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ABSTRACT

This paper presents an integrated framework combining Reinforcement Learning (RL) and Generative Artificial
Intelligence (GenAl) to accelerate sustainable business transformation in the Southern African Development
Community (SADC) region. Building on prior research into RL paradigms for GenAl applications, the study
extends the model to incorporate immersive technologies such as the Metaverse and Internet of Things (1oT) for
real-time sustainability tracking and stakeholder engagement. Using a mixed-methods approach, the research
evaluates the performance of Q-Learning and Asynchronous Advantage Actor-Critic (A3C) algorithms in
business contexts, supported by empirical data from five commercial banks in Zimbabwe. The findings reveal
that A3C outperforms traditional RL models in adaptability and efficiency, offering significant potential for
automating decision-making, enhancing cybersecurity, and optimizing sustainability metrics. The proposed
architecture supports Sustainable Development Goal (SDG) implementation through Al-driven analytics,
immersive visualization, and intelligent automation. This study contributes to the growing body of knowledge
on Al for sustainable development and offers a scalable, context-sensitive model for emerging economies. The
paper concludes with strategic recommendations for integrating RL-GenAl systems into business ecosystems to
foster innovation, resilience, and inclusive growth.
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INTRODUCTION

The convergence of Generative Artificial Intelligence (GenAl) and Reinforcement Learning (RL) is emerging
as a transformative paradigm in both business and autonomous systems. GenAl, particularly through large
language models (LLMSs), has demonstrated significant potential to enhance decision-making, productivity, and
innovation across diverse sectors, including finance, healthcare, and logistics (Cano-Marin, 2024; Linkon et al.,
2024). When integrated with RL, GenAl systems gain the capacity for continuous learning and real-time
adaptation, addressing critical challenges such as training instability and low sample efficiency (Setlur Arun,
2024). RL provides a goal-directed framework wherein agents learn optimal policies through interaction with
dynamic environments, while GenAl contributes by generating synthetic data, refining policy exploration, and
enhancing generalization capabilities (Krishna et al., n.d.). This synergy is particularly impactful in domains
requiring autonomous decision-making under uncertainty, such as automotive systems, industrial robotics,
energy management, and medical diagnostics. Despite persistent limitations—such as computational resource
demands and ethical concerns—ongoing advancements in model architectures, including GPT-4 and specialized
small LLMs (sLLMs), are mitigating these constraints while expanding accessibility (Setlur Arun, 2024; Linkon
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et al., 2024). Moreover, this integration raises important considerations for Al governance, transparency, and
responsible innovation. In conclusion, the fusion of GenAl and RL represents a pivotal evolution in artificial
intelligence, offering a robust framework for adaptive, intelligent systems capable of navigating complex, real-
world environments.

Background

The convergence of Generative Artificial Intelligence (GenAl) and Reinforcement Learning (RL) is reshaping
the landscape of intelligent systems and business transformation. GenAl, particularly through large language
models (LLMs), has demonstrated transformative potential in automating content creation, decision-making, and
stakeholder engagement (Cano-Marin, 2024; Linkon et al., 2024). RL, a goal-directed machine learning
paradigm, enables agents to learn optimal strategies through interaction with dynamic environments (Kabanda
et al., 2023). The integration of RL with GenAl enhances adaptability, real-time decision-making, and
continuous learning in complex, uncertain domains such as finance, healthcare, and logistics (Krishna et al.,
n.d.). In the context of the Southern African Development Community (SADC), the application of these
technologies is particularly promising for addressing sustainability challenges, including data scarcity,
infrastructural limitations, and socio-economic disparities (Chimhowu et al., 2019). This research builds upon
the UKZN Institutional Research Project titled 'Accelerated Sustainability with Al/Machine Learning and
Metaverse-based Big Data Analytics architecture for fast-tracking SDG implementation in the SADC Region’,
which proposes a unified framework leveraging Al, ML, loT, and immersive technologies to support Sustainable
Development Goals (SDGS).

Problem Statement

Despite the transformative potential of GenAl and RL, their integration in business applications within the SADC
region remains underexplored. Organizations face challenges such as regulatory compliance, data privacy,
limited infrastructure, and a lack of real-time sustainability tracking (Moharrak & Mogaji, 2024; Hong et al.,
2022). Furthermore, the absence of contextualized Al frameworks and immersive visualization tools impedes
evidence-based policymaking and stakeholder engagement. This research addresses the gap by proposing an
integrated RL-GenAl framework tailored to the SADC context, aiming to enhance sustainability metrics,
automate decision-making, and foster regional resilience through intelligent systems.

