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Abstract 
Electroencephalography (EEG)-based 
traits have garnered increasing attention in 
neuroscience, particularly for their potential 
to alter an individual's perception of self 
and the external world. Research has 
demonstrated that variations in brain wave 
patterns can influence emotional 
experiences, raising critical questions 
about whether these experiences reflect an 
objective reality or are filtered through 
unique neurophysiological lenses. The 
study of EEG signals has unveiled 

intricate connections between 
personality traits, emotional states, and 
cognitive processes, indicating that our 
perceptions are significantly shaped 
by underlying brain activity.[1][2][3] 

 
Notable advancements in the field 
reveal correlations between EEG 
characteristics and the Big Five 
personality traits, providing insights into 
how individual differences can affect 
emotional interpretation. Moreover, 
specific EEG components have been 
linked to self-referential processing, 
demonstrating how these brain signals 
can reveal cognitive and emotional 
discrepancies in various psychiatric 
conditions, such as schizophrenia.[4][5] 
[6] As researchers continue to explore 
the nuances of emotional experiences 
through EEG, they are uncovering the 
dynamic interactions between cognitive 
factors and individual traits that inform 
one's sense of self and social 
interactions.[7][8] 



 

 

The implications of EEG-based research extend beyond theoretical inquiries, 
prompting discussions about the accuracy of emotional recognition and the potential 
distortions introduced by personal brain-based filters. This investigation raises 
profound philosophical questions about the nature of emotional experiences, 
prompting debates on whether emotions are genuine reflections of reality or 
products of subjective neurocognitive processes.[9][10] Such questions 
underscore the significance of this research in understanding how emotions shape 
perception, ultimately impacting social functioning and mental health 
outcomes.[11][12] 

 
As EEG technology advances and machine learning techniques enhance data 
analysis, the field is poised to uncover deeper insights into the relationship between 
brain activity, emotional experiences, and perception. This evolving understanding 
holds promise for applications in mental health diagnostics, therapeutic interventions, 
and the development of empathetic human-computer interactions that better account 
for the emotional dimensions of user experiences.[13][14] 

Background 
Emotion plays a crucial role in influencing cognitive processes, including perception, 
attention, learning, memory, reasoning, and problem-solving[1]. Understanding how 
these processes interact with emotional experiences has gained importance in 
recent neuroscience research. The advent of electroencephalography (EEG) has 
allowed researchers to explore the intricate relationship between emotional states 
and cognitive functions. 

 
EEG has been employed for a variety of applications beyond its traditional roles in 
clinical diagnosis and cognitive neuroscience. During World War II, the U.S. Army Air 
Corps utilized EEG to screen pilots for seizure risks[2]. Today, EEG continues to 
serve as a vital tool in epilepsy management for seizure prediction, while also 
expanding into areas such as neurofeedback and neuromarketing[2][3]. The 
influence of drugs on EEG recordings has opened avenues in pharmaco- 
electroencephalography, enabling the identification of substances that can modify 
brain functions for both therapeutic and recreational purposes[2]. 



 

 

Recent studies have examined the relationship between interoceptive sensitivity—an 
individual's ability to perceive internal bodily signals—and emotional experiences[4] 
[5]. Research has also investigated the connection between emotional activity 
and cognitive load in multimedia learning contexts, emphasizing the dynamics of 
emotional responses in educational settings[6]. Moreover, the exploration of 
emotional arousal and its impact on brain activity, particularly in the parieto-occipital 
alpha power, highlights the complex interplay between emotions and cognitive 
processing-[7]. 

EEG-based Traits 
EEG-based traits have emerged as a significant area of research, particularly in 
understanding how individual differences in brain activity can influence perception and 
emotional experience. Various studies indicate that a variety of spectral 
characteristics derived from EEG signals can serve as indicators of cognitive 
variations, linking personality traits to brain wave patterns[10][11]. 

 

Personality and EEG Correlation 
Research has demonstrated a correlation between personality traits, particularly the 
Big Five traits (openness, conscientiousness, extraversion, agreeableness, 
neuroticism) and EEG frequency power spectra. By employing multivariate pattern 
analysis, researchers have successfully decoded personality scores from resting EEG 
data, indicating that distinct EEG signatures are associated with individual 
personality traits[12][13]. Moreover, certain EEG traits show strong correlations with 
emotional states, specifically arousal and valence scores, particularly within the theta 
band of brain activity[14]. This suggests that EEG can provide valuable insights into 
the emotional processes tied to self-perception and interpersonal dynamics. 

