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This study examines the accessibility of Generative Artificial Intelligence (Al) tools for people with  \wey Accessibility; WCAG 2.2;
disabilities, using WCAG 2.2 success criteria as a reference. Significant accessibility issues were
identified in the evaluated applications, highlighting barriers mainly affecting disabled users. ) .
Integrating accessibility considerations from the beginning of application development and adopting ~ Inclusive; Sustainable Future.
a proactive approach are emphasized. Although challenges are faced, such as the shortage of
inclusive training data and opacity in Al decision-making, the need to continue addressing various
aspects of accessibility in the field of generative Al tools is acknowledged. These efforts are based ~ Article History:
on regulatory compliance and ethical principles to ensure equal societal participation, regardless of
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individual abilities. The fundamental role of accessibility in realizing this vision is highlighted, .

aligning with the United Nations Sustainable Development Goals, particularly those related to =~ Revised: 10 July 2024
equality, education, innovation, and inclusion. Improving accessibility meets regulatory  Accepted: 18 July 2024
requirements and contributes to a broader global agenda for a more equitable and sustainable future. Published: 01 August 2024

1- Introduction

Recent research has placed a spotlight on the impact of generative artificial intelligence (Al) on individuals with
disabilities, acknowledging both its potential benefits and drawbacks. Despite recognizing the broad implications of
generative Al within this demographic, a thorough exploration of its specific consequences remains largely untapped. In
this context, Glazko et al. [1] embarked on a three-month autoethnographic study to delve into the utilization of
generative Al for personal and professional purposes within a research team comprising individuals with and without
disabilities. The study uncovered a spectrum of potential accessibility applications for generative Al while also flagging
concerns regarding verifiability, training data, capability, and the validity of particular claims.

Generative Al encompasses computational techniques that generate novel and meaningful content from training data,
spanning text, images, or audio. Prominent examples such as Dall-E 2, GPT-4, and Copilot have revolutionized how we
collaborate and communicate, with applications ranging from artistic endeavors to intelligent question-and-answer
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systems. Within information systems, generative Al introduces opportunities and challenges, including implications for
accessibility, as posited by Feuerriegel et al. [2].

Models like ChatGPT and Bing Chat have progressively integrated into our daily routines, potentially reshaping how
we access, process, and produce information. However, Roegiest & Pinkosova [3] underscored concerns regarding the
accessibility of such systems, particularly for individuals facing literacy challenges. The research underscores the
imperative to investigate the readability and accessibility barriers posed by generative information systems, especially
for those with literacy difficulties, as datasets used in training often produce content comprehensible only at a college
level, thereby excluding a significant segment of the population. These findings emphasize the necessity of ensuring that
advancements in this domain benefit all, with proposed enhancements to information search and retrieval mechanisms
pivotal in bolstering accessibility and efficiency, consequently broadening impact and enhancing user engagement.

In a parallel narrative, Pascual & Osorio [4] contended that despite the United Nations lauding the internet as a catalyst
for human rights and a cornerstone for achieving Sustainable Development Goals, the persisting digital divide
complicates efforts to mitigate social inequalities. They identify low web accessibility as a critical factor hindering
specific populations from accessing vast online resources. Proposing web accessibility as an underexplored facet of
individual and societal inequality, they advocate for increased academic inquiry into how artificial intelligence can
enhance web accessibility, positing that such improvements could bridge the digital divide and mitigate global inequities.

Furthering this discourse, Silva et al. [5] described the development and evaluation of a tool automating the generation
of navigation aids for screen readers, leveraging topicalization and tagging algorithms to craft headings and internal
links. They assert that such tools address the demand for navigational aid design insights for screen reader users,
highlighting the potential integration of natural language processing techniques, including generative Al, in assistive
technologies. However, they also acknowledge limitations that necessitate future research attention.

In essence, web accessibility is a cornerstone of inclusion and sustainable development. The abilities or limitations
of users should not impede access to web-based information and services, with the Web Content Accessibility Guidelines
(WCAG) 2.2 [6] providing a foundational framework to uphold this principle.

