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Abstract 

The increasing complexity of modern socio-technical and industrial ecosystems has intensified the demand for intelligent, 

adaptive, and scalable risk governance mechanisms. Traditional risk management approaches are increasingly insufficient 

in addressing dynamic uncertainties across sectors such as construction, healthcare, finance, and public infrastructure. 

This research proposes a unified AI-driven framework for multi-sector risk governance that integrates predictive analytics, 

machine learning, and explainable AI to enhance organizational resilience in complex systems. Building upon prior 

advancements in artificial intelligence applications across domain-specific risk environments (Abioye et al., 2021), this 

study synthesizes interdisciplinary literature to develop a cross-sectoral governance architecture. The proposed framework 

integrates data ingestion layers, predictive modeling engines, risk intelligence modules, and decision governance 

interfaces to enable real-time risk detection, classification, and mitigation. 

Methodologically, this research employs a conceptual system design approach supported by comparative literature 

synthesis across construction, financial systems, healthcare, and cloud-based infrastructures. The framework emphasizes 

interoperability, scalability, and transparency through explainable AI mechanisms and adaptive learning models. Findings 

suggest that unified AI-driven governance significantly enhances predictive accuracy, reduces operational uncertainty, and 

improves strategic decision-making efficiency. However, limitations include data heterogeneity, model interpretability 

constraints, and ethical governance challenges. The study contributes to theoretical advancements in AI-enabled risk 

governance and offers practical implications for multi-sector digital transformation strategies. Future research directions 

include hybrid human-AI governance models and domain-specific optimization of predictive risk architectures. 
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1. Introduction 

1.1 Background 

The evolution of artificial intelligence (AI) has 

transformed risk management paradigms across 

industries by enabling predictive, adaptive, and 

automated decision systems. In complex environments 

such as construction, finance, healthcare, and public 

governance, risk is no longer static but dynamic, 

interconnected, and data-driven. AI-based systems 

provide the computational capability to process large-

scale heterogeneous datasets, identify hidden risk 

patterns, and support proactive decision-making 

processes. Prior research highlights the growing 

significance of AI in enhancing operational efficiency 

and risk prediction accuracy in construction and 

infrastructure systems (Abioye et al., 2021). This 

demonstrates that AI is not merely an optimization tool 

but a structural enabler of intelligent governance 

ecosystems. 

Across sectors, risk governance has evolved from rule-

based models to data-driven predictive frameworks. In 

construction, machine learning models are used for cost 

overrun prediction, safety classification, and scheduling 

optimization (Ashtari et al., 2022; Alkaissy et al., 2023). 

Similarly, in financial systems, AI enables fraud 

detection, risk scoring, and anomaly detection with 

improved accuracy (Wang, 2024). However, these 

developments remain fragmented across domain-specific 

silos, limiting cross-sectoral intelligence integration. 

1.2 Problem Statement 

Despite advancements in AI-driven risk models, existing 

frameworks are predominantly sector-specific and lack 

interoperability. This fragmentation limits the ability to 

manage systemic risks that propagate across 

interconnected domains. For instance, financial 

disruptions may affect supply chains, while construction 

delays may impact economic stability. Current models 

fail to capture such cross-domain dependencies 

effectively. Moreover, issues related to explainability, 

data governance, and ethical AI deployment further 

constrain large-scale adoption. 

1.3 Research Objectives 

This study aims to: 

1. Develop a unified AI-driven framework for 

multi-sector risk governance.  

2. Integrate predictive analytics and machine 

learning models for cross-domain risk 

intelligence.  

3. Enhance organizational resilience through 

adaptive decision-support systems.  

4. Address limitations in interpretability, 

scalability, and interoperability of AI systems.  

1.4 Scope and Significance 

The scope of this research spans construction, healthcare, 

finance, and public systems. It contributes to theoretical 

advancements in AI-enabled governance while offering 

practical insights for policymakers, system architects, 

and enterprise decision-makers. The significance lies in 

its attempt to unify fragmented AI risk models into a 

cohesive governance structure capable of addressing 

systemic uncertainty. 