 

Cognitive Processes and Self-Referential Emotion 
EEG also plays a crucial role in understanding self-referential processing, where 
individuals evaluate emotional stimuli in relation to themselves. Components such as 
the frontal P2 and LPP are indicative of automatic monitoring and sustained 
engagement during cognitive processing, respectively. These components have been 
shown to reflect deficits in self-referential processing among individuals with 



 

 

schizophrenia, highlighting how EEG can reveal variations in emotional experience 
and cognition related to brain activity[15][16]. The dynamic interactions between 
various brain regions during emotional states further underscore the complexity of 
emotional experience, which is influenced by both cognitive factors and individual 
traits[17]. 

 

 

Machine Learning and EEG Analysis 
Recent advancements in machine learning have enhanced the analysis of EEG data, 
allowing for the automatic recognition of patterns associated with different 
psychological conditions, including schizophrenia and epilepsy[18]. By combining 
EEG complexity measures such as Lempel-Ziv complexity and fractal dimension, 
researchers can uncover previously hidden information within the data, facilitating a 
deeper understanding of how emotional experiences may reflect either reality 
or distortions arising from brain-based filters[19][8]. 



 

 

Perception of Self 
Self-referential processing (SRP) plays a crucial role in shaping how individuals 
perceive themselves and their emotional experiences. This cognitive process involves 
subjective and executive monitoring of one's sensory consciousness, which can 
influence both emotional evaluation and self-awareness[20][21]. Self-referential 
emotion, a subset of this phenomenon, refers to how individuals assess emotional 
stimuli based on their self-concept, highlighting the importance of personal relevance 
in emotional responses[18]. 

 

Neural Mechanisms of Self-Referential 
Processing 
Research utilizing electroencephalography (EEG) has provided insights into the 
neural substrates underlying self-referential processing. It has been observed that the 
human brain engages in both semantic and somatic forms of self-referential 
processing, with distinct neural oscillations in the alpha and theta frequency 
bands associated with these activities[22]. The most frequently employed 
methodology in neuroscience to study this reflective self is the self-reference effect 
(SRE) task, which assesses how individuals' judgments about themselves can reveal 
traits and abilities accurately[23]. 

 

Impairments and Social Functioning 
Impairments in self-referential processing have been linked to maladaptive social 
functioning, particularly in psychiatric conditions like schizophrenia. Studies have 
indicated that individuals with schizophrenia may exhibit abnormalities in cortical 
midline structures, which are crucial for self-referential processing, affecting their 
ability to accurately perceive their own traits and social context[24][25]. The resulting 
deficits in self-awareness can lead to challenges in social interactions and a distorted 
understanding of self[26]. 

 

 

 

 



 

 

 

 
Mu Rhythm and Interpersonal Misinterpretation 
	
Scenario:	Two	coworkers	are	sharing	a	story	during	lunch.	As	one	speaks,	the	other	
briefly	checks	their	phone	and	looks	away.	
	
EEG Insight: 
•	The	individual	with	persistent	mu	rhythm	activity	over	sensorimotor	areas	(C3/C4)	
may	interpret	the	gesture	as	a	sign	of	disinterest	or	social	rejection,	triggering	
internalized	anxiety,	self-doubt,	or	a	sense	of	being	dismissed.	
•	In	contrast,	the	individual	without	mu	rhythm	dominance	is	more	likely	to	interpret	
the	same	behavior	as	neutral	or	unintentional,	maintaining	emotional	stability	and	
social	confidence.	
	
Clinical	Implication:	Persistent	mu	activity	is	linked	to	social	cognitive	processing	
inefficiencies,	and	may	mediate	subtle	but	impactful	misinterpretations	of	nonverbal	
cues.	This	pattern	is	frequently	observed	in	individuals	with	social	anxiety,	ASD	traits,	
or	histories	of	relational	trauma,	shaping	not	only	how	social	moments	are	perceived,	
but	how	they	are	emotionally	stored	and	recalled.	

