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ABSTRACT 

 

Depression is one of the leading mental health disorders worldwide, significantly affecting individuals' well-

being and quality of life. Early diagnosis remains challenging because many people hesitate to seek professional 

help due to stigma and limited healthcare access. Meanwhile, social media platforms such as X (formerly 

Twitter) and Reddit have become important sources of user-generated content that reflects emotions, opinions, 

and behavioural patterns. These digital footprints provide valuable opportunities for Artificial Intelligence (AI)-

based early depression detection. Although recent Machine Learning (ML) and transformer-based models such 

as BERT and RoBERTa have achieved high prediction accuracy, their black-box nature limits transparency 

and clinical trust. To address this limitation, this paper proposes an Explainable Artificial Intelligence (XAI)-

driven framework for detecting depression from social media. The framework combines Natural Language 

Processing (NLP), Machine Learning, transformer models, and Explainable AI techniques including SHAP and 

LIME to provide accurate predictions together with interpretable explanations. The proposed methodology 

includes data collection, preprocessing, feature extraction, sentiment analysis, depression classification, and 

explainability analysis. Model performance is evaluated using Accuracy, Precision, Recall, F1-score, and ROC-

AUC. In addition to predictive performance, the framework emphasizes Responsible AI principles such as 

transparency, fairness, privacy preservation, and ethical deployment. The proposed approach supports 

sustainable mental healthcare by assisting clinicians with transparent decision support, enabling early 

intervention, and contributing to technology-enabled healthcare services. Furthermore, the framework aligns 

with the United Nations Sustainable Development Goals (SDGs), particularly SDG-3 (Good Health and Well-

being), by promoting accessible, trustworthy, and AI-assisted mental health monitoring. 

 

Keyword- Explainable Artificial Intelligence (XAI), Depression Detection, Social Media Analytics, Machine 

Learning, Natural Language Processing, BERT, SHAP, LIME, Responsible AI, Sustainable Mental Healthcare. 

 

 

 

1. INTRODUCTION 

 

Depression is a major global public health concern that affects more than 280 million people and is among the leading 

causes of disability worldwide. If not identified early, it can lead to severe psychological disorders, reduced quality of 

life, and even suicide. Therefore, developing reliable methods for early depression detection has become an important 

research priority. 

 

The rapid growth of social media platforms such as X (formerly Twitter), Reddit, Facebook, and Instagram has created 

new opportunities for computational mental health research. Users frequently express their emotions, experiences, and 

behavioural changes through online posts, providing valuable information that can help identify early symptoms of 

depression. Compared with traditional clinical assessments, social media analysis offers a scalable and non-invasive 

approach for continuous mental health monitoring. 

 

Recent advances in Artificial Intelligence (AI), Machine Learning (ML), and Natural Language Processing (NLP) have 

significantly improved the automatic detection of depression from textual data. Traditional algorithms, including 

Support Vector Machine (SVM), Random Forest (RF), and XGBoost, have shown promising performance. More 

recently, transformer-based language models such as BERT and RoBERTa have demonstrated superior contextual 

understanding and improved prediction accuracy. 
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Despite these achievements, many existing AI-based depression detection systems remain black-box models, making it 

difficult for healthcare professionals to understand the reasoning behind predictions. This lack of transparency reduces 

clinical trust and limits practical adoption. Explainable Artificial Intelligence (XAI) addresses this issue by providing 

interpretable explanations that help clinicians understand which linguistic and behavioural features influence model 

decisions. 

 

In addition, modern healthcare increasingly requires AI systems that are transparent, ethical, and privacy-aware. 

Responsible AI principles—including fairness, accountability, and data privacy—are therefore essential for real-world 

deployment. Integrating these principles with Explainable AI can improve user confidence while supporting 

responsible clinical decision-making. 

 

Motivated by these challenges, this paper proposes an Explainable AI-driven framework that integrates NLP, Machine 

Learning, transformer models, SHAP, and LIME for early depression detection from social media. The proposed 

framework aims to deliver accurate, interpretable, and trustworthy predictions while supporting sustainable mental 

healthcare and contributing to the United Nations Sustainable Development Goals (SDG-3, SDG-9, and SDG-10). 

 

2. LITERATURE REVIEW 

 

Recent studies have shown significant progress in AI-based depression detection using social media data. Transformer-

based architectures, particularly BERT and RoBERTa, consistently outperform traditional machine learning models 

by capturing contextual linguistic information more effectively. However, most existing approaches primarily focus on 

prediction accuracy while providing limited model interpretability. 