This study explores the integration of Reinforcement Learning (RL) and Generative Al (GenAl) as a
transformative framework for sustainable business practices in the SADC region. Recent literature highlights
the potential of RL in adaptive decision-making (Sutton & Barto, 2018) and GenAl in creative automation
(Brown et al., 2020), yet their combined application remains underexplored.

Research Objectives

The primary objective of this research is to develop an integrated RL-GenAl framework for sustainable business
transformation in the SADC region. The specific objectives are:

a) To evaluate the performance of Q-Learning and A3C algorithms in business applications.

b) To assess the role of GenAl in automating sustainability metrics and decision-making.

c) To develop a Metaverse-based visualization platform for immersive stakeholder engagement.
d) To propose a scalable architecture for Al-driven SDG implementation in the SADC region.
Research Questions

The study seeks to answer the following research questions:

a) What are the benefits of integrating RL and GenAl in business applications?
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b) How do Q-Learning and A3C algorithms compare in terms of performance and adaptability?

c) How can immersive technologies enhance stakeholder engagement in sustainability initiatives?

d) What are the key challenges and enablers for implementing Al-driven SDG frameworks in the SADC region?
Hypotheses

Based on the objectives and literature, the following hypotheses are proposed:

e Hi: The A3C algorithm significantly outperforms Q-Learning in adaptability and efficiency for business
applications.

e Hy: The integration of GenAl with RL enhances the accuracy and timeliness of sustainability decision-
making.

e Has: Immersive Metaverse-based platforms improve stakeholder engagement and understanding of
sustainability metrics.

Justification

The proposed research is justified by the urgent need to accelerate SDG implementation in the SADC region
through innovative, data-driven approaches. Emerging technologies such as GenAl, RL, 10T, and the Metaverse
offer unprecedented capabilities for real-time monitoring, predictive analytics, and immersive learning (Dwivedi
et al., 2023; Kabanda, 2023). The integration of these technologies into a unified framework addresses critical
gaps in sustainability education, policy evaluation, and regional capacity-building. Furthermore, the research
aligns with institutional priorities at UKZN and contributes to global discourse on Al for sustainable
development. By leveraging interdisciplinary methods and empirical validation, the study aims to produce
scalable, context-sensitive solutions with both academic and practical impact.

LITERATURE REVIEW

Introduction

Recent advancements in Generative Al and Large Language Models have revolutionized various sectors,
including education and business management (Linkon et al., 2024; Wanyonyi & Murithi, 2025). Models like
ChatGPT, DALL-E, and Bard have demonstrated human-like text generation capabilities, offering potential
applications in academia and industry (Roumeliotis & Tselikas, 2023). In education, GenAl systems have shown
promise in providing personalized feedback and addressing resource shortages, despite ethical concerns
(Wanyonyi & Murithi, 2025). The business sector has witnessed transformative applications of these
technologies across multiple domains, from healthcare to finance (Linkon et al., 2024). Researchers have also
explored combining machine learning and ChatGPT to enhance literature review processes, improving topic
identification and academic writing efficiency (Guler et al., 2024). As these technologies continue to evolve,
there is a growing emphasis on responsible innovation, ethical considerations, and the need for interdisciplinary
research to address emerging challenges (Linkon et al., 2024; Guler et al., 2024).

This literature review critically examines the convergence of Generative Artificial Intelligence (GenAl) and
Reinforcement Learning (RL), highlighting their transformative potential in business and autonomous systems.
The review synthesizes scholarly contributions, evaluates theoretical and conceptual frameworks, and identifies
research gaps relevant to sustainable development in the Southern African Development Community (SADC)
region.
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Theoretical Framework

The theoretical foundation of this study is grounded in reinforcement learning theory, which posits that agents
learn optimal behaviors through interactions with dynamic environments. This is complemented by the theory
of generative modeling, which enables machines to generate new data instances based on learned distributions.
Together, these frameworks support the development of intelligent systems capable of adaptive decision-making
and content generation in complex domains (Krishna et al., n.d.; Chen et al., 2021).

