity. The journey starts with the 
basic components: neurons and their synaptic connection. The core of this 
process is synaptic plasticity, the brain‟s ability to strengthen or weaken neural 
connections in response to experience, which is fundamental to learning, 
memory and general neuroplasticity throughout a person‟s life. 
This paper examines the neural foundations that underpin cognitive functions. 
Cognition involves higher-order thinking, and perception plays a crucial role in 
shaping cognitive outcomes. Perception functions actively; it helps the brain 
to interpret sensory input through internal models. Attention shapes this 
process by selecting information to enter the „global workspace‟ of 
consciousness. Attention helps in learning and memory and it facilitate the 
decision – making through a system of planning and evaluation.  
In addition, the paper further explores the emergence of complex aspects of a 
human-like emotion and personality. Emotions are shown to arise from a 
distributed neural network and are linked to physiological needs. These 
process from the basis of personality, which is tied to specific brain regions 
and neurotransmitter systems. The relationship between emotion and 
personality is significant, as emotion can influence personality traits and vice 
versa. These relationships culminate in behavior, both adaptive and 
maladaptive, illustrating how the microscopic world of synapses shapes the 
macroscopic expression of a person. 
The paper concludes by studying how these interconnected neural 
mechanisms manifest behavior, highlighting both adaptive and maladaptive 
outcomes (Kandel et al, 2014). 

 
INTRODUCTION 
Synaptic Process: Building The Network  

The human brain directs our thoughts, emotions, and behavior through 
nervous  system. Neuroscience helps us to understand the brain function 
through neurons, which are the building blocks of nervous system. 

Neuron  
This paper describes how our neuronal cells control our behavior, thoughts, 

and emotions. The nervous system is a vast communication network that carries 
signals through neurons across the body. 

Neurons transmit information through electrical and chemical signals.  
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Structurally, a neuron consists of a branch-like 
architecture called dendrites that receive information 
from other neurons, a soma (cell body) that integrates 
this incoming information, and an axon through which 
the action potential is conducted. The axon is 
insulated by a myelin sheath to accelerate the speed 
of the action potential, culminating in terminal 
buttons that release neurotransmitters. Dendrites and 
axonal transport sustain plasticity, the adaptive 
capacity that underlies learning and memory. 

Neurons are functionally classified into:  
1) Sensory neurons (also called afferent 

neurons): transmitting information to the central 
nervous system.  

2) Motor neurons (also called efferent 
neurons): carrying information from the CNS to 
glands and muscles.  

3) Interneurons: connecting sensory and motor 
neurons within the CNS. 
Neurons function through action potentials, 

which are rapid electrical signals that begin with 
depolarization (sodium influx), followed by 
repolarization (potassium efflux), and travel efficiently 
via saltatory conduction in a myelinated axon. At 
synapses, neurotransmitters are released from the 
terminal button, facilitating communication 
throughout the body. Through their structure and the 
process of action potentials, neurons form the bedrock 
of all psychological processes. In addition, 
neuroscience research enhances our understanding of 
behavior and mental health.(Kenhub,2023). 

Synaptic Foundation of Behaviour 
Neurons communicate through the process of 

action potential, a vast electrochemical network, 
transmitting a signal from the dendrites to the axon 
terminal button. 

Neurons connect through synapses, specialized 
junctions where chemical messengers, called 
neurotransmitters, enable communication. There are 
various neurotransmitters such as dopamine, 
serotonin, GABA, norepinephrine and acetylcholine 
that influence our behavior, emotions, and thoughts. 
When any stressful traumatic situation occurs, it 
causes an imbalance in the secretion of these 
neurotransmitters that leads to maladaptive behavior.  

Synapses also change through the process of 
synaptic plasticity; it helps in making connections 
strengthen and weaken over time in response to 
activity. This process underlies learning, memory, 
adaptation, recovery from injury and individual 
uniqueness; these experiences shape our brain 
structure and function. 

Synaptic plasticity is primarily classified into two 
types: 
1)  Long -Term Potentiation (LTP): It refers to the 

lasting increase in the strength of 
communication between two neurons after 
they‟ve been active together, also involving AMPA 
receptors' insertion into the postsynaptic 
membrane. 

