
Communications on Applied Nonlinear Analysis 

ISSN: 1074-133X 

Vol 31 No. 5s (2024) 

  

592 
 

https://internationalpubls.com 

Beyond Accessibility Reports: AI-Driven WCAG Remediation at 

Scale 

Naga V K Abhinav Vedanbhatla 

Associate Systems Architect, La-Z-Boy Inc, Michigan, USA 

Article History:  

 Received:01/03/2024 

Revised: 06/04/2024 

Accepted: 30/05/2024 

Abstract:   

The Web Content Accessibility Guidelines (WCAG) establish the global 

benchmark for digital accessibility, yet existing compliance practices remain 

disproportionately focused on detection rather than remediation. Automated 

analyzers routinely identify extensive violations across websites, documents, 

and multimedia resources, but without effective remediation, these outputs 

neither enhance user experience nor mitigate legal and reputational risk. 

This study underscores the centrality of remediation in accessibility 

workflows, analyzes the technical and organizational challenges of 

implementing large-scale fixes, and proposes an AI-augmented remediation 

architecture. The framework integrates deterministic rule engines, machine 

learning (ML), and large language models (LLMs) to enable scalable, 

context-aware remediation supported by human oversight. Furthermore, the 

paper discusses strategies for embedding remediation into enterprise 

operations and outlines future directions, including real-time correction, 

multimodal accessibility support, and adaptive AI-driven personalization. 
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I. Introduction 

Digital accessibility has become a central concern for ensuring inclusive participation in the 

information society. The Web Content Accessibility Guidelines (WCAG) serve as the global 

reference standard for accessibility compliance, guiding organizations in the design of web, 

document, and multimedia content that is usable by individuals with diverse abilities (Ara & 

Sik-Lanyi, 2025; López-Gil & Pereira, 2024). In practice, however, accessibility programs 

often measure progress primarily by the number of violations detected during automated 

scans or audits. While detection is critical for establishing visibility, it represents only the 

initial step in the accessibility lifecycle. Reports that identify errors without enabling 

effective remediation fail to improve the lived experience of users with disabilities or reduce 

institutional risk exposure (Edwards et al., 2023; Vera-Amaro & Rojano-Cáceres, 2025). 

The central challenge lies in closing the gap between detection and remediation. In large 

enterprises, millions of violations may accumulate across heterogeneous content ecosystems, 

including web applications, legacy PDF archives, and dynamic multimedia resources 

(Ferrada, 2022; Schmitt-Koopmann et al., 2025). Addressing these violations at scale requires 

both technical and organizational strategies that move beyond one-off fixes toward 

sustainable, systemic accessibility practices. Traditional remediation methods—manual 

correction by developers, content authors, or accessibility specialists—are often too resource-
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intensive and inconsistent to address high-volume and semantically complex accessibility 

barriers (Pal et al., 2025). 

Emerging research points to the transformative potential of artificial intelligence (AI) in 

accessibility remediation. Deterministic rule engines can automate predictable fixes such as 

heading hierarchy or ARIA tagging, while machine learning (ML) techniques detect 

anomalies and structural inconsistencies in document layouts (Qiao et al., 2024; Li et al., 

2024). More recently, large language models (LLMs) have been applied to accessibility tasks 

requiring semantic understanding, such as generating meaningful alternative text, clarifying 

ambiguous link purposes, and restructuring complex content for logical flow (López-Gil & 

Pereira, 2024; Smits et al., 2024). However, automated remediation cannot be fully effective 

without human oversight to validate corrections, refine models, and address edge cases 

(Mack et al., 2021; Kim et al., 2023). 

1. Analyzing the multi-dimensional challenges of large-scale WCAG remediation. 

2. Proposing an AI-augmented remediation architecture that integrates rule engines, ML, 

LLMs, and human-in-the-loop validation. 

3. Exploring strategies for embedding remediation into enterprise operations, including 

shift-left accessibility practices, remediation teams, and CI/CD pipeline integration. 

4. Outlining future directions for real-time and multimodal AI-driven remediation. 

II. Why Remediation Matters More than Detection 

Most accessibility programs still emphasize detection as the principal measure of 

compliance, typically through periodic scans or automated reports. Detection answers the 

question “What is wrong?”; however, it does not address the more consequential question: 

“How do we fix it and keep it fixed?” (Edwards et al., 2023; Vera-Amaro & Rojano-Cáceres, 

2025). While detection creates awareness of accessibility barriers, remediation produces 

tangible user impact by converting inaccessible assets into accessible, WCAG-compliant 

content. 