As generative Al rapidly evolves, revolutionizing technology interaction and unlocking new vistas in automatic
content creation and design, attendant challenges in accessibility, particularly for individuals with disabilities, loom
large. This study evaluates the accessibility of 50 generative Al tools through the lens of the WCAG 2.2 [6] framework.

By investigating the impact of generative Al on web accessibility and assessing alignment with WCAG 2.2, this
research seeks to foster sustainable and inclusive development. The evaluation will encompass four key facets:
Perceptibility, Operability, Understandability, and Robustness. The comprehensive assessment aims to pinpoint areas
for enhancing generative Al tools' accessibility and furnish developers with actionable insights to create more inclusive
technologies aligned with the Sustainable Development Goals (SDGs) [7].

The document unfolds as follows: Section 2 delves into Background and Related Work, exploring the history, current
state, and accessibility considerations of generative Al applications while identifying research gaps. Section 3 elucidates
the Methodology employed, detailing tool selection, evaluation criteria, data collection, analysis methods, and study
limitations. Section 4 presents the Results and Analysis of accessibility assessments conducted on the selected generative
Al tools, analyzing compliance with WCAG 2.2 and delineating strengths and weaknesses regarding accessibility and
inclusion. Section 5 delves into the Discussion, examining implications for generative Al applications and accessibility
and exploring challenges in ensuring inclusivity. Finally, Section 6 encapsulates Conclusions, Limitations, and Future
Work, summarizing key findings, outlining contributions to accessibility and inclusion, and suggesting avenues for
future research endeavors.

2- Literature Review: Generative Al, Web Accessibility, Sustainability

Generative Al is a transformative force, enriching individual and organizational efficiency while bolstering overall
productivity. Its capacity to automate various tasks, from email responses to data analysis, endows entities with
unprecedented speed and precision, optimizing operations and decision-making processes [8, 9]. Real-time data analysis
capabilities empower swift and informed decision-making, offering a competitive edge in today's dynamic landscape

[9].

However, applications leveraging generative artificial intelligence pose distinctive design challenges as they become
increasingly ingrained in mainstream applications. With this integration comes a pressing need for guidelines to craft
user experiences that foster practical and secure utilization [10], which delineates six principles to shape user experiences
with generative artificial intelligence applications, address the nuanced dynamics of these interactions, and propose novel
interpretations and extensions of existing design paradigms.

Moreover, Nasser et al. [11] presented an integrated approach harnessing emerging technologies to furnish practical
and accessible solutions and intelligent transportation services tailored to individuals with visual impairments. Proposing
aframework underpinned by artificial intelligence and machine learning algorithms, aiming to enhance system efficiency
and enable expedited decision-making and more responsive services to meet the needs of visually impaired individuals.
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Participatory methods, notably co-design, emerge as pivotal strategies to navigate the challenges inherent in digital
government for individuals with disabilities, as argued by van Toorn [12]. Emphasizing inclusion as an ongoing process
within the digital government context, the study underscores the conceptual value of continuous engagement, positioning
disability as a realm ripe for exploration with generative Al technologies while acknowledging associated limitations.
The study emphasizes the pivotal role individuals with disabilities play in shaping technological advancements.

Generative Al's profound impact on customer experience surfaces as a notable contribution, as elucidated by Haleem
et al. [9] and Perez Medina et al. [13]. By facilitating personalized interactions and streamlining the shopping journey,
generative Al enhances customer satisfaction, liberating time for individuals to focus on critical endeavors while
fortifying security measures in real-time [14, 15]. These multifaceted capabilities optimize operational efficiency and
decision-making and cultivate a secure environment conducive to business and individual prosperity.

