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Abstract - Digital accessibility has traditionally focused on compliance with standards such as the Web Content Accessibility Guidelines
(WCAG). While compliance ensures baseline inclusivity, it does not adequately address the dynamic, Al-driven, and component-based
architectures prevalent in modern digital systems. This paper proposes an AI-Augmented Accessibility Framework that integrates
semantic enforcement, DevOps automation, runtime observability, machine learning augmentation, and governance oversight. The
framework transitions accessibility from reactive validation to predictive and adaptive infrastructure. The study outlines architectural
layers, enterprise implementation strategies, and ethical considerations necessary for scalable intelligent accessibility systems.
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L INTRODUCTION

Digital accessibility ensures equitable access to online systems for individuals with disabilities. Regulatory frameworks and
technical standards—primarily developed by the World Wide Web Consortium (W3C)—have formalized guidelines, including
WCAG 2.0,2.1, and 2.2.

However, contemporary digital ecosystems incorporate:
e Component-based Ul architectures
e Al-generated content
e Real-time personalization engines
e  Micro frontend platforms
e Continuous deployment pipelines
Traditional accessibility audits, conducted periodically, are insufficient in such dynamic environments.

This paper introduces the concept of Intelligent Accessibility, a framework in which accessibility becomes a continuous, predictive,
and measurable system property.

II. BACKGROUND AND RELATED WORK

Accessibility research has predominantly focused on conformance evaluation against the Web Content Accessibility Guidelines
(WCAG). While these standards provide structured criteria for accessible design, enforcement mechanisms often remain reactive.

Vigo et al. (2013) demonstrated that automated evaluation tools detect only a subset—approximately 30-40%—of accessibility
defects, particularly missing context-dependent usability failures. This finding highlights the limitations of static rule-based
validation.

Lazar et al. (2015) emphasized the necessity of embedding accessibility within organizational processes rather than treating it as an
isolated compliance task.

Industry initiatives, including Al-based captioning and assistive enhancements from major technology companies, illustrate the
potential of machine learning in accessibility. However, existing implementations do not present a unified architectural framework
for enterprise-scale intelligent accessibility systems.

III. PROBLEM STATEMENT
Modern accessibility systems face three primary challenges:
1. Reactive Remediation — Violations are detected post-development.
2. Static Validation — Testing tools analyze snapshots rather than runtime behaviors.

3. Limited Adaptation — Compliance does not guarantee contextual usability.
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Figure 1: Problem Statement — Core Challenges in Modern Accessibility Systems

These systemic limitations necessitate an integrated architectural framework capable of enabling predictive validation, continuous
observability, and adaptive accessibility intelligence.

IV. PROPOSED AI-AUGMENTED ACCESSIBILITY FRAMEWORK
The proposed framework consists of six interdependent layers.
A. Semantic Integrity Layer

Accessibility begins with structured HTML and ARIA compliance as defined in the Accessible Rich Internet Applications
specification.

Key enforcement mechanisms include:

*  Accessible name validation

*  Heading hierarchy normalization

*  Landmark role consistency

*  ARIA state synchronization
Semantic correctness enables downstream automation and Al reasoning.
B. Static Intelligence Layer
Static analysis tools evaluate code against WCAG criteria.
Enhancements include:

*  Pattern recognition for semantic anti-patterns

*  Accessibility linting integrated into IDEs

*  Predictive risk classification
While limited in scope, static validation forms baseline compliance.
C. CI/CD Enforcement Layer
Accessibility checks are embedded into DevOps pipelines.
Implementation includes:

e Pull request validation

*  Accessibility unit tests

*  Component-level Storybook validation

*  Contrast compliance gates
Accessibility failures block deployment, aligning with shift-left engineering principles.
D. Runtime Observability Layer
Dynamic systems introduce accessibility risks that cannot be detected statically.
Runtime mechanisms include:

*  Focus order monitoring
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*  Mutation observer-based ARIA validation

