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ABSTRACT 
 
Emerging technologies are transforming economic, social, and governance systems 
globally. This paper examines five cornerstone technologies—Blockchain, Artificial 
Intelligence (AI), Robotics and Automation, Voice Assistance and Natural Language 
Processing (NLP), and Quantum Computing—through their evolution, diffusion, acceptance, 
and uptake in Africa and beyond. Using theoretical lenses such as Rogers’ Diffusion of 
Innovations, the Technology Acceptance Model (TAM), and the Unified Theory of 
Acceptance and Use of Technology (UTAUT), the study analyzes key findings on adoption 
and policy frameworks. The findings reveal both promise and disparity: while global 
markets rapidly integrate these technologies, Africa faces infrastructural, regulatory, and 
skill-related barriers. The paper concludes with policy and research recommendations for 
inclusive and sustainable adoption. 
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1. INTRODUCTION  
 
The Fourth Industrial Revolution (4IR) marks a period of unprecedented technological 
advancement that integrates digital, physical, and biological systems (Schwab, 2017). At 
the center of this transformation are blockchain technology, artificial intelligence, robotics 
and automation, voice assistance and NLP, and quantum computing.  
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These technologies are reshaping industries, creating new economic models, and 
redefining the nature of work and communication. While the global North leads in 
investment, patents, and commercialization, Africa and other developing regions are 
rapidly adopting and adapting these technologies to local contexts. The continent’s mobile-
first ecosystem, for instance, has catalyzed blockchain-driven financial inclusion, while AI is 
being leveraged in Agriculture and Public Health (McKinsey & Company, 2024). However, 
challenges such as infrastructural deficits, low digital literacy, and regulatory uncertainty 
continue to constrain equitable diffusion (UNECA, 2023). In Africa, their emergence 
signifies both a challenge and an opportunity for development and inclusion (Gwagwa et 
al., 2020). This paper explores their evolution, diffusion, acceptance, and the policies 
required to bridge existing digital divides. 
 
 

 
 

Fig 1: Top 10 Emerging Technologies 
Source: https://alpinecollege.edu.in/top-10-emerging-technologies-every-cse-student-should-

know-in-2025/ 
 
2. RELATED LITERATURE 
 
Existing literature emphasizes the transformative potential of these technologies across 
economies. Blockchain has been widely studied for its applications in finance, supply 
chains, and public administration (Tapscott & Tapscott, 2018; Narayanan et al., 2016). AI 
has evolved from symbolic logic systems to deep learning models capable of human-like 
reasoning (Russell & Norvig, 2021). Robotics and automation have expanded productivity 
in manufacturing and logistics, reducing error rates and operational costs (Brynjolfsson & 
McAfee, 2014).  
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Voice assistants and NLP have revolutionized user interaction through systems such as 
Siri, Alexa, and Google Assistant, showcasing advancements in machine comprehension of 
language (Jurafsky & Martin, 2023). Quantum computing research highlights immense 
potential for cryptography, optimization, and drug discovery (Arute et al., 2019). In the 
African context, studies show uneven adoption driven by infrastructural limitations, policy 
uncertainty, and skills gaps (World Bank, 2023). 
 
2.1 Evolution, Diffusion, Acceptance, and Uptake of These Technologies  
Globally, these technologies have experienced rapid diffusion. Blockchain adoption has 
expanded from cryptocurrency platforms to central bank digital currencies (CBDCs) and 
decentralized finance (DeFi) applications (BIS, 2022). In Africa, countries like Nigeria and 
Kenya are pioneering blockchain in remittances and land registration (Akinsola et al., 
2022). AI diffusion is widespread, with global industries applying it in predictive analytics, 
healthcare, and agriculture, while African uptake is increasing through localized initiatives 
such as AI4D Africa (UNECA, 2021).  
 
Robotics and automation dominate advanced manufacturing economies but are slowly 
emerging in African logistics and mining sectors. Voice assistants, powered by NLP, are 
witnessing adoption challenges due to limited African language datasets, though startups 
are localizing systems for Swahili and Yoruba (Adebara & Suleman, 2022). Quantum 
computing remains in early experimentation globally, with Africa participating primarily 
through academic collaborations (IBM Research Africa, 2022). 
 
