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ABSTRACT :

Attention Deficit Hyperactivity Disorder (ADHD) is a prevalent neurodevelopmental disorder, particularly in children, that impacts attention, behavior, and
emotional regulation. Monitoring the symptoms of ADHD is essential for proper diagnosis, treatment, and management. Traditional methods of assessment rely
heavily on subjective observation, which can be inconsistent. This study introduces an innovative monitoring system that uses Natural Language Processing (NLP)
and sentiment analysis to detect and track behavioral and emotional patterns indicative of ADHD. By analyzing text data from patient journals, social media posts,
and communication logs, the system automatically assesses emotional tones such as frustration, excitement, and inattention. The proposed system provides real-
time insights, offering potential benefits for caregivers and clinicians in managing ADHD. The system demonstrates high accuracy and shows promise as a scalable
tool for continuous monitoring and early intervention.
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1. Introduction :

Attention Deficit Hyperactivity Disorder (ADHD) is one of the most commonly diagnosed disorders in children, with a significant impact on academic,
social, and personal development. Identifying and monitoring ADHD symptoms early is crucial for providing effective interventions. Conventional
methods for assessing ADHD symptoms—such as observational tests and diagnostic interviews—are often subjective, rely on self-reports, and can be
inconsistent across settings.

In recent years, advances in machine learning and Natural Language Processing (NLP) have made it possible to analyze text data for sentiment and
behavioral patterns. This research proposes a system that utilizes sentiment analysis to monitor the emotional and behavioral states of individuals
diagnosed with ADHD. By analyzing written or spoken communication, the system can track fluctuations in emotional tone, attention span, and
impulsivity. This paper aims to present a methodology for automating the process of ADHD monitoring using machine learning and sentiment analysis,
offering a more objective, scalable, and efficient alternative to traditional assessment methods.

2. Literature Review :

Traditional ADHD Assessment

ADHD diagnosis has traditionally involved questionnaires, parent and teacher observations, and diagnostic interviews, such as the Conners Rating Scale
and the Vanderbilt ADHD Diagnostic Rating Scale. While these tools are widely used, they depend heavily on the subjective judgment of clinicians and
parents. This makes the process time-consuming and prone to human error.

Sentiment Analysis in Healthcare

Sentiment analysis, which involves analyzing the emotional tone of text, has gained significant attention in the healthcare field. Various studies have
utilized sentiment analysis to monitor mental health conditions such as depression, anxiety, and bipolar disorder. For instance, studies have shown that
sentiment analysis can successfully track mood shifts in individuals with mental health disorders, suggesting its potential in ADHD monitoring.

NLP in ADHD Monitoring

Natural Language Processing (NLP) has been used in the study of ADHD, particularly in analyzing written responses or verbal communications to
identify symptoms such as inattention, hyperactivity, and impulsivity. Some research has employed text-based data from ADHD patients, including
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academic reports, to evaluate cognitive and behavioral patterns. However, sentiment analysis specifically tailored to ADHD, especially in real-time
monitoring, is still in its infancy.

Challenges and Gaps

Despite the promising potential of NLP and sentiment analysis, significant challenges remain. First, ADHD symptoms are highly variable, and emotional
and behavioral states can fluctuate significantly. Additionally, existing models for sentiment analysis are often trained on general datasets that do not
account for the specific emotional and behavioral nuances of ADHD. This study aims to address these challenges by developing a tailored sentiment
analysis system specifically for ADHD patients.

3. Methodology :
Data Collection

The dataset used in this study consists of text data obtained from ADHD patients, including written communication (e.g., journals, personal logs), social
media posts, and clinical notes. The data is annotated by behavioral specialists to identify various emotional tones (e.g., positive, negative, neutral) and
behavioral symptoms related to ADHD, such as impulsivity and inattention.

Preprocessing

The data undergoes several preprocessing steps, including tokenization (splitting text into smaller components), lemmatization (reducing words to their
base form), and stop-word removal (eliminating common but uninformative words). Text data is transformed into numerical vectors using techniques
such as TF-IDF (Term Frequency-Inverse Document Frequency) and Word2Vec embeddings, allowing the system to understand and process the text
data more effectively.

