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Abstract: The rapid adoption of Large Language Models (LLMs) across healthcare, finance, and 

governance has amplified concerns regarding explainability, accountability, and regulatory compliance. 

While generative AI systems demonstrate remarkable performance in language understanding and 

decision support, their opaque architectures and probabilistic reasoning processes hinder trust in high-

stakes applications. This paper proposes a comprehensive framework titled ET-GEN (Explainable and 

Trustworthy Generative Network), designed to integrate interpretability mechanisms, uncertainty 

quantification, and governance-aligned evaluation metrics within LLM-driven decision systems. The 

framework incorporates attention attribution mapping, counterfactual reasoning modules, confidence 

calibration layers, and domain-specific rule alignment constraints. Experimental validation across 

healthcare diagnosis summarization, financial risk assessment, and public policy classification tasks 

demonstrates improved interpretability scores, calibrated confidence estimation, and regulatory 

alignment compared to baseline LLM systems. The results indicate that embedding explainability layers 

within generative architectures enhances transparency without significantly degrading predictive 

performance. The proposed model offers a scalable pathway for deploying trustworthy generative AI 

systems in regulated environments. 
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I. INTRODUCTION 

Generative Artificial Intelligence, particularly Large Language Models (LLMs), has significantly transformed natural 

language processing and decision support systems across multiple domains. From automating clinical documentation 

and assisting in medical diagnosis to enabling financial risk assessment and supporting governmental policy drafting, 

LLMs are increasingly embedded within mission-critical and high-stakes workflows. Their ability to generate coherent, 

context-aware responses and synthesize large volumes of information has accelerated adoption across healthcare, 

finance, and governance sectors. However, despite their impressive performance, these systems operate as complex 

black-box models with opaque internal representations, making it difficult to interpret how specific outputs are 

generated. This lack of transparency raises serious concerns regarding hallucinations, biased outputs, unreliable 

confidence estimation, and regulatory non-compliance. 

In high-stakes decision environments—where incorrect predictions may result in financial losses, compromised patient 

safety, or flawed public policy—interpretability and accountability are not optional attributes but essential 

requirements. Regulatory frameworks such as the EU AI Act and the NIST AI Risk Management Framework 

increasingly mandate transparency, robustness, and traceability in AI systems. Nevertheless, most existing generative 

AI architectures prioritize predictive performance over explainability, leaving a critical gap between technological 

capability and regulatory readiness. Addressing this challenge requires embedding explainability and trust mechanisms 
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directly within LLM architectures rather than treating them as post-hoc add-ons. This paper therefore investigates how 

generative LLM systems can be systematically enhanced with integrated interpretability layers, calibrated uncertainty 

estimation, and compliance-aware validation mechanisms suitable for deployment in regulated, high-stakes domains 

 

II. RELATED WORK 

2.1 Explainable AI (XAI) 

Traditional XAI techniques include SHAP, LIME, and saliency mapping. While effective for structured ML models, 

their adaptation to LLMs remains limited due to transformer complexity. 

 

2.2 Interpretability in Transformers 

Recent works have proposed several interpretability techniques for transformer-based models, including attention 

visualization, token attribution scoring, and layer-wise relevance propagation. These approaches aim to provide insights 

into how models distribute focus across input tokens and how internal representations contribute to final predictions. 

However, relying solely on attention weights is insufficient to fully capture the underlying reasoning process of large 

language models, as attention mechanisms do not always correlate directly with causal influence or decision pathways 

within deep architectures. 

 

2.3 Trustworthy and Responsible AI 

Regulatory frameworks such as the EU AI Act, the NIST AI Risk Management Framework, and ISO/IEC 42001 

emphasize the importance of transparency, robustness, fairness, and accountability in artificial intelligence systems. 

These frameworks establish governance principles and compliance requirements intended to ensure responsible AI 

deployment, particularly in high-risk and regulated domains. However, a significant gap remains in systematically 

integrating these governance requirements directly into large language model architectures, as most existing 

implementations treat compliance as an external auditing layer rather than embedding it within the core model design 

and operational workflow. 

 

III. METHODOLOGY 

3.1 Overview of ET-GEN Framework 

The ET-GEN architecture consists of five layers. The proposed framework is structured around five integrated 

components that collectively enhance explainability and trustworthiness in generative AI systems. It begins with the 

Core LLM Engine, which performs the primary language modeling and prediction tasks. Surrounding this engine is the 

Attention Attribution Module, responsible for analysing token-level contributions and highlighting influential input 

segments. The Counterfactual Explanation Generator then evaluates how variations in input features affect model 

outputs, enabling scenario-based interpretability. An Uncertainty Calibration Layer is incorporated to quantify 

prediction confidence and improve reliability in high-stakes decision contexts. Finally, the Regulatory Alignment 

Validator ensures that generated outputs adhere to predefined compliance standards and governance requirements, 

thereby embedding accountability directly within the system architecture. 
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3.2 Mathematical Formalization 

Let input ( x ), model parameters ( \theta ), and output ( y ). 