Conceptual Framework

The conceptual framework integrates GenAl and RL within a unified architecture to support sustainable business
transformation. GenAl, through large language models (LLMs), facilitates automation in content creation and
decision support, while RL enhances system adaptability and learning efficiency. This synergy is particularly
relevant for applications in finance, healthcare, and logistics, where real-time decision-making and contextual
adaptation are critical (Cano-Marin, 2024; Linkon et al., 2024).

Critical Engagement with Literature

Recent advancements in GenAl and LLMs have revolutionized sectors such as education and business
management. Models like ChatGPT, DALL-E, and Bard demonstrate human-like text generation capabilities,
offering applications in academia and industry (Roumeliotis & Tselikas, 2023). In education, GenAl supports
personalized feedback and addresses resource constraints, though ethical concerns persist (Wanyonyi & Murithi,
2025). In business, GenAl enhances operations across healthcare, finance, and marketing (Linkon et al., 2024).

Reinforcement learning algorithms such as Q-Learning and Asynchronous Advantage Actor-Critic (A3C) have
been applied in cybersecurity and financial services, demonstrating improved adaptability and performance
(Kabanda et al., 2023; Chen et al., 2021). The integration of GenAl with RL addresses training instability and
enhances generalization, enabling intelligent systems to operate effectively in uncertain environments (Setlur
Arun, 2024; Krishna et al., n.d.).

Despite these advancements, challenges remain. These include computational resource demands, ethical
considerations, and the need for contextualized frameworks in emerging economies. Scholars emphasize the
importance of responsible innovation and interdisciplinary research to address these issues (Guler et al., 2024;
Linkon et al., 2024).

RL has been applied in dynamic policy modeling (Mnih et al., 2015), while GenAl has shown promise in content
generation and predictive analytics (Bommasani et al., 2021). Theoretical frameworks such as Activity Theory
and Sociotechnical Systems Theory provide grounding for understanding the interplay between technology and
organizational transformation (Engestrom, 2001; Trist & Bamforth, 1951).

METHODOLOGY

Recent studies explore the application of artificial intelligence (Al) and machine learning (ML) in banking and
finance. Reinforcement learning algorithms like Q-Learning and A3C have been implemented for cybersecurity
education and training (Kabanda et al., 2023). Generative Al adoption in banking faces challenges related to
regulatory compliance and data privacy, with five critical factors influencing its integration (Moharrak & Mogaji,
2024). Internal auditors in Zimbabwean banks recognize the potential of ML and Al for early fraud detection,
citing benefits such as enhanced speed and accuracy in identifying anomalies (Chingwaro et al., 2024). A
comprehensive analysis reveals growing adoption of Al and ML in financial institutions for various applications,
including algorithmic trading, risk management, and fraud detection (El Hajj & Hammoud, 2023). These studies
emphasize the need for adequate training, ethical considerations, and addressing challenges such as regulatory
compliance and data privacy concerns in Al implementation within the financial sector.
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Methodological Paradigm and Philosophical Assumptions

This study adopts a pragmatist philosophical paradigm, which emphasizes practical outcomes and the use of
multiple methods to understand complex phenomena (Creswell & Poth, 2018). Ontologically, pragmatism
accepts that reality is dynamic and constructed through human interaction with the environment.
Epistemologically, it supports both objective and subjective knowledge acquisition. Axiologically, the research
acknowledges the value-laden nature of inquiry, particularly in the context of sustainable development in the
SADC region. This paradigm aligns with the study’s aim to integrate Reinforcement Learning (RL) and
Generative Al (GenAl) for real-world business transformation, allowing for both quantitative algorithmic
evaluation and qualitative stakeholder insights. A mixed-methods approach was employed, combining
simulation-based RL models with qualitative assessments of GenAl deployment. The design ensures validity
through triangulation and theoretical alignment with adaptive systems theory (Holland, 1992).

Research Design

The research employs a mixed-methods design, combining experimental and survey-based approaches. The
quantitative component is explanatory and experimental, focusing on the implementation and performance
evaluation of Q-Learning and A3C algorithms. The qualitative component is exploratory and descriptive,
involving stakeholder surveys and interviews to assess the applicability of GenAl in business contexts. This
design ensures triangulation and enhances the validity of findings (Teddlie & Tashakkori, 2009; Yin, 2018).

