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Abstract

Traditional financial systems often exclude people who don't meet typical credit
standards. This article looks at how smart system design can change financial access
for these underserved groups. New tech like microservices, event processing, and
mobile-first paradigms can break down old barriers to economic participation.
Machine learning, using various data, helps assess creditworthiness beyond standard
scores. Web apps then bring financial services to basic devices. Backend systems
that use GraphQL APIs, caching, and edge computing cut bandwidth use and boost
performance for users with limited infrastructure. Ethical issues in financial tech are
key; design choices can either worsen or fix inequalities. Real-time income checks,
automated tax help, and behavioral studies can assist gig workers, small firms, and
the unbanked in getting complete financial services. When good tech meets social
awareness, code turns into economic infrastructure, shaping chances for billions shut
out of traditional banking.
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1. Introduction

Historically, the financial system has left some people out, especially those without typical credit
credentials. Current financial services usually need things like a credit history, bank accounts, and assets.
This keeps many people worldwide from getting basic financial help. Digital financial inclusion became a
major turning point during the COVID-19 pandemic. Because people couldn't go to banks, they started
using technology more, especially in areas that didn't have good banking services before. Studies in 28 EU
countries show that using digital payments jumped from 47% to 72% between 2019 and 2021, and 58% of
adults started using mobile banking. This quick move to digital made it clear that there are chances and
ongoing problems in making financial access more equal through tech.

There are different, connected reasons why people can't get access to financial services, and tech solutions
need to tackle these as a whole. Credit scoring systems aren't great at judging small and medium-sized
businesses. Regular models are less than 65% correct for businesses without much financial background.
Machine learning, which uses things like transaction patterns, seasonal income changes, and online activity,
does a better job. It can predict who will default with about 87.3% accuracy, even for those who were
previously hard to score. Even though better algorithms let more people get credit, institutions and
organizations must consider fairness and cut down on bias when they make and use them.

Tech-driven methods, especially in system design and inclusive design, can really change how financial
access works. The pandemic showed us that tech setup matters more than rules or company policies when
it comes to who can participate. Countries with good digital payment systems saw financial opportunities
grow by more than 15% each year. Areas that still rely on old-fashioned banking saw little to no growth.
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System designs that allow quick processing, different kinds of data, and mobile-friendly interfaces help
financial services keep up with today's economy, instead of making users adapt to old system needs.
System design choices have a direct impact on whether vulnerable people can fully take part in the
economy. For small and medium-sized businesses, digital lending platforms can cut loan approval times
from weeks to just hours. They also need much less paperwork—about 70% less—than what banks usually
ask for. Machine learning models incorporating non-traditional variables—such as utility payment
consistency, supplier relationship stability, and inventory turnover patterns—identify creditworthy
borrowers among populations historically excluded from formal financial systems [2]. These engineering
innovations particularly benefit enterprises in developing economies, where 65% of businesses operate
without formal credit histories yet demonstrate strong repayment capabilities through alternative metrics.
The intersection of software engineering and financial inclusion represents a critical frontier in addressing
economic inequality, where technological choices become instruments of either perpetuation or disruption
of existing financial hierarchies. Each architectural decision impacts millions of potential users excluded
from traditional financial services, making inclusive design not merely an optimization challenge but a
fundamental requirement for equitable economic systems that serve all populations regardless of
geographic location, economic status, or traditional creditworthiness indicators.

Impact of COVID-19 on Digital Financial Adoption Rates
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Figure 1: Impact of COVID-19 on Digital Financial Adoption Rates [1,2]

2. The Architecture of Financial Exclusion: Technical and Systemic Barriers

Current finance systems use central credit reporting agencies, strict loan models, and old banking setups
that tend to help those who are already wealthy. These systems employ technical architectures that require
extensive documentation, impose minimum balance requirements, and utilize risk assessment algorithms
calibrated for traditional employment patterns. The technical foundation of contemporary banking
operations continues to depend heavily on the COBOL programming language, which processes
approximately 80% of global financial transactions despite originating in 1959. Banking institutions
maintain over 220 billion lines of COBOL code managing core functions, including account processing,
transaction validation, and regulatory compliance reporting [3]. This technological persistence creates
fundamental incompatibilities with modern digital requirements, as COBOL systems operate through batch
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processing methodologies that cannot accommodate real-time transaction demands or flexible data
structures necessary for inclusive financial services.

