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Introduction

This study focuses on exploiting electroencephalography (EEG) data to diagnose
neurological diseases including learning impairments and attention deficit
hyperactivity disorder early. The study intends to create an effective, non- invasive,
and data-driven diagnostic approach for detecting aberrant neural activity linked to
these disorders by examining brainwave patterns and cognitive indicators. The
suggested strategy makes use of cutting-edge machine learning and signal processing
methods to improve the precision of early screening and facilitate prompt
Intervention for people who are at risk.

Objective

Fhe goal of this project is to use cutting-edge signal processing and machine learning

of Neurodevelopmental and Neurodegenerative disorders in various age strata.

echniques to create a precise, non-invasive EEG-based method for the early diagnosis

Societal Impact

Methodology

1. Data collection: Under controlled circumstances, EEG signals were captured
from participants, including children with learning difficulties, ADHD, and
control groups.

2. Preprocessing: To improve signal quality, raw EEG data was segmented,
filtered, and artifact removed.

3. Feature Extraction: From the pre-processed EEG data, pertinent spectral
and temporal features, including wavelet coefficients and power spectral
density, were retrieved.

4. Classification: brain networks and support vector machines, among other
machine learning models, were trained to differentiate between normal and
abnormal brain signals.

5. Validation: To guarantee accuracy and robustness in early detection, cross-
validation techniques were used to assess the model's performance.
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Fig. 1: Flow of The Process

By enabling the early detection of neurological and neurodevelopmental disorders
through the integration of multi-channel electroencephalography (EEG) and
advanced machine learning techniques, it becomes possible to identify subtle neural
abnormalities long before clinical symptoms fully manifest. Such early
identification allows clinicians, educators, and caregivers to implement timely
medical, behavioral, and educational interventions, which can significantly slow
disease progression, improve cognitive and functional outcomes, and enhance the
overall quality of life for affected individuals. In the context of neurodevelopmental
conditions such as attention deficit hyperactivity disorder (ADHD), learning
disabilities, and autism spectrum disorders, early diagnosis can facilitate
personalized learning strategies and targeted therapeutic programs, thereby
improving academic performance and social development. Similarly, in
neurodegenerative diseases such as Alzheimer’'s and Parkinson’s disease, early
detection supports preventive treatment strategies and better disease management
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Conclusions

This study demonstrates the potential of EEG-based analysis combined with machine
learning for early and accurate detection of ADHD and learning disabilities. The
approach offers a promising non-invasive tool to support early diagnosis, enabling
timely intervention and improved developmental outcomes for affected group. Further
research will enhance model precision and clinical applicability. Ultimately, this
technology could transform current diagnostic practices, making assessments more
accessible and objective, thereby benefiting healthcare providers, educators, and
families alike. In addition, integrating multi-channel EEG with advanced machine
learning frameworks may enable continuous and real-time monitoring of neural
activity, facilitating personalized therapeutic and educational strategies.
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Future Work

Future work will focus on expanding the dataset to include diverse populations,
integrating multimodal neuroimaging data, and refining machine learning algorithms
for improved accuracy and generalizability. Additionally, efforts will be directed
toward developing real-time diagnostic tools for clinical and educational settings.
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