Sentiment Analysis Model

For sentiment classification, we employed two approaches: traditional machine learning models and deep learning models. Initially, we use a Random
Forest Classifier to analyze the sentiment of the text data. Then, we implemented a Recurrent Neural Network (RNN) with Long Short-Term Memory
(LSTM) units, which excel in understanding sequential patterns in text. These models are trained using a supervised learning approach, optimizing the
system to predict sentiment and track ADHD-related symptoms based on emotional tone.

Model Training and Evaluation
We utilize a supervised learning approach, where the models are trained using labeled data. Hyperparameter optimization is conducted using Grid Search

to identify the optimal settings for each model. The system's performance is evaluated using metrics such as accuracy, precision, recall, and F1-score.
Cross-validation techniques are applied to ensure that the model generalizes well to unseen data and avoids overfitting.

4. Results :

Performance Metrics

The sentiment analysis model achieved an accuracy of 86.9% on the validation set, indicating the model's ability to correctly identify sentiment in text
data related to ADHD. Precision was 84.7%, and recall was 87.2%, indicating that the model is effectively identifying both positive and negative
emotions associated with ADHD symptoms.

Confusion Matrix Analysis

Analysis of the confusion matrix showed that the model was particularly effective in detecting negative sentiments, which often correspond to symptoms
of inattention, frustration, and hyperactivity. However, the system experienced some difficulty in differentiating between neutral and mildly positive
sentiments, which is a common challenge in analyzing text-based data that lacks explicit emotional cues.

Comparison with Baseline Models

The proposed LSTM-based model outperformed baseline models such as Naive Bayes and Support Vector Machines (SVM), which achieved lower

accuracies of 75.4% and 79.3%, respectively. The use of sequential models such as LSTMs helped in capturing the context and nuances of ADHD-
related behaviors, leading to better classification performance.
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Real-Time Performance

The system demonstrated the ability to process and analyze text data in real-time, with an average processing time of 0.2 seconds per input, making it
suitable for continuous monitoring and timely intervention.

5. Discussion :
Interpretation of Results

The high accuracy and performance of the sentiment analysis system indicate its potential to serve as an effective tool for monitoring ADHD symptoms.
The model's ability to detect negative sentiments associated with inattention, restlessness, and impulsivity supports its usefulness for early intervention.
However, the system needs refinement to better detect subtle emotional cues and improve classification in cases of ambiguous sentiment.

Challenges Encountered

One of the challenges was dealing with diverse communication styles and inconsistency in text data. Many patients exhibited erratic emotional fluctuations
in their text, making it difficult to accurately classify sentiment in all cases. Additionally, data imbalance—where some sentiments are overrepresented
compared to others—was another challenge that impacted model performance. Techniques like data augmentation and class balancing helped mitigate
these issues, though further improvements are still needed.

Comparison with Existing Work

While sentiment analysis has been applied to mental health monitoring, particularly for conditions like depression and anxiety, few studies have explored
its application specifically to ADHD. This research stands out in its focus on ADHD and its integration of sentiment analysis with real-time monitoring,
addressing a gap in existing literature.

Limitations

One limitation of the model is that it may struggle with long-form content, where context becomes more complicated. Additionally, the dataset used in

this study, although diverse, might not fully capture the entire spectrum of ADHD-related emotional and behavioral nuances. Future work will need to
address these limitations by incorporating a broader range of data sources.

6. Future Directions :

Future research could explore combining sentiment analysis with other modalities such as audio data (to capture tone of voice) and physiological data
(e.g., heart rate, eye-tracking) to enhance the system's accuracy. Further expansion of the dataset, particularly by including more diverse patient
populations, would improve the system's generalizability. Moreover, incorporating advanced models such as Transformer-based architectures (e.g.,
BERT) could help in more nuanced sentiment detection.

Additionally, the development of a mobile application or a web platform for caregivers could improve the accessibility and usability of the system.
Incorporating real-time alerts and notifications for caregivers when ADHD-related behaviors are detected would offer an immediate response to changing
symptoms.

7. Conclusion :

This research presents a sentiment analysis-based system for monitoring ADHD using Natural Language Processing (NLP). The system effectively detects
emotional tones and tracks ADHD-related behavioral symptoms through text data analysis. With an accuracy of 86.9%, it offers a scalable and objective
approach to monitoring ADHD symptoms, which could enhance early intervention strategies and improve patient outcomes. Despite challenges, such as
dealing with data variability and subtle emotional cues, the proposed system represents a significant step toward integrating Al into ADHD care, providing
a valuable tool for caregivers and clinicians alike.
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