*  Keyboard navigation telemetry
Accessibility becomes a measurable and observable system property.
E. Machine Learning Augmentation Layer
Al supports intelligent enhancements such as:

*  Automated alt-text generation

*  Real-time speech transcription

*  Accessibility Risk Scoring (ARS)
Accessibility Risk Score (ARS) Model:
ARS = Severity x Exposure x Probability
Where:

e S =Severity

e E=Exposure

e P =Probability

e W =weighting factors
Al outputs require human-in-the-loop governance to mitigate bias.
F. Governance & Ethical Oversight Layer
Accessibility intelligence must comply with:

*  Americans with Disabilities Act

*  General Data Protection Regulation
Governance includes:

*  Bias auditing

*  Consent mechanisms

*  Transparency logging

*  Data minimization practices

Governance & Ethical Oversight
¢ ADA & GDER Compliance
¢ Bias Audits
¢ Transparency & Consent
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Figure 2: Proposed Al-Augmented Accessibility Framework

1JERTV15I S020494

International Journal of Engineering Research & Technology (IJERT)

| SSN: 2278-0181
Vol. 15 Issue 02, February - 2026

Page 3

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



Published by : International Journal of Engineering Research & Technology (IJERT)
https://lwww.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 02, February - 2026

Ethical constraints ensure that autonomy and dignity are preserved. Accessibility intelligence systems must operate under strict
privacy-preserving principles. Runtime telemetry should adhere to data minimization, purpose limitation, anonymization, and
explicit user consent requirements where applicable. Adaptive Al mechanisms must undergo bias auditing to prevent
discriminatory outcomes and ensure an equitable user experience.

V. ENTERPRISE IMPLEMENTATION MODEL

Implementation can follow phased maturity:

1. Manual audit compliance

2. | Static automated validation

3. CI/CD accessibility enforcement
4.  Design system integration

5. Runtime observability

6.  Al-driven predictive adaptation

Progression reduces recurring defect density and remediation time.
VI. DISCUSSION

A. Benefits

*  Reduced remediation cost

*  Continuous compliance assurance

*  Scalable enforcement

*  Improved user trust

*  Predictive risk mitigation
B. Limitations

« Al bias in generated accessibility content

*  Privacy concerns in telemetry

*  Over-automation risks
Human governance remains essential to ensure accountability, ethical alignment, and equitable outcomes.

VII. FUTURE WORK

Future research should explore:

*  Formal accessibility observability metrics

»  Bias mitigation frameworks for Al-generated accessibility content

*  Quantitative ROI modeling for enterprise adoption

*  Autonomous semantic correction validation mechanisms

Emerging autonomous accessibility systems may dynamically repair defects under governed constraints while preserving user
autonomy.

VIII. CONCLUSION

This paper proposes an Al-Augmented Accessibility Framework that transitions accessibility from a compliance artifact to
intelligent infrastructure.

By integrating semantic enforcement, DevOps automation, runtime observability, machine learning augmentation, and ethical
governance, organizations can build adaptive, scalable, and future-ready inclusive systems.
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Intelligent accessibility represents the convergence of engineering disciplines and human-centered design.
IX. REFERENCES

World Wide Web Consortium (W3C), “Web Content Accessibility Guidelines (WCAG) 2.2,” 2023.

W3C, “Accessible Rich Internet Applications (WAI-ARIA) 1.2,” 2023.

Americans with Disabilities Act of 1990.

Regulation (EU) 2016/679, General Data Protection Regulation (GDPR).

M. Vigo, J. Brown, and V. Conway, “Benchmarking web accessibility evaluation tools,” W4A Conference, 2013.

J. Lazar, D. Goldstein, and A. Taylor, Ensuring Digital Accessibility Through Process and Policy, Morgan Kaufmann, 2015.
Microsoft Responsible Al Standards, 2022.

Google Al Principles, 2018.

—r———————
0~ O N B W —
[l e e S PR

1JERTV 151 S020494 Page 5
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



