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EEG frequency analysis (Fourier)
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Projects Overview
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Motivation
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● Challenge: There is a lack of reliable, generalizable, and fast mental fatigue assessment tools.

● Solution: ML + Biometrics (EEG, PPG/EDA) to predict mental fatigue through a fast test 

(4-minute AO for P300 wave)

● ).



Data collection
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● 23 undergraduate students (19.8 +- 2 years; M = 14, F = 10)

● 10-question self-assessment questionnaire: Fatigue Assessment Scale (FAS)

○ No fatigue (1-21), substantial fatigue (22-35), and extreme fatigue (36-50)

● 4-min auditory-oddball (AO) for P300 wave

● Combined EEG + PPG/EDA features

Aguilar-Herrera et al. (2021) Machine Learning-Driven Digital 
Technologies for Educational Innovation Workshop



Model performance and feature importance
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Aguilar-Herrera et al. (2021) Machine Learning-Driven Digital 

Technologies for Educational Innovation Workshop



Results

Aguilar-Herrera et al. (2021) Machine Learning-Driven Digital 
Technologies for Educational Innovation Workshop 11



Evaluation of a 
Fast Test Based on 
Biometric Signals 

to Assess Mental Fatigue at the 
Workplace–A Pilot Study



Data collection
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Ramírez-Moreno et al. (2021) International Journal of 

Environmental Research and Public Health



Results
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Ramírez-Moreno et al. (2021) International Journal of 

Environmental Research and Public Health



Further validation
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Candela-Leal et al. (2021) 6th International Conference on 

Industrial Engineering and Operations Management



Conclusion
● Despite subject-specific differences in mental fatigue, a reliable ML model is feasible

○ Normalization and feature engineering improved prediction

■ Further tested using cross-validation and biometric-based insights

● Fast real-time fatigue assessment models are essential for optimal performance
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Detecting Change in 
Engineering Interest 

in Children
Through Machine Learning using Biometric Signals



Motivation
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● Challenge: Psychometric tests are prone to human bias and do not offer real-time insights.

● Solution: ML + Biometrics (EEG, PPG/EDA, CV) to predict STEM interest while taking courses.



Methodology
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Data collection
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ML analysis

Olivas-Martínez et al. (2021) Machine Learning-Driven Digital 
Technologies for Educational Innovation Workshop 21



Neural Signatures 
of STEM Learning 

and Interest 
in Youth 



Methodology

23Candela-Leal et al. (2025) Acta Psychologica



Brain activation patterns
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Regression analysis
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Conclusion
● Despite rising STEM interest, not all 

courses had the same impact

○ Course-specific differences 

regarding PSD and FC

■ Could improve learning 

by eliciting creativity or 

executive function

● Adaptive teaching strategies are 

essential for optimizing learning
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Real-time EEG-based 
Emotion Recognition for 

Neurohumanities 
Perspectives from Principal Component 

Analysis and Tree-based Algorithms



Motivation
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● Challenge: Humanities teaching methodologies has been slower compared to other fields.

● Solution: ML + EEG in real-time to predict emotion and create adaptive learning experience.



VAD emotion model

Blanco-Ríos & Candela-Leal et al. (2024) 
Frontiers in Human Neuroscience 29



Self-Assessment Manikin (SAM)

Koelstra et al. (2012) IEEE Transactions
on Affective Computing 30

● 1-9 Likert scale ratings

● Valence: Unpleasant (stressed) to 

happy (elated).

● Arousal: Uninterested (bored) to 

excited (alert).

● Dominance: Helpless (without 

control) to empowered (in control).



Methodology

Blanco-Ríos & Candela-Leal et al. (2024) 
Frontiers in Human Neuroscience 31



Flow diagram of real-time prediction
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Blanco-Ríos & Candela-Leal et al. (2024) 

Frontiers in Human Neuroscience



ML model selection & feature importance
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● ET: Extra-Trees, RF: Random Forest, XGB: XGBoost

kNN: k-Nearest Neighbors, SVC: Support Vector Classifier

● EII: Emotion Importance Index

Blanco-Ríos & Candela-Leal et al. (2024) 
Frontiers in Human Neuroscience



Conclusion
● 8-channel EEG real-time emotion 

recognition is feasible and accurate

○ VAD model is capable of 

mapping further emotions

■ Changing the current 

learning environment 

based on student’s state

● Adaptive environments improves 

engagement and learning
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Concluding remarks
● Cognitive states like mental fatigue, interest in STEM, and emotion can be decoded using EEG

● Both environmental conditions and educational content impact learning outcomes

● Personalized learning environments could optimize student performance and interest

Future directions:

● Longitudinal study to assess the impact of real-time biofeedback systems as educational tools
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