International Journal of Entrepreneurship, Technology and Innovation (IJETI) Volume. 2, Issue 2, June 2025

Leveraging Artificial Intelligence and Machine Learning to Enhance Financial
Inclusion in Nigeria: Opportunities, Challenges, and Policy Implications

'Omankwu, Obinnaya Chinecherem Beloved; 2 Osodeke, Efe Charles, ? Nwankwo,
Chioma Grace and 4Mbagwu, Amarachi Austina

1,234 Department of Computer Science, Michael Okpara University of Agriculture,
Umudike, Umuahai. Abia State

Abstract

Financial inclusion remains a critical challenge in Nigeria, where millions of unbanked
and underbanked individuals lack access to formal financial services. Artificial
Intelligence (Al), particularly Machine Learning (ML), offers transformative potential to
bridge this gap through data-driven financial innovations. This study examined the
application of Al and ML in expanding banking services, improving credit access, and
enhancing customer service delivery in Nigeria. Specifically, it assesses the effectiveness
of ML-based credit scoring models for underserved populations, evaluates the role of Al-
powered chatbots in financial service delivery, and proposes policy-relevant strategies for
inclusive Al adoption. Using a mixed-methods research design, the study combines
quantitative analysis of ML algorithms (Logistic Regression, Random Forest) with
qualitative insights from interviews with fintech professionals and banking stakeholders.
Data sources include Central Bank of Nigeria reports, World Bank statistics, and
academic literature. Results indicate that ML-driven credit models increased loan
approvals by up to 40% for individuals without formal credit histories. Al chatbots
significantly improved customer engagement, reduced response times by over 50%, and
accelerated the adoption of digital banking platforms. Overall, Al integration contributed
to a measurable rise in financial inclusion, especially in rural and semi-urban regions.
However, challenges such as limited digital infrastructure, algorithmic bias, and
regulatory uncertainty were identified. The study recommends the implementation of
ethical Al policies, investment in digital connectivity, workforce training, and regular
audits of Al systems to ensure transparency and fairness. It concludes that responsible and
inclusive deployment of Al can serve as a sustainable catalyst for equitable financial
access and socio-economic development in Nigeria.
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Introduction

Financial inclusion is widely recognized as a cornerstone of economic growth, poverty
reduction, and inclusive development. In Nigeria, however, over 60 million adults remain
unbanked, hindered by infrastructural deficits, socio-economic barriers, and limited access
to traditional financial services (World Bank, 2021). While mobile banking and fintech
innovations have made notable progress, significant gaps persist—especially in rural and
marginalized communities.

The emergence of Artificial Intelligence (Al), and particularly its subset Machine
Learning (ML), presents new opportunities to bridge these gaps by enabling data-driven,
scalable, and inclusive financial solutions. ML techniques can analyze vast volumes of
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structured and unstructured data to predict user behavior, assess credit risk, and automate
service delivery. This makes it possible for financial institutions to extend services such as
credit, savings, and insurance to individuals who lack formal financial histories.

In Nigeria’s rapidly evolving financial landscape, the deployment of Al-powered tools—
such as chatbots, credit scoring algorithms, and fraud detection systems—has begun to
transform how financial institutions interact with customers. These technologies not only
reduce operational costs but also enhance service personalization and efficiency (Nguyen
& Sussman, 2021). For instance, Al can leverage alternative data sources like mobile
phone usage, utility payments, and social media behavior to assess creditworthiness,
particularly for informal sector workers, small-scale entrepreneurs, and rural dwellers
often excluded by traditional banking systems (Demirgiic-Kunt et al., 2022).

Despite these advancements, financial exclusion remains high. The Global Findex
Database (World Bank, 2022) reports that nearly 36% of Nigerian adults in rural areas are
unbanked. Traditional credit scoring systems, which rely heavily on formal credit histories
and conventional risk metrics, often fail to accommodate low-income earners, farmers,
and informal workers. As a result, these groups are frequently denied credit or subjected to
restrictive lending conditions (Cull et al., 2014; Karlan et al., 2016).