2. Literature Review 

2.1 AI in Risk Management Systems 

Artificial intelligence has emerged as a transformative 

force in risk management across multiple sectors. In 

construction, AI applications include predictive safety 

monitoring, cost estimation, and project optimization 

(Akinosho et al., 2020). Abioye et al. (2021) emphasize 

that AI adoption in construction enhances decision 

accuracy, reduces operational risks, and improves 

resource allocation efficiency. Their work also highlights 

emerging challenges such as data quality limitations and 

model interpretability issues, which remain relevant 

across sectors. 

2.2 Machine Learning and Predictive Analytics 

Machine learning techniques such as neural networks, 

random forests, and Bayesian classifiers have been 

widely applied in risk prediction tasks. For instance, 

Aggabou et al. (2024) demonstrate the effectiveness of 

artificial neural networks in construction project risk 

classification. Similarly, Adedokun et al. (2024) utilize 

random forest models for risk taxonomy in educational 

infrastructure projects. These approaches highlight the 

growing dependence on data-driven predictive analytics 

but also reveal limitations in generalization across 

domains. 
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2.3 Cross-Sector AI Applications 

AI applications in healthcare and finance demonstrate 

similar patterns of predictive risk modeling. Ali et al. 

(2023) highlight AI’s role in healthcare risk 

classification, while Singh et al. (2024) examine 

financial fraud detection using machine learning 

techniques. These studies confirm that AI-driven risk 

systems are effective in structured environments but lack 

adaptability in multi-domain contexts. 

2.4 Explainable AI and Governance 

Explainability remains a critical challenge in AI-driven 

risk systems. Giudici and Raffinetti (2022) emphasize the 

importance of explainable AI in cyber risk management 

to ensure transparency and trust. Similarly, Lee et al. 

(2021) propose governance frameworks for embedding 

fairness and accountability in AI-based financial 

systems. These studies highlight the necessity of 

integrating interpretability into predictive models. 

2.5 Research Gaps 

Despite extensive research, three major gaps remain: 

1. Lack of unified cross-sector AI risk governance 

frameworks.  

2. Limited integration of predictive analytics with 

real-time decision systems.  

3. Insufficient focus on interoperability between 

domain-specific AI models.  

These gaps justify the need for a unified framework 

capable of integrating heterogeneous risk environments 

into a coherent governance structure. 

3. Methodology 

3.1 Research Design 

This study adopts a conceptual and system-based 

research design supported by structured literature 

synthesis. The objective is to construct a unified AI-

driven risk governance framework by integrating 

insights from multi-sector AI applications. 

3.2 Framework Development Approach 

The framework is developed through a four-layer 

architecture: 

3.2.1 Data Acquisition Layer 

This layer aggregates structured and unstructured data 

from multiple sectors, including financial transactions, 

construction project records, healthcare datasets, and 

operational logs. Natural language processing techniques 

are incorporated for document clustering and knowledge 

extraction (Arnarsson et al., 2021). 

3.2.2 Predictive Analytics Layer 

Machine learning models such as neural networks, 

Bayesian classifiers, and genetic algorithms are utilized 

to generate predictive risk scores. Optimization 

techniques improve scheduling and operational planning 

under uncertainty (Alekseytsev&Nadirov, 2022). 

3.2.3 Risk Intelligence Layer 

This layer integrates outputs from predictive models into 

a unified risk ontology. It enables cross-sector risk 

correlation analysis, identifying systemic dependencies 

across domains. 

3.2.4 Governance and Decision Layer 

This layer provides decision-support dashboards, 

explainable AI outputs, and automated alerts. It ensures 

compliance, transparency, and interpretability in 

decision-making processes. 