Standard LLM prediction:y = f_\theta(x) 

Enhanced explainable prediction:(y, E, U, C) = ET\text{-}GEN(x) 

Where: 

( E ) = Explanation vector 

( U ) = Uncertainty score 

( C ) = Compliance score 

 

3.3 Interpretability Metrics 

We define an Interpretability Score (IS): 

IS = \alpha A + \beta CF + \gamma TC 

Where: 

( A ) = Attention coherence 

( CF ) = Counterfactual consistency 

( TC ) = Token contribution stability 

 

3.4 Trustworthiness Index 

TI = \delta IS + \lambda (1 - U) + \mu C 

This composite index quantifies system trustworthiness. 

 

IV. EXPERIMENTAL SETUP AND RESULTS 

4.1 Datasets 

Domain Dataset Task 

Healthcare MIMIC Clinical Notes Diagnosis Summarization 

Finance Credit Risk Dataset Risk Classification 

Governance Policy Review Corpus Compliance Categorization 

 

4.2 Evaluation Metrics 

Accuracy 

F1-score 

Interpretability Score (IS) 

Trustworthiness Index (TI) 

Calibration Error 

Model Accuracy F1 IS TI 

Baseline LLM 89.2% 0.88 0.54 0.61 

SHAP-Enhanced LLM 89.5% 0.89 0.67 0.70 

ET-GEN (Proposed) 88.9% 0.87 0.84 0.89 

Table 1: Performance Comparison 

Interpretability and trust improved significantly with minimal performance trade-off. 

Model Expected Calibration Error (ECE) 

Baseline LLM 0.082 

SHAP-Enhanced 0.061 
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Model 

ET-GEN 

Table 2: Calibration Error 

 

Figure 2: Trustworthiness Index Across Domains

(Bar graph showing ET-GEN outperforming baselines in healthcare, finance, governance)

 

Figure 3: Counterfactual Explanation Example (

Original Output: “High likelihood of sepsis”

Counterfactual: “If white blood cell count were within normal range, probability reduces by  27%.”

 

The experimental results demonstrate a significant improvement in interpretability metrics, enhanced uncert

calibration, and stronger compliance alignment, while exhibiting only a minor reduction in predictive accuracy of less 

than one percent. This marginal trade-off in performance is acceptable in regulated domains, where transparency, 
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Expected Calibration Error (ECE) 

 0.034 

Table 2: Calibration Error Comparison 

 
Figure 2: Trustworthiness Index Across Domains 

GEN outperforming baselines in healthcare, finance, governance)

Figure 3: Counterfactual Explanation Example (Healthcare Case) 

Output: “High likelihood of sepsis” 

Counterfactual: “If white blood cell count were within normal range, probability reduces by  27%.” 

V. DISCUSSION 

The experimental results demonstrate a significant improvement in interpretability metrics, enhanced uncert

calibration, and stronger compliance alignment, while exhibiting only a minor reduction in predictive accuracy of less 

off in performance is acceptable in regulated domains, where transparency, 

  

  

Technology 

Reviewed, Refereed, Multidisciplinary Online Journal 

 182 

Impact Factor: 8.2 

 

GEN outperforming baselines in healthcare, finance, governance) 

 

 

The experimental results demonstrate a significant improvement in interpretability metrics, enhanced uncertainty 

calibration, and stronger compliance alignment, while exhibiting only a minor reduction in predictive accuracy of less 

off in performance is acceptable in regulated domains, where transparency, 
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accountability, and explainability are prioritized over slight gains in predictive precision. The ET-GEN framework 

supports these objectives by providing auditable decision trails, enabling regulatory readiness, and facilitating effective 

human-in-the-loop integration to ensure responsible and trustworthy AI deployment. 

 

VI. CONCLUSION AND FUTURE SCOPE 

This paper introduced ET-GEN, a framework for enhancing explainability and trustworthiness in generative LLM 

systems deployed in high-stakes environments. By integrating attribution analysis, counterfactual reasoning, uncertainty 

modelling, and compliance validation, ET-GEN addresses critical transparency challenges in modern AI systems. 

 

Future Research Directions: 

Future research directions include the development of real-time explainability dashboards that provide interactive and 

transparent insights into model decisions, as well as the integration of bias detection and fairness quantification 

modules to systematically evaluate and mitigate ethical risks. Further advancements may involve extending the 

framework to multimodal large language models that process text, images, and structured data simultaneously, thereby 

broadening its applicability across complex real-world scenarios. Large-scale deployment within hospital systems and 

banking infrastructures will be essential to validate robustness, scalability, and regulatory compliance under operational 

conditions. Additionally, incorporating formal verification techniques for generative AI can strengthen guarantees of 

safety, reliability, and adherence to predefined constraints. Collectively, these directions indicate that explainability-

enhanced generative models constitute a critical foundation for responsible AI adoption in regulated industries. 
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