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Abstract
Africa’s large population faces high unemployment, underscoring the critical importance of  
livelihood  strategies.  Artificial  intelligence’s  (AI)  potential  to  transform  work  offers 
opportunities  but  also  threatens  the  under-skilled  workforce.  Therefore,  this  study 
investigated Sub-Saharan Africa’s efforts to ensure human-machine collaboration to address 
the  challenges  of  unemployment  and  related  issues  of  poverty  and  high  inequality.  A 
systematic literature review was conducted to examine studies published between 2020 and 
2025.  Using  the  Sustainable  Development  Goals  (SDGs)  framework  and  the  capability 
approach,  it  analysed  how  human-machine  collaboration  influences  progress  toward 
achieving the United Nations Agenda 2030. Findings reveal that the region is unable to 
benefit  from  advanced  technologies.  Additionally,  challenges  related  to  infrastructure, 
digital and AI literacy, telecommunications, and transportation affect business success. With 
a  willing  youth  population,  the  region  offers  universities  opportunities  to  introduce  AI 
curricula and forge private-sector partnerships that equip students with practical AI skills. 
These findings contribute to the digitalisation literature and highlight potential avenues for 
skilling and reskilling the SSA’s workforce to coexist with AI systems. Policymakers should 
prioritise  digital  transformation  to  prevent  inadequate  infrastructure  from  hindering  the 
region’s development. Addressing these challenges creates opportunities for the region and 
accelerates progress toward the SDGs.
Keywords: artificial intelligence, human-machine collaboration, skills, employment, digital 
transformation, Sub-Saharan Africa.
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Introduction
Human-Machine collaboration is a vital component of Work 5.0, highlighting the 
development of human capabilities and decision-making beyond their replacement 
by automation (Mourtzis et al., 2023). Human-machine collaborations are social-
technical  systems  whereby  humans  and  technology  work  together  to  complete 
tasks.  This  type  of  partnership  is  characterised  by  automation  and  technical 
autonomy  (Jarrahi  et  al.,  2023).  Automation  refers  to  instances  in  which 
technological systems replace tasks formerly performed by humans, generally to 
increase productivity by reducing direct human engagement in activities (Simmler 
& Frischkencht,  2021).  However,  substituting for human input,  human-machine 
collaboration improves performance by integrating human and machine strengths, 
whereby each contributes to tasks for which they are best suited (Kolbeinsson et 
al., 2019). Others argue that these technologies threaten job security, especially in 
labour-  intensive  sectors  (Mvile  &  Bishoge,  2024).  Therefore,  human-machine 
collaboration requires evaluating the tasks performed by humans and machines, as 
well  as the degree of autonomy afforded to technological  systems (Simmler & 
Frischkencht, 2021; Kolbeinsson et al., 2019).

This  chapter  investigates  how human-machine  collaboration  can  address 
socio- economic issues and identify gaps to be addressed in preparing Sub-Saharan 
Africa’s (SSA) workforce to be artificial intelligence (AI) literate, not to threaten 
job  security.  The  noted  technical  needs  include  infrastructure  challenges,  an 
unstable electricity supply, and limited digital connectivity, which hinder effective 
technological implementation in SSA (Bakibinga-Gaswaga et al., 2020). Human-
machine  collaboration  is  essential  because  automation  creates  structural  job 
changes rather than displacement, as machines require human support (Vermeulen 
et al., 2018).

The  impact  of  human-machine  interaction  has  been  widely  researched 
(Kolbeinsson et al., 2019; Morutzis et al., 2023; Simmler & Frischkencht, 2021; 
Wang & Li, 2025), but research in the African context remains limited. This study, 
therefore, fills this gap by synthesising findings from SSA on the topic. It provides 
recommendations for enhancing human-machine collaboration using the SSA case. 
Policymakers can thus align digital  transformation efforts in ways that will  not 
entrench  existing  educational  and  digital  inequalities.  Hence,  elevating  human-
machine  collaboration  is  crucial  to  foster  inclusive  growth  and  digital 
transformation  (Das,  2024;  Modiba  et  al.,  2024)  in  SSA,  harnessing  its 
demographic potential and ensuring that technology is developed with and for the 
people. Therefore, the following research questions are posed to guide the review:

- What are the impediments to human-machine collaboration in SSA?
- How is human-machine collaboration embraced in SSA?
- How  can  human-machine  collaboration  address  SSA’s  socio-economic 

issues?
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Methods and Materials
Data collection for analysis entailed systematically retrieving peer-reviewed and 
grey  literature.  Materials  were  sourced  from  the  ScienceDirect  and  Scopus 
databases and from Google for grey literature. Guided by the Preferred Items for 
Systematic and Meta-Analysis – PRISMA (Page et al., 2021), identified records 
were screened, appraised (Segooa et al.,  2025), and seven were included in the 
study (see Figure 10.1).

