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Abstract: Digital payment methods have changed and prospects for financial
inclusion have increased due to the quick advancement of financial technology.
However, obstacles like high transaction costs, inadequate financial
infrastructure, and dependence on centralized middlemen continue to plague
many emerging nations. Blockchain technology provides a secure,
decentralized payment system that can increase transaction accessibility and
efficiency. This study uses a computational economic approach to investigate
how blockchain-enabled digital payment systems affect financial inclusion. The
study uses machine learning models, such as Random Forest, Gradient
Boosting, Support Vector Machine, and Neural Networks, to examine the

connection between financial inclusion metrics, digital payment efficiency, and
blockchain adoption. The findings demonstrate that blockchain-based
payment systems greatly enhance transaction efficiency, lower transaction
costs, and boost the use of digital payments. Higher levels of financial inclusion
and accessibility are a result of these advancements. The results show how
crucial blockchain infrastructure is to fostering inclusive digital financial
ecosystems and offer policy recommendations for developing nations looking
to improve their digital financial inclusion initiatives.
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1. Introduction

The fast growth of digital payment systems and financial technology (fintech) over the past
ten years has drastically changed the global financial environment. New payment
infrastructures that greatly improve the effectiveness, accessibility, and scalability of financial
services have been made possible by the widespread use of mobile devices, internet
connectivity, and cloud-based financial platforms(Buckley et al., 2016; Sulistyowati et al.,
2024). Mobile wallets, real-time payment networks, and online transaction platforms are
examples of digital payment systems that are now essential to contemporary economic
activity(Shin, 2009). These technologies assist the expansion of digital commerce in both
developed and developing nations, enable fast transactions, and lessen dependency on cash-
based economies. Digital payments are becoming a major force behind financial
modernization and economic inclusion as governments and financial institutions push for
more paperless countries(Irma Trimulyawati et al., 2024).

By incorporating cutting-edge technologies like blockchain, distributed computing, big data
analytics, and artificial intelligence, the growth of fintech has further sped up innovation in
the financial industry. Financial institutions and tech firms can create safer and more effective
financial services while increasing access to underprivileged groups thanks to these
technologies(LI et al., 2023). Specifically, by allowing those without traditional banking
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accounts to engage in financial transactions using mobile-based solutions, digital payment
systems have shown significant promise to close gaps in financial access. Mobile payment
acceptance has grown rapidly in countries across Asia, Africa, and Latin America,
demonstrating how digital financial technology can lower structural obstacles to financial
services(Nemoto & Yoshino, 2019). Because of this, fintech innovation is now tightly linked
to more general development objectives that prioritize equal economic inclusion and
inclusive financial systems.

Because of its decentralized architecture and potential to revolutionize traditional financial
intermediation, blockchain technology has garnered a lot of interest among the emerging
technologies influencing the future of financial infrastructure(Debataraja et al., 2022).
Blockchain functions as a distributed ledger technology (DLT) that securely, transparently,
and unchangeably records transactions across a network of nodes. Blockchain networks allow
peer-to-peer transactions without the need for reliable middlemen like banks or payment
processors, in contrast to traditional centralized financial systems(E. et al., 2023).
Cryptographic consensus techniques are used to validate every transaction on the blockchain,
guaranteeing the accuracy and traceability of financial information. This decentralized system
has the potential to save operating costs in financial transactions, increase data security, and
improve transparency.

A major paradigm shift in the architecture of financial infrastructure is represented using
blockchain technology in digital payment systems. Compared to conventional banking
systems, blockchain-enabled payment platforms can more effectively handle peer-to-peer
payments, remittances, and cross-border transactions(Qureshi & Khan, 2026). Blockchain
technology can drastically cut down on transaction processing time and operating expenses
by removing several tiers of middlemen and enabling automated transaction validation
through smart contracts(Sabeti et al., 2019). Additionally, blockchain ledgers' immutability
and transparency offer improved defense against fraud and illegal financial record
manipulation. These features make blockchain technology a viable basis for cutting-edge
digital payment systems that put efficiency, security, and trust first.

The incorporation of blockchain-enabled payment systems has significant potential to
promote financial inclusion in the context of global development. The availability and
accessibility of reasonably priced financial services, such as credit, insurance, savings, and
payments, to people and businesses, especially those that are underserved or shut out of the
conventional banking system, is referred to as financial inclusion. The development of the
financial industry has advanced significantly, yet a sizable section of the world's population is
still either underbanked or unbanked. Geographical isolation, high service charges,
inadequate documentation, and low financial literacy are some of the reasons why billions of
adults worldwide still do not have access to formal financial institutions, according to reports
on global financial inclusion(Hasan et al., 2024; Mashoene et al., 2025; Shahen & Sharaf,
2025).