Figure 1 depicts the trend of generative Al applications over the past 12 months, sourced from Google Trends [16].
ChatGPT emerges as the most utilized application, experiencing growth in January 2024, followed by Bing and Gemini,
demonstrating continued ascendance since January 2023.
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Figure 1. The trend of generative Al applications, data taken from Google Trends

Amidst this landscape, web accessibility emerges as a paramount concern, with more than 50 million accessibility
errors detected across 1 million websites worldwide, as reported by the World Wide Web Consortium (W3C) [17, 18].
This alarming statistic underscores the imperative of adhering to guidelines such as WCAG 2.2 to ensure content
accessibility. However, a significant proportion of websites fail to meet basic accessibility standards, posing barriers to
individuals with disabilities. As home page complexity burgeons, strategies to mitigate accessibility impediments must
be reevaluated, emphasizing prioritization of accessibility and adoption of streamlined development processes [19].

Generative Al applications are designed to adhere to WCAG 2.2 [6], striving for perceivability, operability,
understandability, and robustness. These principles encompass efforts to ensure content accessibility for all users,
regardless of disability or impairment [20, 21].

Integrating generative Al with WCAG 2.2 promises to bolster attaining the UN Sustainable Development Goals
(SDGs) [3]. By promoting equal access to information and web services, generative Al can advance social participation
and digital inclusion, which are crucial for fostering just and peaceful societies [22, 23]. Collaboration across sectors is
imperative for developing and implementing generative Al solutions for web accessibility [24].

Nonetheless, integrating generative Al into web accessibility presents challenges, including algorithm biases and
transparency issues that may adversely affect individuals with disabilities. Addressing these challenges necessitates
regulatory frameworks ensuring ethical and responsible development and implementation of generative Al [25].

In conclusion, while the burgeoning volume of web content poses challenges to effective WCAG 2.2 implementation,
generative Al emerges as a transformative tool poised to enhance web accessibility. Leveraging generative Al can drive
a more inclusive and sustainable digital future, with collaboration and innovation serving as linchpins in this endeavor.
This article aims to evaluate and explore the contributions of generative Al to web accessibility, shedding light on its
impact on achieving the SDGs and offering recommendations for effective integration. Web accessibility is a
fundamental right and a linchpin for sustainable development, and generative Al holds immense potential to advance
this crucial agenda.
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Generative Al applications [25] can assist developers in complying with both WCAG 2.1 [20] and WCAG 2.2 [6],
thus representing a valuable tool for enhancing the productivity, innovation, and efficiency of any business. This article
will evaluate the web accessibility of 50 generative Al applications. These applications not only provide an accessible
interface for users to interact with web content but also can detect and correct content errors, personalize the user
experience according to their preferences, and assist developers in optimizing web content for the best performance
possible. In this accessibility analysis, we use the WAVE [26] with the plugin extension installed in the Google Chrome
browser, which allows the evaluation of sites that require authentication.

Figure 2 depicts a graphical representation of a bibliographic neural network highlighting keywords linked to
generative artificial intelligence, web accessibility, WCAG, inclusion, and sustainability.
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Figure 2. Presents a neural network of keywords organized into four groups

Figure 2 illustrates a framework of interconnected concepts derived from the analysis of 176 articles generated in
VOSviewer [27] version 1.6.20, a tool that offers text-mining functionality to construct and visualize networks of co-
occurring essential terms extracted from a set of scientific literature.

The figure presents 37 elements distributed across 4 groups interconnected by 301 links, indicating a robust
interrelationship among the concepts. Each color in Figure 2 represents a group of elements or clusters, identified using
the VOS algorithm to reveal strong relationships among elements. The data exhibits a well-defined cluster structure with
related element groups.

The VOS algorithm [27] implemented in VVosViewer is an ascending hierarchical clustering method based on
similarities designed to identify groups in bibliometric networks, such as keywords, depending on the clusters' distances.

The similarity between each pair of clusters is calculated based on the strength of connections among the elements of
each one; the co-occurrence between two elements defines the strength of the connection. Groups with the most
significant similarities are merged into a larger one, incorporating elements from the original groups. This process repeats
until a single group encompasses all network elements, representing the complete hierarchical clustering. The groups
contain the following keywords:

Cluster 1: Al, algorithm, article, artificial intelligence, artificial neural network, automation, deep learning, deep
neural networks, generative adversarial, generative design, human, humans, image enhancement, extended short-term,
neural networks, performance.

