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Abstract  
Financial inclusion remains a critical challenge in underdeveloped regions, particularly in South Africa, where a significant
proportion of the population operates within the informal sector and la
systems rely on structured credit histories, stable incomes, and formal employment records, leaving informal traders, small 
business owners, and self-employed individuals without access to essent
transactions. The rise of Artificial Intelligence (AI), Machine Learning (ML), and Block
opportunities to bridge these financial gaps by 
powered digital identity verification. AI-driven 
usage patterns, utility payments, and e-commerce transactions, to assess fina
the unbanked. These models reduce reliance on traditional credit scoring methods and enable underserved populations to access
microloans, working capital, and credit facilities
regulatory limitations must be addressed to ensure fair and inclusive AI
decentralized, transparent, and low-cost financial services
enables digital savings, peer-to-peer lending, and remittance services
often vulnerable to fraud and theft. The integration of block chain in
finance (DeFi) platforms enhances trust and accountability among informal traders. Despite these benefits, block chain adopti
hindered by high implementation costs, digital literacy barriers, and 
verification is emerging as a crucial tool for expanding financial access in rural South Africa. Many individuals 
informal settlements lack official identification
authentication, including facial recognition, fingerprint scanning, and voice authentication
verification, reducing fraud and streamlining financial a
and user distrust necessitate strong regulatory safeguards and ethical considerations.
machine learning, and block chain in promoting f
challenges, and policy implications associated with these emerging technologies. The paper concludes that while 
driven financial inclusion holds immense potential, ad
practices are essential for sustainable and equitable financial empowerment. Future research should focus on the 
ethical considerations, and integration of financial te
marginalized communities. 
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1. Introduction 

Financial inclusion remains one of the most 
pressing global challenges, particularly in developing 
economies such as South Africa, where a significant portion 
of the population operates within the informal sector. Access 
to financial services is a fundamental driver of economic 
development, yet millions of self-employed individuals and 
small business owners in rural areas, townships, and 
informal settlements struggle to access banking services, 
credit, and secure financial transactions. Traditional banking 
models rely heavily on structured financial histories, stable 
income sources, and formal employment records, excluding 
those who operate outside these conventional systems.
rapid advancements in financial technology (Fin
technological solutions are emerging to address these 
barriers, leveraging Artificial Intelligence (AI), Machine 
Learning (ML), and Block chain technology to provide 
alternative financial services (Baltezarević, 2023). AI
credit scoring models are being used to assess the 
creditworthiness of individuals who lack formal financial 
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Financial inclusion remains a critical challenge in underdeveloped regions, particularly in South Africa, where a significant
proportion of the population operates within the informal sector and lacks access to formal financial services. Traditional banking 
systems rely on structured credit histories, stable incomes, and formal employment records, leaving informal traders, small 

employed individuals without access to essential financial services such as loans, savings, and secure 
Artificial Intelligence (AI), Machine Learning (ML), and Block chain 

opportunities to bridge these financial gaps by offering alternative credit scoring, decentralized financial transactions, and AI
driven alternative credit scoring models leverage big data analytics, including mobile 

commerce transactions, to assess financial trustworthiness and expand access to credit for 
the unbanked. These models reduce reliance on traditional credit scoring methods and enable underserved populations to access
microloans, working capital, and credit facilities. However, challenges such as algorithmic bias, data privacy concerns, and 

must be addressed to ensure fair and inclusive AI-driven credit solutions. Block chain technology provides 
cost financial services that enhance security and efficiency in informal sector transactions. It 

peer lending, and remittance services, reducing dependency on cash-based transactions, which are 
often vulnerable to fraud and theft. The integration of block chain in stokvels (community savings groups)
finance (DeFi) platforms enhances trust and accountability among informal traders. Despite these benefits, block chain adopti

high implementation costs, digital literacy barriers, and uncertain regulatory frameworks.AI
is emerging as a crucial tool for expanding financial access in rural South Africa. Many individuals 

informal settlements lack official identification, preventing them from accessing banking services. AI
facial recognition, fingerprint scanning, and voice authentication, enables secure and remote identity 