2)  Long- Term Depression (LTD): It refers to a lasting 
decrease in the strength of communication 
between two neurons after weak or infrequent 
activation and can entail receptor removal. 
This process helps in learning, memory and 

adaptation by sculpting neural circuits in response to 
experience. Long term potentiation (LTP) and long-
term depression (LTD), normally beneficial, can 
become pathological when triggered excessively or 
inappropriately, contributing to disorders like 
addiction and chronic anxiety (Seigle, 2024) 

Thus, synapses are dynamic helps in learning, 
adaptation, and shaping human uniqueness. Through 
plasticity, repeated activation of neural pathways, such 
as when practicing music or solving problems, 
strengthens connections via long term potentiation. 
Neurons, synapses and neurotransmitters together 
form the brain‟s core mechanism, giving rise to 
human behavior. But behavior emerges not only from 
synaptic activity but also from the neurochemical 
signaling across the brain region 

    
The Neural Mechanism of Cognition: 
Powering Perception, Attention, and 
Memory 

    
We explored how neurons, neurotransmitters, 

and synaptic plasticity help us adapt, learn new skills, 
and form ourselves.  

The brain‟s cognitive functions (perception, 
attention, and memory) work together. Each process 
relies on distinct neural systems, yet they interact 
effortlessly to help us perceive the world, focus on 
what matters, and learn from experience. These 
processes help us to understand the neural pathway 
that shapes our attention and memory. 

Attention, perception, and memory function as a 
dynamic process. Attention helps us to focus on what 
is important, perception interprets it through prior 
knowledge, and memory stores it for future use. 
Together, they provide the prefrontal cortex and basal 
ganglia with essential information and form the 
foundation of adaptive behavior. Their neural basis not 
only clarifies how cognition operates but also explains 
its disruptions in clinical conditions (Zhang, J., 2019). 
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Our minds process information through the 
ability of perception, attention, and memory, all 
supported by complex brain networks. Perceptioni s 
not a passive reception of sensory input but an active 
process where the brain generates predictions about 
the world. When reality differs from expectation, the 
brain updates its internal models, enabling rapid 
adaptation (Gisiger & Boukadoum, 2011). The basal 
ganglia help in guiding this process by regulating 
sensory flow and gating through circuits linking the 
cortex, basal ganglia, and thalamus (Kaji et al., 2005; 
Yamada et al., 2016; Lanciego & Obeso, 2012; Grossberg, 
2016). 

Memory works closely with perception by 
providing prior knowledge to interpret sensory 
information. Past experiences shape what we perceive 
in the present, showing how memory and perception 
continuously interact to construct meaning and 
govern our behavior. 

Attention, Awareness, and Filtering: Attention is a 
core cognitive process that enables individuals to 
focus selectively on specific stimuli while ignoring 
irrelevant stimuli in the environment. It acts like a 
filter, deciding which information to focus on - our 
conscious awareness— the state of being aware of our 
internal thoughts, sensations, emotions, and external 
surroundings. It is critical for enhancing perceptual 
processing and is affected by multiple brain regions, 
including the prefrontal cortex, parietal cortex, and 
thalamus.  

Influence on Perception : 
 By selecting relevant information, attention 

enhances the neural representation of stimuli, 
improving their clarity and salience while suppressing 
distractions. This selective processing is essential for 
efficient perception and decision-making. 

Recent studies show that activities in the 
ventrolateral PFC track the filtering of what we 
perceive and help to maintain relevant information in 
working memory, effectively blocking out distractions 
(Paneri & Gregoriou, 2017). 

Attention can be classified into two types: 
selective attention (focusing on particular stimuli) and 
divided attention (managing multiple stimuli 
simultaneously). The frontoparietal network is crucial 
for attentional control, helping direct cognitive 
resources to relevant information. 

Memory is the cognitive function that allows us 
to encode, store, and retrieve information, affecting 
how attention and perception operate. 

Types of Memory: 
There are three types of memory, including 

sensory memory, which is the rapid, high-fidelity 
retention of sensory input—such as sights or sounds—
for milliseconds to seconds, enabling initial encoding 
before conscious processing, short-term (working) 
memory, which retains information for immediate use, 
and long-term memory, which stores information for 
extended periods. Memory capacity and functionality 
are closely linked to attentional control as they 
determine how much information can be actively 
processed and retrieved. (Ohwovoriole, T., 2024; April 
24). Memory formation and retrieval involve complex 
neural mechanisms, particularly in the  
hippocampus and prefrontal cortex. These areas 
work together to encode experiences and retrieve 
relevant information during attentional tasks, with 
successful retrieval often enhancing perceptual 
accuracy  

A research model illustrates how dopamine-
driven reinforcement learning within BG-PFC circuits 
enables "chunking" strategies, allowing the PFC to 
reuse neural connections to store multiple items and 
optimize the balance between memory capacity and 
precision (Shapiro et al, 2014). Dopamine‐driven 
chunking in basal ganglia–prefrontal circuits optimize 
working‐memory capacity and precision. (Journal of 
Cognitive Neuroscience, 26(3), 487–5002014). 

