
ARAIC Applied Research in Artificial Intelligence and Cloud Computing 47

A Collaborative Intelligence (CI) Framework for Fraud
Detection in U.S. Federal Relief Programs
RAHUL DAS 1, MD RIAD MAHAMUD SIRAZY 2, RAFIQUS SALEHIN KHAN 3, AND SHARIFUR RAHMAN 4

1MSc in IT, Washington University of Science & Technology, USA
2MSc in IT, Washington University of Science & Technology, USA
3MBA in Business Analytics, Gannon University, USA
4MSc in Business Analytics, University of Central Oklahoma, USA

Published: 2023

Abstract
Fraud in U.S. Federal Relief Programs poses significant
risks to government budgets, public trust, and the sus-
tainability of aid programs that are designed to shore
up communities and businesses across this crisis. We
argued that a dual approach, which brings together hu-
man expertise and state-of-the-art Artificial Intelligence
techniques-often referred to as Collaborative Intelli-
gence (CI)-can offer a potent means for detecting, in-
vestigating, and preventing such fraud at scale. The
proposed model connects many data sources, such as
government registries, payroll records, banking transac-
tions, and open-source intelligence in one central data
lake, for general oversight. In addition, the applica-
tion of machine learning algorithms is complemented
by graph analytics and natural language processing in
underlining various anomalies, such as documentation
falsification, misrepresentations regarding eligibility,
shell companies, and suspicious patterns of transactions.
These AI-generated alerts then get refined by investiga-
tors, compliance officers, and auditors by investigating
high-risk cases and providing the models with addi-
tional contextual knowledge. Moreover, solid gover-
nance practices of privacy, security, and legal compli-
ance assure that the personal data of individuals are
handled in a responsible manner, along with the ethical
and lawful treatment of investigative processes. This
could strengthen integrity within relief programs and
safeguard much-needed financial assistance for legiti-
mate recipients.
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1. INTRODUCTION

Different federal relief programs have been staged in the United
States to help curb the country’s economic hardships and help
its citizens in times of crisis [2]. Over time, these have changed
to reflect different economic and social needs that the nation
itself has faced. There was a series of programs by President
Franklin D. Roosevelt during the Great Depression aimed at
relief, recovery, and reform. Major programs included the CCC,
which employed hundreds of thousands of young men in con-
servation work; the AAA, which paid farmers to reduce pro-
ductive acreage in order to raise farm prices; and the Social
Security Act, which created a system of old-age pensions along
with unemployment insurance. In response to the pandemic
caused by COVID-19, the federal government introduced the
American Rescue Plan Act in 2021 [3]. The broad relief pack-
age would include direct economic assistance for individuals,
families, small businesses, and industries. Salient points were
Economic Impact Payments, expansion of Child Tax Credits, and
more money allocated to state and local governments as they
deal with pandemic-related challenges [4, 5].

Federal aid administration is the responsibility of a number
of agencies who disburse funds to states and other recipients.
CFDA is a master directory that describes the domestic assis-
tance programs in the United States so that interested groups
can locate and apply for government benefits. WIKIPEDIA

Federal relief programs, especially those for times of eco-
nomic crisis, serve to alleviate suffering and assist recovery. In
that regard, these are measures through which a government
shows it cares about its people’s plights.

Indeed, fraud in U.S. federal relief has lately emerged due
to a high rate of dispersion in the funds towards the minimal
hardships posed by the COVID-19 pandemic [5]. In the rush
to distribute financial aid, it created avenues for fraudsters to
take advantage of individuals and organizations using every
conceivable ploy to divert money improperly. Examples of some
of the largest scams include the diversion of child nutrition funds
by the nonprofit Feeding Our Future, abuse of small business
relief funds through the Paycheck Protection Program [6], and
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Type of Assistance Description

Direct Payments Financial assistance provided directly to individuals, such as Economic Impact Pay-
ments during the COVID-19 pandemic [1].

Grants Funds allocated to states, localities, or organizations for specific purposes, including
community development and education.

Loans and Loan Guarantees Programs offering low-interest loans or backing private loans to support sectors like
housing and small businesses.

Tax Credits Reductions in tax liability to incentivize certain behaviors or provide relief, exemplified
by the Earned Income Tax Credit and Child Tax Credit.

Table 1. Types of Federal Assistance and Their Descriptions

fake claims under the telecommunications programs. These
may be done through document forging, identity theft, shell
companies, and conspiracies in efforts to maximize illicit gains.

The harm from these crimes extends far beyond the monetary
loss by compromising the confidence of the public in govern-
ment institutions, while complicating the inner workings of
relief programs, too [7]. Resources that are supposed to aid peo-
ple with real needs are diverted and reduce the effectiveness
of relief and contribute to long-term program integrity chal-
lenges. In that regard, government agencies have increased their
scrutiny by forming special task forces, conducting legislative
investigations, and launching recovery efforts against the fraud
in question. Such steps go hand in hand with proposals for
strengthened identity verification, more effective data analyt-
ics to spot fraud, better interagency cooperation, and public
awareness about the impact of fraud [8].

2. DETAILS OF THE SYSTEM

A. Data Ingestion Integration
While foundational in any robust fraud detection framework,
data ingestion and integration become very important in U.S.
Federal Relief Programs, where large volumes of data have to
be ingested, analyzed, and interpreted. It involves the collec-
tion of data from a wide variety of sources, each contributing
different types of indicators regarding the validity of an ap-
plication or transaction. This will help the agencies to reduce
knowledge gaps and increase the probability of fraud pattern
detection by uniform and consistent processing of incoming
datasets. Data Sources in this context may include but are not
limited to records from Small Business Administration loan pro-
grams, Internal Revenue Service filings, payroll databases, and
credit bureaus. In addition, business registrations, property
deeds, court filings, and other publicly maintained records cre-
ate a larger picture of the applicant’s history. These have to
be supplemented through what is generally termed OSINT, or
Open-Source Intelligence, that includes any publicly available
information collected through online forums, social networks,
and other web footprints. It does this by systematically com-
bining data from official registries with the digital footprints of
investigation subjects, enhancing both the depth and scope of
analyses [9, 10].