verification, reducing fraud and streamlining financial access. However, issues related to data security, government surveillance, 
necessitate strong regulatory safeguards and ethical considerations. This study critically examines the role of 

chain in promoting financial inclusion in underdeveloped regions. It highlights the
associated with these emerging technologies. The paper concludes that while 

holds immense potential, addressing regulatory gaps, improving digital literacy
are essential for sustainable and equitable financial empowerment. Future research should focus on the 

ethical considerations, and integration of financial technologies into mainstream economic systems to maximize their impact on 
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Financial inclusion remains one of the most 
pressing global challenges, particularly in developing 
economies such as South Africa, where a significant portion 
of the population operates within the informal sector. Access 

is a fundamental driver of economic 
employed individuals and 

small business owners in rural areas, townships, and 
informal settlements struggle to access banking services, 

onal banking 
models rely heavily on structured financial histories, stable 
income sources, and formal employment records, excluding 
those who operate outside these conventional systems. With 
rapid advancements in financial technology (Fin Tech), new 
technological solutions are emerging to address these 
barriers, leveraging Artificial Intelligence (AI), Machine 

chain technology to provide 
alternative financial services (Baltezarević, 2023). AI-driven 

eing used to assess the 
creditworthiness of individuals who lack formal financial 

records, offering them an opportunity to access credit and 
loans. Block chain-based platforms are revolutionizing 
informal sector transactions by providing decentralized, 
transparent, and secure financial solutions, eliminating 
intermediaries and reducing transaction costs. Additionally, 
AI-powered digital identity verification systems are 
enabling people in rural and informal areas to prove their 
identities and access financial services without the need for 
traditional documentation. Despite the promising potential 
of these technologies, their adoption is not without 
challenges. Issues such as algorithmic bias, data privacy 
concerns, regulatory gaps, and limited digital litera
major obstacles to widespread implementation. This journal 
review explores the role of AI in alternative credit scoring, 
the potential of block chain for informal sector transactions 
and savings, and the impact of AI
verification on financial access in rural South Africa. It 
critically examines the benefits, challenges, and future 
directions for ensuring equitable financial inclusion through 
technological innovations (David et al., 2025).
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2. AI and Machine Learning in Alternative Credit 
Scoring for the Unbanked 
2.1. The Challenge of Traditional Credit Scoring Models 
Access to credit is a critical component of financial 
inclusion, yet traditional credit scoring models exclude a 
vast segment of the population due to their reliance on 
structured financial data. In South Africa, many individuals 
in the informal sector do not have formal banking histories, 
pay slips, or stable employment records, making them 
ineligible for loans from conventional financial institutions. 
Traditional models primarily assess creditworthiness based 
on an individual’s past borrowing behavior, repayment 
history, and financial stability—criteria that do not apply to 
people operating in cash-based economies (Mpofu & 
Moolman, 2023). 
This exclusion disproportionately affects self-employed 
traders, small-scale farmers, gig workers, and micro-
entrepreneurs who do not have a credit history despite 
generating consistent income. As a result, many turn to 
informal lending sources, which often charge exorbitant 
interest rates and lack consumer protection mechanisms. 
Access to credit remains one of the biggest barriers to 
financial inclusion, particularly for individuals without a 
formal credit history. Traditional credit scoring systems rely 
on conventional financial data, excluding many self-
employed and informal sector workers. AI and machine 
learning offer innovative solutions by leveraging alternative 
data sources, including mobile phone usage, online 
transactions, and social media activity (Kim & Duvendack, 
2024). 
2.2. AI and Machine Learning as a Solution 
The emergence of AI and machine learning has introduced a 
data-driven approach to credit scoring, leveraging 
alternative data sources to assess borrower risk more 
accurately. Several studies highlight the efficiency of AI-
driven credit assessment models in predicting borrower risk 
with higher accuracy than traditional methods (Batchu, 
2023). Fin Tech companies like Tala and Branch use AI-
powered models to assess borrowers’ creditworthiness based 
on behavioral and transactional data. Research indicates that 
such models have successfully increased lending to 
previously excluded populations while reducing default 
rates (David et al., 2024). In South Africa, the use of mobile 
financial services and digital payment histories is enabling 
informal traders and self-employed individuals to access 
microloans without formal banking credentials (Omokhoa et 
al., 2024).AI-powered credit models use big data analytics 
to analyze patterns from multiple non-traditional sources, 
including: 