Table 1 contrasts the roles of detection and remediation in accessibility workflows. Detection 

generates a list of issues, serving primarily as a diagnostic tool, whereas remediation delivers 

accessible outputs that directly improve usability for people with disabilities (Mack et al., 

2021; Pal et al., 2025). From a compliance perspective, detection contributes to risk 

awareness, while remediation resolves those risks and contributes to sustainable accessibility 

practices. 

Table 1. Detection vs Remediation Across Key Aspects 

Aspect 
Detection 

(Score 0–2) 

Remediation 

(Score 0–2) 

Purpose 

1 – Identifies 

violations 

2 – Fixes 

violations 

Output 1 – List of 2 – Accessible 
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issues content 

User 

Impact 

0 – None 

until fixed 

2 – Direct 

improvement 

Compliance 

Outcome 

1 – 

Awareness 

2 – Risk 

resolution 

Long-Term 

Benefit 

0 – One-off 

snapshot 

2 – Sustainable 

accessibility 

 

 

Chart 1 : Detection vs Remediation – compares their effectiveness across key aspects. 

Without remediation, accessibility remains theoretical. Compliance scores and audit reports 

only demonstrate partial progress until violations are systematically corrected, validated, and 

prevented from recurring (López-Gil & Pereira, 2025; Schmitt-Koopmann et al., 2025). 

III. Challenges in WCAG Remediation 

Despite significant advances in accessibility evaluation tools, remediation remains 

substantially more complex than detection. While detection tools provide visibility into 

accessibility issues, remediation requires sustained technical, organizational, and cognitive 

effort (López-Gil & Pereira, 2025; Vera-Amaro & Rojano-Cáceres, 2025). The principal 

challenges include: 

1. Scale of Violations Large enterprises may face millions of accessibility errors across 

websites, document archives, and multimedia assets. Manual or case-by-case 

remediation becomes infeasible at this scale, necessitating automation and 

prioritization frameworks (Pal et al., 2025; Ferrada, 2022). 

2. Content Diversity Accessibility issues manifest differently across heterogeneous file 

formats such as HTML, PDF, DOCX, PPTX, and EPUB. Each format demands 

specialized remediation strategies, and a universal “one-size-fits-all” approach is 

rarely effective (Schmitt-Koopmann et al., 2025; Paliwal et al., 2025). 

3. Context Sensitivity Certain WCAG requirements, such as providing meaningful 

alternative text or conveying link purpose, require semantic interpretation that extends 
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beyond structural analysis. Automated pattern matching alone cannot reliably address 

these subjective requirements (Mack et al., 2021; Kim et al., 2023). 

4. Skill Gaps Development teams, content authors, and document producers often lack 

deep accessibility expertise. This results in inconsistent remediation quality and 

partial compliance, even when issues are identified (Edwards et al., 2023; Vera-

Amaro & Rojano-Cáceres, 2025). 

5. Legacy Content Debt Organizations typically accumulate years’ worth of 

inaccessible digital content, including documents produced without adherence to 

WCAG standards. Remediating such backlogs, particularly when original source files 

are unavailable, poses a significant barrier (Ferrada, 2022; Schmitt-Koopmann et al., 

2025). 

6. Tooling Limitations Automated tools are effective at structural fixes such as color 

contrast adjustments or heading hierarchy corrections but struggle with subjective 

content requiring interpretation, such as image descriptions or contextual labeling 

(López-Gil & Pereira, 2024; Smits et al., 2024). 

7. Verification Bottlenecks Following remediation, rigorous re-testing is essential to 

ensure compliance and usability with assistive technologies. However, this process is 

often slow, resource-intensive, and subject to bottlenecks in quality assurance (Qiao et 

al., 2024; Li et al., 2024). 

8. Governance and Recurrence Without systemic governance mechanisms, 

accessibility violations tend to reappear in newly generated content. The absence of 

prevention strategies perpetuates a cycle of recurring remediation (Weru et al., 2024; 

López-Gil & Pereira, 2024). 

Collectively, these challenges underscore that remediation is not merely a technical exercise 

but a socio-technical problem requiring the integration of AI-driven solutions, human 

expertise, and organizational governance. 