Figure 10.1
Adapted PRISMA Flow Diagram 

Note.  Adapted  from “The  PRISMA 2020  statement:  An  updated  guideline  for 
reporting  systematic  reviews”  by Page  et  al.,  2021,  BMJ,  372, Article  71 
(https://doi.org/10.1136/bmj.n71). Copyright 2021 BMJ Publishing Group Ltd.

Using  the  search  string  “human  machine  collaboration  AND  digital 
transformation AND Sub-Saharan Africa AND employment AND infrastructure,” 
the databases were searched and filtered according to the inclusion and exclusion 
criteria in Table 10.1.
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Table 10.1
Inclusion and Exclusion Criteria

Inclusion Exclusion
- Sub-Saharan Africa
- Studies on human-machine 
collaboration, AI integration, skills gap, 
workforce displacement, and digital 
transformation
- English studies
- Research articles
- Period between 2020 and 2025
- Full-text available through institutional 
access

- Regions outside (SSA)
- Studies not addressing human-
machine collaboration, AI, 
workforce issues, digital 
transformation
- Non-English studies
- Conference proceedings, reviews, 
book chapters, encyclopaedias
- Before 2020 and after 2026
- Inaccessible texts

Theoretical Framework
The capability approach suggests that people require specific skills to support their  
capacity to change their life situations (Sen, 2005). It also argued that this approach 
can be used to test how specific technologies impact people’s lives (Modiba & 
Kaye, 2023). In the case of technologies such as AI, the capability approach can 
help identify skill deficiencies and how to address them to enable human-machine 
collaboration (Bobitan et al., 2024). The SDG framework presents 17 goals with 
corresponding targets (UN, 2025) that countries can use to track their progress in 
addressing  challenges  to  sustainable  development.  For  this  study,  SDGs 1  (no 
poverty),  2  (zero hunger),  4  (quality  education),  8  (decent  work and economic 
growth), 9 (industry, innovation, and infrastructure), and 10 (reduced inequalities) 
will  be  used  to  evaluate  how  the  use  of  technology  impacts  sustainable 
development.

While other scholars use theories such as institutional enactment, systems 
theory,  and  the  sustainable  livelihood  framework,  sustainable  development, 
diffusion of innovation, and resilient theory (Nahar, 2024; Wang & Li, 2025), these 
were not deemed suitable for this study, given that the human aspect is the key 
focus. Therefore, the SDG framework is used in conjunction with the capability 
approach to analyse the data using content and thematic analysis.
Socioeconomic Context of Human-Machine Collaboration
Human-machine collaboration uses technologies such as AI, Augmented Reality 
(AR),  and  Virtual  Reality  (VR)  to  enhance  human  skills  and  decision-making 
(Isaza & Cepa, 2024). These advanced technologies reconfigure tasks, automating, 
shifting, or eliminating roles, requiring workers to adapt (Agreli et al., 2021). Thus, 
AI can work alongside people rather than replace them (Hudson, 2025; Resh et al., 
2025).
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The  Sub-Saharan  African  (SSA)  labour  market  is  characterised  by 
informality, with 86% of jobs (excluding agriculture) under this sector (Hanine et 
al., 2024). Thus, technology adoption is constrained by cost considerations.

However,  it  is  believed  that  labour-intensive  industries  such  as 
manufacturing  may  adopt  advanced  technologies,  thereby  threatening 
technological and inclusive development (Arruda & Pimenta, 2024).

Sub-Saharan Africa’s education systems face severe inequality and limited 
digital  access;  only  6%  of  schools  have  internet  access,  which  is  the  lowest 
proportion globally (Langthaler & Bazafkan, 2020). This lack of internet access 
could exacerbate socio-technical disparities rooted in limited electricity access and 
expensive hardware and data costs, thereby impeding skill acquisition related to 
digital  platforms and  AI  (Chakroun et  al.,  2019).  Thus,  improving  educational 
equity is essential for technology adoption.

Sub-Saharan Africa’s large youth population offers a demographic dividend 
if  employment  challenges  are  addressed  (Mamphiswana  & Bekele,  2020).  The 
projected population growth of 2.5 billion by 2050 requires 1.1 billion new jobs 
(Hanine  et  al.,  2024).  However,  there  are  concerns  about  whether  youth  are 
acquiring  the  skills  required  for  the  Fourth  and  Fifth  Industrial  Revolutions 
(Masilo, 2025). Realising this potential requires significant investment in human 
capital and in institutions capable of absorbing the workforce.
Skills Gaps and Intelligent Machines
An extensive skills gap separates the demands of the 4IR economy from the SSA 
workforce. To compete, they need to develop foundational and intermediate digital  
skills, including AI literacy (Banga & te Velde, 2019; Bobitan et al., 2024).

