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ABSTRACT]

The insurance industry processes millions of claims annually through predominantly manual, paper-based workflows
that impose substantial administrative overhead, systemic processing delays, and significant vulnerability to fraudulent
submissions. These inefficiencies translate directly into customer dissatisfaction, escalating operational costs, and
regulatory compliance risk. Despite incremental digitisation efforts in recent decades, the majority of mid-tier and small-
scale insurance operators continue to rely on manual adjudication processes that lack systematic validation mechanisms,
consistent decision frameworks, and real-time transparency for policyholders. This paper presents an AI-Driven
Insurance Claim Processing System, a comprehensive web-based platform developed using the Django 4.x framework,
Python 3.10, and SQLite — engineered to automate and orchestrate the complete lifecycle of insurance claim
management. The proposed system implements a three-tier Model-View-Template (MVT) architecture encompassing a
responsive presentation layer, a rule-based application logic engine, and a relational data persistence layer. Seven
functionally decomposed modules address user authentication, role-based access control, policy management, automated
claim validation, administrative adjudication, real-time status notification, and database lifecycle management. The core
contribution of the system is a deterministic automated validation engine that evaluates each submitted claim against two
critical conditions — policy coverage limit adherence and policy temporal validity — eliminating ineligible claims at the
point of submission without human intervention. Validated claims are routed to an administrative dashboard providing
centralised oversight, statistical summaries, and structured approval workflows. Empirical evaluation on a simulated
dataset of 500 claims demonstrates a claim processing time reduction of 74.3% relative to a manual baseline, a
validation accuracy of 99.6%, and a false positive rejection rate of 0.4%. The system's modular Django architecture
ensures extensibility toward future integration of machine learning-based fraud detection, OCR-driven document
processing, and cloud-scale PostgreSQL deployment.

DORQWOININ  Insurance claim processing; Django MVT architecture; automated validation; rule-based
classification; role-based access control; digital workflow automation; claim adjudication

PAPER CITATION:

Jagadeesh, K., Vijayalakshmi, V., Usharani, S..: 7 Al-Driven Insurance Claim Processing System: Automating
Validation, Workflow Orchestration, and Decision Support Using Django and Rule-Based Intelligence ”, International
Journal of Informative & Futuristic Research (IJIFR), Vol. (13) (8), April 2026, pp. 1197-1205
https://doi.org/10.64672/1JIFR/26.04.13.08.039

WT his article is an open access article published under the terms and conditions of the CC- BY -NC —SA4

4.0 Creative Commons Attribution-Non Commercial- ShareAlike 4.0 International Public License. All copyrights
reserved to the Authors & Journal Publisher. Copyright© Authors (IJIFR 2026).

TOLRNALS Availaible online at https://www.ijifr.org/PaperDescription?userid=IJIFR/V13/E8/039 1197
—PLBLISHERS



mailto:editors@ijifr.org
https://www.ijifr.org/PaperDescription?userid=IJIFR/V13/E8/0
https://doi.org/10.64672/IJIFR/26.04.13.08.039
https://doi.org/10.64672/IJIFR/26.04.13.08.039

INTERNATIONAL JOURNAL OF INFORMATIVE & FUTURISTIC RESEARCH (IJIFR)
ISSN: 2347-1697

IJIFR /2026/04/ V13/E8/039 VOLUME 13||IsSUE 8|| APRIL 2026
https://www.ijifr.org/

1. INTRODUCTION

Insurance claim processing represents the operational core of the insurance value chain, directly
determining customer satisfaction, organisational credibility, and financial sustainability. The global
insurance industry processes an estimated 1.5 billion claims annually, spanning health, property,
automobile, and life insurance categories. The settlement accuracy and timeliness of these claims
directly affect policyholder trust, regulatory compliance, and an organisation's ability to compete in
increasingly price-sensitive markets. Yet the predominant operational paradigm in claim management —
particularly among small and mid-tier insurers — remains manual and paper-driven, characterised by
multi-stage physical document handling, sequential approval queues, and individualised adjudicator
judgement applied inconsistently across similar claim profiles.

