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Research Methodology
The research methodology defines the systematic approach used to design, implement, and evaluate an AI-based system for early prediction of childhood depression. It ensures scientific rigor, reproducibility, and clinical relevance.


1. Research Design
- Type: Quantitative, experimental research.
- Objective: Predict early signs of depression in children using behavioral data.
- Approach: Supervised learning on multimodal datasets (tabular, temporal, and visual).
- Comparison: Evaluate classical ML and deep learning models for accuracy, interpretability, and robustness.


2. Data Collection
- Primary data: Structured surveys, EHRs, caregiver questionnaires.
- Secondary data: Public datasets such as Kaggle Depression Dataset and ALSPAC study.
- Multimodal sources: Facial expressions, handwriting, and other behavioral signals.
- Tools: ETL pipelines and APIs for reproducible data ingestion.
- Output: A unified, high-quality multimodal dataset ready for preprocessing.


3. Data Preprocessing
- Cleaning: Remove duplicates, corrupted records, and outliers.
- Missing value handling: Statistical and ML-based imputation.
- Transformation and encoding: Normalize continuous features, encode categorical variables, and scale data.
- Feature engineering: Behavioral aggregates, temporal summaries; feature selection using RFE and MI.
- Balancing: SMOTE and class-weighting for imbalanced datasets.
- Splitting: Stratified 80/20 train-test split.







4. Model Development
- ML Models: Logistic Regression, Random Forest, Gradient Boosting.
- NN Models: Feedforward NN, LSTM, GRU, Transformer.
- Fusion strategies: Late fusion and hybrid fusion for multimodal inputs.
- Optimization: Hyperparameter tuning and regularization.

5. Explainability and Interpretability

- SHAP values for feature contribution.
- Attention visualization for sequential/transformer models.
- Clinical validation for trustworthiness.

6. Evaluation
- Metrics: Accuracy, Precision, Recall, F1-Score, ROC-AUC (emphasizing sensitivity).
- Comparative analysis: ML vs. NN, cross-validation, confidence intervals.
- Robustness: Across age, gender, and socio-economic groups; domain shift scenarios.
- Reproducibility: Version-controlled scripts and documented pipelines.

7. Ethical Considerations
- Informed consent for primary data.
- Data anonymization and secure storage.
- Compliance with institutional and legal guidelines (e.g., GDPR).
- AI predictions support clinical decisions; not a replacement.

8. Summary Table – Research Methodology Steps


	Phase
	Objectives
	Methods / Tools
	Expected Output

	Data Collection
	Gather multimodal behavioral data
	Surveys, EHR, Facial/Handwriting, Kaggle, ALSPAC, APIs
	Unified dataset ready for analysis

	Data Preprocessing
	Clean, transform, and prepare data
	Cleaning, Imputation, Normalization, Encoding, Feature Engineering (RFE/MI), SMOTE
	Model-ready dataset

	Model Development
	Build predictive models
	Logistic Regression, Random Forest, Gradient Boosting, FNN, LSTM, GRU, Transformer
	Trained ML and NN models

	Fusion & Optimization
	Combine multimodal inputs and improve performance
	Late/Hybrid fusion, Hyperparameter tuning, Regularization
	Optimized fused models

	Explainability
	Ensure clinical interpretability
	SHAP, Attention visualization, Clinician validation
	Interpretable model outputs

	Evaluation
	Assess performance, robustness, and fairness
	Accuracy, Precision, Recall, F1, ROC-AUC, Cross-validation
	Comparative evaluation report

	Ethical Compliance
	Ensure ethical handling of data and AI usage
	Consent, Anonymization, Legal compliance
	Ethical, secure, and trustworthy methodology



9. Project Timeline (10 Weeks)


	Week
	Phase / Activity
	Key Tasks
	Expected Deliverables

	1
	Project Setup & Planning
	Define scope, confirm datasets, set up tools
	Project plan & environment

	2
	Data Acquisition
	Collect multimodal data; implement ingestion scripts
	Raw dataset repository

	3
	Data Cleaning & Preprocessing
	Handle missing values, duplicates, normalization, encoding
	Cleaned and preprocessed dataset

	4
	Feature Engineering & Selection
	Derive behavioral features; RFE & MI selection
	Optimized feature set

	5
	Model Development – ML
	Train Logistic Regression, Random Forest, Gradient Boosting
	Baseline ML models

	6
	Model Development – NN
	Implement and train LSTM, GRU, and Transformer models
	NN models and results

	7
	Model Optimization & Fusion
	Multimodal fusion, ensemble strategies; evaluate ML vs NN
	Best-performing fused model

	8
	Explainability & Visualization
	SHAP, attention maps; interpretability analysis
	Explainability report

	9
	Evaluation & Validation
	Evaluate models, check robustness & fairness
	Final evaluation report

	10
	Documentation & Presentation
	Prepare final report, slides, dashboard
	Phase 1 deliverables completed