Many of these structural obstacles can now be overcome with the use of digital payment
systems. Users can conduct financial transactions without the need for actual bank branches
or a lot of paperwork thanks to mobile payment systems and digital wallets(IKKhando et al.,
2022). These technologies allow people to use mobile devices to pay bills, transfer
remittances, get earnings, and carry out business operations. By lowering transaction costs
and increasing accessibility, digital payment ecosystems have already helped to boost financial
participation in many developing nations(Khando et al., 2022; Kitsios et al., 2021; Putrevu &
Mertzanis, 2024). However, a number of restrictions pertaining to cost effectiveness,
transparency, and operational resilience are introduced by the fact that traditional digital
payment systems are still heavily reliant on centralized financial institutions and outside
service providers.

In order to verify and handle transactions, traditional digital payment systems mostly rely on
centralized databases and intermediate organizations. The quick growth of digital financial
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services has been made possible by this centralized architecture, but it also creates risks with
regard to transaction costs, data security, and system dependability. Intermediary institutions
often levy processing fees that build throughout various stages of the transaction process,
increasing the ultimate cost of financial services for users. Furthermore, the security and
integrity of financial transactions may be jeopardized by cyberattacks, operational
malfunctions, or data breaches that target centralized systems. These drawbacks emphasize
the need for substitute technology frameworks that can raise the effectiveness and security
of online payment systems(Buchan & Ungér, 2026; Reshidi et al., 2025).

By enabling decentralized transaction processing and cryptographic verification techniques,
blockchain technology presents a viable remedy to a number of these structural constraints.
Blockchain solutions increase robustness against single points of failure and lessen
dependence on centralized authorities by distributing transaction records among several
network participants. By ensuring that transactions are verified collectively by network nodes,
cryptographic consensus techniques improve the transparency and reliability of financial
activities. Additionally, programmable smart contracts allow blockchain-based payment
systems to automate transaction execution, which lowers administrative overhead and boosts
operational effectiveness(Jameaba, 2022).

Even while the fintech community is becoming more interested in blockchain technology,
there is still a dearth of empirical study on how it affects financial inclusion. Current research
frequently focuses on case studies of bitcoin acceptance, conceptual debates of blockchain
applications, or technical evaluations of distributed ledger systems. Fewer research have
examined how blockchain-enabled payment systems affect financial inclusion outcomes at a
systemic economic level, despite the fact that these studies offer insightful information on
the technical capabilities of blockchain infrastructure. Specifically, there is still a need for
robust computational and data-driven methods that can quantitatively assess the connection
between financial access indicators and blockchain-based financial infrastructure.

The lack of thorough computational economic evaluations constitutes a significant study
deficiency in the literature about blockchain and digital financial inclusion. Financial systems
are intricate and evolving networks shaped by technological integration, institutional
frameworks, and socioeconomic factors. Comprehending the potential influence of
blockchain-enabled payment systems on financial inclusion necessitates analytical
frameworks that amalgamate economic modeling with sophisticated computational methods.
Machine learning and computational economics provide robust methodologies for assessing
extensive financial datasets, discerning patterns in financial technology adoption, and
forecasting the possible impacts of technological developments inside financial institutions.

This study's contributions encompass both scholarly research and practical policymaking in
the fintech sector. This research enhances the literature by synthesizing blockchain
technology analysis with computational economic modeling and machine learning
methodologies. This multidisciplinary method enhances comprehension of the impact of
technological breakthroughs on financial system inclusivity and economic participation. The
study illustrates the use of machine learning algorithms to assess fintech-related economic
events, hence enhancing the analytical resources for digital financial research.

2. Literature Review

2.1. Blockchain Technology and Decentralized Finance (Del'3)

Blockchain technology has arisen as a fundamental innovation in contemporary financial
systems, facilitating decentralized transaction processing via distributed ledger
architecture(Cimpan & Crisan, 2025). Originally developed as the foundational technology
for cryptocurrencies, blockchain has progressed into a comprehensive technological
framework with the potential to revolutionize other industries, especially banking. A
blockchain is a decentralized database that documents transactions across numerous nodes
in a network, guaranteeing transparency, immutability, and security using cryptographic
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verification methods. Transactions are organized into blocks that are successively
interconnected using cryptographic hashes, forming a tamper-proof ledger accessible and
verifiable by authorized parties(Cimpan & Crisan, 2025).