Technical  skills,  such  as  problem-solving  and  data  analysis  (Bashir  & 
Daniels, 2022), and soft skills, such as judgment, communication, and adaptability 
(Chigbu & Makapela, 2025), are also critical. The skills challenge stems from the 
misalignment  between educational  and  industry  needs.  Nevertheless,  traditional 
education systems are often of low quality and fail to teach digital and problem-
solving skills (Okoye et al., 2024). Therefore, there is a need to equip graduates 
with complementary digital, technical, and soft skills to alleviate the region’s high 
unemployment.
Infrastructure Constraints and Digital Readiness
Energy access affects digital readiness. Only 70% of communities in SSA have 
access to electricity,  which also affects  broadband access,  the rollout  of  digital 
technologies, and ICT use (Tryphone et al., 2023). Connectivity is uneven: while 
mobile broadband covers 81% of the population, only 30% are online, particularly 
in rural areas, underscoring the need for targeted infrastructure policies (Alper & 
Miktus, 2019).

Sub-Saharan  Africa  lags  other  regions  in  digital  technology  adoption, 
resulting in a digital divide (Astuti & Ayinde, 2025; Wang & Li, 2025). Human 
capital,  infrastructure,  and  political  stability  all  influence  these  disparities. 
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According to Das (2024), when organisations show a seamless integration of ICT, 
IoT,  and  AI,  it  can  be  assumed that  digital  transformation  has  been  achieved. 
Therefore, where disparities exist, equitable access requires reconsideration.
Sectoral Experiences of Human-Machine Collaboration
According  to  Chigbu  and  Makapela  (2025),  human-machine  collaboration 
underlies Industry 5.0 (I5.0), Education 5.0, and Work 5.0, emphasising capability 
augmentation  rather  than  replacement.  This  collaboration  leverages  human 
strengths,  such  as  decision-making  and  creativity,  while  AI  automates  routine 
tasks. However, risks such as deskilling and surveillance can threaten autonomy, 
requiring trust and transparency in design.

Automation is likely to emerge first in capital-rich sectors such as mining 
and high-wage manufacturing, where global firms already use robotic loaders and 
trucks  (Gaus  & Hoxtell,  2019).  As noted by Anosike  et  al.  (2024),  Intelligent 
Agriculture (IA) is used for food security, leveraging technologies such as IoT. 
However, they face financial, technological, and political barriers. Moreover, small 
businesses  in  the  region’s  manufacturing  sector  are  adopting  Industry  4.0 
technologies, but still lag international competitors (Peter et al., 2023). Therefore, 
financial support is crucial for the adoption of AI and IA.

The adoption of AI in SSA public administration faces challenges related to 
accountability,  inclusion,  and  integrity.  However,  e-governance  is  improving 
transparency,  but  there  are  concerns  about  marginalising  public  personnel 
(Plantinga,  2024).  Artificial  intelligence  is  transforming  healthcare  in  SSA, 
increasing diagnostic accuracy (e.g., 92% for tuberculosis) and enabling predictive 
analysis to reduce outbreaks by up to 85% (Serge Andigema et  al.,  2025).  AI-
powered telemedicine also improves resource allocation and access to healthcare in 
low-resource areas.

Results and Discussions
The findings are presented in accordance with the research questions set out in the 
chapter. The use of advanced technologies remains generally low in the reviewed 
records, with the discussion centering on how AI technologies might be used to 
support various business processes, summarised in Table 10.2.
Impediments to Human-Machine Collaboration in SSA
Results from Kenyan small businesses indicate an interest in using AI tools, though 
they  have  not  yet  been  adopted  (SSA-2).  The  study  highlighted  limitations  of 
current human-AI interactions, which are predominantly two-way and misaligned 
with the relational, decentralised structure of Kenyan businesses. This underscores 
the need for context-responsive, customised technologies. The latter is emphasised 
by prompt engineering, which may fail to collaborate with users if prompts are not 
carefully developed, thereby confirming the AI skills cited by Banga and te Velde 
(2019). It also signals a need for locally designed AI technologies. SSA-1, SSA-3 
and  SSA-4  cite  a  lack  of  skills  as  an  impediment  to  adopting  AI  tools,  thus 
affecting human-machine collaboration.
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Table 10.2
Summary of Findings

Identifier Source Country Key Findings

SSA-1
Dlamini & 
Ndzinisa 
(2025)

SSA
AI could increase existing social disparities. 
AI-supported education is required  for 
digital literacy

SSA-2
Ankrah et al. 
(2025)

Kenya

The individualised interaction  between 
humans and AI in the business sector is 
community-driven.  Prompt engineering is 
limiting collaboration

SSA-3
Takawira & 
Pooe (2025)

South Africa
SME equipped for I5.0.  Financial 
investment, skilled workers, and digital 
infrastructure are key enablers

SSA-4
Okoruwa et al. 
(2022)

SSA

Low-skilled workers are affecting technology 
adoption.  Lack  of  infrastructure  and  the 
digital  divide  hinder  the  adoption  of 
emerging technologies

SSA-5
Klenam et al. 
(2025)

SSA
AI  is  reducing  the  cost  of  additive 
manufacturing.  Machine  learning  handling 
large datasets

SSA-6
David-
Olawade et al. 
(2025)

Nigeria Lack of AI foundational knowledge

SSA-7
Armar et al. 
(2025)