Population and Sampling Strategy

The target population includes employees and clients of five commercial banks in Zimbabwe. A purposive
sampling strategy was employed to select participants with relevant experience in Al and business operations.
A total of 370 participants were surveyed, and 10 key informants were interviewed. Inclusion criteria required
participants to have at least one year of experience in banking operations or IT systems. This approach ensured
the collection of rich, context-specific data.

Data Collection Methods

Quantitative data were collected through Python-based simulations of RL algorithms and structured
questionnaires. Qualitative data were gathered via semi-structured interviews conducted through Zoom. The
questionnaire included Likert-scale items and open-ended questions. Interview protocols were piloted and
refined for clarity. SPSS v28 was used for survey data analysis, while interview transcripts were coded manually
and validated through peer debriefing.

Data Analysis Procedures

Quantitative analysis involved descriptive statistics and performance metrics such as convergence speed and
computational efficiency of RL algorithms. Inferential statistics, including t-tests, were used to compare Q-
Learning and A3C outcomes. Qualitative data were analyzed using thematic analysis, identifying patterns related
to GenAl adoption, stakeholder engagement, and sustainability metrics. Python and SPSS were used for
quantitative analysis, while NVivo was used for qualitative coding.

Validity, Reliability, and Trustworthiness

Construct validity was ensured through expert review of instruments. Internal consistency was measured using
Cronbach’s alpha. External validity was supported by sampling across multiple banks. For qualitative data,
credibility was enhanced through member checking, transferability through thick description, dependability via
audit trails, and confirmability through reflexive journaling (Lincoln & Guba, 1985).
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Ethical Considerations

Ethical clearance was obtained from the UKZN Institutional Review Board. Informed consent was secured from
all participants. Confidentiality was maintained through anonymization of data. Participants were informed of
their right to withdraw at any stage. Data were stored securely and used solely for academic purposes.

Limitations of the Methodology

Limitations include potential sampling bias due to purposive selection and limited generalizability beyond the
SADC region. Technical constraints in algorithm implementation may affect reproducibility. Efforts to mitigate
these limitations included triangulation, pilot testing, and transparent reporting.

Justification and Alignment

The chosen methods align with the research objectives and questions. The mixed-methods approach enables a
comprehensive evaluation of both technical and contextual dimensions of RL-GenAl integration. Each research
question is addressed through appropriate data sources and analytical techniques, ensuring methodological
coherence and rigor.

Reporting Standards and Transparency

The study adheres to SRQR guidelines for qualitative research and APA 7th edition standards for reporting.
Appendices include survey instruments, interview protocols, and algorithm code snippets. Transparency is
maintained through detailed documentation, enabling replication and external validation.

RESULTS AND KEY FINDINGS

Recent studies explore the application of artificial intelligence (Al) and machine learning (ML) in banking and
finance. Reinforcement learning algorithms like Q-Learning and A3C have been implemented for cybersecurity
education and training (Kabanda et al., 2023). Generative Al adoption in banking faces challenges related to
regulatory compliance and data privacy, with five critical factors influencing its integration (Moharrak & Mogaji,
2024). Internal auditors in Zimbabwean banks recognize the potential of ML and Al for early fraud detection,
citing benefits such as enhanced speed and accuracy in identifying anomalies (Chingwaro et al., 2024). A
comprehensive analysis reveals growing adoption of Al and ML in financial institutions for various applications,
including algorithmic trading, risk management, and fraud detection (El Hajj & Hammoud, 2023). These studies
emphasize the need for adequate training, ethical considerations, and addressing challenges such as regulatory
compliance and data privacy concerns in Al implementation within the financial sector.

Performance Comparison of RL Algorithms

The quantitative analysis focused on evaluating the performance of Q-Learning and Asynchronous Advantage
Actor-Critic (A3C) algorithms in business contexts. Simulations conducted using Python revealed that:

- A3C demonstrated superior convergence speed, with a mean convergence time of 2.8 seconds compared to Q-
Learning’s 4.6 seconds.

- Computational efficiency was higher in A3C, with a standard deviation of 0.9, indicating more stable
performance across trials.

- Adaptability metrics, measured through dynamic policy shifts in changing environments, showed A3C adapting
34% faster than Q-Learning.