The notion of decentralization inherent in blockchain technology markedly differentiates it
from conventional financial systems. Traditional financial systems depend on centralized
entities, like banks, clearinghouses, and payment processors, to authenticate transactions and
preserve financial data. This framework establishes operational reliance on intermediaries,
potentially resulting in inefficiencies, elevated transaction costs, and systemic vulnerabilities.
Blockchain technology mitigates these restrictions by decentralizing transaction validation
among network participants using consensus methods like Proof-of-Work, Proof-of-Stake,
or other consensus protocols. These procedures guarantee that all participants concur on the
legitimacy of transactions without depending on a singular central authority.

Decentralized Finance (Del) signifies a substantial expansion of blockchain technology in
the financial domain. DeFi denotes a decentralized financial services ecosystem that functions
on blockchain platforms, allowing users to execute financial operations, including lending,
borrowing, trading, and payments, without conventional intermediaries. Decentralized
applications (dApps) enable DeFi platforms to offer programmable financial services that are
automatically executed through blockchain protocols. This paradigm presents a novel model
of financial infrastructure that prioritizes transparency, autonomy, and unrestricted access to
tinancial services(Metelski & Sobieraj, 2022; Xu et al., 2024).

2.2. Digital Payment Ecosystenss and Financial Inclusion Frameworks

Digital payment networks are an essential element of modern financial infrastructures. A
digital payment ecosystem often comprises interconnected platforms and entities that enable
electronic transactions among individuals, corporations, and financial institutions. These
ecosystems encompass mobile wallets, online banking platforms, payment gateways,
merchant networks, and regulatory frameworks that jointly facilitate efficient financial
transactions inside digital economies(Niankara & Traoret, 2023).

The proliferation of digital payment platforms is intricately associated with initiatives
designed to enhance financial inclusion. Financial inclusion denotes the availability and
accessibility of inexpensive financial services for all persons and enterprises, especially those
marginalized by conventional financial institutions. International development organizations
and financial authorities have increasingly prioritized financial inclusion as a crucial policy
target due to its significance in facilitating poverty alleviation, economic empowerment, and
sustainable development(Maharsi, 2024).

Digital payment technologies have shown considerable potential to enhance financial access
by reducing entry barriers to financial services. Mobile payment platforms enable individuals
to execute transactions without the necessity of physical bank offices or lengthy financial
documentation. In numerous emerging economies, digital payment systems have enhanced
engagement in financial activities like remittances, bill payments, and microtransactions.
Consequently, digital payment channels have proven essential in incorporating previously
unbanked communities into formal financial systems.

Nonetheless, despite their advantages, traditional digital payment methods have inherent
restrictions that may hinder their inclusion. Numerous digital payment platforms continue to
rely on centralized financial institutions and proprietary infrastructures, potentially incurring
transaction fees, regulatory restrictions, and interoperability challenges. These difficulties
underscore the necessity for alternative technical frameworks that enhance financial
accessibility while preserving efficiency and security. Blockchain-based payment systems have
been suggested as viable options for improving digital financial ecosystems and increasing
financial inclusion.

2.3. Computational Economics and Digital Financial Modeling
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Computational economics has become a significant methodological framework for
examining intricate economic systems defined by dynamic interactions among people,
institutions, and technical infrastructures. In contrast to conventional economic analysis,
which frequently depends on simple mathematical models, computational economics use
sophisticated computing methods to simulate and scrutinize economic phenomena with
enhanced precision. These methodologies allow researchers to simulate nonlinear
interactions, diverse agent behaviors, and dynamic economic conditions(Henningsson &
Hedman, 2014).

In the field of digital financial systems, computational economic modeling offers essential
instruments for assessing the effects of technological advancements on financial markets and
economic engagement. The amalgamation of machine learning, data analytics, and simulation
methodologies enables researchers to scrutinize extensive financial datasets and discern
patterns that may elude traditional statistical procedures. Machine learning models can
forecast financial behavior, evaluate the adoption of financial innovations, and analyze the
efficacy of governmental actions aimed at enhancing financial access(Gupta et al., 2020).

The utilization of computational techniques in fintech research has markedly increased in
recent years. Machine learning algorithms, including Random Forest, Gradient Boosting,
Support Vector Machines, and Artificial Neural Networks, have been extensively utilized in
financial forecasting, credit risk evaluation, fraud detection, and financial inclusion analysis.
These models facilitate the examination of intricate interactions among technological,
economic, and behavioral elements that affect financial system performance.

In the field of blockchain-based payment systems, computational economic modeling offers
a framework for assessing the impact of technology infrastructure on financial inclusion
results. Through the analysis of datasets reflecting digital payment utilization, technical
infrastructure advancement, and financial accessibility metrics, computational models can
discern the principal factors influencing financial inclusion. This methodology facilitates
evidence-based policymaking by offering quantitative analyses of the prospective effects of
technological changes in financial systems.