 Mobile phone usage (e.g., call and text history, 
mobile money transactions) 

 Social media activity (e.g., trust networks, 
consumer behavior, online presence) 

 Utility bill payments (e.g., electricity, water, rent 
payments) 

 E-commerce transactions (e.g., online purchases, 
spending habits) 

 Geo location data (e.g., business activity, financial 
mobility) 

Fin Tech companies like Tala, Branch, and Jumo have 
successfully implemented AI-based lending solutions in 
Africa, using these data points to assess an individual’s 
financial behavior and predict creditworthiness with higher 
accuracy than traditional models. Studies indicate that AI-
driven credit scoring reduces loan default rates while 
expanding access to financial services for previously 
underserved communities (Banerjee et al., 2025). 
2.3. Benefits and Challenges 
AI-based alternative credit scoring offers several 
advantages, including greater financial accessibility, lower 
risk of default, and increased lending opportunities for small 
business owners. Additionally, AI models are scalable, 
meaning they can analyze large datasets quickly and 
efficiently, making it easier for financial institutions to 
assess and approve loans in real-time (Devan et al., 
2023).However, despite these benefits, several challenges 
and ethical concerns remain. One of the biggest issues is 
algorithmic bias, where AI models trained on biased datasets 
may unintentionally discriminate against certain groups. If 
the underlying data disproportionately represents specific 
demographics, AI algorithms may reinforce existing 
financial inequalities. Additionally, data privacy concerns 
arise from the extensive collection of personal information, 
with potential risks of data misuse and cyber fraud. Despite 
these advantages, concerns remain regarding algorithmic 
bias and data privacy. Studies suggest that biases in training 
datasets can lead to unfair lending practices, 
disproportionately affecting marginalized communities 
(Faheem, 2021). Regulatory frameworks must evolve to 
ensure fair and transparent AI-driven credit scoring models. 
2.4. Technology Outlook 
To maximize the potential of AI-driven credit scoring, 
regulatory frameworks must be developed to ensure 
transparency and fairness in algorithmic decision-making. 
Financial institutions should focus on ethical AI design, 
ensuring that models are free from bias and discrimination. 
Additionally, initiatives should be implemented to improve 
digital literacy, educating individuals on how AI-based 
financial services work and ensuring they can make 
informed financial decisions (Konidena et al., 2024). 
 
3. Block chain Solutions for Informal Sector 
Transactions and Savings 
Block chain technology is gaining traction as a decentralized 
solution for enhancing transparency and security in financial 
transactions. In the informal sector, where cash transactions 
dominate and financial records are scarce, block chain-based 
platforms provide an immutable ledger system that 
facilitates secure and low-cost payments. Recent studies 
have demonstrated block chain’s potential to improve access 
to financial services for the unbanked by enabling digital 
savings, remittances, and peer-to-peer lending (Mhlanga, 
2023). Research on block chain-enabled financial services, 
such as the Stellar network and Celo platform, suggests that 
they can reduce transaction costs and increase financial 
participation among informal traders (Ali et al., 2024). In 
South Africa, block chain-based initiatives have been 
explored for community savings groups (stokvels), allowing 
for transparent and accountable savings management (Riefa, 
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2021).However, block chain adoption faces challenges, 
including the high cost of implementation, lack of digital 
literacy, and regulatory uncertainty. Studies indicate that 
while block chain has the potential to enhance financial 
inclusion, mass adoption requires targeted education and 
policy support (Schuetz & Venkatesh, 2019). 
3.1. The Informal Economy and Its Financial Barriers 
South Africa’s informal economy plays a crucial role in 
employment and income generation, yet financial exclusion 
remains a significant barrier. Many informal traders operate 
entirely in cash-based environments, leading to several 
challenges, including: 

 Insecurity and theft risk due to carrying large 
amounts of cash. 

