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Abstract—Accessibility in web applications is a critical
aspect of modern web development, ensuring inclusivity for
users with disabilities. However, traditional solutions often fall
short in addressing real-time, dynamic accessibility challenges.
This paper explores the integration of Artificial Intelligence (AI)
to enhance accessibility features in web applications.
Specifically, it focuses on real-time captioning, screen reader
optimization, and voice-controlled navigation. By leveraging
advanced Al technologies such as Natural Language Processing
(NLP), computer vision, and speech recognition, this research
proposes and evaluates innovative solutions that significantly
improve user experience, usability, and compliance with
accessibility standards like the Web Content Accessibility
Guidelines (WCAG). The results demonstrate that AI-powered
accessibility tools can transform web applications into inclusive
digital spaces, fostering equitable access for all users. Moreover,
the research examines how Al can address the limitations of
traditional assistive technologies, such as limited accuracy in
speech-to-text or static screen reader navigation. By
incorporating adaptive, context-aware systems, Al can offer a
more personalized and responsive experience for users with
various impairments. The research also discusses potential
challenges, such as ethical considerations and system
performance, in deploying Al-driven accessibility features at
scale. The findings highlight the future possibilities of Al in
promoting a more inclusive web, ultimately bridging the
accessibility gap for diverse user groups.
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I. INTRODUCTION

Web accessibility ensures that individuals with disabilities
can effectively access and interact with digital content[1]. The
Web Content Accessibility Guidelines (WCAG) define
standards for making web applications accessible, but manual
implementation remains complex[2][3]. Artificial Intelligence
(Al) has emerged as a powerful tool for enhancing
accessibility through speech recognition, natural language
processing (NLP), computer vision, and real-time adaptive
interfaces.

Al-driven accessibility solutions, their challenges, and
areas for future research[4][5]. The focus is on voice-
controlled navigation, Al-powered screen readers, automated
captioning, and content personalization[6][7].

II. RELATED WORK

Previous studies have investigated Al’s role in
accessibility, focusing on different aspects of assistive
technology:
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e Automated Web Accessibility Testing: Several
researchers have developed Al-powered tools to scan
web pages and detect WCAG violations
automatically[8].

e Speech Recognition Improvements: Al models such
as Open Ai’s Whisper and Google’s speech-to-text
API have demonstrated advancements in voice
navigation and command execution[9].

o Al-Powered Captioning: Studies show that deep-
learning models can significantly enhance the
accuracy of real-time captions for individuals with
hearing impairments [10].

e Screen Reader Enhancements: Research in [11]
highlights how Al can improve context-aware text
descriptions, reducing misinterpretation by screen
readers.

Despite these contributions, existing research lacks
solutions addressing Al bias, cross-platform accessibility, and
real-time adaptability, which this study aims to explore.

III. STUDY GAP

Despite significant advancements in Al-powered
accessibility, several research gaps remain that hinder
widespread adoption and effectiveness. Addressing these
challenges is crucial for developing more robust and inclusive
Al-based solutions:

A. Limited Dataset Diversity

Al models used for accessibility are often trained on
datasets that lack sufficient representation of diverse
disabilities, languages, and speech patterns. As a result, Al-
driven speech recognition and screen readers struggle with
non-standard accents, variations in articulation, and context-
specific user needs. For example, voice assistants like Siri and
Google Assistant have been found to misinterpret commands
given by users with speech impairments, leading to inaccurate
responses.

B. Real-Time Adaptability Challenges

Most Al-powered accessibility solutions are designed to
function in controlled environments and do not dynamically
adapt to real-world scenarios. For instance, Al-generated
captions may perform well in structured settings but struggle
with background noise, multiple speakers, or overlapping
dialogue. Microsoft’s live captioning tool, while highly
effective, has been reported to fail in noisy environments with
heavy accents.

C. High Computational Requirements

Many Al-driven accessibility features, such as real- time
transcription and computer vision-based object recognition,
require significant processing power. This makes them
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inaccessible to users with low- resource devices, particularly
in developing regions where high-end hardware is not readily
available.

D. Legal and Ethical Considerations

Ensuring that Al-powered accessibility solutions comply
with international regulations such as WCAG, ADA
(Americans with Disabilities Act), and GDPR (General Data
Protection Regulation) remains a major challenge. AI models
may inadvertently violate privacy laws by collecting sensitive
user data, and existing legal frameworks have yet to fully
address the implications of Al- driven accessibility tools.

E. Bias and Fairness Issues

Al models often reflect the biases present in their training
data. This leads to disparities in how well accessibility tools
function for different demographic groups. For example, Al-
based speech recognition systems tend to perform better for
male voices than female voices, and they frequently

misinterpret commands given by users with speech

impairments.

F. Lack of User-Centered Design and Feedback
Mechanisms

Many Al-powered accessibility tools are developed with a
top-down approach, where users with disabilities have
minimal involvement in the design and testing phases. This
results in solutions that may not fully meet the needs of the
end-users.

G. Interoperability with Existing Technologies

Al-driven accessibility solutions often do not integrate
well with existing assistive technologies, such as traditional
screen readers and specialized input devices. Bridging the gap
between conventional and Al-powered solutions is essential
to ensure seamless user experiences.

Future research should focus on mitigating these issues by
developing more inclusive Al datasets, improving real- time
adaptability, optimizing Al models for low-resource
environments, and implementing regulatory frameworks that
safeguard user privacy while promoting accessibility
innovation.