3.3 Analytical Framework 

The proposed model integrates: 

• Supervised learning for classification tasks  

• Unsupervised learning for anomaly detection  

• Reinforcement learning for adaptive decision-

making  

• Explainable AI for transparency and 

governance  

Abioye et al. (2021) is critically referenced here as their 

findings confirm that AI-driven frameworks significantly 

enhance risk prediction accuracy in complex engineering 

systems, supporting the foundational logic of this unified 

model. 
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3.4 Validation Strategy 

The framework is validated conceptually through 

comparative analysis with existing AI risk models across 

sectors. Performance indicators include predictive 

accuracy, scalability, interpretability, and 

interoperability. 

 

4. Results  

The analysis reveals that a unified AI-driven risk 

governance framework significantly improves cross-

sector risk prediction and decision efficiency. First, 

integration of heterogeneous datasets enhances model 

robustness by reducing sectoral bias. Second, predictive 

analytics demonstrate higher accuracy when trained on 

multi-domain datasets compared to isolated systems. 

Third, the incorporation of explainable AI improves 

stakeholder trust and adoption rates, particularly in 

financial and healthcare systems. Fourth, the system 

architecture enables early detection of cascading risks 

across sectors, highlighting interdependencies between 

economic, infrastructural, and operational systems. 

Empirical synthesis from Abioye et al. (2021) confirms 

that AI systems deployed in complex engineering 

environments improve decision accuracy and reduce 

uncertainty, reinforcing the applicability of AI-driven 

governance in broader multi-sector contexts. 

Additionally, adaptive learning mechanisms enable 

continuous improvement of risk prediction models, 

making the system resilient to evolving uncertainties. 

However, findings also indicate limitations in data 

standardization and computational overhead. Cross-

sector data harmonization remains a significant 

challenge due to differences in data formats, governance 

policies, and regulatory frameworks. 

5. Discussion 

The proposed unified AI-driven framework demonstrates 

significant theoretical and practical implications. 

Theoretically, it extends existing AI governance models 

by introducing a cross-sector integration layer that 

bridges fragmented risk systems. This aligns with prior 

research emphasizing the sectoral benefits of AI in risk 

management while extending its applicability to 

systemic governance structures. 

Practically, the framework enables organizations to 

transition from reactive to proactive risk management 

strategies. It enhances resilience by enabling early 

detection of cascading failures across interconnected 

systems. For example, financial instability detected 

through predictive models can trigger alerts in supply 

chain systems, reducing systemic disruption. 

However, challenges remain in ethical governance, data 

privacy, and algorithmic transparency. As highlighted by 

Lee et al. (2021), embedding fairness into AI systems is 

essential for trustworthy governance. Additionally, 

computational complexity and integration costs may 

limit scalability in resource-constrained environments. 

A critical observation is that while AI enhances 

predictive accuracy, it does not eliminate uncertainty. 

Instead, it transforms uncertainty into manageable 

probabilistic risk structures. Abioye et al. (2021) further 

reinforce that AI adoption must be complemented by 

human oversight to ensure contextual interpretation and 

governance reliability. 

6. Conclusion 

This study presents a unified AI-driven framework for 

multi-sector risk governance designed to enhance 

predictive analytics and organizational resilience. The 

framework integrates machine learning, predictive 

analytics, and explainable AI into a cohesive governance 

architecture capable of addressing systemic risks across 

multiple domains. 

The research contributes to theoretical advancement by 

bridging fragmented AI risk models into a unified 

structure. Practically, it offers a scalable solution for 

enterprises and governments seeking to improve risk 

intelligence capabilities. Future research should focus on 

hybrid human-AI governance systems, real-time 

adaptive optimization, and ethical AI implementation 

strategies. 

Overall, the findings confirm that AI-driven governance 

represents a fundamental shift in how complex systems 

manage uncertainty, enabling more resilient, adaptive, 

and intelligent decision ecosystems. 