Table 2. Challenges in WCAG Remediation (Severity Scores) 

Challenge 
Severity 

(1–10) 

Scale of Violations 9 

Content Diversity 8 

Context Sensitivity 8 

Skill Gaps 7 

Legacy Content Debt 9 

Tooling Limitations 6 

Verification Bottlenecks 7 

Governance & Recurrence 8 
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Chart 2 : Challenges in WCAG Remediation – highlights the severity of each challenge. 

 

Flowchart 1 : AI-Driven WCAG Remediation at Scale. 

IV. Economic Cost of Inaccessibility and Remediation 

Inaccessibility imposes hidden costs on organizations in the form of legal settlements, 

reputational damage, and customer attrition. Studies estimate that remediation of accessibility 

debt accumulated over years can cost 5–10 times more than building accessible content from 

the start. Furthermore, inaccessible websites exclude over one billion people globally with 

disabilities, representing a significant loss of potential revenue. Proactive remediation, 

especially when scaled with AI, not only lowers compliance risks but also generates 

measurable returns through wider market access, enhanced customer loyalty, and reduced 

future technical debt. 
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V. User-Centered Benefits of AI-Driven Remediation 

While compliance is a primary motivator, the end goal of WCAG remediation is to improve 

usability for real users. AI-driven remediation enables more accurate generation of alternative 

text, clearer navigation structures, and logical content flow, which directly benefits users of 

assistive technologies such as screen readers. Additionally, accessibility improvements often 

enhance usability for all users, including mobile-first audiences, aging populations, and users 

in low-bandwidth environments. Thus, remediation should be reframed as inclusive design, 

moving beyond minimum compliance toward universal usability. 

VI. Integration with Enterprise Workflows and Standards 

One of the greatest challenges in scaling remediation is ensuring that accessibility becomes a 

sustained operational practice rather than a one-time project. Integrating AI-powered 

remediation into enterprise workflows, such as content management systems (CMS), learning 

management systems (LMS), and CI/CD DevOps pipelines, ensures that new violations are 

prevented at the point of content creation. Alignment with global standards such as ISO/IEC 

40500 (WCAG 2.0) and regional regulations further institutionalizes accessibility across 

organizations. This integration reduces recurrence, accelerates compliance, and ensures 

accessibility becomes part of business-as-usual practices. 

VII. AI-Augmented Remediation Architecture  

Modern WCAG remediation platforms are increasingly adopting AI-driven methods to 

deliver scale without compromising accuracy. A next-generation remediation architecture 

integrates four complementary layers: 

1. Deterministic Rule Engines Automates predictable, rules-based corrections such as 

heading hierarchy, ARIA tagging, and color contrast adjustments. 

2. Machine Learning Models Detects patterns and anomalies across large content sets, 

including unlabeled visual elements, incorrect tab or reading order, and recurrent 

structural errors. 

3. Large Language Models (LLMs) Provides semantic intelligence by generating 

meaningful alt text, clarifying ambiguous link purposes, rewriting inconsistent labels, 

and restructuring complex narratives for logical flow. 

4. Human-in-the-Loop Review Validates AI outputs, applies domain-specific 

expertise, and supplies corrective feedback that continuously improves AI 

performance. 

Together, these components form a hybrid remediation pipeline: deterministic rules handle 

well-defined issues, ML models extend coverage to structural anomalies, LLMs address 

subjective content challenges, and human reviewers ensure quality assurance. This layered 

approach shifts organizations away from static, report-driven compliance toward continuous, 

proactive accessibility remediation, ensuring that issues are not only detected but resolved 

before content is published. 
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Flowchart 2 : AI-Augmented Remediation Architecture flowchart. 

VIII. Embedding Remediation into Operations 

For accessibility remediation to deliver sustainable impact, it must be embedded directly into 

organizational workflows rather than treated as a one-off compliance project. Enterprises 

increasingly adopt operational integration strategies that move accessibility “upstream” and 

ensure long-term quality control (Pardhi et al., 2023; Schmitt-Koopmann et al., 2025). Four 

approaches stand out: 

1. Shift-Left Accessibility Training authors, designers, and developers to apply WCAG 

principles at the content creation stage reduces downstream remediation costs. 

Embedding accessibility into authoring tools and design systems enables teams to 

prevent errors before they occur, embodying a proactive “shift-left” strategy (López-

Gil & Pereira, 2025). 