 Lack of access to savings mechanisms that would 
enable business growth. 

 High transaction fees when using traditional 
banking services. 

 Limited credit opportunities, as informal 
transactions are not recorded or recognized by 
banks. 

The lack of formal financial records also prevents informal 
traders from participating in larger business networks, 
restricting their growth potential (Mpofu & Sibindi, 2022). 
3.2. How Block chain Technology Can Help 
Block chain technology offers a decentralized and 
transparent alternative to traditional financial systems, 
allowing users to conduct secure transactions without 
relying on banks. Key block chain-based solutions for the 
informal sector include: 

 Digital wallets that store and transfer funds 
securely. 

 Smart contracts that facilitate automated and 
trustless agreements. 

 Decentralized lending platforms that enable peer-
to-peer lending without intermediaries. 

Platforms like Stellar, Celo, and Bit Pesa have introduced 
block chain-based financial services that reduce transaction 
costs and improve access to microfinance and remittances. 
Additionally, block chain has been explored as a solution for 
stokvels (community savings groups) in South Africa, 
allowing for transparent and tamper-proof savings 
management (Coutinho et al., 2023). 
3.3. Benefits and Challenges 
Block chain offers benefits such as lower transaction costs, 
improved financial security, and increased transparency. 
However, adoption faces significant hurdles, including high 
implementation costs, digital illiteracy, and regulatory 
uncertainty. Many informal traders lack the technological 
skills to understand and use block chain effectively, while 
financial institutions remain hesitant to adopt decentralized 
finance (DeFi) models due to lack of clear regulations 
(Bodo, & De Filippi, 2022). 
3.4. Outlook 
For block chain to achieve widespread adoption in South 
Africa’s informal sector, public-private partnerships must be 
formed to educate traders on block chain applications and 
provide the necessary infrastructure. Policymakers should 
also develop regulatory guidelines to promote safe and 

ethical block chain integration in financial services (Mustafa 
et al., 2025). 
 