Cluster 2: Architectural design, computational linguistics, language models, large language models, and natural
language processes.

Cluster 3: Artificial intelligence (Al), decision making, generative model, learning systems, machine learning,
sustainable development.

Cluster 4: ChatGPT, education, ethics, generative Al, generative artificial intelligence, sustainability.
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From the analysis of the articles obtained from the search in Scopus, we observe that the previous study by Emenike
& Emenike [28] argues that ChatGPT exemplifies how generative Al impacts academic integrity and assessment in
chemistry education. Beyond teaching and learning, generative Al systems offer potential benefits and risks for students,
teachers, and administrators, sparking discussions about leveraging capabilities while recognizing limitations and
addressing equity and accessibility concerns.

The research argues that (Tiwary & Mahapatra [29]) millions of visually impaired people worldwide face online
accessibility challenges, particularly in education and shopping. The study highlights issues with Indian university
websites and proposes solutions, including Al-generated image descriptions, to ensure inclusivity and equal access for
all users, regardless of their disabilities.

Draffan et al. [30] argues that automated web accessibility checkers have evolved to evaluate the barriers faced by
users with disabilities, aligning with the WCAG proposed by the W3C. However, as web development progresses,
questions arise about the reliability of these checks. The article explores integrating Al methods, such as image
recognition and natural language processing, to improve accessibility assessment. Draffan et al. [30] argue that
automated web accessibility checkers evaluate barriers for disabled users based on WCAG compliance. The increasing
complexity of web code prompts updates to the guidelines, raising concerns about verifier reliability. The paper
advocates the integration of Al, such as image recognition and natural language processing, to improve verifier accuracy
and ensure effective barrier reduction strategies.

Acosta-Vargas et al. [21] argue that accessibility is critical to the success of e-commerce. One study evaluated 50 top-
ranked e-commerce sites using modified WCAG-EM 1.0 and the WAVE tool. The errors found revealed that most
contrast errors were common, emphasizing the need for improvement. Future work involves the development of Al-
powered accessibility software.

Finally, Reddy [31] argue that generative Al offers transformative potential in clinical decision-making and patient
care, particularly in healthcare. Despite ethical concerns, integrating generative Al requires meticulous planning and
stakeholder engagement. Responsible governance ensures ethical and safe integration, improving the accessibility and
quality of healthcare.

3- Material and Methods

Developing a methodology for integrating generative Al web accessibility involves a structured and collaborative
approach. This section selects the automatic evaluation tool that helps the accessibility evaluation process. The
researchers considered several parameters, such as accessibility principles, application of guidelines, level of
accessibility, and features of the tools.

Based on previous studies by Acosta-Vargas et al. [32], we identified eight commonly used automated assessment
tools, including AccessMonitor, Achecker, eXaminator, TAW [33], Tenon, WAVE [26, 34], Web Accessibility Checker,
and Mauve++ Tool [32]. The tools were selected based on the ability to assess accessibility principles, accessibility level,
and various features, such as load times, license, reporting, plugin, support and maintenance, functionality, portability,
usability, connectivity, and security. The evaluation results concluded that the most suitable automatic tool to evaluate
accessibility was WAVE,; its advantages included that it was functional on the web with the browser extension and
showed no problems with applications that required authentication. However, these tools are not definitive, and a more
robust evaluation is required to assess accessibility comprehensively. Human evaluation is imperative to determine if an
application meets accessibility standards, so manual review by accessibility experts with five years of experience is
included in this research.

This research evaluates accessibility in 50 generative Al applications using a variation of the Website Accessibility
Conformance Evaluation Methodology (WCAG-EM) 1.0 [35], comprising six phases described in Figure 3.