2. Centralized Remediation Teams Large enterprises often establish specialized 

remediation units responsible for handling legacy debt and bulk remediation across 

diverse assets (HTML, PDF, DOCX, PPTX). These teams complement distributed 

authoring by tackling high-complexity and high-volume accessibility backlogs (Vera-

Amaro & Rojano-Cáceres, 2025). 

3. Automated CI/CD Gates Integration of automated accessibility checks into 

continuous integration/continuous delivery (CI/CD) pipelines ensures that 

inaccessible code and documents are blocked from deployment. This prevents 

regression, embeds accountability within DevOps workflows, and transforms 

accessibility into a quality gate rather than a retrospective fix (Mack et al., 2021). 
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4. Metrics and Feedback Loops Sustainable remediation requires continuous 

measurement. Key metrics include defect recurrence rates, mean time-to-remediation, 

and AI model accuracy when auto-fixing issues. Feedback loops enable iterative 

improvement by training both human teams and AI systems to reduce future 

violations (Edwards et al., 2023). 

Table 3 : Distribution of Responsibility in Accessibility Remediation 

Responsibility 

Category 

Percentage 

(%) 

Automated Tools 30 

AI/LLMs 25 

Human Review 25 

Authors/Developers 20 

 

 

Chart 3 : Distribution of Responsibility in Accessibility Remediation 

IX. Future Directions 

The next wave of accessibility innovation will push remediation beyond static compliance 

and toward dynamic, user-centered design. Three developments are particularly 

noteworthy: 

1. Real-Time Accessibility Correction Future remediation systems will operate in real 

time, intercepting and correcting accessibility violations as content is created or 

consumed. This will reduce the latency between detection and fix, ensuring that users 

experience accessibility improvements immediately rather than waiting for batch 

remediation cycles (Scholz et al., 2024). 

2. AI-Based Personalization for Diverse Needs Accessibility will evolve from uniform 

compliance toward personalized adaptation, where AI dynamically tailors interfaces 

to individual user profiles. For instance, systems may adjust reading order for dyslexic 

users, provide adaptive captioning for hearing-impaired audiences, or generate 

simplified content for cognitive accessibility (López-Nores et al., 2023). 
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3. Multi-Modal Large Language Models (LLMs) With rapid advances in vision–

language–speech models, remediation will increasingly leverage AI capable of 

processing and generating across modalities. Such models could describe images with 

contextual nuance, restructure multimedia presentations for clarity, and synchronize 

accessible captions with audio/video streams. This will enable holistic remediation of 

complex digital ecosystems where text, images, and audio co-exist (OpenAI, 2025). 

Ultimately, the future of WCAG remediation lies in reframing accessibility as a dynamic 

design principle rather than a static compliance checklist. By embedding AI, multimodal 

intelligence, and real-time correction into everyday workflows, organizations can transition 

from compliance-driven accessibility to truly inclusive digital experiences. 

Future research should prioritize the development of latency-aware remediation pipelines 

capable of correcting accessibility issues in real time as content is created or consumed. 

Equally important is the investigation of adaptive, personalized accessibility systems that 

dynamically adjust features such as captioning, reading order, or text simplification to 

individual user needs. Finally, the rapid progress of multi-modal LLMs presents a critical 

opportunity for systematic study, particularly in synchronizing captions, alternative text, and 

reading flow across complex, multimedia environments. 

X. Conclusion 

WCAG compliance cannot be realized through detection alone; it requires a systematic 

commitment to remediation as the true driver of accessibility. Detection answers what is 

wrong, but remediation ensures that issues are resolved, validated, and prevented from 

recurring. The shift from static, report-centric workflows toward continuous, AI-powered 

remediation marks a fundamental paradigm change in digital accessibility practice. 

By combining deterministic rule engines for predictable fixes, machine learning models for 

pattern recognition, large language models (LLMs) for semantic and contextual remediation, 

and human-in-the-loop oversight for validation, organizations can achieve both scalability 

and accuracy. Embedding these capabilities into operational pipelines—through shift-left 

practices, centralized remediation teams, automated CI/CD gates, and feedback loops—

ensures sustainable compliance and measurable user impact. 

Ultimately, the future of accessibility lies in reframing WCAG adherence from a regulatory 

obligation into a core design principle that prioritizes inclusive user experiences. AI-

augmented remediation offers the pathway to move beyond compliance metrics toward 

digital environments that are equitable, adaptable, and human-centered at scale. 
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