The consequences of manual claim processing are well-documented in actuarial and operational
research literature. Average claim settlement cycles in manual environments span 14 to 30 days, with
complex claims requiring substantially longer periods. Administrative overhead consumes 25 to 35
percent of gross written premiums in inefficient operations, creating structural cost disadvantages that
are ultimately borne by policyholders through higher premiums. Perhaps most significantly, the absence
of systematic validation at the point of submission creates exploitable gaps in fraud detection: insurance
fraud is estimated to cost the industry USD 308 billion annually, with a substantial fraction comprising
claim fraud enabled by inadequate initial screening.

The emergence of web application frameworks capable of encoding complex business logic in
maintainable, testable Python code — most notably the Django framework — has created a viable
pathway for mid-tier insurers to deploy automated claim processing systems without the capital
expenditure associated with enterprise ERP platforms. Django's Model-View-Template architecture
provides a principled separation between data modelling, business logic orchestration, and presentation
rendering that is well-suited to the structured workflow requirements of insurance claim management.
When combined with rule-based validation engines encoding regulatory and contractual claim eligibility
conditions, Django-based systems can automate the initial claim triage stage with high accuracy and
deterministic consistency.

The Al-Driven Insurance Claim Processing System presented in this paper addresses the
identified gaps through a purpose-built, open-source technology stack accessible to organisations across
the full spectrum of scale and technical capability. The contribution of this work is threefold: (1) the
design and implementation of a seven-module Django application architecture providing end-to-end
claim lifecycle management from policyholder registration through administrative adjudication; (2) the
formulation and empirical validation of a deterministic two-condition automated validation engine that
eliminates ineligible claims at submission with 99.6% accuracy; and (3) a systematic performance
evaluation comparing the proposed system against manual processing and partial-automation baselines
on processing time, administrative workload reduction, and validation accuracy metrics.

2. LITERATURE SURVEY

The transformation of insurance claim processing from manual to digital and automated
paradigms has been the subject of sustained research interest, reflecting both the economic significance
of the problem and the progressive maturation of enabling technologies.

Early digitalisation efforts in insurance claim management focused on electronic record storage
and basic workflow routing, replacing physical file transmission with database-backed document
management while retaining human adjudicators at each decision stage. These first-generation systems
demonstrated measurable reductions in document retrieval time and physical storage costs but delivered
limited improvement in settlement cycle time because the primary bottleneck — human review queue

management — remained unchanged. Sommerville's foundational work on software engineering
Koppala Jagadeesh et al. (2026): AI-Driven Insurance Claim Processing System: Automating Validation, Workflow 1198
Orchestration, and Decision Support Using Django and Rule-Based Intelligence



https://www.ijifr.org/

INTERNATIONAL JOURNAL OF INFORMATIVE & FUTURISTIC RESEARCH (IJIFR)
ISSN: 2347-1697

IJIFR /2026/04/ V13/E8/039 VOLUME 13||IsSUE 8|| APRIL 2026
https://www.ijifr.org/

principles [4] provided the architectural framework within which these systems were typically designed,
emphasising separation of concerns and structured data modelling that prefigures the Django MVT
approach adopted in the present work.

Rule-based expert systems emerged as the dominant paradigm for automated claim triage in the
1990s and early 2000s, encoding domain expert knowledge about claim eligibility conditions, coverage
limits, and fraud indicators in structured if-then rule sets. These systems demonstrated that a substantial
fraction of routine claim decisions — particularly outright rejections on grounds of policy non-coverage
or temporal invalidity — could be automated with high accuracy without machine learning. Pressman's
treatment of software engineering practice [5] provides the methodological basis for the rule elicitation
and validation processes used in such systems, emphasising empirical testing of decision logic against
representative case libraries.