Phase 1: Selecting generative Al: At this stage, we select the generative Al technologies, which involve making
strategic decisions about the model or approach we will use to meet the specific needs of the applications we are
evaluating. During this process, we define fundamental requirements, such as the type of content to be generated, be it
text, images, music, or other data.

Subsequently, we evaluate and select several generative Al models, highlighting some of the most recognized ones,
such as GPT (Generative Pre-trained Transformer), VAE (Variational Autoencoder), and GAN (Generative Adversarial
Network), each with its strengths and weaknesses. A crucial criterion in our selection process is the size of the generative
Al model, which ranges from more compact models suitable for running on local devices to large-scale models requiring
significant computational power in the cloud.

In the selection process, we prioritize those affordable generative Al technologies that do not demand excessive
technical knowledge from the end user. We also carefully consider the model's performance evaluation, establishing
clear metrics to measure success against the project objectives. In addition, we consider the model's ability to be upgraded
and maintained over time.
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Figure 3. Combined approach to accessibility review

We took a random sample of 50 generative Al applications from the Synthesia site [36], which contains the most used
applications arranged alphabetically by generative Al. Table 1 presents the tool name, the category to which it belongs,
and the description. More details about the tools, the evaluation, and the accessibility analysis can be found in the
Mendeley repository [37].

Table 1. A random sample of the 50 GAI applications

# Category Generative 1A Description

1 Image Generator Tool Adobe Firefly Realize an infinite range of image creations.

2 Image Generator Tool Al Art A text-to-image generator combined with a music generator.

3 Music Generator Tool AIVA AIVA is an Al music generator that creates background music for various use cases.

4 Character Generator Tool Artflow.ai This Al character generator allows it to create animated video stories by creating unique scenes, characters, and

dialogs.

This Al drawing generator suggests various shapes and symbols, can add text, change colors, and insert different

5 Design Tool AutoDraw shapes into the drawing.
6 Writing Tool Bing Bing is a web search engine from Microsoft that offers services such as image, video, map, and news search.
7 Music Generator Tool Boomy Online Al music generator that allows anyone to create their original music in seconds and share it with the world.
8 Character Generator Tool Character ai Character.A_I em_ploys @rtlflua_l lntelllgenc_e to train realistic chatbots._ Users chat, create characters, and enjoy ad-
free messaging, including stories, academic help, and language learning.
9 Writing Tool ChatGPT It is the most popular Al tool and is helpful for content generation.
10 Writing Tool ChatPDF ChatPDF, \_NIFh artificial intelligence such as ChatGP_T_ and Claude, facilitates PDF conversation, summarization,
and analysis in over 100 languages, providing versatility to users.
11 Writing Tool Chatsonic Itis a chatbot that integrates with Google to enable tasks that involve using the latest information practically in
real-time.
. . Clipchamp Al offers Al-powered video editing tools to enhance videos and automatically generate speech and
12 Video Generator Tool Clipchamp subtitles, facilitating the efficient creation of engaging content.
. . Microsoft Copilot, the Al chat assistant, improves productivity in Microsoft 365, Word, Excel, PowerPoint,
13 Writing Tool Copilot Outlook, and Teams, integrating into various applications.
14 Writing Tool Copy.ai Edits and generates documents, reports, and articles.
15  Image Generator Tool Craiyon Text-to-image Al generator.
The most recognizable of Al image generators out there is undoubtedly DALL-E 2. This text-to-image system by
16 Image Generator Tool DALL-E2 Open Al can create realistic images and art based on text input.
17 Translator Deep L This tool is used to create high-quality and fast translations.
18  Image Generator Tool DeepDream Deep Dream Generator fuses art and artificial intelligence in an online platform that uses neural networks to
9 P create and share unique generative art.
. . D-ID Al creates videos for digital people using artificial intelligence from a single image. Its application facilitates
19 Video Generator Tool D-id the rapid creation of Al videos for various applications.
20 Research tool Elicit Al tool for researchers based on GPT-3. People use it to find relevant papers and provide abstracts quickly.
21 Voice Generator Tool FakeYou Text-to-speech Al with a large number of voice choices.
22 Voice Generator Tool Fliki.ai Fliki Al, an online platform, uses artificial intelligence to create videos with realistic voices. It facilitates the
’ efficient creation of customizable audiovisual content.
23 Design Tool Fontjoy Simple Al tool that mixes up fonts to help with the design.
24 Writing Tool Frase.io Frase.io with Al uses artificial intelligence to create and optimize SEO content with writing, text generation, and

rewriting tools.

