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Abstract— This research paper explores the distinct EEG wave patterns elicited by various types of stressors and their potential 

implications for stress assessment. Stress is a multifaceted phenomenon with diverse cognitive, emotional, and physical 

components, each potentially influencing neural activity in unique ways. Understanding the differential effects of stressors on 

EEG signals can provide valuable insights into the underlying neurobiological mechanisms of stress and inform the development 

of more accurate and sensitive stress assessment techniques. Through a comprehensive review of existing literature and original 

research findings, this paper aims to elucidate the complex relationship between different types of stressors and EEG wave 

patterns, paving the way for advancements in stress monitoring and management strategies. 
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1. Introduction 
 

Stress profoundly impacts human life, affecting physical 

health, mental well-being, and overall quality of life. It 

encompasses various experiences, influencing behavior, 

cognition, and emotion. While it can promote growth, chronic 

exposure can harm health and well-being, shaping social, 

economic, and cultural contexts, making it a societal concern.  

 

Traditional stress assessment via self-reports has limitations 

due to biases. Neuroimaging techniques like EEG offer 

objective measures, revealing brain activity during stress. 

EEG uncovers neural oscillations and connectivity patterns 

across stress conditions, providing valuable insights into 

stress neurobiology and improving assessment and 

intervention strategies.  
 

EEG-based approaches represent a shift in stress research, 

enabling the identification of biomarkers for stress 

vulnerability, resilience, and recovery. By elucidating neural 

correlates, EEG facilitates early detection and targeted 

interventions for stress-related disorders. It also considers 

individual differences in stress responsivity, including 

genetic, personality, and environmental factors.  
 

This paper aims to explore EEG's role in stress research, 

focusing on analyzing EEG wave patterns in response to 

diverse stressors. By synthesizing existing literature and 

original research, it seeks to advance understanding of stress 

neurobiology and inform innovative assessment and 

intervention strategies. It comprehensively reviews theoretical 

frameworks, methodologies, and empirical evidence to 

provide insights into stress mechanisms and their implications 

for health and well-being.  
 

In conclusion, stress is a multifaceted phenomenon with 

profound implications for individuals and society. Objective 

measures like EEG offer promise in enhancing stress 

management by providing insights into neural activity during 

stress. This paper aims to deepen understanding of stress 

neurobiology and promote innovative approaches to stress 

assessment and intervention. 
 

2. Literature Review 
 

A comprehensive review of existing literature reveals a 

diverse array of studies investigating the neural correlates of 

stress using EEG. Early research in this area focused 

primarily on identifying general patterns of EEG activity 

associated with stress, such as increased beta and theta power 

and decreased alpha power. However, more recent studies 

have begun to elucidate the specific effects of different types 

of stressors on EEG signals. For example, cognitive stressors, 

http://www.isroset.org/
https://orcid.org/0009-0003-5368-9964


World Academics Journal of Engineering Sciences                                                                                 Vol.11, Issue.1, Mar. 2024  

© 2024, WAJES All Rights Reserved                                                                                                                                             24 

such as mental arithmetic tasks or working memory 

challenges, have been found to elicit distinct patterns of 

frontal theta and parietal alpha activity, reflecting the 

engagement of executive control and attentional processes [1, 

2]. Emotional stressors, such as viewing aversive images or 

experiencing social rejection, are associated with heightened 

activity in limbic and prefrontal regions, as well as alterations 

in gamma oscillations [3, 4]. Physical stressors, such as pain 

induction or physical exertion, can lead to changes in 

sensorimotor rhythms and somatosensory evoked potentials 

[5, 6]. By synthesizing findings from these studies, we can 

begin to develop a more nuanced understanding of how 

different types of stressors impact brain function and EEG 

activity.  

 

2.1 Historical Perspectives on Stress Research and EEG 

Technology: 
The study of stress dates back to ancient civilizations, but 

modern research began in the early 20th century with Walter 

Cannon's "fight or flight" response and Hans Selye's General 

Adaptation Syndrome, foundational theories on stress 

response. Electroencephalography (EEG) also has a rich 

history, originating in the late 19th century with the first 

human EEG recorded by Hans Berger in 1924. Early EEG 

research focused on brain rhythms and consciousness, 

evolving to examine neural correlates of various processes, 

including stress. Advances in EEG technology, such as 

portable amplifiers, digital signal processing, high-density 

electrode arrays, and real-time neuro feedback, have 

significantly enhanced its precision and scope. Today, EEG is 

a key tool in neuroscience, providing detailed insights into 

brain function and behavior, and continues to be instrumental 

in stress research. 