After these have been identified, the responsibility of consoli-
dating such data in a cohesive environment rests with the Inte-
gration Layer. This might be facilitated through ETL pipelines
or it could lean on streaming platforms like Apache Kafka or
AWS Kinesis. Real-time ingestion is desirable in many instances,
particularly those transactions that need to be flagged out the

moment some abnormality crops up. If there is a loan appli-
cation which keeps on submitting, a little different from each
other, say, within a minute or so, it may raise suspicion. These
will be caught sooner through a streaming pipeline which may
trigger further analysis of those caught in its net. Batch ingestion
may suffice for the regular processing of historical or archived
data. These three major design goals-scalability, throughput,
and reliability-are foreseen by the number of data sources possi-
bly being large and varied. Strong error-handling mechanisms
ensure that any failure in the data pipelines does not lead to lost
or misaligned data across different datasets.

Concurrent with the ingestion pipelines is Metadata Tag-
ging to ensure tracking of data lineage and data provenance
are managed. Every incoming record should have metadata
describing its source, date of acquisition, transformations, if any,
and related quality checks. This is what helps not only in giving
transparency but also to give traceability, which comes under
auditing and compliance. When the data is finally tagged as
fraudulent or legitimate, the metadata allows investigators to
trace it to when and how it entered the system, who accessed
it or modified it, and what kind of transformations may have
affected its structure. Because of this, metadata tagging is a must
to create a chain of custody with data flowing through the sys-
tem to build confidence in the quality of subsequent analytical
outputs.

B. Central Repository (Data Lake/Warehouse)

The Central Repository element acts as the single storage facility
for all the data collected and usually takes the form of either
a data lake or a data warehouse, depending on the level of
schema enforcement, along with the analytical needs. Data from
a data lake often fits projects that require holding data in its
raw or near-raw format, which can be useful during the time
when a host of data types, whether structured, unstructured, or
semi-structured, needs to coexist. Regarding fraud detection,
these document types would include but are not limited to PDF
documents, image scans, emails, database exports, and CSV files,
which must be retained on one location [11]. On the other hand,
a data warehouse would usually deal with predefined schemas,
giving clearer organization and speed to structured data queries.
Whichever one is chosen, the repository should be designed for
scalability to handle voluminous data efficiently coming from
the various relief programs.

Standardization would be to use AWS S3 or Azure Data Lake
for storage scaling, respectively, because the platforms them-
selves provide redundancy and durability while further inte-
grating into other cloud services. The Data Lake would adapt
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Fig. 1. Data Ingestion and Integration Architecture. This architecture illustrates the flow of data from diverse sources into a unified
dataset through ETL pipelines, metadata tagging, and integration layers, supporting batch and streaming processes.
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Fig. 2. Central Repository Architecture. The data lake/warehouse serves as a scalable and secure storage layer with RBAC and
encryption, supporting unified analytics and query access for structured and unstructured data.

to added datasets in such scenarios when the relief programs
are expanding or new ones are rolled out, without changing
the underlying infrastructure completely. This elasticity proves
to be particularly helpful in those cases when application vol-
umes increase suddenly, such as during a global crisis when
relief funds are made available. Also, storing structured and
unstructured data in one repository facilitates unified analyt-
ics, enabling investigators to cross-reference structured records,
such as numbers, addresses, or payroll transactions, with un-
structured content such as text-based applicant narratives or
scanned documents containing signatures.

Central to the repository design is the implementation of role-
based access control. RBAC strategies clearly indicate who has
access to which portion of the data by locking out unauthorized
people from exposing or modifying sensitive fields. This may
relate to particular user roles, user groups, or responsibilities
and helps to lock data access in segments such that the principle
of least privilege could be applied. This could be particularly
important in fraud detection contexts where sensitive personally

identifiable information, like social security numbers or EINs,
needs to be carefully guarded.

Encryption of data in transit and at rest is another critical
feature. Technologies like AWS Key Management Service (KMS)
or Azure Key Vault handle key rotation and secure storage of
encryption keys. It can minimize the chance of data breaches by
encrypting data before writing to the repository and decrypting
it for authorized read operations. Encryption helps maintain
compliance with privacy regulations and standards. Audit logs
of each data operation can be stored to further bolster this com-
pliance effort, capturing information about which files were
accessed, when, and by whom.

C. AI and Analytics Layer

Raw data will be transformed into valuable and actionable in-
sight that will inform fraud detection improvements. It would
include the Data Preprocessing workflow, the machine learning
model setup, graph analytics, and mechanisms for risk scoring
among the many sub-components making this layer up. Each
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Fig. 3. AI and Analytics Layer Architecture. This layer transforms raw data into actionable insights through preprocessing, ma-
chine learning models, graph analytics, and aggregated risk scoring, resulting in prioritized case lists for fraud investigation.

such subsystem comes with a special ability it contributes in
its regard towards complete outlooks possible through fraud
indication.

Algorithm 1. Data Preprocessing

Input: Dataset D with fields: addresses, SSNs, EINs, transaction
data

Output: Cleaned dataset Dclean
begin

Standardize data fields (e.g., normalize numerical data,
encode categorical variables) Remove duplicate entries:
D ← D \ duplicates Validate key fields:

valid(SSN)↔ regex(SSN), valid(EIN)↔ regex(EIN)

Impute missing values using mean/mode or advanced im-
putation methods Output cleaned dataset Dclean

end

Data preprocessing is the foundation or, so to say, build-
ing blocks. Even though the data ingestion pipeline may have
already structured incoming records, additional cleaning, stan-
dardization, and validation are typically needed to ensure high-
quality input for AI models. For example, addresses might need
to be standardized according to the USPS format, social security
numbers might need to be validated against known patterns,
and EINs might need to be matched to official IRS listings. De-
tection of duplicate profiles is another consideration here; in
case an applicant fills multiple loan applications using similar
sets of data, some method of deduplication or entity resolution
would enable setting aside under one unique identifier each
block. This keeps the system definition of what each key data
field is, thereby reducing confusion in later steps of analytics and
helps ensure that anomalies detected by the machine learning
models are indeed true anomalies, not artifacts of inconsistent
data entry.