Gamma App with Al uses artificial intelligence to create compelling presentations, documents, and web pages

% Presentation Tool Gamma with templates and code-free editing.
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Google Al's Gemini is a powerful language model that uses machine learning to generate text, translate, and

26 Writing Tool Gemini answer questions.
27 Writing Tool Grammarly This tool checks spelling and syntax, improves clarity, and increases writing quality.
. Hotpot Al uses artificial intelligence to generate images, art, and text. The Al art generator and other tools
28 Image Generator Tool Hotpot.ai automate creative tasks and improve content quality.
29 Desian Tool Jitter Al tools aid in creating animated designs in seconds; they can animate text and other design elements. It is perfect
g for animating interfaces or creating social media and other communication materials.
30 Design Tool Looka They need to design a logo and other branded materials; it helps them make a logo in seconds.
31 Design Tool Magic Sketchpad Al experiment that draws along with the final users.
. Midjourney, an Al platform, turns descriptions into images. It uses advanced machine learning, trained on diverse
32 Image Generator Tool Midjourney data, to create creative and technically sound images.
33 Bussines Tool Namelix A tool that aids in the search for a business name.
34 Writing Tool Pernlexit Perplexity Al, based on ChatGPT, is a generative Al and conversational search engine that provides accurate
4 plexity answers to complex questions, making it easy to obtain information and suggestions.
35 Writing Tool Plot Generator Al generator of random plots and ideas for writing.
- "Poe," a fast chat application, provides instant responses and advanced conversations with artificial intelligence,
36 Writing Tool Poe including GPT-3.5, GPT-4, and Claude 2.
37 Design Tool Quick, draw! Al that recognizes a doodle drawn by the user.
38 Writing Tool Quillbot QuillBot, with Al, improves writing through suggestions when entering text. It offers rephrasing, article rewriting,
and Al content generation.
39 Research tool Rayyan Rayyan is an onl]ne systematl_cvre\_/lew tool_ devgloped by Qatar University. It is used to help researchers
systematically review the scientific literature in their field of study.
40  Voice Generator Tool Resemble. Al Clone voices and create synthesized voices
41 Bussines Tool Salesforce Einstein Integrated set of Al technologies intended for CRM
42 Design Tool Sketch MetaDemoLab  Online tool that can bring the drawings (or those of your children) to life
43 Music Generator Tool Suno Suno A_I _crafts songs _based on user prompts, utilizing artificial intelligence to generate music from scratch and
streamlining the creative process.
44 Image Generator Tool Sunreme.ai Sometimes, getting the right idea or finding a meme that stirs the right emotions is hard. This tool is the “Chief
9 P ’ Meme Officer,” and it is continuously updated with the latest meme trends.
45  Video Generator Tool Synthesia It is the absolute pioneer in Al video generation. It can choose between 65+ Al avatars (based on real actors) who
can speak your words in 60+ languages.
46 Education Tool Teach Anything Al tool that offers a fast answer to any question.
47  Image Generator Tool This Beach does not exist Image Al generator of beach images.
48 Writing Tool Tiny Stories Al generation tool that aims to create stories for children.
49 Presentation Tool Tome Tor_n_e AI emplpys aljtn_fncnal |ntel_||gence to create prompts-based narratives, presentations, and storylines,
facilitating creative editing and refinement.
. . Aids with the construction of business websites. Offers more than 300 templates for mobile-friendly websites,
50 Bussines Tool Weblium

each with a free domain that can be customized once the paid upgrade is added.