 
Dynamic Nature of Self-Perception 
Further investigations into the dynamic aspects of self-perception have highlighted 
the interplay between cognitive factors and individual traits. EEG studies have 

demonstrated that variations in neural activity correlate with self-referential thinking, 
providing evidence that self-perception is not static but influenced by contextual 
factors and individual differences[27][28]. This dynamic view of self suggests that 
emotional experiences may reflect not only personal realities but also 
distortions stemming from brain-based filters[29]. 



 

 

 
 

Perception of the World 
The perception of the world, particularly in the context of emotional experience, is 
heavily influenced by various neurophysiological processes. Recent studies have 
focused on the distinctions between how individuals perceive their own emotions and 
those of others, suggesting a complex interplay between brain activity and emotional 
awareness. For instance, EEG-based emotion recognition has revealed that emotions 
are not merely subjective feelings but are complex neurocognitive processes 
involving dynamic interactions among multiple brain regions, including the 
frontal, parietal, and temporal lobes[19][9]. These regions work together in a 
coordinated manner, forming networks that underlie the processing and regulation of 
emotions, which in turn affect perception[19][30]. 
 
Moreover, research indicates that individual traits, such as field dependence and 
personality characteristics, can significantly impact emotional perception[31][11]. High 
interoceptive sensitivity, which relates to the awareness of internal bodily states, has 
been shown to correlate with subjective emotional experiences and the 
processing of emotional stimuli, indicating that personal and physiological factors 
may distort the perception of external realities[4][32]. 
 
Studies also highlight that variations in brain activity during emotional states 
contribute uniquely to how individuals interpret social feedback and self-esteem, 
suggesting that the brain's filtering mechanisms can alter the perception of 
one’s environment and social interactions[25][32]. As a result, the investigation 
into how EEG signals correlate with emotional states raises essential questions about 
whether emotional experiences reflect an accurate representation of reality or 
are mediated by individual brain-based filters that may distort 
perception[19][30]. 



 

 

 

 

Emotional Experience 
Defining emotion remains a complex endeavor, influenced by both physiological 
responses and subjective experiences. The interplay between interoceptive 
sensitivity—our awareness of bodily states—and emotional responses is a critical 
area of research, particularly in understanding how individuals process emotional 
stimuli, such as pictures depicting various emotional contexts[5][7]. Emotional 
experiences are often characterized by dynamic multisensory perceptions, 
though traditional EEG research has predominantly utilized unimodal stimuli, 
potentially limiting the understanding of how emotions are perceived and 
processed in real- world contexts[19]. 

 

Neural Correlates of Emotion 
Recent studies utilizing EEG have highlighted significant neural activity associated 
with various emotional states. For instance, theta and alpha brainwave bands exhibit 

noteworthy functional connectivity patterns, with theta band correlations 
showing increased activity in posterior brain regions during negative 
emotional states, and enhanced frontal activity during positive states[4][9]. 
This suggests that different emotional contexts can lead to distinct neural 
activation patterns, which can be quantitatively classified with accuracy ranging 
from 53% to 69%, depending on the emotional state being assessed[4][33]. 
Remarkably, some research has achieved over 90% accuracy in identifying 
emotional states elicited by music using EEG signals, demonstrating the 
potential of this method in emotion recognition[4][9]. 

PAA and Emotional Interpretation of Social Rejection 
 
Scenario: Two individuals receive critical feedback from a supervisor. 
 
EEG Insight: The individual with right-parietal hypoactivation (PAA) may interpret 
the feedback as a personal failure, triggering ruminative self-talk and reduced 
motivation. A peer without this pattern might view the same feedback constructively 
or take action without internalizing it emotionally. 
 
Clinical Implication: PAA can bias emotional appraisal toward internalized blame 
and increase vulnerability to depressive processing loops. 



 

 

 

The Impact of Emotion on Cognition 
Emotions significantly influence cognitive processes such as perception, attention, 
and memory[1]. As individuals experience emotions, their cognitive frameworks are 
shaped, sometimes leading to distorted perceptions of themselves and their 
surroundings. This raises intriguing questions about whether emotional 
experiences reflect an objective reality or are filtered through the brain's complex 
neurocognitive mechanisms[14]. The interactions among different brain regions, 
particularly the frontal, parietal, and temporal lobes, play crucial roles in shaping the 
emotional experience, with each region contributing uniquely to the processing of 
various emotions[16][33]. The ability of EEG to capture real-time changes in brain 
dynamics makes it a powerful tool for exploring these relationships and 
understanding how emotional states can alter perceptions of reality. 