Table 1. Comparative Performance Metrics of RL Algorithms

Metric Q-Learning A3C

Page 1459


https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi

INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (1JRSI)
ISSN No. 2321-2705 | DOI: 10.51244/1JRSI [Volume XII Issue XII December 2025

Mean Convergence Time 4.6 sec 2.8 sec
Std. Dev. (Efficiency) 1.4 0.9
Adaptability Index 0.66 0.88

Statistical significance was confirmed via independent samples t-tests (p < .01), supporting Hypothesis H; that
A3C significantly outperforms Q-Learning in adaptability and efficiency.

GenAl in Sustainability Automation

Survey data from 370 participants across five Zimbabwean banks indicated strong support for GenAl in
automating sustainability metrics:

- 78% agreed that GenAl improved the accuracy of sustainability reporting.
- 72% reported enhanced timeliness in decision-making processes.

- Regression analysis showed a positive correlation (r =.67, p <.001) between GenAl integration and perceived
operational efficiency.

These findings support Hypothesis H», affirming that GenAl enhances the accuracy and timeliness of
sustainability decision-making.

Stakeholder Engagement via Immersive Technologies
Qualitative interviews with 10 key informants revealed three emergent themes:

1. Enhanced Visualization: Participants emphasized the value of Metaverse-based dashboards for real-time
sustainability tracking.

2. Interactive Learning: Stakeholders reported increased understanding of SDG metrics through immersive
simulations.

3. Trust and Transparency: Immersive platforms fostered greater trust in Al-driven decisions.

Illustrative quote:

“The Metaverse interface allowed us to visualize carbon footprints and energy usage in ways that traditional
reports never could.” — Bank IT Manager

These insights substantiate Hypothesis Hs, indicating that immersive technologies improve stakeholder
engagement and comprehension.

DISCUSSION

Interpretation of Key Findings

Findings indicate that the integrated RL-GenAl framework enhances decision-making agility and innovation.
While some results were non-significant, they offer insights into contextual limitations and scalability
challenges. The discussion incorporates managerial implications, emphasizing strategic alignment and digital
capability development (Teece, 2018).

The study confirms that A3C is a more robust RL algorithm for dynamic business environments, offering faster
convergence and higher adaptability. The integration of GenAl significantly improves sustainability automation,
while immersive technologies enhance stakeholder engagement. These findings directly address the research
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questions and validate the proposed hypotheses, demonstrating the feasibility of the RL-GenAl framework in
the SADC context.

Integration with Existing Literature

The results align with prior studies by Kabanda et al. (2023), who highlighted A3C’s effectiveness in
cybersecurity training. Similarly, Linkon et al. (2024) emphasized GenAl’s role in enhancing business
operations. The stakeholder engagement findings expand upon Dwivedi et al. (2023), who advocated for
Metaverse applications in SDG implementation.

This finding aligns with Krishna et al. (n.d.), who argued for the synergy of RL and GenAl in uncertain
environments. Expanding upon Chimhowu et al. (2019), this study contextualizes Al frameworks for regional
development planning.

Theoretical and Practical Implications

Theoretically, the study refines RL-GenAl integration models by demonstrating empirical performance
advantages and stakeholder-centric design. Practically, it offers a scalable architecture for Al-driven SDG
implementation, with applications in banking, policy evaluation, and sustainability education.

Policymakers and business leaders can leverage these insights to:

- Automate sustainability reporting.

- Enhance decision-making transparency.

- Foster inclusive innovation ecosystems.

Limitations

Despite its contributions, the study has limitations:

- Sampling bias due to purposive selection may affect generalizability.

- Technical constraints in algorithm deployment could limit reproducibility.

- Context specificity to Zimbabwean banks may not reflect broader SADC dynamics.

These limitations are acknowledged to guide future research and ensure transparency.

RECOMMENDATIONS FOR FUTURE RESEARCH

- Develop sector-specific RL-GenAl models for healthcare, agriculture, and education.

- Conduct longitudinal studies on immersive technologies’ impact on learning and decision-making.
- Explore ethical and governance frameworks for Al deployment in developing regions.

Integrative Conclusion

This study presents compelling empirical and conceptual evidence supporting the integration of Reinforcement
Learning (RL) and Generative Artificial Intelligence (GenAl) as a transformative framework for sustainable
business innovation in emerging economies. By validating the superior performance of the Asynchronous
Advantage Actor-Critic (A3C) algorithm in dynamic environments (Chen, Liu, & Li, 2021), demonstrating
GenAl’s efficacy in automating sustainability metrics (Moharrak & Mogaji, 2024), and showcasing the utility
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of immersive technologies for stakeholder engagement (Dwivedi et al., 2023), the research offers a scalable and
context-sensitive model for the Southern African Development Community (SADC) region.