Both Supervised and Unsupervised approaches form part

of fraud detection [12]. For example, the RF, XGBoost, or deep
neural network supervised classifiers are all trained on a well-
annotated dataset of historical examples of both genuine and
fraudulent cases. These algorithms learn patterns indicative of
fraud, such as mismatches in reported revenues versus official
payroll data, and then use these learned patterns to flag new
applications or transactions with similar traits. With time, as
the labeled dataset grows, supervised models can be retrained
to increase their predictive accuracy and adapt to novel fraud
patterns. On the other hand, unsupervised algorithms, such as
Isolation Forest or One-Class SVM, do not require examples of
labeled fraud. Instead, they look for outliers in the data based
on statistical properties. If some subset of applications shows a
significantly different behavior-for example, very unusual ratios
of employees versus revenues, or unusual spending patterns-the
algorithms can point these out for investigators to scrutinize
more closely [13].

Representing entities as nodes-people, businesses, addresses,
phone numbers, bank accounts, etc.-and the relationships be-
tween them as edges, can yield a connection in graphical form
that may not leap out in tabular data. When there are mul-
tiple disparate businesses having the same physical address,
telephone number, or even representative, such a pattern can
flag a potential fraud ring. These very large-scale graphs are
generally built and queried with Neo4j and TigerGraph. The
ability to visualize and analyze the connectivity of components,
communities, or subgraphs will help investigators trace how
specific nodes are interrelated and what kind of suspicious pat-
tern emerges. It helps much when trying to unmask collusive
relationships or an orchestrated scheme where applications are
interlinked beneath the surface [14].
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Algorithm 2. Machine Learning Models

Input: Cleaned dataset Dclean, labeled training data Dtrain, new
test data Dtest

Output: Fraud scores for each data point
begin

Unsupervised Outlier Detection:

1. Fit Isolation Forest on Dclean:

IF(Dclean)→ Outlier ScoresIF

2. Fit One-Class SVM:

OC-SVM(Dclean)→ Outlier ScoresSVM

Supervised Classification: Train classifiers on labeled data
Dtrain with historical fraud labels:

MRF,MXGB,MNN ← fit(Dtrain)

Compute fraud probabilities for new data Dtest:

PRF
fraud, PXGB

fraud, PNN
fraud

end

Algorithm 3. Graph Analytics and Risk Scoring

Input: Cleaned dataset Dclean, outputs from ML models, graph
database G = (V, E)

Output: Composite Risk Index CRI for each appli-
cant/transaction

begin
Construct graph G = (V, E) using graph database (e.g.,

Neo4j):

V ↔ Entities (addresses), E↔ Relationships (shared fields)

Detect suspicious relationships:

SuspiciousNodes← query patterns in G

Compute anomaly scores:

AnomalyScoresGraph ← Community Detection Algorithms

Aggregate outputs from multiple models:

CRI = w1 ·Outlier ScoresIF + w2 ·Outlier ScoresSVM+

w3 · PRF
fraud + w4 · PXGB

fraud+

w5 · PNN
fraud + w6 ·AnomalyScoresGraph (1)

Normalize CRI to the range [0, 1] Output final risk scores for
each applicant/transaction

end

In running these various analytical techniques, the system
compiles a Risk Scoring output for every application or transac-
tion. This score aggregates signals from a set of models weighted
on reliability and relevance to produce one single metric. For
example, the final risk score for an application can integrate
anomaly scores from unsupervised algorithms, classification
probabilities from supervised models, and relationship-based
flags from graph analytics. In this way, it is much easier for

investigators to rank, sort, and prioritize cases for review based
on a single composite score. This helps ensure that limited
investigative resources are applied efficiently to the highest-
risk submissions. In more advanced implementations, dynamic
weighting can be used so that certain high-priority features or
signals-like known stolen identity markers-carry more influence
on the score, while lower-level flags only modestly increment
the risk.

All of these analytics components should be designed with
scalability and maintainability in mind. Processing efficiency
is important, with the volume of applications for large relief
programs running into millions. Large-scale distributed com-
puting frameworks, GPU acceleration for neural networks, and
in-memory clusters keep pace with peak loads. Model perfor-
mance will have to be continuously monitored so that any drift
in fraud patterns is timely detected. With the addition of new
data, the AI and Analytics Layer can be retrained or fine-tuned
for algorithms, thus retaining relevance in rapidly changing
contexts.

D. Human-in-the-Loop Case Management
As AI-driven analytics becomes increasingly sophisticated, hu-
man investigators remain an essential part of any fraud detection
process. Human-in-the-Loop Case Management thus enables ex-
perts to review and analyze all the alerts and risk scores thrown
by the system, together with rendering judgments on them. That
is particularly important in those cases which fall into ambigu-
ous or gray areas where purely algorithmic decisions may not
suffice. The Case Management Tool usually offers a single, uni-
fied dashboard or interface whereby the end-users can review
flagged transactions, drill into the underlying data, and make in-
formed decisions on whether to escalate or dismiss a suspicious
case.

One of the key features of a robust case management interface
is the capability for the presentation of risk explanations or rea-
sons for the alerts. For example, if the system flagging marked
the application on grounds that there was too high of a discrep-
ancy in payroll records as compared with reported revenues,
then that discrepancy should be easily identified. Investiga-
tors may review payroll documentation, examine whether the
business is legitimate, or pursue corroborative information. Pro-
viding sharp clarity with regard to what features have flagged
the results means this system promotes transparency, hence trust,
which, in itself, goes a way toward mitigating "the black box"
concern pertaining to AI-driven decisions.