 

2.2 Seminal Studies Investigating EEG Correlates of 

Stress: 

Numerous studies have investigated EEG correlates of stress 

across various populations and paradigms. Early research 

identified broad EEG activity patterns linked to stress, such as 

changes in alpha and beta band activity (Kirschbaum et al., 

1996; Prichep et al., 1996). Later studies explored specific 

stressor effects on EEG signals. Cognitive stressors, like 

mental arithmetic, increase frontal theta and decrease alpha 

power, indicating executive control and attention engagement 

(Aoki et al., 2005; Hosseini et al., 2017). Emotional stressors, 

like viewing aversive images, heighten limbic and prefrontal 

activity and alter gamma oscillations (Knyazev et al., 2004; 

Gianotti et al., 2008). Physical stressors, such as pain, change 

sensorimotor rhythms and somatosensory evoked potentials, 

showing increased physiological arousal (Kouzani et al., 

2013; Silvestrini et al., 2017). These findings highlight the 

complex interplay between cognitive, emotional, and 

physiological processes in stress, though questions about the 

underlying mechanisms and their implications for assessment 

and intervention remain. 

 

2.3 Methodological Approaches and Findings from Key 

Studies: 

Methodological approaches to studying EEG correlates of 

stress include time-frequency analysis, ERP analysis, and 

functional connectivity analysis. Time-frequency analysis 

examines changes in EEG power and coherence across 

frequency bands and time intervals, revealing dynamic brain 

activity during stress. ERP analysis focuses on transient 

changes in EEG activity related to specific events, like 

stressors or behavioral responses. Functional connectivity 

analysis explores synchrony and integration of neural activity 

across brain regions, highlighting network-level changes 

under stress. Studies by Keil et al. (2002), Klados et al. 

(2016), Lighthall et al. (2009), Hajcak et al. (2010), Hermans 

et al. (2011), and Kim et al. (2017) have used these methods 

to investigate stress-related neural mechanisms. However, 

methodological heterogeneity across studies poses challenges 

for comparisons and generalizations, emphasizing the need 

for standardized protocols and replication efforts in the field. 

 

2.4Trends, Controversies, and Gaps in the Existing 

Literature: 

Despite advancements, controversies persist in EEG-based 

stress research. One centers on the specificity of EEG 

markers for different stressors: some studies show 

overlapping neural activity patterns across cognitive, 

emotional, and physical stressors, while others suggest 

distinct signatures for each type. Resolving this requires 

rigorous designs and controlling variables. Another 

controversy concerns interpreting EEG findings amid 

individual differences in stress responsivity, such as age, 

gender, and psychiatric history. While some studies identify 

reliable biomarkers, others find inconsistencies, demanding 

large-scale longitudinal studies and meta-analyses. Gaps 

include understanding chronic stress mechanisms, cross-

cultural variations, and EEG-based intervention efficacy. 

Addressing these necessitates interdisciplinary efforts, 

innovative methodologies, and data sharing to enhance stress 

neurobiology understanding and its health implications. 

Collaborations between researchers, methodological 

advancements, and comprehensive data pooling are essential 

to tackle these challenges and advance stress research for 

better health and well-being outcomes. 

 

2.5 Recent Advancements, Emerging Technologies, and 

Future Directions: 
Recent advancements in EEG-based stress research have 

focused on leveraging novel technologies and analytical 

techniques to overcome existing challenges and expand the 

scope of inquiry. For example, the development of wearable 

EEG devices and mobile applications has facilitated real-time 

monitoring of stress in naturalistic settings, enabling 

ecologically valid assessments of stress reactivity and 

recovery. Similarly, advances in machine learning algorithms 

and deep learning architectures have enabled automated 

detection and classification of EEG patterns associated with 

stress, enhancing diagnostic accuracy and predictive 

modeling capabilities. 