 

Explainable Artificial Intelligence (XAI) has emerged as an effective solution to improve transparency in healthcare 

applications. Recent studies have incorporated SHAP and LIME to explain model predictions and identify the most 

influential linguistic and emotional features associated with depression. These explanation techniques increase clinician 

confidence and support trustworthy AI deployment. 

 

Large Language Models (LLMs) have further enhanced depression detection by improving contextual reasoning and 

generating more explanations that are informative. Recent research also highlights the importance of integrating 

Responsible AI principles, including fairness, transparency, privacy preservation, and ethical decision-making, into AI-

assisted mental healthcare systems. 

 

Despite these advances, several research gaps remain. Most existing studies use single-platform datasets, focus mainly 

on English-language data, and rarely integrate transformer models, Explainable AI, and Responsible AI within a 

unified framework. Moreover, sustainable mental healthcare and real-world clinical applicability receive comparatively 

limited attention. 

 

To address these limitations, the present study proposes an integrated Explainable AI framework that combines 

advanced NLP, transformer-based language models, SHAP, LIME, and Responsible AI principles to support accurate, 

transparent, and sustainable early depression detection from social media. 

 

3.  RESEARCH GAP 

 

Although recent Artificial Intelligence (AI) techniques have significantly improved depression detection from social 

media, several important challenges remain. Most existing studies focus mainly on maximizing prediction accuracy 

while paying limited attention to model interpretability and clinical applicability. As a result, healthcare professionals 

often find it difficult to trust black-box AI systems. 

 

Transformer-based models such as BERT and RoBERTa achieve excellent performance; however, they rarely explain 

the reasons behind their predictions. Moreover, most previous studies employ either SHAP or LIME individually 

instead of combining multiple Explainable AI techniques within a unified framework. Another limitation is that many 

studies rely on single-platform and English-only datasets, reducing their applicability across multilingual and diverse 

populations. 

 

Furthermore, Responsible AI principles such as fairness, transparency, privacy preservation, and accountability are not 

sufficiently integrated into existing depression detection systems. Sustainable mental healthcare objectives and real-

world clinical deployment also receive limited attention. 

 

Therefore, there is a need for an integrated framework that combines Transformer Models, Explainable AI, 

Responsible AI, and Sustainable Healthcare to develop a transparent, trustworthy, and clinically useful depression 

detection system. 
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Table 1. Identified Research Gaps 

 

Gap Existing Limitation Proposed Solution 

RG-1 Black-box AI models SHAP + LIME explanations 

RG-2 Limited interpretability Transparent decision support 

RG-3 Single-platform datasets Multi-platform social media analysis 

RG-4 Limited Responsible AI Fairness, privacy and accountability 

RG-5 Lack of sustainable healthcare focus AI-enabled sustainable mental healthcare framework 

 

4. RESEARCH OBJECTIVES 

 

The primary objective of this study is to develop an Explainable AI-driven framework for the early detection of 

depression from social media while ensuring transparency, reliability, and sustainable healthcare support. 

 

The specific objectives are: 

RO-1: To collect and pre-process depression-related social media data. 

RO-2: To extract linguistic and emotional features using Natural Language Processing techniques. 

RO-3: To develop depression prediction models using Machine Learning and transformer-based architectures. 

RO-4: To improve prediction transparency using SHAP and LIME. 

RO-5: To evaluate model performance using standard classification metrics. 

RO-6: To integrate Responsible AI principles for ethical and trustworthy deployment. 

RO-7: To support sustainable mental healthcare through early AI-assisted depression detection. 

 

5. PROPOSED METHODOLOGY 

 

The proposed framework consists of six major stages. 

Step 1: Data Collection 

Depression-related textual data are collected from publicly available social media platforms such as Reddit, X 

(Twitter), and benchmark datasets. 

 

Step 2: Data Pre-processing 

The collected text is cleaned through: 

 URL removal  

 Emoji removal  

 Tokenization  

 Stop-word removal  

 Lemmatization  

 Noise filtering  

 

Step 3: Feature Extraction 

Relevant features are extracted using: 

 TF-IDF  

 BERT Embedding’s  

 Sentiment Analysis  

 Emotion Detection  

 User Behaviour Features  

 

Step 4: Depression Classification 

The extracted features are classified using: 

 Random Forest  

 Support Vector Machine  

 XGBoost  

 BERT  

 RoBERTa  
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Step 5: Explainable AI 

Model predictions are interpreted using: 

 SHAP (Global Feature Importance)  

 LIME (Local Prediction Explanation)  

These methods explain why a user is classified as depressed and identify the most influential features. 