2.4. Smart Contracts and Distributed 1edger Technology in Financial Systems

Smart contracts exemplify a highly disruptive application of blockchain technology within
financial systems. A smart contract is a self-executing program residing on a blockchain that
autonomously enforces certain rules and conditions upon the fulfillment of specific critetia.
These contracts obviate the necessity for manual intervention or intermediary supetrvision,
facilitating automated transaction processing with elevated levels of reliability and
transparency(Al-Rasheed et al., 2025; Bekemeier et al., 2020).

The incorporation of smart contracts into financial infrastructures profoundly affects
payment systems, financial agreements, and contractual arrangements. In blockchain
payment networks, smart contracts can automate transaction settlements, guaranteeing that
payments are transferred solely when predetermined conditions are met. This automation
decreases administrative expenses, mitigates the possibility of conflicts, and enhances
operational efficiency in financial transactions.

Distributed Ledger Technology (DLT), which includes blockchain technologies, offers a
decentralized structure for preserving shared transaction records across numerous
participants. Distributed Ledger Technology systems provide secure data synchronization
among network nodes while maintaining data integrity using cryptographic validation
techniques. In financial systems, distributed ledger technology (DLT) can improve
transaction transparency and mitigate operational risks linked to centralized data
administration.

The implementation of smart contracts and distributed ledger technology in financial systems
has been investigated across multiple applications, such as cross-border payments, supply
chain financing, digital identity verification, and decentralized asset management. These
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applications illustrate the capacity of blockchain technologies to enhance the efficiency,
security, and transparency of financial activities. As financial systems progress towards digital
platforms, smart contracts and distributed ledger technologies are anticipated to assume a
progressively vital role in defining the future of financial services.

3. Research Method and Materials
3.1. Research Design and Analytical Framework

This study employs a quantitative computational economic methodology to examine the
correlation between blockchain-enabled digital payment systems and financial inclusion
results. The research design incorporates financial technology indicators, blockchain
infrastructure factors, and financial inclusion measures into a computational modeling
framework to assess the impact of technical developments in payment systems on financial
accessibility and economic patticipation.

The analytical methodology integrates machine learning predictive modeling with
computational economic analysis to assess intricate interactions between technology variables
and financial inclusion indicators. Computational methods are especially appropriate for
analyzing fintech ecosystems due to the influence of various interrelated factors on financial
technology adoption and digital financial engagement, such as technological infrastructure,
regulatory frameworks, economic conditions, and user behavior.

The research model posits that blockchain-enabled digital payment infrastructure serves as a
pivotal technological catalyst affecting the efficacy of digital financial ecosystems. Within this
paradigm, blockchain technology enhances digital payment efficiency via decentralized
transaction processing, improved transaction security, and diminished operational costs. The
enhancements in digital financial infrastructure are posited to augment financial accessibility
and ultimately foster greater financial inclusion.

The analytical framework is hence organized into three primary layers. The initial layer
signifies technological infrastructure variables, encompassing blockchain adoption rates, the
availability of digital payment platforms, and transaction processing capacities. The second
tier encompasses operational financial performance metrics, including transaction efficiency,
security, and cost reduction. The third layer signifies financial inclusion outcomes, assessed
via metrics including financial account ownership, digital payment utilization, and access to
financial services.

The work utilizes a machine learning-based predictive modeling approach to empirically
evaluate these interactions, facilitating the detection of nonlinear relationships and interaction
effects among technological and economic variables. The computational modeling technique
aims to assess how changes in blockchain infrastructure and digital payment efficacy affect
financial inclusion metrics in various economic environments.

3.2. Computational Modeling Approach

This study utilizes machine learning predictive modeling techniques within a computational
economic framework to examine the correlation between blockchain-enabled payment
systems and financial inclusion results. Machine learning models can discern intricate
nonlinear correlations among many factors, making them particularly adept at studying
fintech ecosystems marked by rapid technological adoption and diverse economic conditions.

A variety of machine learning algorithms were utilized in the investigation to guarantee
robustness and forecast accuracy. The models comprise Random Forest, Gradient Boosting
Machines, Support Vector Machines (SVM), and Artificial Neural Networks (ANN). Each
model presents unique benefits for analyzing intricate economic events.

Random Forest and Gradient Boosting algorithms are ensemble learning techniques that
amalgamate several decision trees to enhance forecast accuracy and mitigate overfitting.
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These models are especially adept at discerning variable significance and encapsulating
nonlinear connections between technical and economic factors.