SSA

The adoption of advanced technologies in 
SSA faces significant hurdles. Improving 
delivery systems can address infrastructural 
limitations

SSA-6  highlights  limited  AI  knowledge  and  awareness  of  AI  applications  as 
another  challenge  affecting  this  human-machine  engagement.  Infrastructural 
challenges constitute a significant hurdle to accessing these technologies (SSA-1; 
SSA-4; SSA-5; SSA-7). SSSA-1and SSA-7 also mention low internet usage in the 
region,  aligning  with  Alper  and  Miktus  (2019)  and  Tryphone  et  al.  (2023). 
Financial  resources  and  affordability  were  cited  as  another  hindrance  (SSA-3; 
SSA-4;  SSA-7;  Anosike  et  al.,  2023).  SSA-4  and  SSA-6  argue  that  policy 
formulation processes and governance issues also affect the adoption of advanced 
technologies.
Embracing Human-Machine Collaboration
The  Kenyan  study  highlights  small  businesses’  interest  in  adopting  AI 
technologies.  SSA-1  report  on  AI-powered  tools  used  in  the  region,  such  as 
chatbots  to  triage  resources  (Rwanda),  drought  forecasting  drones  (SA),  blood 
delivery systems (Ghana), and satellite imagery and vulnerable group identification 
(Togo). They, however, emphasise the need for tools to be contextually relevant 
and designed to meet local needs, particularly the social capital valued by these 
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businesses. As noted by SSA-1, the proliferation of AI technologies in the region 
can potentially exacerbate existing disparities. Like the digital divide that continues 
to hinder digital transformation in the least connected areas (Modiba et al., 2024),  
there  is  a  need  to  manage  the  adoption  of  digital  technologies.  The  proposed 
conceptualisation  by  SSA-2  presents  a  radical  technology  adoption.  The 
collaboration  between people  and  AI  should  therefore  shift  from individual-AI 
interaction to community-AI, thereby strengthening collaboration between humans 
and machines. In additive manufacturing (AM), AI is used to manage production 
and  design  processes  and  to  handle  large  datasets  (SSA-5).  However,  the 
collaborative  aspect  is  still  lacking.  Healthcare  students  in  Nigeria  expressed 
interest  in  AI  training  and  believed  that  its  integration  into  healthcare  would 
improve patient outcomes (SSA-6). The need for training supports Peter’s (2023) 
findings.
Human-Machine Collaboration Potentially Addressing Socio-Economic Issues 
in SSA
It can be used to identify vulnerable people in need of aid, support the provision of 
quality  education and health  services,  and help tackle  the SDGs by generating 
inclusive solutions to address existing inequalities, provided AI models are well-
trained (SSA-1). It can further assist with optimising work, addressing upskilling 
and data management challenges in resource-constrained business sectors (SSA-2; 
SSA-7). Work optimisation could be viewed as a threat to those who need to be 
absorbed in the labour market. Job creation and the formalisation of sectors are 
other benefits of these advanced technologies (SSA-4; SSA-5). SSA-3 argues that 
with  I5.0  collaborative  robots  (cobots)  present  the  ultimate  human-machine 
collaboration that will  improve operation of small  businesses through enhanced 
employability with cobots working alongside human, improved productivity (SSA-
7), and job satisfaction through the combination of human creativity and problem 
solving  and  machine  precision,  supporting  literature  findings  of  Chigbu  and 
Makapela (2025); Hudson (2025) and Resh et al. (2025). Within the AM space, it 
can foster regional inclusive industrialisation and reduce dependence on imports 
for  critical  systems  (SS-5).  The  above  findings  indicate  that  skills  and 
infrastructure are major factors affecting human-machine collaboration. While the 
CA argues that with skills, people are able to create and adopt opportunities before 
them, the infrastructural issue is a significant impediment because it takes away 
possibilities for those without adequate infrastructures, limiting their abilities to 
acquire  and  sharpen  their  digital  and  AI  skills  to  be  prepared  for  the  5.0  to 
collaborate  and co-create  with AI tools.  This  means that  this  limitation affects 
some  communities  in  SSA  in  addressing  issues  of  poverty  and  zero  through 
participation in the digital economy and access to quality education that equips 
them with such skills (SSA-1). Figure 10.2 illustrates the noted gaps that the digital 
transformation agenda could address and the SDGs that could be achieved through 
the proposed collaborations.
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Figure 10.2
Human-Machine Collaboration for SDG Attainment

The framework shows that when capabilities are nurtured, humans can learn 
the requisite AI skills to work together with the tools to help solve socio-economic 
problems  that  humans  understand  well.  Forging  their  creativity  and  machine 
competencies,  the  region  can  also  develop  technologies  that  resonate  with 
communities’ needs.

Conclusion
Human-machine collaboration is a key feature of Work 5.0 and is crucial for SSA, 
as  it  promotes  augmentation and complementarity,  enabling job creation rather 
than job displacement. Nevertheless, successful implementation faces substantial 
barriers: a significant skills gap and inadequate infrastructure, such as unreliable 
electricity and limited connectivity. These challenges may exacerbate the digital 
divide  and  hinder  the  region’s  capacity  to  develop  contextually  and  culturally 
relevant AI tools.