Phase 2: Explore the generative Al: In this second phase, we immerse ourselves in the detailed exploration of the

selected generative Al applications. The main activity during this stage consists of experimenting with navigation and
interaction on the first page of each application. This choice is based on the premise that if accessibility errors exist on
the home page, they are likely to be reproduced on the rest of the pages [26].

During the exploration, we pay particular attention to the user experience when interacting with the functionalities of
the first page of each application. We evaluate the navigation's fluidity, the prompts' clarity, and the interface’s ease of
understanding. In addition, we focus on identifying potential accessibility barriers that could affect users with disabilities.

If accessibility errors are detected on the home page, we believe these could indicate more generalized problems in
the design and development of the application. This situation reinforces the importance of addressing accessibility issues
early on, as correcting them at later stages of development can be more complex and costly.

Our main objective in this phase is to understand the usability and accessibility of the generative Al applications,
laying the groundwork for more detailed evaluations later in the process. The information gathered during this stage
allows us to make informed decisions about the suitability of each application to meet the established accessibility and
usability requirements.

Phase 3: Define the scenario: In this stage of the evaluation process, we define a standardized test scenario to ensure
that all tested applications perform the same functions and are subjected to similar conditions. The main goal is to ensure
a comprehensive environment test covering all aspects of the applications, including input/output, user interface,
security, usability, and performance.
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The environment test is executed for different user scenarios and device types, thus ensuring that the application
works correctly and context-independently. This approach is essential to obtain comparable and objective results
between the tested applications.

As part of this phase, we pre-install Google Chrome browser version 110.0.5481.77 for 64-bit systems. In addition,
we incorporate the WAVE extension provided by WebAIM, version 3.2.2.0, updated until December 9, 2023, within the
Windows version 10 operating system environment.

We then perform the following actions in a standardized manner for all evaluated applications: (1) We open the
Google Chrome browser. (2) We enter the specific URL of the application we are evaluating. (3) We load the main page
of the application.

These steps are essential to establish a uniform and reproducible starting point for each application. In addition, using
the WAVE extension provides us with specific tools to evaluate web accessibility, allowing us to identify potential
problems and ensure that applications comply with accessibility standards. Phase 3 aims to ensure consistency in testing
by providing a standardized framework that addresses all essential aspects of the applications and ensures a thorough
and unbiased evaluation of their performance and accessibility.

Phase 4: Automatic review: The central purpose of this phase is to carry out an automatic review using the WAVE
plugin, a tool that evaluates web accessibility. The actions deployed during this stage include running the WAVE plugin
after completing the normalized activities of Phase 3. Before this process, a meticulous check is carried out to close all
browser tabs, thus avoiding possible interference. Likewise, the stability of the Internet connection is ensured,
guaranteeing a review without interruptions.

The WAVE scan is initiated to carry out the automatic review, allowing adequate time for a thorough evaluation.
During this period, active monitoring is adopted, alerting users of any error messages or interruptions that might arise
during the process. Particular attention is paid to carefully examining both the summary and the detailed information
provided by WAVE. In this automated phase, observing the process to identify potential problems and understand their
impact is crucial, paying particular attention to areas marked as critical or requiring immediate attention.

The implementation of this automated review is strategically positioned as an initial tool to detect accessibility issues
efficiently. Its seamless integration into later phases of the assessment process results in the effective identification of
accessibility challenges. As a final result, detailed information and a summary are obtained that serve as a solid basis for
further evaluations and possible improvements to optimize the application's accessibility.

Phase 5: Manual review: Aims to enrich the accessibility evaluation through a detailed and contextualized review of
the generative application of artificial intelligence. It begins with a page-by-page scan to check for consistency and
coherence in the presentation of information. Active interaction with functions and elements allows for evaluating the
system's response and ease of use, considering users' different needs. The quality of automatic descriptions of multimedia
content is validated, and alternative navigation tests are carried out to identify possible obstacles. The interdisciplinary
collaboration involves accessibility experts, users with disabilities, and user experience professionals, fostering a
comprehensive and diverse review.