Support Vector Machines offer a resilient framework for classification and regression, adept
at modeling high-dimensional data. Support Vector Machine techniques determine suitable
decision limits that enhance predicting accuracy in intricate datasets.

Artificial Neural Networks replicate interconnected layers of computing nodes that emulate
neural processing in organic systems. These models can discover intricate patterns in data
and are extensively utilized in financial forecasting and predictive analytics.

3.3. Mathematical Formulations
3.3.1.  Digital Transaction Efficiency

Digital transaction efficiency represents the performance of payment systems in processing
financial transactions with minimal time, cost, and operational complexity. Transaction
efficiency can be expressed as a composite function of processing time, transaction cost, and
system throughput.

Ty

DTE = —2—
T, x T,

where:

DTE= Digital Transaction Efficiency

T,,= Transaction volume processed by the system
T.= Average transaction cost

T,= Average transaction processing time

Higher values of DT Eindicate more efficient digital payment systems capable of processing
larger transaction volumes with lower costs and shorter processing times.

3.3.2.  Financial Inclusion Index

Financial inclusion in this study is measured through a composite index constructed from
several financial access indicators. The Financial Inclusion Index (FII) is calculated as a
weighted aggregation of normalized financial accessibility indicators.

n
FIl = ZWiXi
i=1

where:

FII= Financial Inclusion Index

X;= normalized value of financial inclusion indicator i
w;= weight assigned to indicator {

n= total number of indicators

Indicators used in the index include:

(a). financial account ownership rate
(b). digital payment usage frequency
(c). mobile money adoption

(d). access to financial institutions.

3.3.3.  Blockchain Adoption 1V ariable

Blockchain adoption reflects the level of technological integration of blockchain-based
financial infrastructure within digital payment ecosystems. This variable is constructed using
indicators such as blockchain transaction volume, number of blockchain nodes, and adoption
of blockchain-based financial services.
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BA = alBt + aan + agsa
where:
BA= Blockchain Adoption Index
B;= blockchain transaction volume
N, = number of blockchain nodes in the network

Sq= adoption rate of blockchain-based setvices
aq, @y, a3 = weighting coefficients.

This composite index captures the intensity of blockchain integration within digital financial
systems.

3.34.  Model Evaluation Metrics

To assess the predicted efficacy of the machine learning models, many established regression
evaluation criteria were utilized.

(1). Mean Squared Error (MSE):
n
1 5.2
MSE = EZ(%’ — 9
i=1

where y;represents the actual value and J;represents the predicted value.

(2). Root Mean Squared Error (RMSE):

RMSE = VMSE
(3). Mean Absolute Error (MAE):

n
1
MAE =—Z =P
”1m Vil
1=

Finally, the coefficient of determination (R* evaluates the proportion of variance in the
dependent variable explained by the model:

. . 2=
RE=1-FTF——
LOi—79)
Higher R? values indicate stronger predictive capability.

4. Result and Discussion

This section defines the computational outcomes derived from the machine learning-based
predictive modeling and simulation analysis. The report examines the impact of blockchain-
based digital payment infrastructure on transaction efficiency, transaction costs, financial
accessibility, and the rates of digital payment uptake. The outcomes were produced utilizing
the machine learning models outlined in the technique section, encompassing Random
Forest, Gradient Boosting, Support Vector Machine, and Artificial Neural Network
procedures. Model training and evaluation were conducted utilizing a dataset comprising
financial inclusion indicators, digital payment usage statistics, and blockchain adoption
variables.

4.1. Model Performance Evaluation

The initial phase of the investigation was assessing the prediction efficacy of the machine
learning models. The models were trained on 70% of the dataset, with the remaining 30%
allocated for testing and validation. Performance was evaluated using many metrics, including
Root Mean Square Error (RMSE), Mean Absolute Error (MAE), and the coefficient of
determination (R?). These metrics offer insight into the accuracy of each model's predictions
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regarding financial inclusion outcomes, influenced by blockchain adoption and digital
payment infrastructure variables.

The findings demonstrate that ensemble learning techniques, specifically the Random Forest
and Gradient Boosting models, yield the greatest predictive accuracy. These models exhibit
robust proficiency in identifying nonlinear interactions among variables and managing high-

dimensional financial datasets.

Table 1. Machine Learning Model Performance

Model RMSE MAE R?
Random Forest 0.082 0.061 0.91
Gradient Boosting 0.087 0.065 0.89
Support Vector Machine 0.104 0.079 0.84
Neural Network 0.097 0.073 0.86

The Random Forest model got the highest coefficient of determination (R* = 0.91), signifying
that the model accounts for nearly 91% of the variance in financial inclusion variables.
Therefore, the Random Forest model was chosen for additional investigation and
interpretation of the computational outcomes.