The integrative framework contributes meaningfully to the evolving discourse on Al-driven transformation by
bridging theoretical constructs with practical applications. It synthesizes RL’s adaptive learning capabilities with
GenAl’s generative potential, thereby enabling intelligent systems to navigate complex socio-economic
landscapes (Krishna et al., n.d.; Linkon et al., 2024). Future research should prioritize domain-specific
customization, longitudinal impact assessments, and the development of ethical and governance frameworks
tailored to low-resource settings. As Floridi (2019) emphasizes, the societal implications of Al technologies
necessitate continuous scrutiny to ensure responsible innovation and equitable development.

Managerial Implications

Recent research highlights the transformative potential of Generative Al (GenAl) in business strategies and
operations. Organizations are increasingly adopting Al technologies, with 72% implementing Al solutions
(Usmanova, 2004). Successful integration requires structured governance, organizational preparedness, and
iterative testing (G. K. Smith, 2025). A strategic framework for Al implementation encompasses readiness
assessment, roadmap development, and risk management (Usmanova, 2004). Key readiness dimensions include
employee culture, technology management, organizational governance, strategy, infrastructure, knowledge
management, and security (Nortje & Grobbelaar, 2020). For human resource management, a framework based
on institutional entrepreneurship theory is proposed, focusing on aligning GAI with business objectives, strategic
resource assessment, and fostering a culture of continuous learning (Chowdhury et al., 2024). These frameworks
aim to help businesses navigate the complexities of Al integration, boost operational efficiency, and maintain a
competitive advantage while addressing ethical concerns and workforce adaptation challenges.

CONCLUSION

This study demonstrates the viability of integrating RL and GenAl for sustainable business transformation in the
SADC region. The A3C algorithm offers a robust foundation for intelligent automation, while GenAl enhances
operational efficiency and stakeholder engagement. The proposed framework aligns with global SDG targets
and offers a replicable model for other emerging economies.

Recommendations for Future Research

Development of sector-specific RL-GenAl models for healthcare, agriculture, and education. Longitudinal
studies on the impact of immersive technologies on learning and decision-making. Exploration of ethical and
governance frameworks for Al deployment in developing regions.

REFERENCES (APA 7TH EDITION)

1. Bi, Q. (2023). Analysis of the application of generative Al in business management. Advances in
Economics and Management Research, 6(1), 36.

2. Cano-Marin, 1. (2024). Understanding Generative Al Business Applications: A Guide to Technical
Principles and Real-World Applications. Springer. https://link.springer.com/book/10.1007/979-8-8688-
0282-9

3. Cano-Marin, 1. (2024). Empowering Al as autonomous researchers: Evaluating LLMs in generating
novel research ideas through automated metrics. In Al for Research and Scalable, Efficient Systems (pp.
108-141). Springer. https://link.springer.com/chapter/10.1007/978-981-96-8912-5 5

4. Chen, T., Liu, J. Q., & Li, H. (2021). Robustness assessment of asynchronous advantage actor-
critic. Journal of Computer Science and Technology, 36(5), 1002-1021.

5. Chimhowu, A., Hulme, D., & Munro, L. (2019). The 'new' national development planning and global
development goals: Processes and partnerships. World Development, 120, 76-89.
https://doi.org/10.1016/j.worlddev.2019.04.011

6. Chingwaro, T., Muchowe, R., & Isheal, M. (2024). Harnessing machine learning and artificial
intelligence for early fraud detection among banks in Harare, Zimbabwe: Internal auditors’ perspective.

Page 1462


https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://link.springer.com/book/10.1007/979-8-8688-0282-9
https://link.springer.com/book/10.1007/979-8-8688-0282-9
https://link.springer.com/chapter/10.1007/978-981-96-8912-5_5
https://doi.org/10.1016/j.worlddev.2019.04.011

INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (1JRSI)
ISSN No. 2321-2705 | DOI: 10.51244/1JRSI [Volume XII Issue XII December 2025

10.

11.

12.

13.

14.

18y

16.

17.

18.

19.
20.

21.

22.

23.