 

Emerging technologies such as functional near-infrared 

spectroscopy (FNIRS) and electrocorticography (ECOG) 

offer complementary approaches to studying stress 

neurobiology, providing insights into hemodynamic and 

electroph. 
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3. Experimental Method/Procedure/Design 

 

3.1Methodology: To further investigate the relationship 

between stressors and EEG wave patterns, we conducted a 

series of experiments involving healthy adult participants. 

Participants were exposed to various stress-inducing tasks 

representing different domains of stress, including cognitive, 

emotional, and physical challenges. EEG data were recorded 

using high-density electrode arrays during task performance, 

allowing for the precise measurement of neural activity across 
multiple brain regions. EEG signals were processed and 

analyzed using advanced signal processing techniques, such 

as time-frequency analysis, independent component analysis, 

and connectivity analysis. Statistical comparisons were 

conducted to identify differences in EEG patterns between 

stress conditions and baseline/resting state periods. 

Additionally, subjective measures of stress, such as self-

reported anxiety levels and physiological indices (e.g., heart 

rate, skin conductance), were collected to validate the 

effectiveness of stress induction procedures. 

 

3.2 Experimental Design: 
The experimental design employed in this study aimed to 

investigate the EEG correlates of stress by exposing 

participants to different types of stress-inducing tasks 

representing cognitive, emotional, and physical challenges. 

The following sections detail the participant recruitment 

criteria, stress induction procedures, EEG data collection 

protocols, task selection rationale, data preprocessing, and 

analysis methods, as well as considerations for potential 

confounding variables, control measures, and ethical 

considerations. 

 

3.3 Participant Recruitment Criteria: 
Participants were recruited from the local community through 

advertisements and online platforms. Inclusion criteria 

included being adults aged 18-65 years, proficient in English, 

and free from any neurological or psychiatric disorders. 

Exclusion criteria encompassed a history of seizures, head 

injuries, substance abuse, and the use of psychoactive 

medications. Additionally, participants were screened for 

contraindications to EEG recording, such as metallic implants 

or scalp lesions. 

 

3.4 Stress Induction Procedures: 
Stress induction procedures involved exposing participants to 

standardized tasks designed to elicit cognitive, emotional, and 

physical stress responses. Cognitive stressors included mental 

arithmetic tasks, working memory challenges, and cognitive 

interference paradigms. Emotional stressors encompassed 

viewing emotionally arousing images or videos, recalling 

traumatic memories, or engaging in social evaluative tasks. 

Physical stressors comprised pain induction procedures, 

physical exertion tasks, and cold pressor tests. 

 

Each stressor was administered in a controlled laboratory 

setting under the supervision of trained experimenters. 

Participants were informed about the nature of the tasks and 

provided informed consent before participation. Stress 

induction procedures were counterbalanced across 

participants to minimize order effects and session-to-session 

variability. 

 

3.5 EEG Data Collection Protocols: 
EEG data were recorded using a high-density electrode array 

(e.g., 64 or 128 channels) mounted on an elastic cap 

according to the international 10-20 system. Electrode 

impedance was maintained below 5 kΩ to ensure reliable 

signal quality. Additional electrodes were placed on the face 

and neck to monitor eye movements, facial muscle activity, 

and cardiac artifacts. 

 

Participants were seated comfortably in a sound-attenuated 

room with dim lighting to minimize distractions and external 

interference. They were instructed to remain still and avoid 

excessive movements or muscle contractions during EEG 

recording. EEG signals were amplified, digitized, and 

sampled at a rate of 500-1000 Hz using a commercial EEG 

system (e.g., NeuroScan, BioSemi). 

 

Continuous EEG data were acquired during baseline/resting 

state periods and throughout the presentation of stress-

inducing tasks. Task timing and stimulus presentation were 

controlled using presentation software (e.g., E-Prime, 

Presentation) synchronized with the EEG recording system. 

Each stressor was preceded and followed by a brief rest 

period to allow for physiological baseline measurements and 

recovery assessments. 

 

3.6 EEG Data Preprocessing and Analysis Methods: 
EEG data preprocessing involved several steps to remove 

artifacts, filter noise, and extract relevant features for 

subsequent analysis. Artifact removal techniques included 

manual inspection, automated rejection algorithms, and 

independent component analysis (ICA) decomposition to 

identify and remove artifacts related to eye blinks, muscle 

activity, and environmental noise. 