The engineering choices embedded within legacy systems manifest as concrete barriers to financial
participation for non-traditional workers. Mainframe architectures running COBOL applications require
rigid data formats that cannot process variable income streams or multiple revenue sources characteristic
of gig employment. Database schemas designed decades ago enforce strict field limitations—names
restricted to 30 characters, addresses requiring specific postal formats, income fields accepting only fixed
monthly amounts—that systematically exclude individuals whose circumstances diverge from conventional
employment paradigms [3]. These technical constraints translate into procedural obstacles where loan
applications fail validation checks, not due to creditworthiness concerns but because backend systems
cannot interpret contemporary employment structures.

Gig economy workers face particular challenges navigating financial systems architected for traditional
employment relationships. Research examining financial resilience among gig workers reveals that
irregular income patterns—fluctuating between 20% to 60% monthly—trigger automatic rejection
mechanisms in conventional underwriting systems. Platform-based workers demonstrate strong financial
discipline, with 73% maintaining emergency funds and 68% actively managing multiple income streams,
yet encounter systematic exclusion from credit products due to technical incompatibilities rather than actual
risk factors [4]. The absence of employer-provided documentation, standardized pay stubs, or consistent
deposit schedules creates insurmountable barriers within systems requiring these specific data inputs for
processing.

Credit scoring models exhibit fundamental architectural limitations when evaluating modern employment
structures. Traditional algorithms weight employment stability and single-source income verification as
primary creditworthiness indicators, automatically disadvantaging gig workers who average 3.7 different
income sources. Financial resilience studies indicate that gig workers maintaining diversified revenue
streams demonstrate lower default rates than single-employer individuals during economic disruptions, yet
scoring models interpret income diversification as instability rather than risk mitigation [4]. These
algorithmic biases become encoded within system architectures, perpetuating exclusion through technical
mechanisms that appear neutral but systematically disadvantage specific population segments.

The temporal dynamics of batch processing systems create additional barriers for economically vulnerable
populations. COBOL-based transaction processing operates on overnight batch cycles, preventing
immediate balance updates or real-time payment confirmations essential for individuals managing tight
cash flows. System maintenance windows occurring during standard business hours disproportionately
affect gig workers who require 24/7 access for managing irregular payment schedules [3]. These
architectural decisions compound into systemic exclusion where technical limitations masquerade as risk
management policies, creating barriers that technology could eliminate but legacy systems perpetuate
through outdated engineering paradigms.

Table 1: Legacy System Constraints in Banking Infrastructure [3,4]

System Characteristic Impact/ Measurement
Global transactions processed by COBOL 80%

COBOL code lines in banking institutions 220 billion

Gig workers maintaining emergency funds 73%

Gig workers managing multiple income streams 68%

Average income sources for gig workers 3.7

Monthly income fluctuation range 20%-60%

3. Engineering for Inclusion: Backend Systems as Economic Infrastructure
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The development of inclusive financial systems requires fundamental reimagination of backend
architecture, moving from exclusionary gatekeeping to intelligent facilitation. Modern engineering
practices demonstrate transformative potential through microservices architecture implementations that
decompose monolithic financial applications into independently deployable services. Spring Boot
frameworks enable the creation of lightweight microservices that process transactions 40% faster than
traditional architectures while consuming 60% fewer computational resources. Financial services
implementing microservices architecture report deployment frequency increases from monthly to daily
releases, enabling rapid iteration on inclusive features that address underserved population needs [5]. This
architectural paradigm shift allows independent scaling of critical services—payment processing scales
horizontally during peak periods while authentication services maintain baseline capacity—optimizing
resource utilization while ensuring consistent performance across diverse user scenarios.

Event-driven systems can change who has access to financial services. They use ways of processing
information that can handle the varying income patterns of those in the gig economy. Using Apache Kafka,
one can process data from many data sources at the same time. This combines earnings from different places
into one financial profile, which older systems can’t do. Spring Cloud Stream helps process events in real-
time across different services, keeping data consistent and removing synchronous needs that slow down
older setups. These tech tools allow for things like instant income checks, no matter where the payment
comes from, constant balance updates that show even small payments, and predictions of cash flow needs
based on past patterns instead of set payment dates.