4. Digital Identity Verification and Financial Access in 
Rural South Africa 
A lack of formal identification is a significant barrier to 
financial access, particularly in rural areas. Digital identity 
verification, powered by biometric authentication and AI-
based recognition systems, is transforming financial 
inclusion by providing secure and accessible identification 
solutions (Mathivanan et al., 2024).Studies on biometric 
identification systems, such as Aadhaar in India and the 
National Integrated Identity Management System (NIIMS) 
in Kenya, demonstrate significant improvements in financial 
access. In South Africa, biometric-enabled banking and 
mobile ID verification systems have been introduced to 
streamline account opening processes for rural populations 
(Matheri, 2024).AI-driven identity verification can reduce 
fraud, increase transaction security, and facilitate remote 
banking access (Patil et al., 2024). However, concerns about 
data privacy, cyber security risks, and government 
surveillance have been raised, necessitating robust 
regulatory frameworks to ensure ethical and secure 
implementation (Allahrakha, 2023).AI-driven biometric 
identity verification is emerging as a critical tool for 
expanding financial access in South Africa. Many people in 
rural areas lack formal identification, preventing them from 
opening bank accounts. Digital ID verification systems use 
fingerprint scanning, facial recognition, and AI-powered 
authentication to provide secure and fraud-proof 
identification. However, challenges remain, particularly 
regarding privacy concerns, cyber security risks, and lack of 
trust in AI-powered verification. Many users are wary of 
government surveillance and data misuse, highlighting the 
need for strong data protection laws. Future research should 
explore scalable AI verification systems that balance 
security with user privacy. Digital literacy programs should 
also be implemented to build trust and encourage adoption 
among rural populations (Tim et al., 2021). 
5. Conclusion and Future Directions 
Technology-driven financial inclusion holds immense 
potential for bridging economic disparities in South Africa’s 
informal economy. AI and machine learning enable 
alternative credit scoring for the unbanked, block chain 
offers secure and transparent financial transactions, and 
digital identity verification improves accessibility. However, 
challenges such as algorithmic bias, regulatory gaps, and 
digital literacy must be addressed. Future research should 
focus on ethical AI development, block chain scalability, 
and policy frameworks that support responsible Fin Tech 
innovation. Technology-driven financial inclusion is 
transforming the economic landscape of underdeveloped 
regions, particularly in South Africa’s informal economy, 
where millions of individuals and small businesses remain 
excluded from traditional financial services. The integration 
of Artificial Intelligence (AI), Machine Learning (ML), 
Block chain technology, and Digital Identity Verification 
presents a significant opportunity to bridge the financial 
divide by offering alternative credit scoring, decentralized 
transactions, and secure identification systems.AI and 
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machine learning have revolutionized the way financial 
institutions assess creditworthiness, shifting from traditional 
credit scoring models that rely on structured financial 
histories to alternative credit assessment methods that 
leverage behavioral and transactional data. This innovation 
enables previously unbanked individuals to access credit, 
loans, and other financial services without requiring a 
formal credit history. However, concerns over algorithmic 
bias, data privacy, and fairness in AI-driven credit scoring 
raise critical ethical questions that must be addressed. 
Similarly, block chain technology is providing a secure, 
transparent, and decentralized financial infrastructure, 
allowing informal traders, gig workers, and small-scale 
entrepreneurs to participate in digital financial ecosystems. 
Block chain-based peer-to-peer lending, digital wallets, and 
community savings groups (stokvels) offer financial security 
and trust among users, particularly in regions where banks 
and financial intermediaries are inaccessible. Yet, the high 
cost of block chain implementation, limited digital literacy, 
and regulatory challenges pose significant barriers to 
widespread adoption. The role of digital identity verification 
in financial inclusion is also vital, particularly for those in 
rural and informal settlements who lack government-issued 
identification documents. AI-powered biometric 
authentication, including fingerprint scanning, facial 
recognition, and digital IDs, is making it easier for 
individuals to prove their identity and access financial 
services. While this technology improves financial 
accessibility and fraud prevention, concerns related to data 
protection, cyber security risks, and government 
surveillance must be carefully managed to build trust and 
promote responsible adoption. While these technological 
advancements hold tremendous promise, they are not 
without challenges. Regulatory gaps, ethical concerns, cyber 
security risks, and digital literacy barriers must be addressed 
to ensure that these innovations benefit all segments of 
society equitably. Financial inclusion efforts must be 
holistic, integrating technological, economic, and policy-
driven strategies to create a sustainable and inclusive 
financial ecosystem in underdeveloped regions. 
Future Directions 
To fully leverage the potential of technology-driven 
financial inclusion in underdeveloped economies like South 
Africa, multi-stakeholder collaboration between 
governments, financial institutions, Fin Tech companies, 
and regulators is essential. Future research and policy 
initiatives should focus on the following key areas: 

a.  Ethical and Transparent AI Development 
As AI and machine learning continue to reshape financial 
services, bias in AI-driven credit scoring must be mitigated 
to prevent discrimination and exclusion. AI models must be 
designed, trained, and tested on diverse datasets to ensure 
fair lending practices across different demographic groups. 
Regulatory bodies should establish ethical AI standards to 
promote fairness, explain ability, and accountability in AI-
driven financial decision-making. 
Future research should also explore human-in-the-loop 
(HITL) AI systems, where human oversight is integrated 
into AI models to reduce errors, address bias, and ensure 
accountability. Additionally, regulatory guidelines should 

mandate transparency in AI decision-making, requiring 
financial institutions to explain AI-based credit decisions to 
customers. 

b.  Block chain Scalability and Affordability 
While block chain technology presents significant potential 
for secure, low-cost transactions in informal economies, its 
widespread adoption is currently hindered by high 
transaction costs, technological complexity, and scalability 
issues. Future research should focus on developing more 
scalable and cost-effective block chain solutions, such as: 

 Layer 2 scaling solutions that reduce transaction 
costs. 