24,

Midlands Management Review. https://www.researchgate.net/publication/378862992 Harnessing

Machine Learning_and_Artificial_Intelligence_for_Ear-
ly_Fraud_Detection Among_Banks_in_Harare Zimbabwe_Internal_Auditors' Perspective

Chui, M., Hazan, E., Roberts, R., Singla, A., & Smaje, K. (2023). The economic potential of generative

Al. McKinsey Global Institute.

Creswell, J. W., & Poth, C. N. (2018). Qualitative inquiry and research design: Choosing among five

approaches (4th ed.). SAGE Publications.

Dwivedi, Y. K., et al. (2023). Metaverse beyond the hype. International Journal of Information

Management, 67, 102542.

Dwivedi, Y. K., et al. (2023). The metaverse and SDGs: Transforming business practices for a sustainable

future. In Metaverse and sustainability: Business resilience towards sustainable development goals (pp.

421-443). Springer. https://link.springer.com/chapter/10.1007/978-3-031-89545-6_23

El Hajj, M., & Hammoud, J. (2023). Unveiling the influence of artificial intelligence and machine

learning on financial markets: A comprehensive analysis of Al applications in trading, risk management,

and financial operations. Journal of Risk and Financial Management, 16(10), 434.

https://doi.org/10.3390/jrfm16100434

Floridi, L. (2019). The logic of information: A theory of philosophy as conceptual design. Oxford

University Press.

Guler, A, et al. (2024). How is ChatGPT acknowledged in academic publications? Scientometrics, 129,

7959-7969. https://link.springer.com/article/10.1007/s11192-024-05193-y

Hong, G., Cheng, H., Zhang, K., Chen, Z., & Zhang, S. (2022). Artificial intelligence and green

innovation. In Generative Al in creative industries (pp. 593-604). Springer.

https://link.springer.com/chapter/10.1007/978-3-031-89175-5_37

Hong, G., Cheng, H., Zhang, K., Chen, Z., & Zhang, S. (2022). Cleaner production strategy tailored

versatile biocomposites. Journal of Cleaner Production, 366, 132835.

Kabanda, G., Chipfumbu, C., & Chingoriwo, T. (2023). A reinforcement learning paradigm for

cybersecurity education and training. The Oriental Journal of Computer Science and Technology, 16(1).

https://www.researchgate.net/publication/385587798 A_Reinforcement_Learning_paradigm_for_Gene

rative_Al_Applications_in_Business

Krishna, A., et al. (n.d.). Critical GenAl literacy: Postdigital configurations. Postdigital Science and

Education. https://link.springer.com/article/10.1007/s42438-025-00573-w

Krishna, A, et al (n.d.). Agentic  Al:  Theories and  practices.  Springer.

https://link.springer.com/book/10.1007/978-3-031-90026-6

Lincoln, Y. S., & Guba, E. G. (1985). Naturalistic inquiry. SAGE Publications.

Linkon, A. A., Shaima, M., Sarker, M. S. U., Nabi, N., Rana, M. N. U., Ghosh, S. K., ... & Chowdhury,

F. R. (2024). A reinforcement learning paradigm for generative Al applications in business. Proceedings

of the 17th International Business Conference.

https://www.researchgate.net/publication/385587798 A _Reinforcement_Learning_paradigm_for_Gene

rative_Al_Applications_in_Business

Linkon, A. A., Shaima, M., Sarker, M. S. U., Nabi, N., Rana, M. N. U., Ghosh, S. K., ... & Chowdhury,

F. R. (2024). Advancements and applications of generative artificial intelligence and large language

models on business management: A comprehensive review. Journal of Computer Science and

Technology Studies, 6(1), 225-232.

https://www.researchgate.net/publication/385587798 A _Reinforcement_Learning_paradigm_for_Gene

rative_Al_Applications_in_Business

MoharrakMoharrak, M., & Mogaji, E. (2024). Generative Al in banking financial services and insurance:

A guide to use cases, approaches, and insights. In A. Saxena, S. Verma, & J. Mahajan (Eds.), Generative

Al in banking financial services and insurance. Springer. https://link.springer.com/book/10.1007/979-8-

8688-0559-2

Roumeliotis, K. I., & Tselikas, N. D. (2023). ChatGPT and Open-Al models: A preliminary

review. Future Internet, 15(6), 192. https://doi.org/10.3390/fi15060192

Setlur Arun, S. (2024). The impact of technology integration on student learning outcomes: A

comparative study. ResearchGate. https://www.researchgate.net/publication/373266726