In contrast, ML-driven credit models offer a more inclusive and adaptive approach. They
enable banks and fintechs to assess credit risk based on alternative and behavioral data,
thus unlocking access to loans for financially invisible populations. Additionally, Al-
powered chatbots have proven instrumental in improving customer engagement and
reducing service response times, fostering broader adoption of digital banking services in
Nigeria (Oluwaseun et al., 2021; Ibrahim & Adamu, 2023).

This study seeks to investigate the role of Al and ML in promoting financial inclusion in
Nigeria. Specifically, it aims to:

1. Examine the application of Al and ML in enhancing access to banking services;

2. Assess the effectiveness of ML-based credit scoring systems for lending to the
unbanked;

3. Evaluate the impact of Al chatbots on service efficiency and user engagement;

4. Provide actionable policy recommendations to support inclusive, ethical, and
sustainable Al deployment in Nigeria’s financial sector.

By exploring these objectives through a mixed-methods approach, the study offers critical
insights into the transformative potential of Al in reshaping Nigeria’s financial ecosystem
and advancing the national financial inclusion agenda.

Literature Review

The integration of Artificial Intelligence (AI) in financial services has emerged as a
transformative force, particularly in addressing the challenges of financial exclusion in
developing economies. Theoretical frameworks such as the Technology Acceptance
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Model (TAM) and Diffusion of Innovation Theory (Rogers, 2003) provide useful lenses
for understanding the adoption and diffusion of Al-driven financial technologies.

The Technology Acceptance Model (TAM), developed by Davis (1989), posits that
perceived usefulness and ease of use determine users’ acceptance of new technologies. In
the context of Al in finance, these perceptions influence both consumers and financial
institutions. AI’s ability to reduce costs, increase operational efficiency, and improve
service personalization enhances its perceived usefulness, while user-friendly interfaces
such as chatbots and mobile apps improve its perceived ease of use.

Similarly, Diffusion of Innovation Theory (Rogers, 2003) explains how technological
innovations spread across social systems. In Nigeria, fintech startups and early adopters
play a pivotal role in driving the adoption of Al technologies by introducing novel,
accessible financial services. This has expanded financial outreach to underserved
populations previously excluded by conventional banking systems.

A major barrier to financial inclusion is the inability of traditional credit scoring models to
assess the creditworthiness of individuals lacking formal financial histories. These models
rely heavily on traditional financial records such as bank statements, credit bureau data,
and loan repayment history—datasets often unavailable for informal sector workers,
farmers, and micro-entrepreneurs (Chen et al., 2020; Cull et al., 2014). As a result, these
groups are disproportionately excluded from credit access (Karlan et al., 2016; Balyuk,
2019).

To address this gap, recent studies highlight the potential of AI and ML algorithms to
evaluate alternative data—such as mobile phone usage, utility bill payments, social media
activity, and transactional behaviors—to create more inclusive credit assessments (Nguyen
et al., 2023; Jagtiani & Lemieux, 2018). In Nigeria, Adegbite and Olayemi (2019) found
that machine learning models significantly improved access to loans for underserved small
businesses and informal sector participants.

Fintech companies are central to this transformation. According to Okonkwo and Uchenna
(2021) and Adebayo and Nwankwo (2022), Nigerian fintech firms leverage Al
technologies to develop automated lending systems, mobile money platforms, and fraud
detection tools that bypass the infrastructural limitations of traditional banks. The Central
Bank of Nigeria (2022) credited fintech-driven innovations with extending financial
access to over 20 million Nigerians, especially in rural and peri-urban communities.

Another vital area where Al contributes to financial inclusion is in customer service. Al-
powered chatbots and virtual assistants offer real-time, round-the-clock customer
interaction, helping to reduce service wait times and operational costs. Banks such as
Guaranty Trust Bank (GTBank) and Access Bank have adopted these tools to improve
customer engagement and promote digital banking adoption (CBN Report, 2021;
Oluwaseun et al., 2021). Additionally, chatbots support financial literacy by offering
personalized guidance on savings, investments, and credit management—critical services
for financially marginalized groups (Ibrahim & Adamu, 2023).
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Beyond operational efficiency, Al also contributes to cost reduction and scalability in
financial service delivery. The International Monetary Fund (IMF, 2022) observed that Al
technologies reduce the marginal cost of serving low-income clients, enabling institutions
to expand outreach without proportional increases in overhead. This efficiency allows for
the profitable servicing of high-risk or low-income groups that were previously considered
unviable.