Achieving  inclusive  development  requires  a  multifaceted  approach, 
including reforms to the education system, the development of digital and socio-
behavioural  skills,  and  investments  in  smart,  integrated  infrastructure,  typically 
fostered through public-private partnerships. The future of work in SSA depends 
on ensuring that technology is developed for and with the people of the region.

This study’s scope was limited to two academic databases. Future research 
should  pursue  comparative  studies  across  SSA  countries  and  use  empirical 
methods to investigate the practical implementation of human-machine systems in 
various work contexts.

154



Artificial Intelligence in Digital Society, Vol. 1, 2026

References 
Agreli,  H.,  Huising,  R.,  &  Peduzzi,  M.  (2021).  Role  reconfiguration:  What 

ethnographic studies tell us about the implications of technological change 
for  work  and  collaboration  in  healthcare.  BMJ  Leader,  5, 245–249. 
https://doi.org/10.1136/leader-2020-000344

Alper, M. E., & Miktus, M. (2019). Digital connectivity in sub-Saharan Africa: A 
comparative  perspective.  International  Monetary  Fund. 
https://www.imf.org/en/publications/wp/issues/2019/09/27/digital- 
connectivity-in-sub-saharan-africa-a-comparative-perspective-48692

Ankrah,  E.  A.,  Awori,  K.,  Nyairo,  S.,  Muchai,  M.,  Ochieng,  M.,  Kariuki,  M., 
Geissler,  J.,  &  O’Neill,  J.  (2025,  April).  Social  by  nature:  How socio- 
tecture  shapes  the  work  of  SMBs  and  considerations  for  reimagining 
collaborative  human-AI  systems.  In  Proceedings  of  the  2025  CHI 
Conference  on  Human  Factors  in  Computing  Systems  (pp. 1–19). 
Association for Computing Machinery. 
https://doi.org/10.1145/3613904.3642264

Anosike, A., Liravi, P., & Silas, U. (2024). A roadmap for intelligent agriculture in 
Africa: A case study of sub-Saharan Africa.  IEOM Society International. 
https://index.ieomsociety.org/index.cfm/article/view/ID/14066 

Arruda, E. P., & Pimenta, D. (2024). Challenges and implications of microwork in 
the age of artificial intelligence: A global socioeconomic analysis.  Human 
Resources  Management  and  Services,  6(2),  Article  3452. 
https://doi.org/10.54254/2753-8818/6/20243452

Astuti, H. M., & Ayinde, L. A. (2025). Uneven progress: Analyzing the factors 
behind digital technology adoption rates in Sub-Saharan Africa (SSA). Data 
& Policy, 7, Article e23. https://doi.org/10.1017/dap.2024.47

Bakibinga-Gaswaga,  E.,  Bakibinga,  S.,  Bakibinga,  D.  B.  M.,  &  Bakibinga,  P. 
(2020). Digital technologies in COVID-19 responses in sub-Saharan Africa: 
Policies,  problems  and  promises.  The  Pan  African  Medical  Journal, 
35(Suppl  2),  Article  38. 
https://doi.org/10.11604/pamj.supp.2020.35.2.23456

Banga,  K.,  & te  Velde,  D.  W.  (2019).  Preparing developing countries  for  the 
future  of  work:  Understanding  the  skills  ecosystem  in  a  digital  era. 
Pathways  Commission. 
https://pathwayscommission.bsg.ox.ac.uk/sites/default/files/2019-11/
preparing_developing_countries.pdf

Bashir, S., & Daniels, C. (2022). Digital skills in Africa: Prospects for AU-EU 
collaboration.  In  Africa-Europe  cooperation  and  digital  transformation 
(pp. 184–198). Routledge. https://doi.org/10.4324/9781003274322

Bobitan, N., Dumitrescu, D., Popa, A. F., Sahlian, D. N., & Turlea, I. C. (2024). 
Shaping  tomorrow:  Anticipating  skills  requirements  based  on  the 
integration of artificial intelligence in business organizations – A foresight 

155

https://doi.org/10.4324/9781003274322
https://pathwayscommission.bsg.ox.ac.uk/sites/default/files/2019-11/preparing_developing_countries.pdf
https://pathwayscommission.bsg.ox.ac.uk/sites/default/files/2019-11/preparing_developing_countries.pdf
https://doi.org/10.11604/pamj.supp.2020.35.2.23456
https://doi.org/10.1017/dap.2024.47
https://doi.org/10.54254/2753-8818/6/20243452
https://index.ieomsociety.org/index.cfm/article/view/ID/14066
https://www.imf.org/en/publications/wp/issues/2019/09/27/digital-%20connectivity-in-sub-saharan-africa-a-comparative-perspective-48692
https://www.imf.org/en/publications/wp/issues/2019/09/27/digital-%20connectivity-in-sub-saharan-africa-a-comparative-perspective-48692
https://doi.org/10.1136/leader-2020-000344