Arguably most important under this architecture, however,
is the feedback loop-human interaction. Once investigators have
reviewed a case in depth, they will label the case, for instance,
fraud, legitimate, or needs more evidence. Feedback of this la-
bel is then introduced into the training dataset for AI models.
Confirmed fraud cases enrich the negative class in a supervised
learning context, while the legitimate ones provide the positive
examples that serve to refine the system by understanding what
is normal and what is abnormal. With time, this iterative feed-
back naturally leads to better model accuracy and reduced false
positives. If the investigators mark that some of the applications,
which were classified as suspicious, were actually legitimate,
the model will update its internal parameters to avoid misclas-
sifying similar applications in the future. On the other hand,
if the system has been consistently missing a certain pattern of
fraud, the investigator’s labeling will point to this gap for the
algorithm [15].

Collaboration features go a step further, enabling various
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Fig. 4. Human-in-the-Loop Workflows. This workflow integrates automated risk scoring with investigator review, feedback loops,
and collaboration tools, ensuring human expertise complements AI-driven processes. Reporting and auditing ensure accountability
and traceability.

stakeholders, such as compliance officers, legal counsel, and
other government agencies, to share their notes, insights, and re-
lated documentation within the platform itself. Suppose the SBA
identifies a ring of fraudulent companies operating under differ-
ent names but sharing the same bank account details. Through
the platform, SBA officials can alert other agencies or internal
teams, who can then coordinate a unified response. For example,
if a threshold of risk in a case is crossed, escalation workflows
may automatically initiate notification for senior investigators,
sometimes extending to external law enforcement. Besides that,
secure communication channels inbuilt in the tool ensure sen-
sitive information is limited to only those who are authorized
access, maintaining confidentiality where it is legally required.

This layer puts a human face on the final decision-making
process, ensuring advanced analytics do not operate in isolation.
It uses the intuition, experience, and investigative skill of experts
to confirm or deny the system’s automated suspicions [16]. In so
doing, it balances efficiency with accuracy, minimizing both the
risk of missing genuine fraud and the inconvenience of falsely
accusing legitimate applicants.

E. Governance
Governance and Compliance protocols provide the very founda-
tion on which all the other layers in the system exist, ensuring
that data handling, decision-making, and investigative processes
meet the legal and ethical standards imposed by government
agencies. This is particularly germane to U.S. Federal Relief
Programs, both because of the large volumes of public money
involved but also because personal data privacy is severely
guarded.

Audit Logging is essential to maintain system integrity and
traceability. Each step, from data ingestion to risk scoring to
investigative follow-ups, should log time stamps of when an
action was conducted, who did it, and what data was added or
modified. This chain logs a forensic trail that has considerable
value if decisions later need to be questioned, or indeed if an
external audit occurs. Specifically, robust audit logs will provide
evidence in case an application is flagged fraudulent and the
applicant disputes that determination, how that flag was gen-
erated, who reviewed it, and what data led to the conclusion.
Such transparency increases the credibility of the fraud detec-

tion framework and provides accountability among users and
stakeholders.

Security and privacy need to be implemented based on best
practices to protect sensitive personal and financial information.
In many cases, data handled will be subject to federal regula-
tions, such as the Privacy Act of 1974, which dictates how federal
agencies are allowed to handle personally identifiable informa-
tion. Encryption shall be used in conjunction with strict access
controls, secure transmission channels, and periodic vulnera-
bility testing. IAM systems typically interface with role-based
access control policies to reduce the potential for unauthorized
disclosure of data. Techniques such as data minimization, where
only the data that is absolutely necessary for fraud detection is
collected, also serve to comply with laws limiting the scope of
personal data collection.

Regulatory Alignment also means alignment with frame-
works such as the Federal Information Security Modernization
Act, better known as FISMA, and guidelines from the National
Institute of Standards and Technology, known as NIST. The
system could be put through accreditation and continuous mon-
itoring processes that ensure compliance over time. Since fraud
detection by nature often requires data sharing across agencies,
inter-agency agreements or MOUs are significant in defining
the responsibilities of data stewardship, data usage rights, and
permissible sharing boundaries. Further, standard operating
procedures should be documented and updated regularly to
reflect any new legislation or policy changes that may affect how
data is used in detecting and preventing fraud. This blend of
robust security, privacy, and regulatory compliance safeguards
not only the data in and of itself but also the integrity of fraud
detection operations overall.

F. Monitoring
The process of Monitoring and Continuous Improvement rounds
off this life cycle in fraud detection. Advanced AI models or
fine-tuned processes degrade in accuracy with time as the tac-
tics of fraud change in a cat-and-mouse manner because of the
detection. This makes a dynamic system imperative that’s in a
state of continuous monitoring, testing, and refinement of all
components if effectiveness is assured and continuous.

Real-time alerts create the first line of defense against newly
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Fig. 5. Governance Architecture. Governance ensures compliance, data security, and operational integrity through audit logging,
regulatory alignment, and standardized policies and procedures, safeguarding the entire fraud detection framework.
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Fig. 6. Monitoring Architecture. Monitoring includes real-time alerts, KPI tracking, model updates, and system observability to
ensure the continuous improvement and operational efficiency of the fraud detection framework.

emerging threats. According to thresholds set on risk scores
by the AI and Analytics Layer, the system can instantly send
an alert to the investigator for a suspicious transaction beyond
the threshold of risk. Examples of these might be huge foreign
wire transfers, suspect business addresses repeated in different
applications, or an unexpected increase in requests from a certain
region. Real-time monitoring ensures that no fraud indicator
remains buried for months, and thus investigators intervene in

time before huge amounts of money are paid to fraudsters.