While the benefits of Al are substantial, scholars have increasingly drawn attention to
ethical and regulatory considerations. Wachter et al. (2017) and the World Bank (2021)
emphasize the need for transparent, accountable Al systems that protect consumer data,
prevent algorithmic discrimination, and align with local data protection laws such as
Nigeria’s NDPR and the General Data Protection Regulation (GDPR). Without adequate
governance, there is a risk that Al systems may unintentionally reinforce existing
inequalities or undermine public trust.

In summary, the literature supports the view that Al and ML offer scalable, cost-effective
solutions to address financial exclusion in Nigeria. Key thematic areas include:

e Al-powered credit scoring based on alternative data

o Fintech-led innovation and service delivery

e Al-enabled customer support and financial literacy

o Cost reduction and scalability of inclusive financial services
e The imperative for ethical and regulatory frameworks

This study builds upon these themes by empirically examining the effectiveness and
limitations of Al deployment in Nigeria’s financial sector, framed by TAM and Diffusion
of Innovation Theory. By combining quantitative data with qualitative insights, it aims to
offer a comprehensive understanding of AI’s role in promoting inclusive finance.

Methodology
Research Design

This study adopts a mixed-methods research design and utilized both secondary and
primary data sources:

e Secondary Quantitative Data
o Extracted from publicly available datasets and reports from the Central
Bank of Nigeria (CBN), World Bank, fintech platforms, and industry
publications.
o Includes banking penetration rates, loan approval volumes, mobile wallet
usage, and fraud statistics spanning 2018-2023.
o These data were used to assess temporal trends in financial inclusion and
evaluate the impact of Al integration.
e Primary Qualitative Data
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o

(e]

Collected through semi-structured interviews with 15 key informants
comprising fintech executives, Al engineers, digital banking officers, and
financial policy analysts.

Captured experiential narratives on Al implementation, perceived benefits,
operational constraints, and regulatory challenges.

Interview data were triangulated with survey responses from 500 end-users
across urban and rural Nigeria to reflect customer-level experiences.

Case Study Data

Selected Nigerian banks and fintech companies (e.g., GTBank, Access
Bank, OPay, and Flutterwave) were examined to document specific use
cases of Al-powered tools.

Case data included chatbot performance reports, fraud incidence rates, and
credit scoring system outcomes pre- and post-Al deployment.

This multi-source approach ensures a comprehensive and contextually grounded
investigation of Al's influence on financial inclusion.

Data Analysis

The analytical process combined machine learning model evaluation, statistical testing,
natural language processing (NLP), and qualitative content analysis:

o

Machine Learning Evaluation

Classification models including Logistic Regression, Random Forest, and
Support Vector Machines (SVM) were developed using Python's Scikit-
learn library.

The models were trained and validated on anonymized datasets from
fintech platforms to assess their ability to predict loan eligibility among
financially underserved individuals.

Evaluation metrics included accuracy, precision, recall, Fl-score, and
ROC-AUC.

These models were compared against traditional credit scoring methods to
quantify improvements in financial accessibility.

Sentiment and Text Analysis (NLP)

o

(e]

Sentiment analysis of customer feedback was performed using NLTK and
TextBlob, focusing on chatbot interactions and digital banking satisfaction.
Textual data from interviews, reviews, and app store ratings were
preprocessed to extract polarity and subjectivity scores, highlighting user
perceptions and areas of service improvement.

Statistical Analysis

o

Conducted using SPSS and R, including regression analysis to measure
the relationship between Al adoption and growth in financial inclusion
metrics.

Chi-square tests were applied to detect patterns of algorithmic bias in
credit scoring outcomes, particularly with respect to gender and occupation.