The introduction of machine learning approaches to insurance fraud detection has been
extensively documented in recent literature. Goodfellow et al. [3] established the theoretical foundations
of deep learning architectures that have subsequently been applied to anomaly detection in claim
datasets, enabling identification of statistically improbable claim patterns that may indicate coordinated
fraud. Supervised classification approaches — including gradient boosted trees, random forests, and
neural network architectures — have demonstrated precision exceeding 90% on benchmark fraud
detection datasets when trained on sufficiently large annotated claim histories. However, the data volume
requirements of these approaches, typically demanding tens of thousands of labelled fraud examples for
effective training, represent a significant barrier to adoption by small and mid-tier insurers whose claim
volumes may not generate sufficient positive-class examples within a feasible collection period.

Django's role as a production-grade web application framework for financial and administrative
systems has been validated across numerous enterprise deployments. The Django Software Foundation's
documentation [1] articulates the framework's security architecture — encompassing CSRF protection,
password hashing via PBKDF2, and querystring injection prevention through ORM parameterisation —
as directly addressing the security requirements of systems handling sensitive policyholder financial
data. The SQLite-to-PostgreSQL migration pathway supported natively by Django's ORM [7] enables
the development-to-production scaling pattern adopted in the proposed system, providing SQLite's
configuration simplicity during development while preserving the option for PostgreSQL's concurrent
transaction handling and horizontal scaling capabilities in production deployment.

W3C standards for HTML, CSS, and JavaScript [8] underpin the presentation layer of the
proposed system, providing the cross-browser compatibility and responsive design capabilities required
for deployment across the heterogeneous device environments of insurance operational staff. The IEEE
software engineering guidelines [9] inform the testing methodology applied in the present work,
particularly the four-level testing pyramid encompassing unit, integration, system, and user acceptance
testing that structures the system's validation approach.

The identified gap in existing literature is the absence of openly documented, empirically
validated, and practically deployable mid-tier insurance claim processing systems that integrate
automated validation, role-based access control, and real-time status tracking within a unified, extensible
architecture accessible to organisations without enterprise IT budgets. The proposed Al-Driven
Insurance Claim Processing System directly addresses this gap, providing a reference implementation
that synthesises established best practices from web application engineering, rule-based process
automation, and insurance domain expertise into a deployable open-source solution.

3. PROPOSED WORK AND METHODOLOGY

The proposed system implements a three-tier architecture — Presentation Layer, Application
Layer, and Data Layer — organised within the Django Model-View-Template (MVT) paradigm. Seven
functionally decomposed modules collectively address the complete claim lifecycle from policyholder
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onboarding through final adjudication and status notification. The architecture is designed for linear
workflow throughput while maintaining clean separation of concerns enabling independent module
testing and future enhancement.

3.1 System Architecture

The proposed architecture leverages a hierarchically decomposed three-tier design with the
following layer responsibilities:

Layer 1 — Presentation Layer: Web pages developed in HTMLS, CSS3, and JavaScript provide
the policyholder and administrator interfaces. Django template inheritance ensures consistent page
structure across all views. Responsive CSS layouts support desktop, tablet, and mobile form factors.
Client-side JavaScript handles input validation, real-time form feedback, and dynamic content updates
without full page reloads. The presentation layer communicates with the application layer exclusively
through Django's URL dispatcher and view functions, maintaining strict separation between rendering
logic and business logic.

Layer 2 — Application Layer (Business Logic Engine): Django views implement the request-
response processing cycle, enforcing authentication requirements, applying validation logic,
orchestrating database operations, and preparing template context data. Role-based access control is
implemented through Django's permission system and custom decorators that restrict view access by
user profile role. The automated validation engine operates as a pure function within the claim
submission view, applying the two eligibility conditions deterministically and assigning claim status
without side effects on system state beyond the claim record itself.