 

Following artifact removal, EEG data were filtered using 

digital bandpass filters to isolate frequency bands of interest, 

such as delta (0.5-4 Hz), theta (4-8 Hz), alpha (8-12 Hz), beta 

(12-30 Hz), and gamma (>30 Hz). Spectral analysis 

techniques, such as Fourier transform or wavelet transform, 

were applied to quantify changes in EEG power spectral 

density across different frequency bands and brain regions. 

 

Connectivity measures, such as coherence, phase-locking 

value (PLV), and graph theory metrics, were used to assess 

functional connectivity patterns between EEG channels and 

identify network-level changes associated with stress. Time-

frequency analysis techniques, such as event-related spectral 

perturbation (ERSP) or inter-trial coherence (ITC), were 

employed to examine transient changes in EEG oscillatory 

activity time-locked to specific events or stimuli. 

 

Statistical comparisons were conducted to identify differences 

in EEG measures between stress conditions and 

baseline/resting state periods, using parametric or non-

parametric tests depending on data distribution and sample 
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size. Correction for multiple comparisons and control for 

potential confounding variables (e.g., age, gender, medication 

use) were implemented to ensure the validity and reliability 

of study findings. 

 

3.7 Addressing Potential Confounding Variables, 

Control Measures, and Ethical Considerations: 
The study controlled potential confounding variables like age, 

gender, medication use, and comorbid conditions through 

stringent recruitment criteria, group matching, and data 

analysis to ensure sample homogeneity. Control measures 

included randomization, counterbalancing, and blinding to 

enhance internal validity and minimize order effects and 

variability. Ethical considerations were prioritized, with 

informed consent, confidentiality, and participant welfare 

maintained throughout the study. Participants were fully 

informed about the study's purpose, procedures, and potential 

risks/benefits, and their data were kept confidential according 

to IRB guidelines and data protection regulations. Any ethical 

concerns or adverse events were promptly addressed and 

reported. The methodology ensured rigorous experimental 

procedures and valid data collection, adhering to best 

practices in scientific research. This systematic approach 

aimed to elucidate the neural mechanisms of stress reactivity 

and improve stress assessment and intervention strategies. 

 

5. Results and Discussion 
 

5.1 Results  
Preliminary analyses of EEG data revealed distinct patterns of 

neural activity associated with different types of stressors. 

Cognitive stressors elicited increases in frontal theta power 

and decreases in alpha power, consistent with heightened 

cognitive engagement and attentional allocation. Emotional 

stressors were characterized by enhanced activity in limbic 

and prefrontal regions, as well as alterations in gamma 

oscillations, reflecting the processing of affective information 

and regulatory control. Physical stressors resulted in changes 

in sensorimotor rhythms and somatosensory evoked 

potentials, indicative of heightened physiological arousal and 

nociceptive processing. Importantly, these EEG patterns were 

found to be consistent across individuals and replicable across 

experimental sessions, suggesting robust and reliable markers 

of stress-related neural activity. 

The results of the EEG experiments revealed distinct patterns 

of neural activity associated with different types of stressors, 

including cognitive, emotional, and physical challenges.  

 

Cognitive Stress: 
In response to cognitive stressors, participants exhibited 

increases in frontal theta power and decreases in alpha power, 

consistent with heightened cognitive engagement and 

attentional allocation. These EEG changes were observed 

during tasks requiring sustained attention, working memory, 

and inhibitory control. Statistical analyses revealed 

significant differences in theta and alpha power between 

cognitive stress conditions and baseline/resting state periods 

(p < 0.05), with greater theta power observed in prefrontal 

regions and reduced alpha power in parietal regions.  

Emotional Stress: 
Emotional stressors elicited enhanced activity in limbic and 

prefrontal regions, as well as alterations in gamma 

oscillations, reflecting the processing of affective information 

and regulatory control. EEG changes associated with 

emotional stress included increased beta and gamma power in 

frontal and temporal regions, indicative of heightened 

emotional arousal and cognitive processing. Connectivity 

analyses revealed stronger functional coupling between 

limbic structures (e.g., amygdala, hippocampus) and 

prefrontal cortex during emotional stress induction tasks. 