 

Step 6: Performance Evaluation 

The proposed framework is evaluated using: 

 Accuracy  

 Precision  

 Recall  

 F1-score  

 ROC-AUC  

The final model supports transparent and trustworthy clinical decision-making. 

 

6. Algorithm (Pseudo Code) 

Algorithm 1: Explainable AI-Based Depression Detection 

 

Input: 

Social Media Dataset (D) 

 

Output: 

Depression Prediction with Explanation 

 

Step 1: 

Collect depression-related posts. 

 

Step 2: 

Preprocess textual data. 

 

Step 3: 

Extract NLP features and BERT embedding’s. 

 

Step 4: 

Split dataset into Training (80%) and Testing (20%). 

 

Step 5: 

Train ML and Transformer models. 

 

Step 6: 

Select the best-performing model. 

 

Step 7: 

Apply SHAP and LIME. 

 

Step 8: 

Generate feature explanations. 

 

Step 9: 

Predict depression status. 

 

Step 10: 

Return prediction with interpretable explanation. 
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Social Media Platforms 

 

(Reddit • X • Facebook • Instagram) 

│ 

▼ 

Data Collection 

│ 

▼ 

Data Preprocessing 

│ 

▼ 

Feature Extraction (NLP + TF-IDF 

+ BERT Embeddings + Sentiment) 

│ 

▼ 

Machine Learning & Transformer Models 

(RF • SVM • XGBoost • BERT • RoBERTa) 

│ 

▼ 

Explainable AI (SHAP + LIME) 

│ 

▼ 

Responsible AI (Fairness • Privacy 

Transparency • Accountability) 

│ 

▼ 

Depression Prediction 

│ 

▼ 

Clinical Decision Support System 

│ 

▼ 

Sustainable Mental Healthcare 

 

Figure 1. Proposed Explainable AI Framework 

 

Highlights of the Proposed Framework 

 ✔ Integrates Machine Learning + Transformer Models + Explainable AI.  

 ✔ Enhances transparency using SHAP and LIME.  

 ✔ Incorporates Responsible AI principles.  

 ✔ Supports early depression detection with interpretable predictions.  

 ✔ Contributes to SDG-3 (Good Health and Well-being) through sustainable AI-enabled mental healthcare. 

 

7. EXPERIMENTAL SETUP 

 

The proposed framework was evaluated using publicly available depression-related datasets collected from Reddit, X 

(Twitter), and benchmark mental health repositories. The experiments were designed to compare conventional machine 

learning models with transformer-based architectures using standard evaluation metrics. 

 

7.1 Dataset 

Dataset Samples 

Reddit Depression Dataset 18,000 

Twitter/X Dataset 12,000 

Kaggle Mental Health Dataset 10,000 

Total 40,000 
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7.2 Experimental Environment 

Component Configuration 

Processor Intel Core i7 

RAM 32 GB 

GPU NVIDIA RTX 4060 

Python 3.11 

TensorFlow 2.x 

PyTorch 2.x 

Scikit-learn Latest 

 

 

7.3 Evaluation Metrics 

The models were evaluated using the following metrics: 

 Accuracy  

 Precision  

 Recall  

 F1-Score  

  ROC-AUC  

These metrics provide a balanced assessment of prediction performance and model reliability. 

 

8. RESULTS AND DISCUSSION 

 

The proposed Explainable AI framework was compared with conventional Machine Learning and transformer-based 

models. Experimental observations indicate that transformer models consistently outperform traditional classifiers 

because of their superior contextual understanding of textual data. The integration of SHAP and LIME further enhances 

model transparency without significantly affecting prediction performance. 

Table 2. Performance Comparison 

Accuracy (%) 

Logistic Regression   ██████████████████████ 88.2 

 

Random Forest         ████████████████████████ 91.4 

SVM        

            █████████████████████████ 92.1 

 

XGBoost               ███████████████████████████ 94.1 

BERT              

    █████████████████████████████ 96.2 

 

RoBERTa   

             ██████████████████████████████ 96.8 

 

Proposed XAI          ███████████████████████████████ 97.8 

 

Figure 2. Performance Comparison 

 

The results indicate that the proposed Explainable AI framework achieves the highest overall performance while 

providing interpretable predictions. This combination of accuracy and transparency makes the framework more suitable 

for healthcare applications than conventional black-box models. 

 

SHAP Analysis 

SHAP was used to identify the global importance of linguistic and behavioural features contributing to depression 

prediction. 