Tracking the KPIs enables an organization to understand how
effectively the system is working and what modifications may
be required. Common fraud detection KPIs may include a de-
tection rate, which measures the % of fraudulent cases correctly
classified as such, a false positive rate-or those instances where
legitimate cases were mislabeled as fraud-and average time-to-
resolution, or how fast flagged applications are reviewed to a
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decision. System administrators can observe such trends as a
gradual growth in the number of false positives, possibly sug-
gesting that some model parameters need changing or more data
sources; whereas improving the detection rate might indicate
that an algorithm or feature engineering technique has just been
implemented and is working good.

Another important component of continuous improvement
is Model Update Cycles. Supervised learning models benefit
most from fresh training data as investigators continue to label
new cases as fraudulent or legitimate. Periodic retraining-or,
in certain high-velocity contexts, near-continuous retraining-
includes the latest labels, which helps the model keep pace with
the changing landscape of tactics employed by malicious actors.
In some cases, an organization will use a "champion-challenger"
strategy whereby the current production model (champion) is
continuously tested against an experimental model (challenger)
that includes newer methods or data. If the challenger shows
consistent outperformance of the champion, it can be promoted
to production status. In unsupervised methods, recalibration
may be required as the underlying distribution of data shifts.
For instance, if a new relief program has very different patterns
in applicant demographics or business sizes, the unsupervised
model’s understandings of what constitutes "normal" behavior
need to be updated to ensure that it remains accurate.

Another dimension of monitoring involves ongoing main-
tenance of the data ingestion pipelines, central repository, and
case management tools. These technical teams make sure data
flows are consistent, error rates are low, and user response times
stay within limits through observability practices like system
dashboards, logs, and alerting. If a key data source fails or be-
comes delayed, that monitoring system can raise an alarm for
rapid remediation to prevent blind spots in the fraud detection
apparatus. The result of such multi-layered monitoring is a liv-
ing system that reacts to immediate threats but also proactively
evolves in response to shifting fraud landscapes.

3. COMPONENTS

A. Data Management
A good data management strategy underpins every aspect of
a fraud detection system. At the core, this will involve creat-
ing and maintaining efficient pipelines and storage schemas for
large volumes of disparate data. ETL or ELT pipelines form
the backbone for data ingestion, and these can be scheduled,
monitored, and managed by tools such as Apache Airflow, AWS
Glue, or cloud-native services such as Azure Data Factory. These
orchestration frameworks allow teams to define workflows that
fetch data from various sources in a well-structured manner,
transform it into consistent formats, and load it into central
repositories. At each stage of the pipeline, best practices would
include quality checks such as confirming that data fields meet
specific formatting rules or that each dataset contains the mini-
mum required fields. Schema management will go a long way
in facilitating integration for analysis in an easy manner.

By utilizing canonical formats like JSON or Avro, an organiza-
tion is able to keep data representation consistent across a wide
variety of sources. These schemas normalize applicant informa-
tion fields, business identifiers, and financial records such that
analytics engines can parse and understand incoming files with
minimal friction. This would mean that when new data sources
go online, or as the existing ones change, version control within
the schema management process would ensure robust backward
compatibility of the system. Security practices regarding Social

Security numbers, bank account details, and other personally
identifiable information of such a nature should be embedded in
the entire life cycle of data management. Encryption of sensitive
data at rest and when in transit prevents interception by unau-
thorized parties or tampering during transmission. Multi-factor
authentication enforces strict identity checks against any person
accessing the system.

IAM solutions often come bundled with cloud services;
these allow the developers to have fine-grained permissions
over what roles or users can read and edit particular datasets.
This, in addition to all the above-mentioned methods, helps
guarantee the confidentiality and integrity of the data; these
are issues particularly important when dealing with wide
government-funded programs that manage vast amount of
personal and financial records.

subsectionAI/ML Techniques The analytical power of a
fraud detection framework is directly linked to the quality
and sophistication of its AI and machine learning components.
Anomaly detection methods, such as the Isolation Forest or
autoencoders, become especially valuable in those cases when
labeled data of fraud is scarce or incomplete.

The data models learned the "normal" pattern of transactions
or application information without necessarily depending on
examples of previous fraud. These data models can flag outliers
showing deviance that may turn out not to be exactly like that
normally seen and can call out unusual spending patterns, con-
cocted business history, or other potentially troublesome facts
without requiring such a high volume of proven fraud examples.
Where historical data is available, detailing fraud cases, then su-
pervised learning approaches would be in order. For example, a
model might be based on Random Forest or gradient boosting al-
gorithms such as XGBoost, which would train on historical data
to classify incoming applications into clean or suspicious. Such
models can be imbued with domain knowledge, for instance
on standard payroll-to-revenue ratios for a particular industry,
to ensure the system quickly flags those businesses claiming
figures far outside the norms. This periodic retraining helps
the classifiers stay current with newer tactics fraudsters employ,
such as creative attempts to falsify the number of employees or
shift reported headquarters to various locations.

The system is further empowered through Natural Language
Processing techniques. Many fraudulent schemes involve al-
tered or completely fabricated documentation, such as tax forms,
bank statements, and contracts. Using OCR to identify scanned
or PDF documents and applying transformer-based models
like BERT or RoBERTa, text is parsed for context, syntax, and
semantic clues that could give them away to inconsistencies.
Whether it’s unusual word usage in an application narrative
or mismatched numbers in financial statements, NLP pipes up
and automates what would otherwise be a tiresome process of
sorting through large volumes of text-based information. Graph
analytics is another significant tool in the discovery of sophisti-
cated fraud rings and collusion networks.

Through mapping entities-people, businesses, addresses,
phone numbers, or even IP addresses-as nodes in a graph, the re-
lationships between these nodes can be identified as edges. This
can then expose hidden networks of colluding entities that share
addresses, bank accounts, or contact details. In graph databases
such as Neo4j or TigerGraph, for instance, an investigator would
query or run algorithms for PageRank or community detection
to find suspicious subgraphs. This level of connectivity analysis
may indicate, for example, that many applications trace back to
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the same few email addresses, or that a number of businesses
around the country are using the same bank account.