IV. AT IN WEB ACCESSIBILITY — AN OVERVIEW

To conduct this literature review, the following steps were
followed:

A. Data Collection

e Research papers were collected from IEEE Xplore,
ACM Digital Library, Google Scholar, and Web
Accessibility journals[12][13].

e Search terms included “Al in accessibility,”

“voice-controlled navigation,” and “Al-powered
screen readers[14].”

B. Selection Criteria

e Studies published within the last ten years were
prioritized[15][16].

e Research focusing on Al-driven accessibility
improvements for web  applications  was
included[17][18].

C. Analysis:

e Papers were categorized based on the Al techniques
used (speech recognition, NLP, computer vision)[19].
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o Effectiveness and limitations of each approach were
documented and compared[20].

V. AIIN WEB ACCESSIBILITY — COMPARATIVE ANALYSIS

A. Powered Accessibility Workflow

Figure 1 shows the step-by-step process of implementing
Al-powered accessibility solutions, from identifying needs to
deploying and optimizing Al models, ensuring continuous
improvement in inclusive web systems.
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Fig. 1. Al-Driven Accessibility Implementation Lifecycle

accessibility methods, showing that Al improves web
accessibility through natural speech, real-time captioning,
automated image recognition, intelligent voice navigation,
and automated compliance scanning, enhancing overall
usability and inclusivity. Table I briefly compares traditional
and Al-based

TABLE L AI-POWERED VS TRADITIONAL CAPTIONING APPROACHES
Feature Al-Powered Solution Traditional
Approach
Captioning Real-time AI- generated | Manual
subtitles transcription

Table I highlights that Al-powered captioning delivers
real-time, automated subtitles, while traditional methods
depend on slower manual transcription, limiting scalability for
live use.

TABLE II. COMPARISON OF TRADITIONAL AND AI-BASED
ACCESSIBILITY FEATURES
Feature / Traditional Al-Based Methods
Metric Methods

Screen Readers | Predefined text- | Al-enhanced text-to-
based descriptions | speech engines

Voice Limited voice | NLP-based  command

Navigation command support | recognition (e.g.,

Whisper models)

Accessibility Manual evaluation | Al-driven WCAG

Auditing compliance scanning

Text-to-Speech | Robotic, Natural Al-generated

Quality monotone voice speech

Image Manual Automated Al

Recognition labeling/tagging recognition

Live Captioning | 5-10 seconds | Near real-time captioning

Delay delay

Navigation Basic, prerecorded | Al-driven adaptive

Support voice guidance

Figure 2 illustrates the core components of Al in
accessibility, including Speech-to-Text Al, Text-to-Speech
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Al, Vision Al, and Multimodal Al, highlighting their roles in
enhancing inclusive web interactions.

Accessibility
v v v v

Speech-toText AL Vision Al Multimodal AT

Text Speech-
to AL

Fig. 2. Al in Accessibility Framework

VI. CASE STUDIES

A. Google’s Live Captions

Google introduced Live Captions, leveraging Al for real-
time transcription[21]. While demonstrating 94% accuracy in
structured settings, it encounters limitations in noisy
environments[22].

B. Microsoft Seeing Al

1) Al vs Traditional Accessibility Performance

Microsoft’s Seeing Al integrates computer vision and
NLP to provide audio descriptions for visually impaired users.
Empirical studies report a 63% improvement in user
navigation efficiency.

2) Voice Access by Google

Google’s Voice Access enables users to interact with
applications via voice commands[23][24]. User feedback
indicates a 45% increase in accessibility satisfaction[25][26].

3) IBM Al Accessibility Checker

IBM’s Al-powered web accessibility scanner identifies
compliance violations with a 30% greater accuracy compared
to manual auditin[27][28].

4) Apple’s VoiceOver Enhancements

Apple’s VoiceOver integrates Al-powered OCR for
improved real-time text recognition, achieving a 50%
enhancement in screen reader efficiency[29].

VII. DISCUSSION AND FUTURE WORK

While Al has made web accessibility more dynamic, it
presents several challenges:

e Al Bias and Dataset Limitations: Current models
are trained on limited datasets, leading to inaccuracies
for users with non-standard speech patterns or
regional accents.

e High Computational Costs: Al-driven accessibility
tools require high processing power, making them
inaccessible for low-resource devices.

e Legal and Ethical Compliance: Ensuring Al-
powered systems align with WCAG and GDPR
regulations remains a challenge.

TABLE IIL PERFORMANCE COMPARISON OF SPEECH-TO-TEXT
SYSTEMS
Metric Traditional Methods Al-Based Methods
Speech-to- | ~70%  (Rule-based | ~95% (AI models such as
Text systems) deep learning-based STT)
Accuracy

Table IIT shows that Al-based speech-to-text systems
significantly outperform traditional rule-based methods in
terms of accuracy and reliability.

Future research should focus on:

© JGREC 2025, All Rights Reserved

e Developing energy-efficient Al models for real-time
accessibility assistance[30].

e Improving dataset diversity to reduce Al bias in voice
recognition and screen readers[31].

e Enhancing Al transparency to improve user trust and
compliance with accessibility laws[32].

VIII. CONCLUSION

Al-powered accessibility features significantly improve
web usability for individuals with disabilities. However,
challenges such as bias, high resource consumption, and
compliance issues must be addressed to ensure Al-driven
solutions are truly inclusive. The future of Al accessibility
research lies in adaptive user interfaces, improved speech
models, and enhanced regulatory compliance.
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