Artificial Intelligence in Digital Society, Vol. 1, 2026

analysis  using  the  scenario  method.  Electronics,  13(11),  Article  2198. 
https://doi.org/10.3390/electronics13112198

Chakroun,  B.,  Miao,  F.,  Mendes,  V.,  Domiter,  A.,  Fan,  H.,  Kharkova,  I., 
Avramova,  E.,  &  Rodriguez,  S.  (2019).  Artificial  intelligence  for 
sustainable  development:  Synthesis  report,  mobile  learning  week  2019. 
UNESCO. https://unesdoc.unesco.org/ark:/48223/pf0000370308

Chigbu, B. I., & Makapela, S. L. (2025). AI in education, sustainability and the 
future of work: An integrative review of Industry 5.0, Education 5.0 and 
Work  5.0.  Journal  of  Open  Innovation:  Technology,  Market  and 
Complexity, Article 100645. https://doi.org/10.1016/j.joitmc.2025.100645

Das,  D.  K.  (2024).  Exploring  the  symbiotic  relationship  between  digital 
transformation, infrastructure,  service delivery, and governance for smart 
sustainable  cities.  Smart  Cities,  7(2),  806–835. 
https://doi.org/10.3390/smartcities7020034

David-Olawade, A. C., Wada, O. Z., Adeniji, Y. J., Aderupoko, I. V., & Olawade, 
D. B. (2025). Artificial intelligence readiness among healthcare students in 
Nigeria: A cross-sectional study assessing knowledge gaps, exposure, and 
adoption willingness. International Journal of Medical Informatics, Article 
106085. https://doi.org/10.1016/j.ijmedinf.2025.106085

Dlamini,  R.,  &  Ndzinisa,  N.  (2025).  Towards  a  critical  discourse  on  artificial 
intelligence  and  its  misalignment  in  sub-Saharan  Africa:  Through  an 
equality, equity, and decoloniality lens. Journal of Education (University of 
KwaZulu-Natal), 98, 42–61. https://doi.org/10.17159/2520-9868/i98a03

Gaus, A., & Hoxtell, W. (2019). Automation in Sub-Saharan Africa: Is the Future 
of  Work  at  Risk? Konrad  Adenauer  Stiftung. 
https://www.kas.de/de/kurzum/detail/-/content/automation-in-sub-saharan-
africa-is-the-future-of-work-at-risk

Hanine, S., Dinar, B., & Meftah, S. (2024). From tripalium to otium: What future 
for  work in  the  era  of  disruptive  technologies?  International  Journal  of 
Economic  and  Management  Decisions,  2(4),  43–58. 
https://doi.org/10.62241/ijemd.24.4358.2345

Isaza, L., & Cepa, K. (2024). Automation and augmentation: A process study of 
how  robotization  shapes  tasks  of  operational  employees.  European 
Management Journal, 1-14. https://doi.org/10.1016/j.emj.2024.01.003

Jarrahi, M. H., Lutz, C., Boyd, K., Oesterlund, C., & Willis, M. (2023). Artificial 
intelligence in the work context. Journal of the Association for Information 
Science and Technology, 74(3), 303–310. 
https://doi.org/10.1002/asi.24730

Klenam, D. E. P., McBagonluri, F., Asumadu, T. K., Osafo, S. A., Bodunrin, M. 
O.,  Agyepong,  L.,  Ojo,  S.  O.,  &  Soboyejo,  W.  O.  (2025).  Additive 
manufacturing:  Shaping  the  future  of  the  manufacturing  industry— 
Overview  of  trends,  challenges  and  opportunities.  Applications  in 

156

https://doi.org/10.1002/asi.24730
https://doi.org/10.1016/j.emj.2024.01.003
https://doi.org/10.62241/ijemd.24.4358.2345
https://www.kas.de/de/kurzum/detail/-/content/automation-in-sub-saharan-africa-is-the-future-of-work-at-risk
https://www.kas.de/de/kurzum/detail/-/content/automation-in-sub-saharan-africa-is-the-future-of-work-at-risk
https://doi.org/10.17159/2520-9868/i98a03
https://doi.org/10.1016/j.ijmedinf.2025.106085
https://doi.org/10.3390/smartcities7020034
https://doi.org/10.1016/j.joitmc.2025.100645
https://unesdoc.unesco.org/ark:/48223/pf0000370308
https://doi.org/10.3390/electronics13112198


Artificial Intelligence in Digital Society, Vol. 1, 2026

Engineering  Science,  Article  100224. 
https://doi.org/10.1016/j.apples.2025.100224

Kolbeinsson,  A.,  Lagerstedt,  E.,  &  Lindblom,  J.  (2019).  Foundation  for  a 
classification  of  collaboration  levels  for  human-robot  cooperation  in 
manufacturing.  Production  &  Manufacturing  Research,  7(1),  448–471. 
https://doi.org/10.1080/21693277.2019.1645628