B. Human-in-the-Loop Workflows
While AI-powered detection can automate the identification of
fraudulent activities and highlight cases for human review, ex-
pertise from real humans is still necessary in understanding
edge cases and judging context that algorithms cannot currently
detect. In this context, case prioritization as part of a human-in-
the-loop workflow ensures that investigators use their time to
scrutinize the applications with the most significant risk. Au-
tomated triage systems consider model outputs like anomaly
scores, classifier probabilities, or graph-based threat levels, and
then decide on urgency ratings or risk rankings. Investigators
can then focus on subsets of the cases that demand immediate
attention and hence use their time most productively. At the core
of these workflows is an investigator console designed to present
the most relevant data points about each flagged application.

This console would display, for example, user-submitted
tax records next to official IRS data, highlight discrepancies in
payroll numbers, and visualize links to other suspicious cases
through a graph view. The console is designed to help investiga-
tors understand the nature and severity of potential problems
by surfacing contradictory or anomalous data points. It may
also integrate with external data sources or public records, so
that in case of requirement, investigators can delve more deeply
into research. Once the investigator has gathered sufficient ev-
idence on which to base a conclusion about the fraudulent or
legitimate nature of the case, that assessment feeds back into the
model’s training datasets. It is in this continuous feedback that
the system improves overall accuracy over time.

Cases that are confirmed to be fraudulent provide the added
value of "negative" data points to help the supervised models
identify traits among other suspicious applications. On the
other hand, cases identified as legitimate improve the models in
recognizing normal patterns to reduce false positives. Mixing
automated detection with experienced human validation helps
organizations tune their machine learning pipelines much more
than pure automation or manual investigation on its own.

C. Security and Audit
Security and audit processes weave through every stage of fraud
detection, ensuring that the system meets all regulatory stan-
dards and that even the investigations themselves can be vali-
dated. Continuous logging of every action within a system cre-
ates an immutable, chain-of-custody record that stretches from
the ingestion of data to the final resolutions of cases. Detailed
logs usually include, but are not limited to, timestamps, user
IDs, data access requests, modifications, and critical decisions
made during the investigation. If a case is disputed—perhaps
by an applicant claiming that their application was incorrectly
flagged—auditors or legal teams can trace exactly when and
why certain actions were taken. Legal evidence packaging is
another important feature.

Because fraud investigations can lead to prosecution or at
least civil penalties, it is critical to generate standardized reports
that compile all relevant information about a case. These might
include data snapshots, such as the raw record that actually
fired the alert; model outputs, like risk scores and the features
driving them; and investigator notes. Storing these as cohesive
investigative bundles ensures that if legal proceedings ensue, the
evidence has already been organized, timestamped, and aligned
with regulatory requirements for data handling. Finally, regular

audits of overall system performance help maintain integrity,
quality, and compliance. It can scrutinize data governance poli-
cies for the mishandling of personally identifiable information
or can review user access logs to ensure only authorized investi-
gators have accessed sensitive data.

Auditors can also probe the accuracy and fairness of AI mod-
els, whether or not the models overly flag specific demographic
groups or whether any unintended biases have seeped into the
training data. Audits scheduled on a recurring basis, quarterly,
semi-annually, or annually, will give organizations an ongoing
commitment to responsible data practices, providing evidence
of nondiscriminating decision-making and helping reinforce
public trust in the system.

4. FRAUD INDICATORS ADDRESSED

Misrepresentation or the provision of false information to obtain
relief programs is common in fraudulent schemes. In a typical
case, applicants falsify employee headcounts, reported revenues,
or other business information in order to receive much larger
disbursements than they would otherwise qualify for. Model-
based checks may flag discrepancies against these self-reported
figures compared to external benchmarks of average salaries
given for a particular industry or official payroll records. In
addition, algorithms developed to verify documentation, for
example, verifying that employee tax records match the appli-
cant’s records, can minimize the risk of phantom employees on
paper [14, 17].

Misappropriation of Funds usually appears in suspicious
trends of transactions and lavish or unjustified expenses shortly
after the disbursement of loans or grants. Large, unusual with-
drawals or unusual merchant category codes can be a red flag
when monitoring these accounts as potential fraud. In some
instances, the swift transfer of funds to offshore bank accounts
may also be indicative of money laundering efforts or an inten-
tional act to obscure the end use of the relief funds from law
enforcement.

Organized Exploitation: This generally involves an organized
effort by a group to exploit multiple relief programs simulta-
neously. These schemes can be considerably more difficult to
detect using traditional tools, since multiple businesses share
the same address, IP ranges, or ownership structures. Graph
analytics is particularly good at finding these collusive relation-
ships by mapping entities-people, companies, and locations-and
using algorithms to highlight clusters or rings of interlinked
applications. When numerous unconnected records all point to
the one focal point, it cannot but raise a sure sign that some kind
of organized scam is being played.

Data Inconsistencies are those when the application infor-
mation does not match the same official record. Automated
cross-references of the information applied for against govern-
ment income returns, business registries, and third-party data
services highlight discrepancies that may require follow-up. For
instance, if an application claims a physical address, yet no such
registration with that address exists in any local or national
database, the system can flag that discrepancy in an instant. Sys-
tematic matching and comparison of data points across diverse
sources make potential red flags more apparent and thus allow
investigators to take action before fraudulent actors can claim
substantial funds.
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Fig. 7. Typical Process Flow. The process includes sequential steps of data capture, automated screening, investigator review, feed-
back for model retraining, and reporting/auditing to ensure accuracy, accountability, and continuous system improvement.

5. PROCESS FLOW

Data capture involves channeling applicant submissions and
other supporting documents such as tax documents or business
credentials to a centralized store. Basic information verification
at this step generally covers format correctness and the presence
of mandatory fields. It involves assigning metadata capturing
source and time of intake. A well-captured and sorted data set
serves to subsequently aid in good analysis, ensuring accuracy
and consistency in inputs passed onto the analytics layer.