4.2. Blockchain Transaction Efficiency Improvements

The primary objective of this study was to investigate if blockchain-based payment systems
enhance the efficiency of digital transactions. The efficiency of transactions was assessed with
the Digital Transaction Efficiency (DTE) formula outlined in the methodology section,
which includes variables for transaction volume, processing time, and transaction costs.

The simulation results indicate that blockchain-based payment infrastructures markedly
enhance transaction processing efficiency relative to traditional digital payment systems.
Blockchain-enabled systems decrease the average transaction processing time by roughly
35%, mainly by removing intermediary verification processes and automating transaction
validation via decentralized consensus methods.

Table 2. Digital Transaction Efficiency Comparison

Average Average . Digital
. . . Transaction Volume .
Payment System Type Processing Time| Transaction Cost Capacity Transaction
(seconds) (USD) pactty Efficiency (DTE)
Conventional Digital Payments 8.5 0.42 12,000 33061
Blockchain-Based Payments 55 0.25 15,800 11,490

The results demonstrate that systems that use blockchain have far higher transaction
efficiency scores because they process transactions faster and handle more transactions at
once. These advances show that blockchain infrastructure can make digital payment
ecosystems work better.

4.3. Reduction in Transaction Costs

Transaction costs are a big reason why people and small enterprises can't get involved in the
economy. Payment gateways, clearinghouses, and banks are just a few of the middlemen that
traditional payment systems need. Each of them may charge fees for processing transactions.

The simulation shows that blockchain-based payment systems save transaction costs by 40—
45% on average compared to regular digital payment platforms. The main reasons for this
cost cut are doing rid of middleman service fees and automating the process of checking
transactions.

Table 3. Average Transaction Cost Comparison

Payment Infrastructure Average Transaction Cost (USD) Cost Reduction (%)
Traditional Banking Transfer 0.55 —
Mobile Payment Platform 0.42 23.6
Blockchain Payment System 0.25 54.5
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Computational analysis reveals that blockchain payment platforms offer the lowest
transaction costs among the evaluated payment systems. Reduced transaction costs render
digital financial services far more accessible, which is crucial for ensuring broader utilization
among individuals in developing nations.

4.4. Increase in Financial Accessibility

The analysis also looked at how making digital payments more efficient and cheaper affects
how easy it is to get money. This study used the Financial Inclusion Index (FII) to quantify
how easy it is to get money. The FII combines characteristics including owning an account,
utilizing digital payments often, and being able to get to banks and other financial institutions.

The results of the simulation show that digital payment systems that use blockchain
technology make it easier for people to get money, especially in places where the financial
infrastructure was not very good before. The predictive model says that using blockchain-
based payment methods might raise the Financial Inclusion Index by between 12-18%,
depending on how well-developed the region's digital infrastructure is.

Table 4. Financial Accessibility Indicators

Indicator Before Blockchain Adoption After Blockchain Adoption
Financial Account Ownership (%) 58 69
Digital Payment Usage (%) 46 63
Access to Financial Services (%) 51 66
Financial Inclusion Index (FII) 0.52 0.64

The findings demonstrate that blockchain-enabled financial systems improve financial
participation by reducing entry barriers for digital financial services. People who didn't have
access to banks before can now use mobile-based blockchain payment services to make
digital financial transactions.

4.5. Digital Payment Adoption Rates

This research also looked at the adoption rate of digital payment methods, which is another
interesting result. The modeling of digital payment adoption utilized blockchain
infrastructure characteristics, the availability of digital payment platforms, and markers of
technological accessibility.

The prediction model shows that areas with more developed blockchain infrastructure have
far greater rates of digital payment acceptance. Blockchain-based payment solutions make
people surer about digital financial transactions because they are more open and safe.

Table 5. Digital Payment Adoption Rates

Infrastructure Level Digital Payment Adoption Rate (%)
Low Blockchain Infrastructure 41
Moderate Blockchain Infrastructure 57
High Blockchain Infrastructure 73

The findings indicate that the presence of secure and efficient blockchain-based payment
infrastructure promotes increased engagement in digital financial systems. As more people
and businesses start using blockchain, more people and businesses start using digital
payments.

4.6. Feature Importance Analysis

A feature importance analysis was performed with the Random Forest model to provide
deeper insights into the determinants affecting financial inclusion outcomes. This research
finds the factors that have the biggest effect on how well the model can predict things.