API-first design principles fundamentally alter how financial services interact with diverse user populations
and third-party platforms. RESTful APIs built using Spring Boot expose granular financial operations that
platform partners integrate seamlessly, enabling gig workers to access banking services directly within
work applications. Microservices architectures facilitate API versioning strategies that maintain backward
compatibility while introducing enhanced functionality, ensuring no user segment experiences service
disruption during system evolution [5]. Documentation-driven development approaches produce self-
describing APIs that reduce integration complexity from weeks to days, accelerating financial service
availability across emerging digital platforms where gig workers operate.

The transformation of lending systems through alternative assessment mechanisms demonstrates
engineering's role in expanding credit access. Digital labour platforms generate extensive behavioral data—
task completion rates, customer ratings, earnings consistency—that machine learning models analyze to
assess creditworthiness without traditional credit scores. Platform workers completing regular assignments
demonstrate repayment capabilities equivalent to traditionally employed borrowers, yet conventional
systems cannot process these alternative indicators. Research across 75 countries reveals that platform-
based workers maintain income streams averaging $500 monthly in developing economies and $2,000 in
advanced economies, representing viable lending segments excluded solely due to technical limitations
rather than actual risk profiles [6].

Tax optimization through automated categorization exemplifies how backend engineering directly
improves financial outcomes for underserved populations. Rules engines processing transaction streams
identify deductible expenses that manual review overlooks, particularly crucial for gig workers managing
multiple income sources across various platforms. Platform workers report average annual earnings
between $15,000 $30,000 globally, where proper expense categorization reduces tax obligations by 15-
25% [6]. These technical implementations democratize financial sophistication previously accessible only
through expensive professional services, embedding expertise within system architectures that serve all
users regardless of financial literacy levels.

4. Mobile-First Architecture and the Democratization of Financial Services

Choosing to use a mobile-first setup is a very important engineering decision that greatly affects who can
access a particular organization’s services. Mobile devices break down location barriers to banking,
reaching people in areas where it doesn't make sense to have physical bank branches. Studies on how mobile
banking has grown show that banking apps on smartphones have been adopted by over 2.1 billion people
around the world. Developing countries have seen a 23% yearly increase in users, while developed countries
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have seen an 8% increase. Mobile money services handle over $2.1 billion every day in emerging markets,
where traditional banking systems serve less than 30% of adults [7]. This rapid progress lets countries jump
directly from using cash to digital financial systems, without needing to build up traditional banking
infrastructure first.

Mobile tech, like less data use, offline access, and flexible designs, fits the needs of people with limited
resources and shaky internet. PWAs might just change financial inclusion for the better. They combine
native app features with simple website access. PWA implementations demonstrate 68% faster initial load
times compared to traditional mobile applications while requiring 90% less storage space on user devices.
Service workers enable offline functionality for critical financial operations, maintaining transaction queues
during connectivity interruptions and synchronizing automatically when network access resumes [8]. These
architectural decisions directly address infrastructure limitations in developing regions where network
reliability fluctuates significantly throughout daily usage patterns.

Backend systems supporting mobile access employ sophisticated optimization strategies that minimize
resource consumption while maximizing functionality delivery. GraphQL implementations reduce data
transfer requirements by 78% through selective field queries, crucial for users managing restrictive data
plans or operating on pay-per-megabyte connections. Comprehensive analysis of PWA performance
metrics reveals that caching strategies reduce server requests by 82%, decreasing both bandwidth
consumption and battery drain—critical considerations for users relying on older devices with limited
capabilities [8]. Edge computing deployments position computational resources closer to end users,
reducing latency from 300 milliseconds to under 50 milliseconds for critical financial operations despite
infrastructure limitations.

Mobile-centric engineering approaches fundamentally transform smartphones from consumption devices
into comprehensive financial management platforms. Research spanning 47 countries indicates that mobile
banking adoption correlates strongly with financial inclusion improvements, particularly among women
and rural populations historically excluded from formal banking services. Mobile interfaces designed for
touch interaction require 65% fewer steps to complete transactions compared to desktop alternatives,
reducing cognitive load and training requirements for first-time digital banking users [7]. Biometric
authentication mechanisms integrated within mobile platforms achieve security levels exceeding traditional
password systems while eliminating literacy barriers that prevent participation in text-based authentication
schemes.

The architectural implications of mobile-first design extend beyond technical specifications to encompass
fundamental reimagination of financial service delivery. Mobile platforms enable micro-transaction
processing economically unfeasible through traditional channels, supporting financial activities at scales
previously impossible. Literature reviews identify mobile financial services as primary drivers of economic
formalization, enabling informal sector participants to establish verifiable transaction histories essential for
accessing credit and insurance products [ 7]. These technological interventions demonstrate that engineering
decisions regarding platform selection and optimization strategies directly determine whether financial
services reach or exclude billions of potential users operating outside traditional banking ecosystems.