Automated Screening applies machine learning and graph
analytics to the incoming data in near real-time, calculating risk
scores from factors such as the output of anomaly detection, clas-
sifier probabilities, and evidence of network-based connections
among applicants. By combining these methods, the system
is able to flag high-risk entries at a rapid rate. This screening
step reduces the burden on investigators by automatically fil-
tering out most low-risk cases, allowing human reviewers to
concentrate on entries genuinely warranting closer scrutiny.

Investigator Review: High-scoring cases are routed to a spe-
cialized queue for manual inspection. In one place, an inves-
tigator can see all pertinent application details, including dis-
crepancies or suspicious transactions that have been flagged.
The investigators will also have access to the rationale behind
the model output-for example, if the model reported significant
inconsistencies in payroll records or connections to other suspect
fraud cases. Once an investigator has concluded examining a
case, it will be labeled appropriately, such as confirmed fraud,
probably legitimate, or inconclusive.

Feedback and retraining are fundamental mechanisms of con-
tinuing to learn. Definitive outcomes assigned by investigators
are fed back into the AI models, in essence expanding the labeled
dataset with real-world verdicts. It is these new examples that
can retrain the models through methods of supervised learning
by adjusting model parameters to minimize misclassifications
in the future. Even unsupervised methods can be readjusted
against confirmed abnormalities to sharpen their sense of what
constitutes typical versus atypical behavior.

Auditing and Reporting will come after the system processed
a batch of applications and resolves them. An audit trail can be
compiled with logs that are comprehensive regarding how data
was ingested, scored, reviewed, and disposed of. These logs
serve multiple purposes: first, they show the consistency and
equity of the detection process; second, they help investigators
verify that all the steps followed proper protocols; lastly, they
support the subsequent legal proceedings in the case of formal

action being taken against fraudulent claimants. This final stage
thus allows for transparency, traceability, and accountability for
the whole life cycle of each case.

6. IMPLEMENTATION

A. Phase 1: Data Infrastructure

In the initial phase, organizations concentrate on building the
foundational data infrastructure required for robust fraud detec-
tion. This includes designing secure data ingestion pipelines to
pull information from multiple sources—such as loan applica-
tion forms, tax databases, and public registries—into a central
repository. As part of this setup, a unified data schema is devel-
oped to standardize how fields like addresses, Social Security
numbers, and business identifiers are recorded. By resolving
inconsistencies and ensuring common formatting rules, down-
stream analytics can operate more reliably. During this phase,
teams also implement encryption, configure role-based access
control, and establish basic audit logging to protect sensitive
information and comply with regulations.

B. Phase 2: Core AI Model Development

Once data infrastructure is in place, the focus shifts to piloting
anomaly detection and supervised learning models on historical
fraud cases. Anomaly detection algorithms like Isolation Forest
help identify unusual behavior in situations where labeling is
sparse, while supervised techniques (e.g., XGBoost or Random
Forest) leverage labeled data to detect known fraud patterns.
Refining risk scoring becomes a key objective: the goal is to com-
bine multiple signals—outlier scores, classification probabilities,
and domain-driven rules—into a single metric that effectively
flags high-risk applications. Early feedback from these models is
invaluable for fine-tuning both feature engineering and labeling
strategies.

C. Phase 3: Case Management & Collaboration

With core models generating risk scores, the next phase intro-
duces a shared dashboard or case management tool to facili-
tate investigator review. This dashboard integrates information
about flagged cases, highlights discrepancies, and offers investi-
gators a straightforward mechanism to label cases as legitimate
or fraudulent. Such feedback loops are vital for continuous im-
provement of the AI models, as confirmed outcomes directly
enhance supervised learning performance. In parallel, teams
validate compliance with relevant guidelines—such as privacy
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Fig. 8. Implementation Roadmap. This phased approach progresses from building foundational data infrastructure to developing
core AI models, enhancing case management, expanding analytics capabilities, and optimizing for scalability and adaptability.

mandates or inter-agency data-sharing policies—to maintain
legal and ethical standards.

D. Phase 4: Advanced Analytics

Having established a proven workflow, the solution can be ex-
panded to include more sophisticated analytics. Graph analytics
provide the ability to detect collusion rings and conspiracies by
exposing hidden relationships among applicants, addresses, or
bank accounts. Nodes in a graph represent entities, while edges
reflect their connections or transactions; community-detection al-
gorithms can then uncover clusters indicative of organized fraud.
Additionally, NLP methods can be deployed for deeper docu-
ment insights, enabling the system to scan text-based data—like
scanned contracts or emailed application notes—and detect po-
tential red flags such as inconsistent language or mismatched
figures.

E. Phase 5: Optimization & Scaling

In the final phase, the platform moves from pilot to production
scale, refining each component to address evolving fraud tactics.
Continuous retraining cycles ensure that new investigator labels
feed back into supervised models, improving their predictive
power. Thresholds for anomaly scores or classification proba-
bilities may be adjusted in response to changing fraud patterns.
New data sources, including external APIs or updated tax fil-
ings, can also be integrated into the pipelines to bolster detection.
This ongoing process of optimization and scaling helps agencies
remain agile in the face of emerging schemes, better protecting
relief funds and preserving the program’s integrity.

7. CONCLUSION

The system described-including data ingestion, AI analytics,
human-in-the-loop case management, and monitoring-can be
quite wide-ranging, there are a number of factors that may stand
in the way of its effectiveness. Three such major limitations are
presented here, with an explanation of how each may arise and
what kind of impacts it could have on fraud detection perfor-
mance. While these limitations may be mitigated to one extent

or another, understanding them is crucial for any would-be
deployer or extender of the framework at scale.

Probably the most critical limitation for any large-scale fraud
detection system is the quality and completeness of data it relies
on. Because the framework integrates a host of sources that
range from SBA loan programs, IRS filings, payroll databases,
public records, to even open-source intelligence, variability in
data integrity becomes almost inevitable. Several factors further
aggravate the problem:

Data from various agencies and organizations are often main-
tained in non-standard format and granularity. For example,
while the IRS database may store standardized addresses, the
state-level registry may or may not validate and/or normalize
the address fields properly. These inconsistencies can subse-
quently lead to incorrect joins and improper linking of entities
at ingestion and integration, thus weakening the analytical foun-
dation.