 Hybrid block chain models that combine the 
security of public block chains with the efficiency 
of private networks. 

 Mobile-friendly block chain applications that 
simplify financial transactions for low-income and 
rural populations. 

Governments and regulatory bodies should also establish 
clear legal frameworks to support block chain adoption, 
ensuring compliance while protecting users from fraud and 
cyber threats. 

c.  Strengthening Digital Identity Frameworks 
Expanding digital identity verification is critical to ensuring 
financial access for marginalized populations. However, 
issues such as privacy concerns, cyber security risks, and 
resistance to digital identity adoption need to be addressed. 
Future research should explore: 

 Privacy-preserving AI technologies, such as zero-
knowledge proofs, which allow individuals to 
verify their identity without exposing sensitive 
information. 

 Integration of decentralized identity (DID) systems, 
which give users control over their personal data 
while enabling secure authentication. 

 Community-driven trust-building initiatives that 
educate and empower individuals about the 
benefits and security of digital identity systems. 

Regulators should also implement data protection laws and 
ethical AI governance to ensure that biometric and digital 
identity verification systems do not infringe on human rights 
or enable mass surveillance. 

d. Digital Literacy and Financial Education 
One of the major challenges facing technology-driven 
financial inclusion is the lack of digital literacy among low-
income and informal sector populations. Many individuals 
in underdeveloped regions lack awareness and 
understanding of Fin Tech solutions, preventing them from 
effectively using AI-driven credit systems, block chain-
based payments, or digital identity verification. 
Future initiatives should focus on: 

 Developing digital literacy programs that educate 
users on how to safely use FinTech applications. 

 Introducing community-based financial education 
workshops that target informal traders, self-
employed individuals, and low-income earners. 

 Collaborating with mobile network operators and 
financial service providers to integrate interactive 
financial literacy tools into mobile banking 
applications. 
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These initiatives can bridge the knowledge gap and 
empower individuals to make informed financial decisions, 
increasing trust and adoption of Fin Tech solutions. 

e. Policy and Regulatory Frameworks for Fin 
Tech Innovation 

For AI, block chain, and digital identity solutions to succeed 
in promoting financial inclusion, governments and 
regulators must create comprehensive policy frameworks 
that encourage responsible innovation while ensuring 
consumer protection. Future research should focus on: 

 Regulatory sandboxes that allow Fin Tech startups 
to experiment with new financial technologies 
under regulatory supervision. 

 Cross-sector collaboration between governments, 
Fin Tech firms, and financial institutions to 
develop inclusive regulatory policies. 

 Tax incentives and subsidies for Fin Tech solutions 
that promote affordable and scalable financial 
services for low-income populations. 

By establishing strong governance structures, policymakers 
can create an enabling environment for Fin Tech 
innovations to thrive while ensuring consumer protection, 
financial stability, and fair market practices. 
Final Thoughts 
Technology-driven financial inclusion is not just about 
deploying innovative solutions but about ensuring 
accessibility, fairness, and sustainability in financial services 
for all. AI-driven credit scoring, block chain-based financial 
transactions, and AI-powered digital identity verification 
have the potential to revolutionize financial access in South 
Africa’s informal economy and beyond. However, these 
technologies must be ethically designed, efficiently 
regulated, and widely accessible to avoid widening existing 
financial inequalities. The path forward requires a multi-
pronged approach, integrating ethical AI research, scalable 
block chain innovations, robust regulatory frameworks, and 
extensive digital literacy programs. By addressing these 
challenges proactively, FinTech innovations can drive true 
financial empowerment, enabling millions of underserved 
individuals to participate in the formal economy and achieve 
sustainable economic growth. Future research should further 
investigate the socio-economic impact of FinTech adoption 
in underdeveloped regions, evaluating how technology-
driven financial solutions can be tailored to local needs, 
cultural contexts, and economic conditions. A holistic 
approach that prioritizes both technological advancement 
and human-centered development will be crucial in ensuring 
that no one is left behind in the evolving digital financial 
landscape. 
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