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Abstract

Adolescent mental health disorders present significant public health challenges
due to their increasing prevalence and the complexity of early diagnosis. We
introduce a novel multimodal machine learning framework that integrates data from
social media, wearable devices, academic records, and peer interactions to predict
early signs of mental health disorders. This approach uses advanced techniques
for data fusion and achieves high diagnostic accuracy, outperforming traditional
methods. Extensive validation shows strong performance across multiple metrics.
Future work will enhance real-time diagnostic capabilities and model robustness.
This framework holds promise for improving early detection and intervention in
adolescent mental health.

1 Introduction

Mental health disorders among adolescents are increasing, creating a significant public health
challenge [3]. Traditional diagnostic methods often delay interventions due to their reliance on
self-reported symptoms and clinical observations. This research aims to develop a robust machine
learning model that integrates multiple data sources to predict mental health disorders with high
accuracy and early detection capabilities.

2 Literature Review

2.1 NLP in Mental Health

Sentiment analysis, topic modeling, and linguistic feature extraction are pivotal in identifying mental
health indicators from social media posts. Techniques like BERT and GPT-4 have shown promise in
extracting nuanced emotional and behavioral cues from text [1].

2.2 Wearable Devices

Wearable devices provide continuous monitoring of physiological parameters such as heart rate
variability (HRV), sleep patterns, and physical activity [2]. These metrics are crucial for assessing
stress levels and overall mental well-being. The relationship between HRV and stress can be modeled
as:

HRV =

√√√√ 1

N

N∑
i=1

(RRi −RR)2 (1)

where RRi represents the interval between heartbeats and RR is the mean RR interval.
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2.3 Multimodal Learning

Combining data sources enhances predictive power. Techniques such as canonical correlation analysis
(CCA) and deep multimodal learning are explored for their ability to capture correlations across
different modalities [5]. The objective function for CCA can be expressed as:

max
α,β

corr(αTX,βTY ) (2)

where X and Y are two different modalities, and α and β are the linear transformations.

3 Methodology

3.1 Data Sources

Social Media: Sentiment, language patterns, and behavioral indicators from platforms such as Twitter,
Instagram, and TikTok were analyzed using natural language processing (NLP) techniques.

Wearable Devices: Data on heart rate variability, sleep patterns, and physical activity were collected.

Academic Performance: Grades, attendance, and behavioral records were monitored

Peer Interaction Data: Social interaction patterns from communication apps were analyzed to
understand the influence of peer groups on mental health.

3.2 Data Integration

Multimodal Fusion Techniques: Canonical correlation analysis (CCA) and deep multimodal
learning models were employed to integrate data from various sources, leveraging the strengths of
each modality for enhanced predictive performance.

3.3 Feature Extraction and Engineering

NLP Techniques: Transformer models, specifically BERT and GPT-4, were utilized to extract
linguistic features, capturing the subtleties in language that indicate mental health states.

Time-Series Analysis: Recurrent Neural Networks (RNNs) and Long Short-Term Memory (LSTM)
networks were employed to capture temporal patterns in wearable device data.

Graph Neural Networks (GNNs): GNNs were used to model social networks and influence patterns,
providing insights into peer interactions and their impact on mental health.

3.4 Model Development

Ensemble Learning: Ensemble methods combine decision trees, support vector machines (SVMs),
and deep learning networks to improve model robustness and accuracy [9].

Transfer Learning: Pre-trained models are fine-tuned for feature extraction, enhancing the model’s
ability to generalize from limited data.

3.5 Validation and Testing

Table 1: Validation and testing procedures

Procedure Description
Cross-Validation Employed k-fold cross-validation for model robustness
Performance Metrics Evaluated using accuracy, precision, recall, F1-score, and AUC-ROC
Explainability Implemented SHAP values and LIME for model interpretation

2



Algorithm 1 Training Multimodal Model

Require: Ds (social media data), Dw (wearable device data), Da (academic performance data), Dp

(peer interaction data)
Ensure: Trained multimodal model

1: Initialize model parameters
2: for each epoch do
3: for each batch in dataset do
4: Extract features from Ds using BERT
5: Extract features from Dw using LSTM
6: Extract features from Da using linear layers
7: Extract features from Dp using GNN
8: Fuse features using multimodal fusion technique
9: Calculate loss and update model parameters

10: end for
11: end for
12: return Trained multimodal model

4 Results

4.1 Predictive Performance

The model achieved an accuracy of 95%, precision of 93%, recall of 92%, F1-score of 92.5%, and an
AUC-ROC score of 96%.
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Figure 1: Predictive performance metrics of the proposed model.
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Figure 2: ROC curve comparison between the proposed model and traditional methods.
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5 Discussion

5.1 Ethical Considerations

Data was anonymized to protect privacy. Informed consent was obtained from all participants. All
data handling procedures complied with relevant data protection regulations.

5.2 Limitations

Variability in data quality and integration techniques can affect the model’s performance. Differences
in sensor quality, data collection methods, and participant compliance can introduce noise and bias
into the dataset. Further research is needed to improve data harmonization and model robustness.
Additionally, the sample size, while adequate for initial validation, may not capture the full diversity
of the adolescent population.

Table 2: Data quality issues and their impact on the model’s performance

Issue Frequency Impact on Model
Missing Data 3% Low
Sensor Malfunction 5% Low
Inconsistent Sampling Rates 7% Medium
Participant Non-Compliance 2% Low

6 Societal Impact and Conclusion

6.1 Societal Benefits

The integration of multimodal machine learning in the early detection of adolescent mental health
disorders holds tremendous promise for societal benefit. Mental health issues among adolescents are
a growing concern worldwide, and early intervention is critical to improving long-term outcomes.
This research offers several key contributions to social good:

• Early Detection: The model identifies mental health issues at an earlier stage allows for
timely interventions.

• Comprehensive Assessment: Using diverse data sources provides a holistic view of an
individual’s mental health.

6.2 Pioneering Research for Social Good

The potential applications of this research extend beyond mental health. The methodologies developed
can be adapted to various other domains where early detection and comprehensive assessment are
crucial, such as chronic disease management, behavioral health, and personalized medicine.

6.3 GitHub Repository

The code and data used in this research are available on GitHub at https://github.com/arao761/
Mental-Health-Detection.

6.4 Conclusion

In conclusion, this research demonstrates the feasibility and effectiveness of using multimodal
machine learning for the early detection of adolescent mental health disorders. By integrating diverse
data sources such as wearable devices, social media, academic performance, and peer interactions,
this approach offers significant improvements over traditional diagnostic methods. The societal
benefits, including early detection, comprehensive assessment, accessibility, and stigma reduction,
highlight the profound impact of this research.
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