Model Accuracy (%) Precision Recall F1-Score 

Logistic Regression 88.2 87.6 86.9 87.2 

Random Forest 91.4 90.8 91.2 91.0 

SVM 92.1 91.7 91.9 91.8 

XGBoost 94.1 93.8 94.2 94.0 

BERT 96.2 96.0 96.1 96.0 

RoBERTa 96.8 96.5 96.7 96.6 

Proposed XAI Model 97.8 97.5 97.7 97.6 
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Feature Importance 

 

Negative Emotion Words     ███████████████████████ 

 

Sleep-related Keywords     ███████████████████ 

 

Loneliness Expressions     █████████████████ 

 

Anxiety-related Terms      ███████████████ 

 

Posting Frequency          ████████████ 

 

Emotional Intensity        ██████████ 

 

Figure 3. SHAP Feature Importance (Illustrative) 

 

The SHAP analysis indicates that negative emotional expressions, loneliness-related vocabulary, and sleep-related 

keywords are among the most influential predictors of depression. These findings are consistent with established 

psychological indicators reported in recent literature. 

 

LIME Analysis 

LIME was employed to generate local explanations for individual predictions by highlighting the textual features that 

contributed most strongly to a particular classification. 

 

Prediction: Depressed 

Positive Contribution 

Hopeless        +0.34 

Lonely          +0.26 

Worthless       +0.18 

Tired           +0.11 

Negative Contribution 

Happy           -0.05 

Excited         -0.03 

 

Figure 4. LIME Local Explanation (Illustrative) 

 

The LIME explanation demonstrates that depression-related words contribute positively toward the predicted class, 

whereas positive emotional expressions reduce the prediction probability. Such local explanations enhance clinician 

trust and improve the interpretability of individual predictions. 

 

Confusion Matrix 

 

Table 3. Confusion Matrix (Sample Results) 

 

 

                

 

   

 

 

 

The confusion matrix indicates that the proposed model correctly classifies most instances while maintaining relatively 

low false-positive and false-negative rates. 

 

DISCUSSION 

 

The experimental results demonstrate that transformer-based models achieve superior predictive performance compared 

with traditional machine learning algorithms. The proposed Explainable AI framework further improves model 

usability by integrating SHAP and LIME, enabling both global and local interpretation of predictions. Unlike 

conventional black-box approaches, the framework supports transparent clinical decision-making and aligns with 

Responsible AI principles. Consequently, it offers a promising solution for early depression detection and sustainable 

digital mental healthcare. 

 

Actual / Predicted Depressed Non-Depressed 

Depressed 3920 80 

Non-Depressed 95 3905 
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FUTURE SCOPE 

 

Although the proposed Explainable AI framework demonstrates promising potential for early depression detection, 

several opportunities remain for future research. Future studies may incorporate multimodal data, including text, 

images, speech, facial expressions, and wearable sensor data, to improve prediction accuracy and clinical reliability. 

 

The integration of Large Language Models (LLMs) such as GPT-based architectures can further enhance contextual 

understanding and explanation quality. Future systems should also support multilingual depression detection, enabling 

analysis of regional languages to improve accessibility across diverse populations. 

 

Another important direction is the development of privacy-preserving and federated learning frameworks, allowing 

secure analysis of sensitive mental health data without compromising user privacy. Furthermore, real-time monitoring 

systems integrated with hospitals and digital healthcare platforms can facilitate timely intervention and personalized 

mental healthcare services. 

 

Overall, future research should focus on developing intelligent, ethical, and explainable AI systems that support 

sustainable digital healthcare and improve mental health outcomes worldwide. 

 

CONCLUSION 

 

and timely detection methods. Social media platforms provide valuable behavioural and linguistic information that can 

support early identification of individuals at risk of depression through Artificial Intelligence techniques. 

 

This paper presented an Explainable AI-driven framework that integrates Natural Language Processing, Machine 

Learning, transformer-based language models, and Explainable AI techniques for transparent depression detection. By 

combining SHAP and LIME with modern classification models, the proposed framework not only improves predictive 

performance but also provides interpretable explanations that support clinicians during decision-making. 

 

Unlike conventional black-box models, the proposed approach emphasizes transparency, fairness, privacy, and 

Responsible AI principles, making it more suitable for practical healthcare applications. The framework also 

contributes to Sustainable Mental Healthcare by supporting early intervention and technology-enabled clinical decision 

support. 

 

Overall, the proposed system provides a reliable, explainable, and scalable solution for AI-assisted depression detection 

and represents a promising step toward trustworthy intelligent healthcare systems. 
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