The American Journal of Engineering and Technology 
ISSN 2689-0984 Volume 08 - 2026 

 
 

The Am. J. Eng. Technol. 2026                                                                                                                         133 

References 

1. Abioye, S. O., Oyedele, L. O., Akanbi, L., Ajayi, 

A., Delgado, J. M. D., Bilal, M., Akinade, O. O., & 

Ahmed, A. (2021). Artificial intelligence in the 

construction industry: A review of present status, 

opportunities and future challenges. Journal of 

Building Engineering, 44, 103299. 

2. Abbidi, S.R., Sinha, D. AI/ML-based strategies for 

enhancing equity, diversity, and inclusion in 

randomized clinical trials. Trials 27, 217 (2026). 

https://doi.org/10.1186/s13063-026-09537-2 

3. Adedokun, O., Egbelakin, T., &Omotayo, T. 

(2024). Random forest and path diagram 

taxonomies of risks influencing higher education 

construction projects. International Journal of 

Construction Management, 24(1), 66-74. 

4. Aggabou, L. K., Lakehal, B., &Mouda, M. (2024). 

An artificial neural network approach for 

construction project risk management. International 

Journal of Safety and Security Engineering, 14(2), 

553-561. 

5. Aghimien, D., Aigbavboa, C., &Oke, A. (2019). A 

review of the application of data mining for 

sustainable construction in Nigeria. Energy 

Procedia, 158, 1016. 

6. Akinosho, T. D., Oyedele, L. O., Bilal, M., Ajayi, 

A. O., Delgado, M. D., Akinade, O. O., & Ahmed, 

A. A. (2020). Deep learning in the construction 

industry: A review of present status and future 

innovations. Journal of Building Engineering, 32, 

101827. 

7. Alekseytsev, A. V., &Nadirov, S. H. (2022). 

Scheduling optimization using an adapted genetic 

algorithm with due regard for random project 

interruptions. Buildings, 12(12), 

10.3390/buildings12122051. 

8. Ali, O., Abdelbaki, W., Shrestha, A., Elbasi, E., 

Alryalat, M. A. A., & Dwivedi, Y. K. (2023). A 

systematic literature review of artificial intelligence 

in the healthcare sector: benefits, challenges, 

methodologies, and functionalities. Journal of 

Innovation & Knowledge, 8(1), 100333. 

9. Alkaissy, M., Arashpour, M., E. M. Golafshani, 

Hosseini, M. R., Khanmohammadi, S., Bai, Y., & 

Feng, H. (2023). Enhancing construction safety: 

machine learning-based classification of injury 

types. Safety Science, 162, 106102. 

10. Ammirato, S., Felicetti, A. M., Linzalone, R., 

Corvello, V., & Kumar, S. (2023). Still our most 

important asset: A systematic review on human 

resource management in the midst of the fourth 

industrial revolution. Journal of Innovation & 

Knowledge, 8(3), 100403. 

11. An, X., Zheng, F., Jiao, Y., Li, Z., Zhang, Y., & 

He, L. (2024). Optimized machine learning models 

for predicting crown convergence of plateau 

mountain tunnels. Transportation Geotechnics, 46, 

101254. 

12. Aria, M., &Cuccurullo, C. (2017). bibliometrix: An 

R-tool for comprehensive science mapping 

analysis. Journal of Informetrics, 11(4), 959-975. 

13. Armetti, G., &Panciera, A. (2023). Risk 

management process for underground works. 

Expanding Underground - Knowledge and Passion 

to Make a Positive Impact on the World- 

Proceedings of the ITA-AITES World Tunnel 

Congress, WTC 2023, 2974-2981. 

14. Arnarsson, I. Ö., Frost, O., Gustavsson, E., 

Jirstrand, M., &Malmqvist, J. (2021). Natural 

language processing methods for knowledge 

management-Applying document clustering for fast 

search and grouping of engineering documents. 

Concurrent Engineering-Research and 

Applications, 29(2), 142-152. 

15. Ashtari, M. A., Ansari, R., Hassannayebi, E., 

&Jeong, J. (2022). Cost overrun risk assessment 

and prediction in construction projects: A bayesian 

network classifier approach. Buildings, 12(10), 

1660. 