Table 6. Feature Importance Ranking

Variable Importance Score
Digital Payment Adoption 0.27
Blockchain Transaction Efficiency 0.23
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Internet Penetration 0.18
Transaction Cost Reduction 0.16
Mobile Device Adoption 0.10
GDP per Capita 0.06

The analysis shows that the most important factors in determining financial inclusion
outcomes are the use of digital payments and the speed of blockchain transactions. These
results show how important it is to have a good digital payment system in order to make
money more accessible.

This study's findings offer substantial insights into the impact of blockchain-enabled digital
payment systems on financial inclusion by enhancing transaction efficiency, reducing costs,
and increasing the accessibility of financial services. From a computational economics
standpoint, the results indicate that technology infrastructure significantly influences financial
involvement patterns in digital economies. The study demonstrates that the integration of
blockchain adoption indicators with machine learning-based predictive modeling can
significantly improve the operational efficiency of digital payment ecosystems and foster
more equitable financial systems.

One of the most important things this study found is that there is a strong link between the
efficiency of blockchain-based transactions and the results of financial inclusion. The
computational research shows that increasing levels of financial engagement are closely linked
to gains in transaction efficiency, which means shorter processing times and more
transactions per second. Payment systems that employ blockchain technology are more
efficient since they don't have to go through a lot of verification steps that are frequent in
traditional financial systems. In traditional digital payment systems, payments usually go via
a number of institutional layers, such as payment processors, banking networks, and
clearinghouses. Every extra layer adds time, money, and trouble to the process.

Blockchain technology fundamentally alters this structure by enabling peer-to-peer financial
transactions verified by decentralized consensus mechanisms. From a computational
economics perspective, this decentralization reduces the transaction friction that often
impedes the efficiency of the financial system. Machine learning models indicate that the
efficiency of blockchain transactions is a critical determinant of the usability of financial
services. This conclusion suggests that improvements in payment infrastructure technologies
could significantly influence engagement in the financial system, particularly in regions where
traditional banking infrastructures are inadequately developed.

A significant discovery pertains to the decrease in transaction costs linked to blockchain-
enabled payment systems. The simulation results indicate that blockchain-based payment
infrastructures decrease average transaction costs by over forty percent relative to traditional
digital payment systems. The reduction in costs mostly results from blockchain networks'
ability to eliminate middleman financial institutions that usually impose processing fees for
transaction verification and settlement services. Decreased transaction costs diminish
financial obstacles for people and small enterprises, facilitating wider engagement in digital
financial ecosystems.

From a computational economics perspective, the reduction of transaction costs is a primary
mechanism via which technological innovation can improve financial inclusion. Economic
theory suggests that high transaction costs often inhibit participation in formal financial
institutions, particularly among low-income populations and microenterprises. When
financial services are more affordable, a greater number of individuals are inclined to utilize
digital payment systems for everyday monetary activities such as transferring funds, settling
bills, and conducting transactions. The findings of this study support the assertion that
blockchain-based payment systems can enhance the affordability of financial services, hence
increasing accessibility for a broader population.

The research illustrates that enhancements in transaction efficiency and cost reduction result
in quantifiable increases in financial accessibility. The computational results suggest that
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implementing blockchain-based payment systems can enhance financial inclusion metrics by
roughly twelve to eighteen percent. This augmentation signifies advancements in financial
account possession, digital payment utilization, and accessibility to financial services. These
findings underscore the significance of technical infrastructure in influencing financial
participation trends within digital economies.

Financial accessibility is crucial in emerging economies, since numerous individuals are
excluded from formal financial systems due to structural impediments, including inadequate
banking infrastructure, elevated service charges, and administrative prerequisites. Blockchain-
enabled payment platforms provide an alternate means for financial engagement, enabling
individuals to execute financial transactions via mobile devices without dependence on
conventional banking institutions. With the global expansion of mobile internet access,
blockchain-based financial systems may offer scalable alternatives for delivering financial
services to underserved people.

The economic ramifications of these discoveries are particulatly substantial for developing
economies. Numerous developing nations encounter ongoing difficulties in enhancing
financial accessibility owing to geographic obstacles and institutional restraints. In rural or
isolated areas, the implementation of conventional banking infrastructure may be
economically unfeasible due to elevated operational expenses and restricted consumer
demographics. Digital payment platforms provide a more economical alternative for offering
financial services in these circumstances. Blockchain-based payment systems augment this
potential by offering a decentralized financial infrastructure that functions autonomously
from conventional banking networks.

The computational analysis indicates that emerging economies exhibiting advanced digital
infrastructure development—such as mobile connectivity and internet penetration—are
more prone to substantial enhancements in financial inclusion subsequent to the
implementation of blockchain-enabled payment systems. This relationship shows how
important it is to make complementary investments in digital infrastructure. The possible
benefits of blockchain-based financial systems may not be completely realized if people don't
have enough access to the internet and don't know how to use technology. So, when financial
systems come up with new technologies, they need to be part of bigger digital development
plans to make sure everyone benefits from the economy.