Qualitative Content Analysis
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o Interviews and case narratives were transcribed and coded using NVivo 12.
o A thematic analysis identified recurring categories such as “regulatory
algorithmic fairness,” and “digital

99 C6y

uncertainty,” “infrastructure barriers,
literacy.”

99 ¢

This comprehensive analytical strategy enabled triangulation of findings and provided
both macro-level insights and micro-level perspectives on Al deployment in Nigeria's
financial sector.

Results
1. AI-Driven Credit Scoring and Loan Accessibility

The study revealed that Al-driven credit scoring models significantly improved access to
credit, particularly among individuals without formal financial histories. Analysis of
secondary data from fintech companies and Central Bank of Nigeria reports between 2018
and 2023 indicated a 40% increase in loan approvals following the adoption of ML-
powered credit assessment systems.

Table 1: Machine Learning Credit Model Evaluation

Algorithm Accuracy Precision  F1-Score = ROC-AUC Specifi.city
(Relative)

Random Forest — - 0.82 0.89 -

Logistic Regression 76% 0.74 — — —

SVM 72% - — — High

Using machine learning algorithms—Logistic Regression, Random Forest, and SVM—
trained on alternative data such as mobile transaction histories, utility payments, and social
media behavior, the models demonstrated improved predictive accuracy over traditional
credit scoring tools. Model evaluation metrics showed:

e Random Forest outperformed other models with an Fl-score of 0.82 and ROC-
AUC of 0.89.

» Logistic Regression achieved an accuracy of 76% and precision of 0.74.

e SVM recorded moderate performance with an accuracy of 72% but higher
specificity in identifying high-risk applicants.

Regression analysis confirmed a statistically significant correlation (p < 0.01) between Al
implementation and increased loan approval rates for unbanked individuals.

Qualitative data from interviews further supported these results. Respondents noted that
ML algorithms enabled more inclusive credit assessments by leveraging alternative data
sources and automating risk evaluation. One fintech executive observed, “The Al model
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allowed us to approve microloans for informal traders we would have rejected using
traditional scoring. ”

Accuracy and Precision of ML Models

Precision

Logistic Regression SVM
Algorithm

Figure 1: Accuracy and Precision of ML Models

The bar chart above visualizes the accuracy and precision of the Logistic Regression and
SVM models. Random Forest was omitted from the plot due to lack of corresponding
precision and accuracy values, but it demonstrated the highest performance based on F1-
score and ROC-AUC.

2. Efficiency of AI-Powered Chatbots in Customer Service

Al-powered chatbots significantly enhanced banking service delivery across major
Nigerian banks, including GTBank, Access Bank, and Zenith Bank. Operational data and
customer service logs (Ql 2020 — Q4 2022) showed marked improvements in
responsiveness and user satisfaction.

Table 2: Chatbot Performance Before and After AI Adoption

Bank Avg. Response Time After Al % CSS CSS
(Before AI) Chatbot Reduction Before After
GTBank 8 minutes 4 minutes 50% 72% 89%
g:;:ﬂe{ss 10 minutes 5 minutes 50% 68% 85%
Zenith Bank 7 minutes 3.5 minutes 50% 70% 87%

Sentiment analysis of 5,000 customer reviews and feedback entries indicated a shift
toward positive sentiment post-chatbot implementation, with polarity scores increasing by
35% on average and subjectivity scores indicating greater trust in Al interactions.

Interviewees credited chatbots for improving service delivery efficiency, resolving basic
inquiries, and facilitating 24/7 customer support. Additionally, chatbots played an
educational role in guiding users on budgeting, savings, and investment options
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3. Growth in Financial Inclusion Metrics

Al adoption contributed to measurable improvements in financial inclusion, particularly in
underserved regions. Comparative data across four states—Enugu, Kano, Ogun, and Cross
River—between 2018 and 2023 demonstrated a 28-33% increase in financial inclusion
rates following the integration of Al-driven digital platforms.

