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Description
Cognitive neuroscience is an interdisciplinary 
field that seeks to understand how brain 
function gives rise to mental processes such as 
perception, attention, memory, language and 
decision making. By integrating insights from 
psychology, neuroscience and computational 
modeling, cognitive neuroscience bridges 
the gap between observable behavior and 
underlying neural mechanisms. At its core, 
cognitive neuroscience investigates how neural 
circuits support cognitive processes. Neurons 
communicate through intricate networks and 
their interactions form the basis of perception, 
thought and action. The prefrontal cortex 
is essential for executive functions, such as 
planning, problem solving and inhibitory 
control, while the hippocampus plays a central 
role in encoding and retrieving memories. 
Disruptions in these neural networks can 
lead to deficits in cognition, illustrating the 
tight link between brain function and mental 
performance. Cognitive neuroscience seeks 
to map these relationships, revealing how 
specific brain regions and networks contribute 
to complex behaviors. One key area of study 
in cognitive neuroscience is perception, which 
involves the processing and interpretation 
of sensory information. Visual, auditory 
and somatosensory systems are organized 
hierarchically, with specialized cortical areas 
analyzing basic features such as shape, color, 
or tone and higher level regions integrating 

this information into coherent representations. 
Neuroimaging studies have shown that 
even subtle changes in sensory input can 
produce measurable alterations in cortical 
activity, demonstrating the brain’s remarkable 
sensitivity and adaptability. Understanding 
perceptual processing not only illuminates 
normal cognitive function but also informs 
interventions for disorders such as dyslexia, 
sensory processing disorder and visual agnosia.

Memory is another central focus of cognitive 
neuroscience. Research has distinguished 
multiple forms of memory, including working 
memory, episodic memory and procedural 
memory, each relying on distinct neural 
circuits. Working memory, the ability to hold 
and manipulate information temporarily, is 
strongly linked to the prefrontal cortex, while 
episodic memory relies on the hippocampus 
and associated medial temporal lobe 
structures. Procedural memory, which supports 
skills and habits, involves the basal ganglia 
and cerebellum.  Attention and executive 
control represent another crucial domain. 
Cognitive neuroscience has shown that 
attention is not a unitary process but involves 
multiple interacting networks, including the 
frontoparietal network for top down control 
and the salience network for detecting 
behaviorally relevant stimuli. Executive 
control allows individuals to prioritize goals, 
inhibit distractions and flexibly switch between 
tasks. Functional imaging and lesion studies 
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have highlighted how disruptions in these 
networks can produce attentional deficits, 
impulsivity and difficulties in planning, which 
are commonly observed in conditions such 
as attention deficit hyperactivity disorder 
and traumatic brain injury. Language and 
communication also occupy a central role 
in cognitive neuroscience research. Broca’s 
and Wernicke’s areas, located in the left 
hemisphere, are traditionally associated with 
language production and comprehension, 
respectively. Modern studies, however, have 
emphasized the distributed nature of language 
processing, involving interactions between 
cortical and subcortical regions. Cognitive 
neuroscience has advanced our understanding 
of bilingualism, reading and language recovery 
after stroke, highlighting the brain’s capacity 
for plasticity and functional reorganization.

Technological advances have been 
instrumental in expanding the scope of 
cognitive neuroscience. Functional Magnetic 
Resonance Imaging (fMRI) allows researchers 

to visualize brain activity during specific 
cognitive tasks, while Electroencephalography 
(EEG) provides precise temporal information 
about neural processing. More recently, 
techniques such as Magnetoencephalography 
(MEG), Transcranial Magnetic Stimulation 
(TMS) and optogenetics have enabled causal 
manipulation of neural circuits, deepening 
our understanding of how specific brain 
regions contribute to cognition. Computational 
modeling and machine learning approaches 
further complement experimental research, 
allowing prediction of cognitive performance 
and simulation of neural network behavior. 
Cognitive neuroscience also emphasizes and 
plastic nature of the brain. Experience, learning, 
and environmental factors continuously shape 
neural circuits, resulting in changes in cognition 
and behavior. Studies on neuroplasticity have 
shown that training, rehabilitation and skill 
acquisition can alter cortical representations, 
enhance connectivity and improve cognitive 
function.