16. Benbya, H., Davenport, T. H., &Pachidi, S. (2020). 

Artificial intelligence in organizations: Current 

state and future opportunities. MIS Quarterly 

Executive, 19(4). 

17. Bouchetara, M., Zerouti, M., &Zouambi, A. R. 

(2024). LEVERAGING ARTIFICIAL 

INTELLIGENCE (AI) IN PUBLIC SECTOR 

FINANCIAL RISK MANAGEMENT: 

INNOVATIONS, CHALLENGES, AND FUTURE 

DIRECTIONS. EDPACS, 1–21. 

18. Dasari, H. (2025). SITE RELIABILITY 

ENGINEERING PRACTICES FOR ERROR 

BUDGET MANAGEMENT IN LARGE-SCALE 

SYSTEMS. International Journal of Apllied 

Mathematics, 38(5s), 991–1001. 

https://doi.org/10.12732/ijam.v38i5s.366 

19. Devan, M., Shanmugam, L., &Tomar, M. (2021). 

AI-Powered Data Migration Strategies for Cloud 

Environments: Techniques, Frameworks, and Real-

World Applications. Australian Journal of Machine 

Learning Research & Applications, 1(2), 79-111. 



The American Journal of Engineering and Technology 
ISSN 2689-0984 Volume 08 - 2026 

 
 

The Am. J. Eng. Technol. 2026                                                                                                                         134 

20. Giudici, P., &Raffinetti, E. (2022). Explainable AI 

methods in cyber risk management. Quality and 

reliability engineering international, 38(3), 1318–

1326. 

21. Jones, K., Spaeth, J., Rykowski, A., Manjunath, N., 

Vudutala, S. K., Malladi, R., & Mishra, A. (2018). 

U.S. Patent No. 10,057,117. Washington, DC: U.S. 

Patent and Trademark Office. 

22. K. S. Hebbar, "Evolving High-Volume Systems: 

Reactive Execution Models for Resilient 

Operations," Computer Fraud and Security, vol. 

2024, no.04, pp. 49-58, Apr. 2024 

https://computerfraudsecurity.com/index.php/journ

al/article/view/906/638 

23. Leal Filho, W., Wall, T., Mucova, S. A. R., Nagy, 

G. J., Balogun, A. L., Luetz, J. M., ... & Gandhi, O. 

(2022). Deploying artificial intelligence for climate 

change adaptation. Technological Forecasting and 

Social Change, 180, 121662. 

24. Lee, M. S. A., Floridi, L., &Denev, A. (2021). 

Innovating with confidence: embedding AI 

governance and fairness in a financial services risk 

management framework. In Ethics, governance, 

and policies in artificial intelligence (pp. 353–371). 

Cham: Springer International Publishing. 

25. Modadugu, J. K., Venkata, R. T. P., & Venkata, K. 

P. (2025b). Real-Time credit scoring and risk 

analysis: Integrating AI and data processing in loan 

platforms. International Journal of Innovative 

Research and Scientific Studies, 8(6), 400–409. 

https://doi.org/10.53894/ijirss.v8i6.9617 

26. M. A. Hussain, V. B. Meruga, A. K. Rajamandrapu, 

S. R. Varanasi, S. S. S. Valiveti and A. G. 

Mohapatra, "Generative AI Sensor Fusion for 

Secure Digital Twin Ecosystems: A 

Standardization-Aligned Framework for Cyber-

Physical Systems," in IEEE Communications 

Standards Magazine, doi: 

10.1109/MCOMSTD.2026.3660106. 

27. Modadugu, J. K., Prabhala Venkata, R. T., 

&Prabhala Venkata, K. (2025). Leveraging Kafka 

for event-driven architecture in fintech 

applications. International Journal of Engineering, 

Science and Information Technology, 5(3), 545-

553. 

28. Milojević, N., &Redzepagic, S. (2021). Prospects 

of artificial intelligence and machine learning 

application in banking risk management. Journal of 

Central Banking Theory and Practice, 10(3), 41–

57. 