Layer 3 — Data Layer: Django's Object-Relational Mapper provides a Python-native interface to
the SQLite database during development, abstracting SQL generation and parameterisation to prevent
injection vulnerabilities. Four primary model classes — User, Profile, Policy, and Claim — define the
relational schema through Python class definitions, with Django migrations managing schema evolution
across deployments. The one-to-one User-Profile relationship enforces role assignment at registration;
the one-to-many User-Policy and Policy-Claim relationships support the multi-policy, multi-claim data
patterns typical of commercial policyholders.

3.2 Automated Validation Engine Design
The automated validation engine constitutes the primary technical contribution of the system. It
implements two eligibility conditions evaluated conjunctively at claim submission time:

Condition C1: claim_amount < policy.coverage amount
Condition C2: current_date < policy.expiry_date

If both conditions are satisfied, the claim is assigned status PENDING for administrative review.
If either condition fails, the claim is immediately assigned status REJECTED with a system-generated
rejection reason identifying the violated condition. This deterministic logic eliminates the adjudicator
time currently consumed by routine ineligibility determinations — estimated at 28 to 42 percent of total
adjudicator workload in manual environments — and provides consistent, auditable rejection decisions
that withstand regulatory scrutiny.

The validation engine is designed as a stateless function accepting the submitted ClaimForm
instance and the associated Policy object as inputs, returning a two-tuple of (status, rejection_reason).
This pure-function design enables comprehensive unit testing against the full space of boundary
conditions without requiring database fixtures or request context, ensuring that validation logic
correctness is verified independently of application framework behaviour.

3.3 Role-Based Access Control Architecture
Role-based access control is implemented through a Profile model maintaining a role field with
two enumerated values: USER and ADMIN. Profile instances are created atomically with User instances
through a Django post_save signal, ensuring that every authenticated user possesses a role assignment
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before any access attempt. View-level access control is enforced through custom decorators that inspect
request.user.profile.role before executing view logic, redirecting unauthorised access attempts to a
permission-denied page with an appropriate HTTP 403 status code.

The USER role grants access to policy management, claim submission, claim status tracking,
and notification views. The ADMIN role grants access to all USER views plus the administrative
dashboard, claim approval and rejection actions, and system statistics. This role separation ensures that
policyholders cannot access or modify other policyholders' data, and that administrative adjudication
functions are restricted to authorised personnel. Future role expansion — for example, a
FRAUD ANALYST role with read-only access to all claims and the fraud scoring module — can be
added without modifying existing view logic by extending the decorator framework.

Algorithm 1: AI-Driven Claim Submission and Automated Validation Workflow

INPUT: HTTP POST request (claim form data, user session, policy id)
OUTPUT: claim record with assigned {status, rejection reason}

// — Authentication Guard

1. 1IF NOT request.user.is authenticated: REDIRECT to login page; RETURN
2. IF request.user.profile.role != USER: RETURN HTTP 403 Forbidden

// — Form and Policy Resolution

3. form «~ ClaimForm(request.POST, request.FILES)

4. IF NOT form.is valid(): RE-RENDER form with validation errors; RETURN
5. policy « Policy.objects.get (id=policy id, user=request.user)

6. claim « form.save (commit=False)

7. claim.user «~ request.user

8. ~claim.policy « policy

// — RAutomated Validation Engine

Ne)

Cl « (claim.claim amount <= policy.coverage amount)
10. C2 « (date.today() <= policy.expiry date)
11. IF Cl AND C2:

12. claim.status — 'PENDING'

13. claim.rejection reason ~ None

14. ELIF NOT Cl:

15. claim.status —~ 'REJECTED'

16. claim.rejection reason « 'Claim amount exceeds policy coverage limit'

17. ELSE: // NOT C2

18. claim.status —~ '"REJECTED'

19. claim.rejection reason « 'Policy has expired; claim submitted after validity
period’

// — Persistence and Notification

20. claim.save ()
21. Notification.create (user=request.user, claim=claim, status=claim.status)
22. REDIRECT to claim status view with success message

// — Admin Adjudication (separate view, ADMIN role required)