In addition, perception, attention, and 
memoryare complexly linked through the dynamic 
interaction between the prefrontal cortexand the 
basal ganglia. The prefrontal cortex is responsible for 
building and updating predictive models, selecting 
information for conscious awareness, and maintaining 
working memory. The basal ganglia refine these 
functions by gating sensory inputs and memory 
content based on learned rules. Together, they form a 
cohesive system that drives flexible and efficient 
human thought (Redinbaugh & Saalmann, 2024) 

The control of attention, perception, and memory 
is closely linked within neural mechanisms, enabling 
efficient interaction with the world. Attention selects 
relevant sensory input to guide perception, while 
memory adds context and continuity by connecting 
past experiences to present tasks. Understanding 
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these relationships deepens knowledge of cognition 
and supports interventions for impairments such as 

ADHD and schizophrenia, as well as strategies to 
optimize learning (Vasquez, E. 2024).

 
Table 1 : showing the role of prefrontal cortex and basal ganglia in cognitive function 

Cognitive Function Hippocampus Prefrontal Cortex Parietal Cortex Thalamus 

Attention 

Binds new 
information and 
context to guide 
attention based 
on experience. 

Exerts top-down 
control, shifts focus, 
and manages selective 
and divided attention 
tasks. 

Orients spatial 
attention, directs the 
attentional spotlight, 
and integrates 
sensory cues. 

Acts as a 
gatekeeper for sensory 
inputs, filtering 
irrelevant signals 
(pulvinar nucleus). 

Perception 

Provides 
contextual 
memory to 
influence 
perceptual 
interpretation 
and supports 
predictive coding. 

Maintains and 
manipulates 
perceptual information 
in working memory, 
applies expectations to 
sensory input. 

Integrates 
multisensory data, 
constructs spatial 
maps of the 
environment, and 
contributes to 
perceptual 
awareness. 

Relays and 
modulates incoming 
sensory information to 
cortical areas. 

Memory 

Core site for 
encoding new 
experiences, 
consolidating and 
indexing long-
term memories, 
retrieves episodic 
details. 

Maintains 
working memory 
representations, 
orchestrates retrieval 
strategies, monitors 
and updates stored 
information. 

Supports 
attentional aspects of 
memory retrieval, 
integrates sensory 
context into 
recollection, and 
contributes to 
episodic recall 
processes. 

Facilitates 
memory consolidation 
via thalamic-
hippocampal circuits, 
regulates flow of 
information during 
encoding and retrieval. 

How your brain makes decisions: a 
prefrontal cortex-basal ganglia 
partnership 

Perception, attention, and memory are important 
for decision-making. Perception builds reality, 
attention prioritizes information, and memory provides 
context. Their integration in the prefrontal cortex (PFC) 
supports adaptive choices, while overload or disruption 
can lead to errors. Strategies such as reducing 
distractions or using schemas improve decision 
outcomes. 

Decision-making, from daily choices to complex 
judgments, depends on the interplay between the PFC 
and basal ganglia (BG). Together, they manage four 
core functions: planning actions, predicting outcomes, 
evaluating costs and rewards, and interpreting social 
information. 

The PFC, especially its lateral and dorsomedial 
regions, acts as a planning hub, representing goals and 
maintaining them in working memory. The BG, 
particularly the striatum, works with the PFC through 

the prefrontal–basal ganglia working memory (PBWM) 
model. Here, the BG serves as a selective gate, allowing 
new information into PFC working memory or 
discarding outdated input. This gating, shaped by 
striatal pathways, keeps planning flexible and resistant 
to distraction. 

Prediction relies on the BG‟s role in computing 
reward prediction errors (RPEs). Dopamine signals 
from the substantia nigra and ventral tegmental area 
update the striatum when outcomes differ from 
expectations. Positive RPEs strengthen direct 
pathways to encourage effective plans, while negative 
RPEs enhance indirect pathways to suppress poor 
ones. These changes are relayed to the PFC, refining 
internal models of the world (O‟Reilly & Munakata, 
2021) 

The neural foundation of emotion, 
personality and self – awareness : a 
dynamic body - mind connection  

Emotions, personality, and self-awareness also 
have deep roots in neural systems, forming a 
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bidirectional link between physiological states and 
psychological influences on personality. 

Qualities like emotion, personality, and self-
awareness do not reside in a single brain region. They 
emerge from complex interactions between neural 
networks, bodily states, and the surrounding 
environment, highlighting the holistic nature of the 
mind. 