Page 1463


https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://www.researchgate.net/publication/378862992%20Harnessing%20Machine%20Learning_and_Artificial_Intelligence_for_Ear-_ly_Fraud_Detection_Among_Banks_in_Harare_Zimbabwe_Internal_Auditors'_Perspective
https://www.researchgate.net/publication/378862992%20Harnessing%20Machine%20Learning_and_Artificial_Intelligence_for_Ear-_ly_Fraud_Detection_Among_Banks_in_Harare_Zimbabwe_Internal_Auditors'_Perspective
https://www.researchgate.net/publication/378862992%20Harnessing%20Machine%20Learning_and_Artificial_Intelligence_for_Ear-_ly_Fraud_Detection_Among_Banks_in_Harare_Zimbabwe_Internal_Auditors'_Perspective
https://link.springer.com/chapter/10.1007/978-3-031-89545-6_23
https://doi.org/10.3390/jrfm16100434
https://link.springer.com/article/10.1007/s11192-024-05193-y
https://link.springer.com/chapter/10.1007/978-3-031-89175-5_37
https://www.researchgate.net/publication/385587798_A_Reinforcement_Learning_paradigm_for_Generative_AI_Applications_in_Business
https://www.researchgate.net/publication/385587798_A_Reinforcement_Learning_paradigm_for_Generative_AI_Applications_in_Business
https://link.springer.com/article/10.1007/s42438-025-00573-w
https://link.springer.com/book/10.1007/978-3-031-90026-6
https://www.researchgate.net/publication/385587798_A_Reinforcement_Learning_paradigm_for_Generative_AI_Applications_in_Business
https://www.researchgate.net/publication/385587798_A_Reinforcement_Learning_paradigm_for_Generative_AI_Applications_in_Business
https://www.researchgate.net/publication/385587798_A_Reinforcement_Learning_paradigm_for_Generative_AI_Applications_in_Business
https://www.researchgate.net/publication/385587798_A_Reinforcement_Learning_paradigm_for_Generative_AI_Applications_in_Business
https://link.springer.com/book/10.1007/979-8-8688-0559-2
https://link.springer.com/book/10.1007/979-8-8688-0559-2
https://doi.org/10.3390/fi15060192
https://www.researchgate.net/publication/373266726

INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (1JRSI)
ISSN No. 2321-2705 | DOI: 10.51244/1JRSI [Volume XII Issue XII December 2025

&

25. Teddlie, C., & Tashakkori, A. (2009). Foundations of mixed methods research: Integrating quantitative
and qualitative approaches in the social and behavioral sciences. SAGE Publications.

26. Wanyonyi, M., & Murithi, J. (2025). Generative Al acceptance among future educators: Personality and

behavioral insights. Education and Information Technologies.

https://link.springer.com/article/10.1007/s10639-025-13678-3

27.Yin, R. K. (2018). Case study research and applications: Design and methods (6th ed.). SAGE
Publications.

Page 1464


https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://link.springer.com/article/10.1007/s10639-025-13678-3

	JEL Classification
	INTRODUCTION
	Background
	Problem Statement
	Research Objectives
	Research Questions
	Hypotheses
	Justification

	LITERATURE REVIEW
	Introduction
	Conceptual Framework
	Critical Engagement with Literature

	METHODOLOGY
	Methodological Paradigm and Philosophical Assumptions
	Research Design
	Population and Sampling Strategy
	Data Collection Methods
	Data Analysis Procedures
	Validity, Reliability, and Trustworthiness
	Ethical Considerations
	Limitations of the Methodology
	Justification and Alignment
	Reporting Standards and Transparency

	RESULTS AND KEY FINDINGS
	Performance Comparison of RL Algorithms
	GenAI in Sustainability Automation
	Stakeholder Engagement via Immersive Technologies
	DISCUSSION
	Interpretation of Key Findings
	Integration with Existing Literature
	Theoretical and Practical Implications
	Limitations
	RECOMMENDATIONS FOR FUTURE RESEARCH
	Integrative Conclusion

	Managerial Implications
	CONCLUSION
	Recommendations for Future Research
	REFERENCES (APA 7TH EDITION)



