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Introduction
Event-Related Potentials (ERPs) are a valuable tool in 
neuroscience and cognitive psychology for studying brain 
activity in response to specific stimuli or events. ERPs provide 
a window into the brain’s electrical response to sensory, 
cognitive, or motor events, allowing researchers and clinicians 
to understand how the brain processes information over time 
[1].

ERPs are measured using electroencephalography (EEG), 
which records electrical activity from the brain through 
electrodes placed on the scalp. Unlike general EEG recordings, 
which capture all brain activity, ERPs are isolated responses 
to particular events. When a stimulus occurs, it triggers a 
series of electrical responses in the brain that can be detected 
and analyzed. By averaging these responses across multiple 
trials, researchers can extract consistent patterns and identify 
the brain’s response to specific stimuli [2].

Electrodes placed on the scalp capture the brain’s electrical 
activity. The EEG signals are time-locked to the stimulus 
presentation, meaning that the data is synchronized with the 
occurrence of the event.To isolate the ERP component related 
to the stimulus, the EEG data from many trials are averaged. 
This helps to filter out background noise and random variations, 
revealing consistent patterns related to the event [3].

The averaged data is analyzed to identify ERP components—
specific waveforms or patterns that correspond to different 
cognitive processes. Common components include the P300, 
N400, and N200, each associated with different types of 
cognitive processing.The P300 wave is a positive deflection in 
the ERP that typically occurs 300 milliseconds after stimulus 
presentation. It is associated with attention and the updating 
of working memory. The P300 is often observed in tasks that 
require a participant to detect or discriminate rare or target 
stimuli within a sequence of frequent, non-target stimuli [4].

The N400 wave is a negative deflection that occurs around 
400 milliseconds after a stimulus. It is commonly linked 
to semantic processing and is often used to study language 
comprehension. For example, the N400 response is larger 
when a word is semantically incongruent with its preceding 
context.The N200 component appears approximately 200 
milliseconds after stimulus presentation and is associated 
with cognitive control processes, such as detecting errors 
or conflicts. It is often used to study processes related to 
attentional and cognitive control [5].

ERPs are used to study various cognitive processes, including 
attention, memory, language, and decision-making. By 
examining how different ERP components are influenced by 
different tasks or conditions, researchers can gain insights into 
the underlying mechanisms of cognitive functions.In clinical 
settings, ERPs can help diagnose and monitor neurological and 
psychiatric conditions. For example, ERP abnormalities can 
be indicative of disorders such as schizophrenia, depression, 
and epilepsy. By analyzing ERP patterns, clinicians can assess 
the impact of these conditions on brain function and evaluate 
treatment effectiveness [6].

 ERPs are also used to study brain development and aging. 
Changes in ERP components over time can provide insights 
into the maturation of cognitive functions in children and 
the effects of aging on cognitive processing in older adults. 
ERPs are employed in the development of BCIs, which enable 
direct communication between the brain and external devices. 
By detecting specific ERP patterns associated with mental 
commands, BCIs can help individuals with motor impairments 
control devices such as computers or prosthetics [7].

ERPs offer several advantages, including high temporal 
resolution, which allows researchers to track brain activity on 
a millisecond-by-millisecond basis. This temporal precision is 
crucial for understanding the dynamics of cognitive processes. 
However, ERPs also have limitations. They have relatively 
poor spatial resolution compared to other neuroimaging 
techniques like fMRI, meaning it is challenging to pinpoint the 
exact brain regions involved in a particular ERP component 
[8].

The averaged data is analyzed to identify ERP components—
specific waveforms or patterns that correspond to different 
cognitive processes. Common components include the P300, 
N400, and N200, each associated with different types of 
cognitive processing.The P300 wave is a positive deflection in 
the ERP that typically occurs 300 milliseconds after stimulus 
presentation. It is associated with attention and the updating 
of working memory. The P300 is often observed in tasks that 
require a participant to detect or discriminate rare or target 
stimuli within a sequence of frequent, non-target stimuli [9].

ERPs are also used to study brain development and aging. 
Changes in ERP components over time can provide insights 
into the maturation of cognitive functions in children and 
the effects of aging on cognitive processing in older adults. 
ERPs are employed in the development of BCIs, which enable 
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direct communication between the brain and external devices. 
By detecting specific ERP patterns associated with mental 
commands, BCIs can help individuals with motor impairments 
control devices such as computers or prosthetics [10].

Conclusion
Event-Related Potentials (ERPs) provide a powerful method 
for investigating the brain’s responses to specific events and 
stimuli. By examining ERP components, researchers and 
clinicians can gain valuable insights into cognitive processes, 
neurological conditions, and brain development. While ERPs 
have their limitations, their high temporal resolution and 
applicability across various domains make them an essential 
tool in both cognitive neuroscience and clinical practice.
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