Emotion  
Emotions are physiological and psychological 

responses that help people react to events or 
situations. Emotion involves several components, 
including thoughts, physical changes, and behaviors. 
Emotions, feelings, and moods are related; they differ 
in duration, intensity, and the triggers that evoke 
them. Emotions develop through constant feedback 
loops. This involves areas like the amygdala and insula 
(limbic structures), automatic bodily responses (like 
heart rate changes and hormones), and how we 
interpret situations. From a "dynamical systems" view, 
each emotional experience is like a temporary, stable 
pattern of brain and body activity that forms briefly 
before shifting to the next state. This helps explain why 
emotions are so dependent on context and why 
understanding them requires observing their 
changing patterns over time (Walsh, E., 2023). 

Personality 
Personality is defined as the distinctive 

characteristics, patterns of thoughts, emotions, and 
behavior that make up an individual‟s personal style of 
interacting with the physical and social environment.  

 Our early neural temperaments, influenced by 
genetics and epigenetics, guide how we react and 
regulate ourselves. As we repeatedly experience 
emotions, specific patterns of physiological response 
and interpretation reinforce each other, solidifying our 
characteristic ways of feeling and behaving. In this 
sense, personality can be seen as the stable patterns 
that emerge when emotional states occur repeatedly 
under similar bodily and situational conditions (Walsh, 
E., 2023). 

Self-Awareness: Building on Inner States Self-
Awareness  

Our ability to reflect on our thoughts and feelings 
builds upon these emergent emotional states through 
integrated brain processes. Regions like the prefrontal 
cortex and the default mode network work together 
with pathways that monitor bodily signals 
(interoceptive pathways) to create a cohesive sense of 

"I." As we learn to connect internal bodily sensations 
with conceptual categories (like hunger, fear, or joy), 
we develop the inner narrative that is fundamental to 
self-reflection and intentional actions (Walsh, E., 2023). 

The Body-Mind Connection  
The connection between physiological states and 

emotions is bidirectional, shaping personality in 
profound ways. While the brain is highly adaptable, it is 
also vulnerable to chronic stress, which over activates 
the hypothalamic–pituitary–adrenal (HPA) axis and 
floods the body with cortisol, the “stress hormone.” 
Alongside this, overactivation of the amygdala and 
prefrontal cortex heightens anxiety and fosters 
maladaptive behaviors. Disruptions in 
neurotransmitters such as dopamine and serotonin 
further disturb mood and motivation, contributing to 
disorders like schizophrenia, depression, bipolar 
disorder, and Parkinson‟s disease (Jenkinson, 2023). 

At the same time, calm physiological states—
achieved through practices like deep breathing or 
exercise—can shift emotional dynamics toward 
resilience and openness, gradually reshaping 
personality. This feedback loop between bodily states 
and emotions highlights the brain‟s remarkable 
plasticity. Maladaptive traits, such as chronic anxiety, 
emerge from reinforced stress pathways, while 
adaptive traits, like resilience, are cultivated by 
intentionally rewiring neural networks. These 
mechanisms reveal the brain‟s extraordinary capacity 
for change, offering pathways for growth and well-
being (Walsh, 2023). 

From neural mechanism to 
behaviour 

The human brain is a complex network 
integrating interoception, exteroception, emotions, 
and cognition. This coordination supports learning and 
growth, but disruptions can lead to maladaptive 
patterns like anxiety, addiction, and avoidance. 
Research shows these circuits shape both healthy 
adaptation and psychopathology (Steffen et al, 2022) 

Adaptive Brain Mechanisms: Selfhood, Reward, 
and Aversion Systems 

The brain‟s adaptability arises from integrating 
body signals, emotions, and networks like the Default 
Mode Network (DMN). Quirk et al. (2023) show that the 
DMN links bodily cues with memories and predictions 
to sustain selfhood. Smooth integration supports 
flexibility, while disruptions impair self-awareness, 
fostering rigidity, dissociation, or stress. 
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Our motivation is driven by circuits involving the 
Ventral Tegmental Area (VTA), Nucleus Accumbens 
(NAc), and Basal Forebrain (BF). These pathways 
process rewards, punishments, and the significance of 
stimuli, guiding our approach or avoidance behaviors. 
Wanqi Chen's review highlights that balanced 
signaling in these loops is crucial for adaptive 
functioning. Maladaptive changes, often due to 
chronic stress or substance use, can entrench 
conditions like addiction, anxiety, and depression. 
Healthy brains use dopamine neurons in the VTA to 
learn from reward prediction errors. Conversely, 
dysregulation in these systems can lead to compulsive 
seeking or excessive avoidance. (Chen, W., 2022) 