Table 2: Mobile-First Architecture Impact on Financial Access [7,8]

Mobile Technology Metric Measurement
Global smartphone banking users 2.1 billion
Annual growth rate (developing economies) | 23%

Daily mobile money transactions $2.1 billion
PWA load time improvement 68% faster
Storage space reduction (PWA vs native) 90% less

Data transfer reduction (GraphQL) 78%

Server request reduction (caching) 82%
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5. The Ethical Imperative of Responsible Engineering in Financial Systems

Backend developers working on financial systems have ethical duties similar to those in healthcare or civil
engineering. Their code directly affects people's well-being and chances for economic advancement. Every
design choice, from how data is arranged to how quickly APIs respond, shows opinions on who should
have access to money and under what conditions. Studies of ethical practices in banking show that
technology greatly affects fairness. Algorithms decide who gets credit, how things are priced, and who can
use services, impacting millions worldwide. Financial companies that use ethical technology report a 35%
rise in customer trust, fewer rule violations, and a better image [9]. This shows that good engineering means
not only being technically skilled but also carefully thinking about how systems affect society.

To create financial systems that are open to everyone, engineers should question common ideas found in
typical coding methods. Credit scoring algorithms are especially tricky from an ethical point of view
because technical choices directly change applicants' lives. Studies on fairness in financial algorithms show
that Al systems, if trained on old data, will keep up existing biases unless they are specifically designed to
be fair. Models that use fairness-aware machine learning can achieve equal outcomes for different groups
while staying almost as accurate as those without such restrictions, proving that ethical concerns don't have
to hurt how well a system works [10]. Engineers need to know that even seemingly small technical
choices—Ilike picking training data, defining features, and setting limits—can greatly affect how fair
financial access is.

In financial settings, good engineering means thinking about unusual situations as important design needs,
rather than rare exceptions. Systems should be made to handle users who are having money troubles, have
irregular incomes, and aren't very familiar with technology, as normal cases, not strange issues. Ethical
rules should emphasize being open, responsible, and fair as key ideas that guide technical work. Financial
systems that use Al that explain their decisions allow users to understand why decisions were made.
Research shows that clear explanations raise user satisfaction by 42% and make users 28% more likely to
accept recommendations [10]. These design choices show that financial systems serve people who are at
risk and whose financial stability relies on the system working consistently, predictably, and
understandably.

The ethical code covers technical aspects of data privacy, how open algorithms are, and how dependable
systems must be. It understands that when financial platforms don't work right, it hurts users who are already
in a tough spot financially. Privacy methods, like differential privacy and federated learning, make it
possible to study data closely but keep personal info safe. This helps balance the need to customize services
with the need to protect privacy, a common issue in finance now. Research says users are much more willing
to share data if platforms have easy-to-understand controls and policies about data [9]. System
dependability is an ethical requirement when downtime stops people from getting paid, handling bills, or
accessing money they need right away.

The engineering space should acknowledge its part in economic fairness, realizing that staying “technically
neutral” is an ethical choice that supports the way things already are. Professional rules for building
financial tech are beginning to add ethical checks that look at how systems affect inclusion, along with how
well they perform technically. Studies suggest that varied engineering teams build financial systems with
fewer biased outcomes, which shows how important team diversity is to ethical building [10]. These results
point out that good engineering means really thinking about fairness from when a system is first planned to
when it's watched and updated later.
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Fairness and Trust Metrics in Financial System
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Figure 2: Fairness and Trust Metrics in Financial System Design [9,10]

Conclusion

Using inclusive engineering to change financial services is a technical step and a moral duty, reshaping
economic activity. Inclusive backend systems can remove barriers that have stopped billions from using
basic financial services. Moving from old systems to newer platforms improves response times and handles
varied user needs, like irregular income. Also, mobile-first strategies turn smartphones into financial tools,
useful even where infrastructure is weak. Ethical financial system engineering means knowing that tech
choices affect people's well-being. Each part of the system either helps or hurts access to finances. The
engineering field has a chance to match tech skills with social awareness, creating chances for a fairer
economy. The challenge for developers is to accept their role in building an economic structure that aids
everyone, despite standard credit scores or location.
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