3. APPLICABLE  THEORETICAL FRAMEWORKS  
 
Five major frameworks guide this analysis. Rogers’ Diffusion of Innovations Theory (2003) 
explains how new technologies spread through populations based on perceived 
usefulness, trialability, and social influence. The Technology Acceptance Model (TAM) 
(Davis, 1989) posits that perceived ease of use and perceived usefulness determine 
individual adoption. The Unified Theory of Acceptance and Use of Technology (UTAUT) 
(Venkatesh et al., 2003) integrate these ideas with facilitating conditions and social norms.  
The Socio-Technical Systems Theory emphasizes interdependence between technology 
and social structures (Bostrom & Heinen, 1977).  Capability Approach (Sen, 1999) frames 
technology as an enabler of human development—particularly relevant for Africa’s inclusion 
goals. These models are instrumental in analyzing how cultural, infrastructural, and 
economic factors influence technological adoption, particularly in developing regions like 
Africa. 
 
4. FINDINGS ON USEFULNESS OF TECHNOLOGY AND TECHNOLOGY GAPS 
 
Findings reveal that while these technologies deliver significant economic and social 
benefits, disparities persist. Blockchain enhances transparency and trust but faces 
scalability and regulatory issues (Catalini & Gans, 2019). AI promotes efficiency and 
decision-making accuracy, yet its use is constrained by biased datasets and lack of 
computational resources in Africa (Nkonde, 2020). Robotics boosts productivity but 
displaces low-skilled labor, raising ethical concerns (Brynjolfsson & McAfee, 2014). NLP 
systems improve communication but underperform with African languages, reflecting 
digital linguistic marginalization (Adebara & Suleman, 2022). Quantum computing 
promises transformative breakthroughs but remains inaccessible due to high costs and 
complexity (Preskill, 2018).  
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However, the gaps and limitations include infrastructure deficits due to insufficient 
broadband, electricity, and computing capacity in many African nations, data inequality due 
to lack of localized datasets hampers AI and NLP (Google Africa, 2024), regulatory 
ambiguity due to limited frameworks for blockchain and AI ethics (OECD, 2023), skills 
shortage because of few local experts in quantum, AI, and automation technologies 
(UNECA, 2023), high entry costs as a result of  expensive robotics and quantum 
infrastructure limit adoption (Brookings Institution, 2020) among others.  
 
These findings underscore a widening technological gap that could exacerbate existing 
inequalities if not strategically addressed. 
 
5. RECOMMENDATIONS FOR POLICY, RESEARCH, AND PRACTICE  
 
To bridge global and regional disparities, governments should implement policies 
promoting infrastructure investment, digital education, and innovation ecosystems. In 
Africa, public–private partnerships can foster local technology incubation and research 
(UNECA, 2021). Regulatory frameworks should balance innovation with data protection 
and ethical considerations (OECD, 2023). Research institutions must focus on 
contextualized studies that localize AI and NLP models to African sociolinguistic realities. 
Policymakers should prioritize cross-border collaboration and open innovation to ensure 
equitable access to quantum and blockchain technologies. Finally, curricula should 
integrate AI ethics, computational thinking, and quantum literacy to build sustainable 
digital capacity. 
 
6. CONCLUDING REMARKS 
 
The convergence of blockchain, AI, robotics, NLP, and quantum computing is reshaping the 
global digital landscape. While advanced economies are rapidly exploiting their potential, 
Africa stands at a critical juncture of opportunity and risk. The diffusion and acceptance of 
these technologies depend on institutional readiness, human capital, and regulatory agility. 
With strategic investments and inclusive policy design, Africa can transition from consumer 
to contributor in the global technological ecosystem. 
7. FUTURE DIRECTIONS WITH THESE TECHNOLOGIES 
 
Future technological directions point toward convergence—where AI enhances blockchain 
for smart contracts, NLP facilitates human–machine collaboration, and quantum 
computing accelerates data analytics. Research will likely focus on explainable AI, 
decentralized governance, and quantum-safe cryptography (Arute et al., 2019; Preskill, 
2018). For Africa, future growth lies in integrating these technologies to address 
developmental priorities such as healthcare access, financial inclusion, and climate 
resilience. Continued investment in education, research, and cross-border collaboration 
will be vital to ensuring equitable participation in this rapidly evolving digital era. 
 