Table 3: Financial Inclusion Rate by Region (2018-2023)

Region 2018 Inclusion Rate 2023 Rate % Growth
Enugu 42% 56% 33%
Kano 38% 49% 29%
Ogun 50% 64% 28%
Cross River 41% 54% 31%

Fintech platforms such as OPay, Paga, and Kuda were identified as key drivers, leveraging
Al to deliver personalized services via mobile wallets and low-bandwidth applications.

4. Reduction in Financial Fraud and Risk

Al-powered fraud detection systems led to substantial reductions in transaction-related
fraud across both banks and fintech institutions. The study analyzed fraud incidence data
per 100,000 transactions from five institutions (2018-2023):

Table 4: Fraud Rate Reduction After Al Implementation

Institution Pre-Al Fraud Rate (%) Post-Al Rate (%) % Reduction
GTBank 0.82 0.45 45.1%
Access

Bank 0.76 0.41 46.1%
First Bank 0.91 0.52 42.9%
Flutterwave 1.12 0.63 43.7%
Carbon 1.05 0.59 43.8%

Fraud reports and automated system flags confirmed that ML-enabled anomaly detection
systems were effective in identifying suspicious behavior in real time, leading to improved
risk mitigation and reduced financial loss.

5. Challenges and Limitations Identified

Thematic analysis of expert interviews and user surveys revealed persistent challenges in
Al deployment:

o Data Privacy and Regulatory Uncertainty
75% of professionals cited concerns about compliance with Nigeria’s NDPR and
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IS

the GDPR. Terms such as “compliance,
frequently in qualitative coding (frequency > 40).

e Algorithmic Bias
Chi-square tests revealed statistically significant discrepancies (p < 0.05) in credit
approvals between male and female applicants and among informal workers,
suggesting potential bias in training data.

o Digital Divide
35% of rural users reported limited access to Al-driven platforms due to
smartphone unavailability and poor internet connectivity. CBN geo-mapping data
confirmed that most Al-enhanced banking tools were concentrated in 10 urban
centers.

data misuse,” and “trust” appeared

These findings illustrate that while Al has significantly advanced financial inclusion,
systemic inequalities and digital access limitations continue to restrict its full potential.

Discussion

The findings of this study affirm that the strategic application of Artificial Intelligence
(AD), particularly Machine Learning (ML), is significantly enhancing financial inclusion in
Nigeria. By combining both quantitative and qualitative evidence, the study illustrates how
Al technologies are bridging gaps in credit access, improving service delivery, and
reducing financial risk.

One of the most impactful outcomes was the adoption of ML-based credit scoring models,
which increased loan approvals by up to 40% among previously unbanked individuals.
This aligns with global and local research (e.g., Adegbite & Olayemi, 2019; Nguyen et al.,
2023) that emphasizes the power of alternative data in addressing credit invisibility. ML
algorithms were able to process unconventional indicators—such as mobile transaction
behavior, utility payments, and social media activity—to assess creditworthiness in the
absence of traditional financial records. This has proven particularly beneficial for
informal workers, small-scale traders, and rural entrepreneurs.

Similarly, the deployment of Al-powered chatbots by major banks improved customer
service delivery. Operational efficiency gains—such as a 50% reduction in average
response time—alongside increased customer satisfaction scores, demonstrate the dual
benefit of cost reduction and user engagement. These findings corroborate previous
studies (Oluwaseun et al., 2021; Ibrahim & Adamu, 2023) on AI’s role in enhancing
financial literacy and user experience, especially for first-time or digitally inexperienced
users.

The study also observed a tangible increase in financial inclusion metrics across regions
adopting Al-enabled financial platforms. Growth rates between 28% and 33% in states
such as Enugu, Kano, and Cross River reflect Al’s role in facilitating mobile wallet
adoption, digital savings, and low-cost transaction tools. These regional impacts
underscore the relevance of fintech innovation in emerging markets, as discussed by Arner
et al. (2020) and the Central Bank of Nigeria (2022).
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However, the benefits of Al are not evenly distributed. The digital divide remains a major
concern, particularly in rural communities where access to smartphones, stable internet,
and digital literacy are limited. The study's geo-mapping analysis and user survey results
confirm that urban centers benefit disproportionately from Al-driven services. This
geographic disparity poses a risk of reinforcing existing socio-economic inequalities.