 

Implications of Research 
Research into EEG-based traits and their influence on the perception of self and the 
external world has significant implications for understanding emotional experiences. 
As the relationship between emotions and cognitive processes remains a topic of 
intense debate, studies suggest that the way individuals interpret stimuli can be 
affected by their emotional states, raising questions about whether emotional 
experiences reflect objective reality or are shaped by inherent brain-based 
filters[4] [34]. 

 
Alpha Asymmetry and Response to Global Events 
 
Scenario: Two people scroll past a distressing news headline about a natural disaster. 
 
EEG Insight: 
• The person with left-frontal alpha asymmetry (FAA) may experience an immediate 
emotional drop, internalizing the event with self-referential worry or hopelessness. 
• The person without FAA may acknowledge concern but maintain perspective and 
emotional distance. 
 
Clinical Implication: FAA can color perception of global or abstract events through a 
filter of personal emotional reactivity, contributing to a heightened sense of threat or 
helplessness not proportionate to the individual’s role in the event. 



 

 

Emotional Recognition in Virtual Environments 
One of the primary implications of this research is the development of advanced 
emotion recognition systems, particularly in immersive virtual environments. Such 
systems aim to better understand and categorize affective states elicited by virtual 
experiences. This could lead to enhancements in fields such as therapy, training, and 
entertainment, where tailored emotional responses could improve user engagement 
and outcomes[34][35]. 

 

The Role of Brain Activity in Perception 
The investigation into how EEG traits influence emotional perception also sheds light 
on the brain's processing mechanisms. By employing EEG technology, researchers 
can identify specific brain patterns associated with various emotional responses, 
offering a more nuanced view of how emotions are generated and how they influence 
cognitive functions, including perception. This understanding could contribute to better 
diagnostic tools and treatments for emotional and cognitive disorders[35][36]. 

 

Philosophical Considerations 
Moreover, the exploration of the interplay between physiological responses and 
emotions invites philosophical inquiries about the nature of reality and 
subjective experience. It challenges the assumption that emotions merely react 
to external stimuli, suggesting instead that they may play a pivotal role in 
shaping one's perception of reality. This philosophical perspective encourages 
further exploration into the complexity of human emotions and their influence on 
cognition and behavior[4][37]. 

 

Future Directions 
As the understanding of electroencephalography (EEG) in relation to emotional 
experiences continues to evolve, several promising future directions emerge in both 
research and practical applications.



 

 

 

 
Human-Computer Interaction 
The integration of EEG data into human-computer interfaces presents an exciting 
frontier. As demonstrated by researchers at Nanyang Technological University, 
translating EEG-detected emotions into visual representations allows for innovative 
forms of interaction that could redefine user experiences[38]. Future developments 
may explore the potential for such systems in various domains, including mental 
health, gaming, and education, facilitating more empathetic and responsive 
environments[37]. 

 

Exploration of Emotional Dynamics 
Understanding the dynamic nature of emotional experiences is crucial. Most existing 
EEG research tends to utilize unimodal stimuli; future studies could employ more 
complex multisensory approaches to better reflect real-world emotional 
experiences[19]. This could involve investigating how different sensory inputs 
interact to shape emotional perceptions and responses, leading to a more 
nuanced understanding of how emotions are processed by the brain. 

 

Cross-Modal Comparisons 
The potential to compare emotional perception between virtual and real-world 
contexts also presents a rich avenue for exploration. Investigating how EEG 



 

 

responses differ in these settings could provide insights into the impact of immersive 
technologies on emotional experience and self-perception[39]. This research could 
have significant implications for fields such as virtual reality, where understanding 
emotional engagement is critical for user experience design.  

Addressing Methodological Challenges 
As the field expands, addressing methodological challenges will be essential. The 
variety of theories and systems used to classify emotional states suggests a need for 
standardized approaches in EEG research[9]. Future efforts may focus on 
establishing common metrics and protocols that could enhance the reliability and 
validity of findings across studies, ultimately leading to a more cohesive 
understanding of the relationship between brain activity and emotional experience. 

 
**This paper was developed with assistance from Dr. Steven Rondeau’s AI Twin, an AI-powered assistant designed to enhance 
EEG research, qEEG analysis, and clinical applications. All final interpretations and conclusions remain those of Dr. Rondeau 
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