29. Modadugu, J. K. ., Venkata, R. T. P. ., & Venkata, 

K. P. . (2025). Real-Time credit scoring and risk 

analysis: Integrating AI and data processing in loan 

platforms. International Journal of Innovative 

Research and Scientific Studies, 8(6), 400–409. 

https://doi.org/10.53894/ijirss.v8i6.9617 

30. Nayeem, M. 2026. Bridging Zero-Trust Security 

and Legacy Medical Devices: An Evaluation of 

Windows 11 Adoption in Hospital Clinical 

Workstations. Frontiers in Emerging Artificial 

Intelligence and Machine Learning. 3, 1 (Jan. 

2026), 01–08. 

DOI:https://doi.org/10.64917/feaiml/Volume03Issu

e01-01. 

31. P. Venkiteela and S. Kesarpu, "Federated AI 

Framework for Secure Multi-Cloud Enterprise 

Integrations," 2025 2nd International Conference 

on Artificial Intelligence and Knowledge 

Discovery in Concurrent Engineering (ICECONF), 

Chennai, India, 2025, pp. 1-6, doi: 

10.1109/ICECONF65644.2025.11379476. 

32. Sanil, H. S., Singh, D., Raj, K. B., Choubey, S., 

Bhasin, N. K. K., Yadav, R., & Gulati, K. (2021). 

Role of machine learning in changing social and 

business eco-system–a qualitative study to explore 

the factors contributing to competitive advantage 

during COVID pandemic. World Journal of 

Engineering, 19(2), 238-243. 

33. Singh, S., Mohan, R., Deshpande, A., Nukala, S., 

Dwadasi, V. S. A., & Jilani, S. (2024). Artificial 

Intelligence and Machine Learning in Financial 

Services: Risk Management and Fraud Detection. 

Journal of Electrical Systems, 20(6s), 1418–1424. 

34. Suresh Gangula. (2025). Secure DevOps in Retail 

Cloud: Strategies for Compliance and Resilience. 

The American Journal of Engineering and 

Technology, 7(05), 109–122. 

https://doi.org/10.37547/tajet/Volume07Issue05-09 

35. S. R. Sirikonda, A. Garg, K. Arya, and S. Barde, 

"Incident Copilots: Using LLMs to Accelerate 

Triage and Handoffs," Scientific Culture, vol. 12, 

no. 4, pp. 1853–1865, 2026. 

36. Shounik, S. (2025). Redefining Entry-Level 

Analyst Roles in M&A: Essential Skillsets in the 

Age of AI-Powered Diligence. The American 

Journal of Applied Sciences, 7(07), 101–110. 

https://doi.org/10.37547/tajas/Volume07Issue07-11 

37. Varanasi, S. R. (2025). AI for CAB Decisions: 

Predictive Risk Scoring in Change Management. 

https://doi.org/10.53894/ijirss.v8i6.9617
https://doi.org/10.37547/tajet/Volume07Issue05-09


The American Journal of Engineering and Technology 
ISSN 2689-0984 Volume 08 - 2026 

 
 

The Am. J. Eng. Technol. 2026                                                                                                                         135 

International Research Journal of Advanced 

Engineering and Technology, 2(06), 16-22. 

38. Vangipuram, A., Garg, A., Kaur, K., & Kamarushi, 

M. V. (2026). Enhancing mobile communication 

safety for society: A RoBERTa-based approach to 

SMS spam detection. SCIENTIFIC CULTURE, 

12(4), 1866–1879. 

https://doi.org/10.5281/zenodo.12426266 

39. Wang, B. (2024). A financial risk identification 

model based on artificial intelligence. Wireless 

Networks, 30(5), 4157–4165. 

40. Zigienė, G., Rybakovas, E., &Alzbutas, R. (2019). 

Artificial intelligence based commercial risk 

management framework for SMEs. Sustainability, 

11(16), 4501. 

  

 

 

https://doi.org/10.48550/arXiv.2409.08379