Emotion Regulation : Prefrontal –
Amygdala Connectivity Effective 

 Emotional regulation relies on the connection 
between the amygdala, our threat detector, and 
theprefrontal cortex(PFC), which provides cognitive 
control. In disorders like major depressive disorder and 
PTSD, weakened connectivity disrupts this top-down 
regulation, heightening vulnerability to fear and 
rumination. Naffaa‟s (2024) review shows that 
interventions such as medication and Cognitive-
Behavioral Therapy(CBT) recalibrate these PFC–
amygdala pathways; for example, CBT strengthens 
their coupling, improving reinterpretation of negative 
stimuli. Strong circuitry fosters resilience, while 
disruption fuels emotional reactivity and avoidance 
(Naffaa, M., 2024). 

Functional–Structural Integration and 
Neuroplastic Interventions in Emotion Regulation” 

Neuroi maging shows that brain function cannot 
be explained by structural or functional connectivity 
alone. Kim and Kim (2024) found that a functional-
structural “hybrid connection” best predicts adaptive 
or maladaptive emotion regulation. Adaptive 
individuals, using strategies like reappraisal and 
problem-solving, show strong integration among 
motor, visual, and DMN nodes, while maladaptive 
individuals display structural deficits in subcortical 
pathways, linking connectivity patterns to coping 
styles.Neuroplasticity offers hope that maladaptive 
circuits are not permanent. Interventions such as CBT, 
mindfulness, medication, and neurostimulation use 
this adaptability to reshape networks. Exposure 
therapy weakens avoidance by updating fear circuits 
and strengthening PFC–amygdala regulation, while 
drugs modulate excitability to support learning. By 
remodeling synapses, these methods restore balance, 

recalibrate reward signaling, and reinforce top-down 
control, fostering resilience. 

Neural Mechanisms Shaping 
Personality  

Over time, neural mechanisms shape personality 
and selfhood through stable patterns of connectivity 
and plasticity. Interoceptive signals, DMN activity, 
reward processing in VTA–NAc loops, and prefrontal 
control together form enduring dispositions. Adaptive 
alignments foster curiosity and well-being, while 
maladaptive ones drive stress, impulsivity, or 
compulsivity. Understanding this enables interventions 
that reshape both immediate responses and long-
term traits (Naffaa, M. M. 2024). 

CONCLUSION 
The human brain is a dynamic structure, 

constantly reshaping itself to meet the challenges of 
experience. At its foundation lie neurons and synapses, 
the basic units of communication. Through 
mechanisms such as Long-Term Potentiation (LTP) 
and Long-Term Depression (LTD), synapses 
strengthen or weaken in response to activity, providing 
the cellular basis for learning, memory, and adaptation. 
This plasticity ensures that every encounter, whether 
mundane or profound, leaves a trace in the brain‟s 
circuitry. 

. Networks involving the prefrontal cortex, 
hippocampus, and basal ganglia coordinate 
perception, attention, and memory. These systems 
allow us to filter sensory information, sustain focus, and 
store knowledge for future use. Cognition is predictive 
as well as reactive, enabling us to anticipate outcomes 
and plan actions. In this way, thought becomes a 
bridge between past experiences and future 
possibilities. 

 The brain also shapes emotion, personality, and 
self-awareness. Emotions integrate through limbic 
structures such as the amygdala and insula, bodily 
states like heart rate and hormonal changes, and 
cognitive interpretations of events. Personality reflects 
the stable patterns of these responses, shaped over 
time by genetics, temperament, and repeated 
experiences. Self-awareness builds upon these 
emotional foundations, as the Default Mode Network 
(DMN) and prefrontal regions integrate bodily signals 
with conceptual thought to create a coherent sense of 
identity. 

Ultimately, human behavior reflects the seamless 
integration of bodily sensations, sensory inputs, 
emotions, and cognition. When these connections are 
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disrupted by chronic stress or trauma, maladaptive 
patterns such as anxiety, depression, or addiction can 
emerge. Stress, for example, can overactivate the 
hypothalamic–pituitary–adrenal (HPA) axis, flooding 
the body with cortisol and impairing regulation 
between the prefrontal cortex and amygdala. 

Yet the brain‟s neuroplasticity offers profound 
hope. Dysfunctional circuits are not fixed; they can be 
reshaped through interventions such as therapy, 
mindfulness, medication, and neurostimulation. By 
remodeling synapses and recalibrating networks, 
these approaches restore balance, strengthen 
resilience, and highlight the brain‟s extraordinary 
capacity for growth and healing. 
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