 
 
 
 
 
 
 



 
 

 
 

  

233 
 

Combined Proceedings of the 39th iSTEAMS Bespoke Conference – July, 2025  
& iSTEAMS Emerging Technologies onference  October, 2025  

REFERENCES 
 

1. Adebara, I., & Suleman, K. (2022). African NLP: Challenges and opportunities for 
inclusive AI. Journal of Language Technology and AI, 5(3), 44–59. 
https://doi.org/10.1007/s42803-022-00123-7 

2. Akinsola, O., Olatunji, O., & Eze, S. (2022). Blockchain adoption in African 
economies: Opportunities and challenges. African Journal of Information Systems, 
14(1), 101–120. https://doi.org/10.17705/1CAIS.06110 

3. Arute, F., et al. (2019). Quantum supremacy using a programmable 
superconducting processor. Nature, 574(7779), 505–510. 
https://doi.org/10.1038/s41586-019-1666-5 

4. Brookings Institution. (2020). Automation and the future of work in Sub-Saharan 
Africa. https://www.brookings.edu 

5. Bostrom, R. P., & Heinen, J. S. (1977). MIS problems and failures: A socio-technical 
perspective. MIS Quarterly, 1(3), 17–32. https://doi.org/10.2307/249018  

6. Brynjolfsson, E., & McAfee, A. (2014). The second machine age: Work, progress, 
and prosperity in a time of brilliant technologies. W. W. Norton. 

7. Catalini, C., & Gans, J. (2019). Some simple economics of the blockchain. 
Communications of the ACM, 63(7), 80–90. https://doi.org/10.1145/3359552 

8. Davis, F. D. (1989). Perceived usefulness, perceived ease of use, and user 
acceptance of information technology. MIS Quarterly, 13(3), 319–340. 
https://doi.org/10.2307/249008 

9. Google Africa. (2024). Africa’s digital decade: Expanding AI and language access. 
https://blog.google/intl/en-africa/ 

10. Gwagwa, A., Kazim, E., Hilliard, A., & Jansen, F. (2020). Artificial intelligence in 
Africa’s development: Challenges and opportunities. AI & Society, 36(3), 769–781. 
https://doi.org/10.1007/s00146-020-01004-3 

11. IBM Research Africa. (2022). Quantum computing in Africa: Emerging trends and 
collaborations. Retrieved from https://research.ibm.com 

12. Jurafsky, D., & Martin, J. H. (2023). Speech and language processing (3rd ed.). 
Prentice Hall. 

13. McKinsey & Company. (2024). Leading, not lagging: Africa’s generative AI 
opportunity. https://www.mckinsey.com  

14. Narayanan, A., Bonneau, J., Felten, E., Miller, A., & Goldfeder, S. (2016). Bitcoin 
and cryptocurrency technologies. Princeton University Press. 

15. Nkonde, M. (2020). Algorithmic bias and racial inequity in artificial intelligence. 
Technology in Society, 63, 101–112. 
https://doi.org/10.1016/j.techsoc.2020.101268 

16. OECD. (2023). AI, data, and privacy: Global regulatory frameworks. OECD 
Publishing. https://doi.org/10.1787/ai-data-privacy-2023-en 

17. Preskill, J. (2018). Quantum computing in the NISQ era and beyond. Quantum, 
2(79), 1–20. https://doi.org/10.22331/q-2018-08-06-79 

18. Rogers, E. M. (2003). Diffusion of innovations (5th ed.). Free Press. 
19. Russell, S., & Norvig, P. (2021). Artificial intelligence: A modern approach (4th ed.). 

Pearson. 
20. Schwab, K. (2017). The Fourth Industrial Revolution. Crown Business. 
21. Tapscott, D., & Tapscott, A. (2018). Blockchain revolution: How the technology 

behind bitcoin is changing money, business, and the world. Penguin. 
 
 



 
 

 
 

  

234 
 

Combined Proceedings of the 39th iSTEAMS Bespoke Conference – July, 2025  
& iSTEAMS Emerging Technologies onference  October, 2025  

22. UNECA. (2021). Artificial intelligence for development in Africa. United Nations 
Economic Commission for Africa. https://www.uneca.org 

23. Venkatesh, V., Morris, M. G., Davis, G. B., & Davis, F. D. (2003). User acceptance of 
information technology: Toward a unified view. MIS Quarterly, 27(3), 425–478. 
https://doi.org/10.2307/30036540 

24. World Bank. (2023). Digital economy in Africa: Progress and prospects. World Bank 
Group. https://www.worldbank.org 