23. admin_action « request.POST.get('action') // "APPROVE' or 'REJECT'
24. IF claim.status == 'PENDING' AND admin action in {'APPROVE', 'REJECT'}:
25. claim.status < admin action

26. claim.save (); Notification.create(user=claim.user, claim=claim,

status=admin_ action)
27. RETURN updated admin dashboard view

4, RESULTS AND DISCUSSION

The proposed system was evaluated through a controlled simulation study using a synthetic
dataset of 500 insurance claims generated to reflect the statistical distribution of claim types, amounts,
and validity conditions representative of a mid-tier general insurance portfolio. The dataset comprised
312 valid claims (62.4%) eligible for administrative review, 148 automatically rejected claims (29.6%)
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attributable to policy coverage exceedance (C1 violations), 40 automatically rejected claims (8.0%)
attributable to policy expiry (C2 violations), and 5 boundary cases testing simultaneous C1 and C2
violations. A parallel manual processing simulation was conducted with three experienced insurance
administrators processing an equivalent claim set under standard manual adjudication protocols,
providing the baseline metrics for comparative evaluation.

Performance metrics were computed across four dimensions: claim processing cycle time (hours
from submission to first status assignment), administrative workload (adjudicator-minutes per claim),
validation accuracy (proportion of correctly classified eligible/ineligible claims), and false positive
rejection rate (eligible claims incorrectly rejected).

Table 1: System Performance Metrics — Proposed AI-Driven System vs. Baseline Methods

Metric Manual Partial Proposed Al-
Processing Automation (DB Driven System
only)

Mean Claim Processing Time 18.4+6.2 11.7+4.8 47+1.1

(hrs)
Processing Time Reduction Baseline 36.4% 74.5%
(%)

Admin Workload (min/claim) 223+5.1 15,6 £3.9 82+1.8
Workload Reduction (%) Baseline 30.0% 63.2%
Validation Accuracy (%) 94.2 96.1 99.6

False Positive Rejection Rate 5.8 3.9 0.4

(%)
System Throughput 4.2 6.8 16.3
(claims/hour)

The proposed system achieves a mean claim processing time of 4.7 hours — a 74.5% reduction
relative to the 18.4-hour manual baseline and a 59.8% improvement over the partial automation baseline.
This reduction is primarily attributable to the automated validation engine's elimination of the initial
adjudicator triage step for the 37.6% of claims that are automatically rejected, removing these from the
human review queue entirely. The remaining 62.4% of valid claims reach the administrative dashboard
with complete metadata already structured for review, reducing per-claim adjudicator engagement from
22.3 minutes to 8.2 minutes.

The validation accuracy of 99.6% — with only two misclassified claims from 500 in the
simulation — substantially exceeds both the manual baseline (94.2%) and the partial automation
baseline (96.1%). The two false positive rejections were attributable to a boundary condition in which
the policy expiry date coincided exactly with the claim submission date, and the system's strict inequality
condition (current_date < expiry date) was implemented without same-day tolerance. This edge case has
been documented and will be addressed through a revised condition (current date < expiry date +
timedelta (days=1)) in the next release iteration.

Table 2: Automated Validation Outcome Distribution (n = 500 Simulated Claims)

Outcome Category Count | Proportion | Mean Processing Admin Touch
(%) Time (min) Required
Auto-Rejected: Coverage 148 29.6% 0.3 No
Exceedance (C1)
Auto-Rejected: Policy 40 8.0% 0.3 No
Expired (C2)
Auto-Rejected: Both C1 5 1.0% 0.3 No
and C2
Pending — Forwarded for 305 61.0% 8.2 Yes
Admin Review
False Positive Rejections 2 0.4% 0.3 No (Error)
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(Errors)
Total 500 100% 4.7 (end-to-end) —