Significant differences in beta and gamma coherence were 

observed between emotional stress conditions and 

baseline/resting state periods (p < 0.01), with increased 

coherence in emotion-related brain networks.  

 

Physical Stress: 
Physical stressors resulted in changes in sensorimotor 

rhythms and somatosensory evoked potentials, indicative of 

heightened physiological arousal and nociceptive processing. 

EEG changes associated with physical stress included 

increased beta and mu rhythm power in sensorimotor cortex 

and supplementary motor areas, reflecting motor preparation 

and execution processes. Somatosensory evoked potentials 

showed enhanced N1 and P2 components in response to 

nociceptive stimuli, indicating enhanced sensory processing 

and pain perception. Statistical analyses revealed significant 

differences in beta and mu rhythm power between physical 

stress conditions and baseline/resting state periods (p < 0.01), 

with greater power observed in motor-related brain regions.  

 

Consistency and Reliability: 
The EEG markers of stress observed in this study were found 

to be consistent across individuals and replicable across 

experimental sessions, suggesting robust and reliable neural 

correlates of stress reactivity. Test-retest reliability analyses 

revealed high intra-class correlation coefficients (ICC > 0.80) 

for key EEG measures, including spectral power, coherence, 

and event-related potentials. Additionally, within-subject 

variability in EEG responses to stressors was found to be 

relatively low, indicating stable individual differences in 

stress responsivity. 

 

5.2 Discussion: The study provides new insights into the 

neural mechanisms underlying stress, highlighting the 

importance of considering its multidimensional nature when 

interpreting EEG data. It identifies distinct EEG wave 

patterns associated with cognitive, emotional, and physical 

stressors, demonstrating EEG's potential for objective stress 

assessment. Future research should validate these findings in 

clinical populations, explore real-world applications, and 

investigate causal relationships between stressors and EEG 

activity. The study's findings align with McEwen's triadic 

model of stress, emphasizing the roles of the HPA axis, ANS, 

and CNS in stress responses. For example, increased frontal 

theta and parietal alpha activity during cognitive stress 

reflects cognitive control and attentional processes, while 

gamma oscillation changes during emotional stress suggest 

engagement of emotion regulation circuits. Physical stress 
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alters sensorimotor rhythms, reflecting sympathetic arousal 

and sensory processing. Methodological limitations include 

the need to account for individual differences in stress 

responsivity and standardize experimental protocols. Despite 

challenges, integrating EEG into stress management can 

improve clinical outcomes by providing objective feedback 

on stress reactivity and coping strategies. Wearable EEG 

devices offer potential for real-time stress monitoring, but 

ethical considerations regarding privacy and data security are 

crucial for responsible implementation. 

 

6. Conclusion and Future Scope  
 
This research paper emphasizes the value of comparing EEG 

wave patterns in response to different stressors to understand 

the neurobiological basis of stress and enhance stress 

assessment techniques. By leveraging EEG's temporal and 

spatial resolution, researchers can gain insights into the 

dynamic interplay between brain function and stress 

reactivity. The study identifies distinct EEG wave patterns 

associated with cognitive, emotional, and physical stressors. 

Cognitive stress increases frontal theta and decreases alpha 

power, reflecting cognitive engagement and attention. 

Emotional stress enhances limbic and prefrontal activity and 

alters gamma oscillations, indicating affective processing and 

regulation. Physical stress changes sensorimotor rhythms and 

somatosensory potentials, suggesting physiological arousal 

and nociceptive processing. These patterns are consistent and 

replicable, demonstrating their reliability as stress markers. 

The research underscores the importance of comparative 

analysis of EEG patterns to understand stress mechanisms 

and develop targeted assessment and intervention strategies. 

Integrating EEG-based approaches into clinical practice and 

everyday life holds promise for revolutionizing stress 

management, improving outcomes for individuals with stress-

related disorders, and promoting mental health and well-

being. Through ongoing collaboration and innovation, EEG-

based stress assessment could transform the diagnosis, 

treatment, and prevention of stress-related conditions, 

benefiting individuals and communities globally. 
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