The results of this study have a lot of crucial implications for regulators and financial officials
from a policy point of view. First, governments should see payment systems that use
blockchain as possible ways to encourage financial growth that includes everyone.
Governments may make it easier for more people to get financial services by encouraging
the growth of decentralized financial infrastructures. This will also make digital financial
ecosystems more efficient and open.

Second, rules and regulations need to change to keep up with new financial technologies
while also protecting consumers and keeping the economy stable. Blockchain-based financial
platforms work differently from regular banks and other financial organizations. This means
that traditional regulation approaches may not always work. Policymakers should therefore
create rules that promote innovation while still protecting against financial fraud,
cybersecurity threats, and systemic weaknesses.

Third, it will be important for regulators, fintech businesses, and financial institutions to work
together to make blockchain technologies a part of national financial ecosystems. Fintech
companies are often the ones who come up with new technologies, while banks and other
financial institutions provide the rules and the infrastructure needed to run them. These
people can work together to speed up the creation of safe and accessible digital financial
platforms.

The results of this study align with prior studies investigating the correlation between fintech
innovation and financial inclusion. Previous research on mobile payment systems has
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demonstrated that digital financial technology can substantially enhance financial
participation by mitigating the obstacles inherent in conventional banking systems. For
instance, studies on mobile money systems in various developing regions have shown that
digital payments can make it easier for those who didn't have bank accounts before to get
money.

This study builds upon prior research by concentrating on blockchain-enabled payment
infrastructures and utilizing computational economic modeling approaches to assess their
effects. This research use machine learning models to quantitatively analyze the correlation
between blockchain usage and financial inclusion results, in contrast to past studies that
predominantly utilize descriptive or qualitative methods. The superior predictive accuracy of
the Random Forest model indicates that computational methods can yield significant insights
into intricate financial ecosystems.

Moreover, the feature importance analysis reveals that the acceptance of digital payments and
the efficiency of blockchain transactions are the most significant determinants of financial
inclusion outcomes. This outcome underscores the significance of technology infrastructure
in influencing participation in the financial system. It also recommends that authorities
prioritize investments in digital financial infrastructure and blockchain-enabled platforms to
foster inclusive financial development.

5. Conclusion

This study investigated the role of blockchain-enabled digital payment systems in advancing
financial inclusion through a computational economic framework. By integrating financial
technology indicators, blockchain infrastructure variables, and financial inclusion metrics
within machine learning—based predictive modeling, the research provides empirical insights
into how decentralized financial technologies influence financial participation and
accessibility in digital economies. The results demonstrate that blockchain-based payment
infrastructures significantly improve digital transaction efficiency, reduce transaction costs,
and increase financial accessibility, thereby contributing to higher levels of financial inclusion.

One of the primary findings of this research is that blockchain-enabled payment systems
substantially enhance transaction efficiency by reducing processing time and eliminating
multiple intermediary verification processes. The computational analysis indicates that
blockchain infrastructure increases transaction throughput while maintaining high levels of
transparency and security through decentralized validation mechanisms. These
improvements in payment system performance create more reliable and efficient financial
ecosystems, which in turn encourage broader adoption of digital financial services.

The policy implications of these findings are particularly relevant for developing economies
seeking to expand financial inclusion through digital financial infrastructure. Governments
and financial regulators should recognize blockchain-enabled payment systems as potential
tools for improving financial accessibility and reducing barriers to financial participation.
Policies that support the development of decentralized financial infrastructures, promote
digital literacy, and expand internet connectivity can significantly enhance the effectiveness
of blockchain-based financial platforms in underserved regions.

Furthermore, regulatory frameworks should evolve to accommodate emerging financial
technologies while ensuring adequate consumer protection and financial stability.
Policymakers must balance the need to encourage innovation within fintech ecosystems with
the necessity of safeguarding financial systems from cybersecurity risks, fraud, and systemic
vulnerabilities. Collaboration among regulators, financial institutions, and fintech developers
will therefore be essential for building secure and inclusive digital financial ecosystems.

The findings of this study highlight the transformative potential of blockchain-enabled digital
payment systems in promoting inclusive financial development. By improving efficiency,
reducing costs, and expanding accessibility, blockchain technologies can play a significant
role in shaping the future of digital financial ecosystems. As digital economies continue to
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evolve, computational economic approaches will become increasingly important for
evaluating how emerging technologies influence financial participation and economic
opportunity, particularly within developing economies seeking to achieve sustainable and
inclusive financial growth.
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