Langthaler,  M.,  &  Bazafkan,  H.  (2020).  Digitalization,  education  and  skills 
development in the Global South: An assessment of the debate with a focus 
on Sub-Saharan Africa (ÖFSE Briefing Paper No. 28). Austrian Foundation 
for Development Research. https://ideas.repec.org/p/zbw/oefseb/28.html

Mamphiswana,  R.,  &  Bekele,  M.  (2020).  The  fourth  industrial  revolution: 
Prospects  and  challenges  for  Africa.  Ethiopian  Academy  of  Sciences. 
https://saiia.org.za/wp-content/uploads/2020/10/IAMOT-2020-Full-Paper-
Submission-47.pdf 

Masilo, M. (2025). Mathematics teaching for sustainable development: Challenges 
and  successes.  Interdisciplinary  Journal  of  Education  Research,  7(2), 
Article a02. https://doi.org/10.38140/ijer-2025.vol7.2.02

Modiba, F. S., & Kaye, S. (2023). Evaluation of information and communication 
technologies  (ICTs)  tools  contributing  to  rural  development.  Russian 
Journal  of  Agricultural  and  Socio-Economic  Sciences,  142(10),  19–29. 
https://doi.org/10.18551/rjoas.2023-10.03

Modiba, F. S., Musasa, G., Matindike, S., Kwanhi, T., Damiyano, D., & Mago, S.  
(2024).  Can  the  digital  economy  transform  financial  inclusion  in  rural 
communities?  A  gendered  lens.  Journal  of  Infrastructure,  Policy  and 
Development, 8(8), Article 3756. https://doi.org/10.24294/jipd.v8i8.3756

Mourtzis,  D.,  Angelopoulos,  J.,  &  Panopoulos,  N.  (2023).  The  future  of  the 
human-machine  interface  (HMI)  in  society  5.0.  Future  Internet,  15(5), 
Article 162. https://doi.org/10.3390/fi15050162

Mvile, B. N., & Bishoge, O. K. (2024). Mining and sustainable development goals 
in  Africa.  Resources  Policy,  90,  Article  104710. 
https://doi.org/10.1016/j.resourpol.2024.104710

Nahar,  S.  (2024).  Modeling  the  effects  of  artificial  intelligence  (AI)-based 
innovation on sustainable development goals (SDGs): Applying a system 
dynamics perspective in a cross-country setting. Technological Forecasting 
and Social Change, 201, Article  123203. 
https://doi.org/10.1016/j.techfore.2024.123203

Okoruwa, V. O., Ogwang, T., & Ndung’u, N. S. (2022).  Regional views on the 
future  of  work:  Sub-Saharan  Africa.  African  Economic  Research 
Consortium.  https://policycommons.net/artifacts/2243086/regional-views-
on-the-future- ofwork/3001211/

Okoye, M. C., Hui, X., & David, A. M. (2025). Comparative analysis of technical 
and vocational education and training systems in China and Sub- Saharan 

157

https://policycommons.net/artifacts/2243086/regional-views-on-the-future-%20ofwork/3001211/
https://policycommons.net/artifacts/2243086/regional-views-on-the-future-%20ofwork/3001211/
https://doi.org/10.1016/j.techfore.2024.123203
https://doi.org/10.1016/j.resourpol.2024.104710
https://doi.org/10.3390/fi15050162
https://doi.org/10.24294/jipd.v8i8.3756
https://doi.org/10.18551/rjoas.2023-10.03
https://doi.org/10.38140/ijer-2025.vol7.2.02
https://saiia.org.za/wp-content/uploads/2020/10/IAMOT-2020-Full-Paper-Submission-47.pdf
https://saiia.org.za/wp-content/uploads/2020/10/IAMOT-2020-Full-Paper-Submission-47.pdf
https://ideas.repec.org/p/zbw/oefseb/28.html
https://doi.org/10.1080/21693277.2019.1645628
https://doi.org/10.1016/j.apples.2025.100224


Artificial Intelligence in Digital Society, Vol. 1, 2026

Africa for sustainable development. Discover Education, 4(1),  Article 
535. https://doi.org/10.1007/s44217-025-00535-9

Page,  M.  J.,  McKenzie,  J.  E.,  Bossuyt,  P.  M.,  Boutron,  I.,  Hoffmann,  T.  C., 
Mulrow, C. D., Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan, S. E.,  
Chou, R., Glanville, J., Grimshaw, J. M., Hróbjartsson, A., Lalu, M. M., Li, 
T., Loder, E. W., Mayo-Wilson, E., McDonald, S., McGuinness, L. A., … 
Moher, D. (2021). The PRISMA 2020 statement: an updated guideline for 
reporting  systematic  reviews.  BMJ,  372,  Article  71. 
https://doi.org/10.1136/bmj.n71

Peter, O., Pradhan, A., & Mbohwa, C. (2023). Industry 4.0 concepts within the 
sub-Saharan  African  SME  manufacturing  sector.  Procedia  Computer 
Science, 217, 846–855. https://doi.org/10.1016/j.procs.2022.12.281