Table 3: Module-Level Functional Test Results and Response Time Benchmarks

Module Test Cases | Pass Rate Mean Response Key Validated
(n) (%) Time (ms) Behaviour
User Authentication 45 100% 124 Login, logout, session
security, CSRF
Role-Based Access 38 100% 87 USER/ADMIN
Control permission boundaries
Policy Management 52 100% 143 CRUD operations,
validation, linkage
Automated Claim 80 97.5% 98 C1/C2 conditions,
Validation boundary cases
Admin Dashboard 41 100% 211 Approve/reject,
statistics, filtering
Notification System 29 100% 76 Status update
propagation, display
Database Integrity 35 100% — FK constraints,
transaction atomicity

Module-level testing (Table 3) confirms reliable functional correctness across all seven system
modules, with the sole exception being the boundary-condition edge cases in the automated claim
validation module noted above. The User Authentication and Role-Based Access Control modules
achieved 100% pass rates across all 83 combined test cases, confirming that Django's built-in
authentication mechanisms and the custom role decorator implementation correctly enforce security
boundaries under all tested access patterns. The Administrative Dashboard module demonstrated the
highest response latency at 211 ms, attributable to the statistical aggregation queries executed for the
claim count and approval rate summary statistics — a performance characteristic that can be addressed
through database-level caching using Django's query caching framework for production deployments
with large claim volumes.

User Acceptance Testing conducted with five insurance operations staff members produced
consistently positive assessments of interface clarity, workflow intuitiveness, and result interpretability.
Participants successfully completed all assigned tasks — policy registration, claim submission, status
tracking, and administrative claim review — without assistance in under 8 minutes from first system
access. The real-time notification display and colour-coded claim status indicators were specifically cited
as usability enhancements relative to participants' existing systems.

5. CONCLUSION

The Al-Driven Insurance Claim Processing System successfully demonstrates that a
deterministic, rule-based automation approach — implemented within the mature and well-supported
Django web application framework — can deliver substantial, measurable improvements in insurance
claim processing efficiency without the data volume requirements, algorithmic complexity, and
interpretability challenges associated with machine learning approaches. The system achieves a 74.5%
reduction in mean claim processing time, a 63.2% reduction in administrative workload per claim, and a
99.6% validation accuracy on a 500-claim simulation dataset, establishing a strong quantitative case for
the commercial and operational viability of the proposed architecture.

The seven-module Django application architecture provides a well-structured, maintainable
foundation for the full claim processing lifecycle. The automated validation engine's deterministic two-
condition eligibility assessment eliminates 38.6% of submitted claims from the human review queue,
directly addressing the single largest contributor to adjudicator workload in manual environments. Role-
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based access control, enforced through Django's permission framework and custom view decorators,
ensures that sensitive adjudication functions are accessible exclusively to authorised administrators while
maintaining full policyholder self-service capability for policy management and claim submission.

The system's primary current limitation is the binary nature of the automated validation logic,
which evaluates only coverage amount and policy validity conditions. Real-world claim adjudication
encompasses a substantially broader decision space including claim category eligibility, deductible
application, co-insurance calculation, and exclusion clause evaluation. Extending the validation engine
to encode this richer rule set — initially through additional deterministic conditions and subsequently
through a machine learning classifier trained on historical adjudication decisions — represents the
highest-priority development direction.

Future development will pursue the following priority enhancements: integration of a scikit-
learn or TensorFlow Lite fraud detection model trained on historical claim anomaly patterns to provide a
probabilistic fraud score alongside each validated claim; implementation of Tesseract OCR and spaCy
NLP pipelines for automated information extraction from uploaded claim supporting documents,
reducing manual data entry errors; REST API exposure of all core workflow functions to enable
integration with banking, CRM, and third-party policy administration platforms; migration to
PostgreSQL for production deployment with connection pooling support for multi-user concurrent
access; and development of a React Native mobile application providing policyholder self-service access
to policy management and claim tracking functionality. These enhancements will progressively
transform the current rule-based system into a fully intelligent, enterprise-grade claim management
platform capable of addressing the complete operational complexity of the insurance adjudication
lifecycle.
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