Additionally, the research identified challenges related to data privacy, regulatory
uncertainty, and algorithmic bias. Instances of bias in credit decisions—especially
affecting women and informal workers—highlight the urgent need for transparency in
model training and decision-making. These findings echo global concerns (Wachter et al.,
2017; World Bank, 2021) regarding ethical Al development and the protection of user
rights in automated systems.

Conclusion

This study concludes that Al and ML technologies present a powerful means to advance
financial inclusion in Nigeria. By facilitating access to credit, enhancing customer service,
and expanding digital financial services, Al can be a transformative tool for reaching
unbanked and underbanked populations.

However, maximizing these benefits requires deliberate effort. It is imperative to address
infrastructural deficits, bridge the rural-urban digital gap, and implement robust regulatory
frameworks. Ethical considerations—such as fairness, transparency, and data protection—
must be central to Al deployment strategies.

The evidence presented supports the notion that responsible and inclusive AI adoption
can serve as a sustainable catalyst for socio-economic development. Policymakers,
financial institutions, and technology developers must collaborate to ensure that Al-driven
innovations do not merely digitize existing inequalities but actively promote equitable
access to financial services for all Nigerians.

Recommendation

In light of the study’s findings, the following recommendations are proposed to strengthen
the role of Artificial Intelligence (Al) and Machine Learning (ML) in promoting inclusive
financial services in Nigeria:

1. For Policymakers and Regulators

o Establish Clear and Adaptive Regulatory Frameworks:
Regulatory bodies such as the Central Bank of Nigeria (CBN) and the National
Information Technology Development Agency (NITDA) should update existing
financial and data protection laws to explicitly address the use of Al in financial
decision-making, particularly in credit scoring and customer profiling.
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e Mandate Algorithmic Audits and Fairness Assessments:
Regular audits should be conducted to assess Al models for bias, transparency, and
ethical compliance, especially in automated lending and fraud detection.

e Promote Inclusive Digital Infrastructure Investment:
Government-led initiatives should focus on expanding broadband coverage, mobile
connectivity, and digital infrastructure in rural and underserved areas to close the
digital divide and ensure equitable access to Al-enhanced financial tools.

2. For Financial Institutions and Fintech Firms

e Adopt Ethical and Transparent Al Practices:
Banks and fintechs should ensure that Al systems are explainable, fair, and
inclusive by using diverse training datasets and incorporating fairness metrics in
model evaluation.

o Invest in Digital and Financial Literacy Programs:
Financial service providers should implement user-friendly education campaigns to
inform the public about the functionality, benefits, and limitations of Al-based
services, especially in local languages and culturally sensitive formats.

o Strengthen Partnerships with Technology Developers:
Financial institutions should collaborate with data scientists, startups, and
academic researchers to co-develop Al solutions tailored to the financial needs of
Nigeria’s diverse populations, including low-income and rural communities.

3. For Al Developers and Technology Providers

o Design Inclusive AI Models Using Local Data:
Al developers must incorporate local socio-economic and behavioral data to build
models that reflect the realities of Nigeria’s informal economy and diverse
demographics.

e Ensure Privacy-Preserving Al Systems:
Privacy-by-design principles should be embedded into all Al applications, with
clear user consent protocols and data minimization practices to build public trust.

e Support Interoperability and Low-Bandwidth Applications:
To reach remote and low-resource areas, developers should design Al-enabled
platforms that function effectively on basic smartphones, offline modes, or USSD-
based interfaces.

4. For Future Research and Development

e Conduct Longitudinal Impact Assessments:
Further studies should evaluate the long-term socio-economic impacts of Al-based
financial services, particularly across different genders, regions, and income levels.
o Explore Explainable AI (XAI) for Financial Services:
Research into interpretable ML models is needed to ensure that automated
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financial decisions are understandable and challengeable by both providers and
consumers.

By implementing these recommendations, stakeholders can ensure that the deployment of
Al technologies in the Nigerian financial sector is not only innovative and efficient but
also equitable, transparent, and aligned with national financial inclusion goals.
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