Plantinga,  P.  (2024).  Digital  discretion  and  public  administration  in  Africa: 
Implications for the use of artificial intelligence. Information Development, 
40(2), 332–352. https://doi.org/10.1177/02666669221150161

Resh, W. G.,  Ming, Y.,  Xia,  X.,  Overton, M.,  Gürbüz, G. N.,  & De Bruhl,  B. 
(2025).  Complementarity,  augmentation,  or  substitutivity?  The impact  of 
generative  artificial  intelligence  on  the  U.S.  Federal  Workforce. arXiv. 
https://arxiv.org/abs/2503.09637

Sadik-Zada, E. R., & Jalabi, S. (2025). Powering agricultural revival: How solar-
based  irrigation  is transforming  Northeast Syria’s war-torn  fields. The 
Electricity Journal, 38(2), Article  107471. 
https://doi.org/10.1016/j.tej.2025.107471

Segooa,  M.  A.,  Modiba,  F.  S.,  & Motjolopane,  I.  (2025).  Generative  artificial 
intelligence tools to augment teaching scientific research in postgraduate 
studies.  South  African  Journal  of  Higher  Education,  39(1),  294–314. 
https://doi.org/10.20853/39-1-6345

Sen, A. (2005). Development as a capability expansion. In S. Fukuda-Parr & A. K. 
Shiva Kumar (Eds.), Readings in human development: Concepts, measures 
and  policies  for  a  development  paradigm  (2nd  ed.,  pp.  3–16).  Oxford 
University  Press. 
https://archive.org/details/readingsinhumand0000unse/mode/2up

Serge  Andigema,  A.,  Tania  Cyrielle,  N.  N.,  &  Ekwelle,  E.  (2025).  Artificial 
intelligence in African healthcare: Catalysing innovation while confronting 
structural  challenges [Preprints] 
https://doi.org/10.20944/preprints202506.1824.v1

Simmler,  M.,  &  Frischknecht,  R.  (2021).  A  taxonomy  of  human-machine 
collaboration: Capturing automation and technical autonomy. AI & Society, 
36(1), 239–250. https://doi.org/10.1007/s00146-020-01004-z

Takawira, B., & Pooe, D. (2025). SME readiness for Industry 5.0: A systematic 
literature review. The Southern African Journal of  Entrepreneurship and 

158

https://doi.org/10.1007/s00146-020-01004-z
https://doi.org/10.20944/preprints202506.1824.v1
https://archive.org/details/readingsinhumand0000unse/mode/2up
https://doi.org/10.20853/39-1-6345
https://doi.org/10.1016/j.tej.2025.107471
https://arxiv.org/abs/2503.09637
https://doi.org/10.1177/02666669221150161
https://doi.org/10.1016/j.procs.2022.12.281
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1007/s44217-025-00535-9


Artificial Intelligence in Digital Society, Vol. 1, 2026

Small  Business  Management,  17(1),  Article  946. 
https://doi.org/10.4102/sajesbm.v17i1.946

Tryphone,  K.,  Joseph,  C.,  & Ndanshau,  M.  O.  (2023).  Determinants  of  digital 
transformation  in  Sub-Saharan  Africa:  Some  fiscal  policy  implications. 
African  Journal  of  Economic  Review,  11(4),  34–48. 
https://ideas.repec.org/a/ags/afjecr/339655.html

United  Nations.  (2025).  The  Sustainable  Development  Goals  Report  2025. 
https://unstats.un.org/sdgs/report/2025/ 

Vermeulen, B., Kesselhut, J., Pyka, A., & Saviotti, P. P. (2018). The impact of  
automation on employment: Just the usual structural change? Sustainability, 
10(5), Article 1661. https://doi.org/10.3390/su10051661

Wang,  W.,  &  Li,  Q.  (2025).  Smart  farming  revolution:  Leveraging  machine 
learning for sustainable agriculture.  Journal  of  Cleaner Production,  527, 
Article 146434. https://doi.org/10.1016/j.jclepro.2025.146434

Information about the authors:
Bisha  Zamagoba –  https://orcid.org/0000-0001-7918-8197;  BA  Honours,  MA 
Development  Studies  Student,  Nelson  Mandela  University,  Gqeberha,  South 
Africa.
Modiba  Florah  Sewela –  https://orcid.org/0000-0001-6905-067X;  Doctor  of 
Literature and Philosophy in Development Studies, Senior Lecturer, Department of 
Development Studies, Nelson Mandela University, Gqeberha, South Africa.

159

https://orcid.org/0000-0001-6905-067X
https://orcid.org/0000-0001-7918-8197
https://doi.org/10.1016/j.jclepro.2025.146434
https://doi.org/10.3390/su10051661
https://unstats.un.org/sdgs/report/2025/
https://ideas.repec.org/a/ags/afjecr/339655.html
https://doi.org/10.4102/sajesbm.v17i1.946