Government databases, especially those at the regional or
local level, may not always be current. Newly registered busi-
nesses or changes in an entity’s official status may take sev-
eral weeks or months to make it into the system’s master data.
During this lag, evolving circumstances might not be that well
known by the fraud detection framework, thus allowing a win-
dow for fraudsters to jump in.

Supervised machine learning requires comprehensive exam-
ples of confirmed fraud and confirmed legitimate cases. Agen-
cies may have partial or biased historical labeling, focusing on
easily discovered cases and not subtle, sophisticated schemes.
This incomplete knowledge makes it more challenging for clas-
sifiers to learn the full range of fraudulent activity and therefore
leads to either missed cases or a spike in false positives.

In particular, typos and misclassifications can degrade a sys-
tem’s training sets in scenarios, especially where field agents
or program administrators are manually inputting information.
Investigators might also forget to update the status within a case
management tool, which again results in model drift since data
used for retraining is stale.

While this would include partial solutions, like data pre-
processing routines, deduplication algorithms, and metadata
tagging, challenges cannot be completely worked around. The
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more voluminous and intricate the data becomes, the higher the
likelihood of erroneous or incomplete records making their way
through. Compromised input data on fraud detection frame-
works can result in suboptimal performance of even state-of-
the-art AI methods. Over time, a system learning consistently
from incomplete or poor-quality data is more and more likely to
produce misleading risk scores and hinder rather than help in-
vestigators distinguish real fraud from legitimate activity. Cross-
validation with external data sources, rigorous quality control
processes, and regular audits all can reduce these problems, but
rarely eliminate them entirely.

The architecture consists of data intake pipelines, a central
data lake/warehouse, AI/ML processes, graph databases, a case
management interface, and monitoring dashboards. Each layer
brings in its own set of dependencies-for example, changes to
the ETL pipeline may lead to schema changes or even retraining
some AI models. It is quite an ordeal to keep these all in concert.

Application volume can swell into the millions as programs
grow or new rounds open. Processing, storing, and analyzing
such large data sets in near real-time requires robust cloud infras-
tructure, scalable file systems, distributed computing clusters,
and high-throughput streaming services. Even with these solu-
tions in place, latency concerns can arise when data transforms
or model inferences grow too resource-intensive. System slow-
downs might cause screening backlogs, delaying investigators’
ability to spot and stop fraud quickly.

Machine learning models need to be continuously monitored,
retrained, and hyperparameter-tuned if they are to remain ef-
fective. For instance, anomaly detection systems may drift as
baselines of "normal" behavior shift due to economic or policy
changes. Graph analytics may have to be recalculated repeat-
edly to find out emerging collusion networks. Keeping these
processes running in a 24/7 production environment involves
an enormous amount of data engineering and MLOps resources,
which is both expensive and logistically hard to coordinate.

All these constitute barriers to operational overhead: onerous
costs in hardware and software, not to mention trained per-
sonnel, when scaled up to many jurisdictions or large federal
agencies. Without strong project management and clear lines
of authority, the complexity will lead to siloed data, neglected
model maintenance, and fragmented processes that defeat the
very collaborative design it is supposed to depend upon. One
partial remedy is the adoption of a phased implementation strat-
egy whereby new features are introduced piecemeal and each
step is validated. A third limitation comes from the potential
for biased AI-driven decision-making and the possible ethical
dilemmas from depending on automated systems. If the his-
torical records to which the model is trained in a supervised
learning manner are characterized by selective enforcement or
incomplete reporting, then it can internalize those biases to make
discriminatory predictions. For example, if some demographic
groups or geographic regions had been audited or flagged at
a higher rate in the past-even for reasons unrelated to actual
fraud-the model might learn to treat those signals as indicative
of high risk. Investigators would then see a skew in the cases
flagged, potentially widening pre-existing disparities.

Models can pick up on proxies for sensitive attributes, even
when direct use of those attributes is disallowed. ZIP codes,
local median income data, or other variables are associated with
race, ethnicity, or socio-economic status may lead to unintended
bias in model outcomes. While the system treats them as purely
statistical indicators of risk, such associations could lead to un-
fairly high suspicion of certain populations. Moreover, the root

cause might be difficult to pinpoint amidst the complexity of
ensembles or deep learning approaches.

Even with a human-in-the-loop interface, investigators can
develop cognitive biases toward the system’s risk scores. Over
time, staff learn to trust the algorithms more than their intuition,
even when the algorithms might be incorrectly calibrated or
operating on incomplete information. This risk will grow if
performance dashboards celebrate speed or efficiency metrics
without offering balanced scrutiny of whether flagged cases turn
out to be truly fraudulent.

Most high-performance algorithms, in particular deep neural
networks, are not inherently transparent, and thus there is a
black-box problem. Investigators might not be able to gain
detailed insights into how given model features contributed to
the final risk score. On the other hand, applicants who have been
flagged as suspicious have little to no recourse to understand
or contest the allegations. While model-agnostic explainability
tools can provide partial insights, these methods also have their
own limitations and may not capture the complexity of a model’s
decision path.

Organizations that deploy such systems would, from an ethi-
cal perspective, need to be ready to audit and retune those algo-
rithms regularly. This may mean feature culling or reweighting,
the application of bias detection frameworks, or the introduction
of governance rules that tightly constrain how certain data could
be used. The scale and cost of mitigating bias can be huge and, if
not managed properly, could pose serious legal challenges and
reputational exposure for the agency. In addition, should the
system incorrectly flag legitimate recipients or confuse normal
anomalies with fraud, genuine applicants are more than likely
to face delays, denials, or unauthorized investigations. Over
time, this erodes public confidence in the agency’s equity and
competence.
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