Detailed documentation of identified accessibility issues is prioritized based on their impact and urgency, facilitating
improvement planning. Close collaboration with the development team allows problems to be addressed, with iterative
testing to validate possible improvements. Generating a detailed report highlights identified issues, potential
improvements, and recommended actions for future updates. Combining manual and automated reviews, this
comprehensive approach ensures an accessible user experience and supports an ongoing commitment to improving web
accessibility.

Special attention is given to the barriers related to errors and contrast errors, analyzing each element in close detail .
The data classification is carried out according to the four fundamental principles of accessibility and the success criteria
established by WCAG 2.2 at level AA.

Importantly, applications are evaluated against guidelines designed to make web content more accessible to people
with disabilities. In this case, compliance with level AA is considered the minimum level of accessibility that must be
achieved to ensure an accessible user experience for all people, regardless of their abilities or disabilities.

Automatic review with WAVE against the WCAG 2.2 guidelines at level AA provides an initial, quantifiable
assessment of application accessibility, providing a starting point for the more detailed assessments that can be carried
out later in the process.

The main steps of Phase 5 include exhaustive navigation, where we explore each page and function of the application
in detail. We review the home page, the secondary pages, and specific features of the app.

In real-time interaction, we perform interactive actions within the application to evaluate the real-time response and
user experience. This case included interacting with dynamic elements and using specific functions.
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For multimedia content verification, we review and evaluate the accessibility of any multimedia content in the
application, such as images, videos, or audio. We ensure that alternative descriptions will be provided and that content
is accessible to people with sensory disabilities.

Keyboard and voice navigation testing: we check accessibility by using the keyboard only and, where possible, by
voice navigation. This process ensures that the application is usable by people with motor or visual disabilities.

Contrast and readability validation: we evaluate the contrast between the text and the background as well as the overall
readability of the interface. We ensure that the colors used meet accessibility guidelines and that the text is readable for
all people.

Navigation consistency evaluation: we ensure that navigation within the application is consistent and predictable;
consistency contributes to a smoother and less error-prone user experience.

Upon recording the findings, we document the findings in detail, indicating any problems or areas that require
improvement. These logs provide valuable information to the development team and help guide necessary corrective
actions.

The manual review complements the automated evaluation, providing a more complete view of the application's
accessibility and allowing accurate identification of potential barriers for users with disabilities. In this phase, we
consider 26 guidelines based on WCAG 2.2 applied in the manual review of generative Al by accessibility experts. The
guidelines are summarized in Table 2.

Table 2. Guidelines based on WCAG 2.2 applied in the manual review of generative Al

Guideline Barrier WCAG (Principle)  Criteria of success Criteria.Barrier Level
G01 Content on mouse over focus Perceptible 1.4.13 Content on mouse over focus ~ AA
G02 Easy-to-read font Perceptible 111 Easy to read font A
G03 Text alternatives Perceptible 111 Text alternatives A
G04 Subtitling Perceptible 124 Subtitling AA
G05 Automatic transcripts Perceptible 125 Automatic transcripts AA
G06 Sign language Perceptible 126 Sign language AAA
G07 Information and relationships Perceptible 131 Information and relationships A
G08 Sensory features Perceptible 131 Sensory features A
G09 Adjust screen settings Perceptible 134 Adjust screen settings AA
G10 Interface rearrangement Perceptible 1.35 Interface rearrangement AA
G11 Use of color Perceptible 141 Use of color A
G12 Contrast without text Perceptible 1411 Contrast without text AA
G13 Well-spaced elements Perceptible 1.4.12 Well-spaced elements A
G14 Good audio techniques Perceptible 1.4.2 Good audio techniques A
G15 Minimal contrast Perceptible 143 Minimal contrast AA
G16 Images as sharp as possible Perceptible 145 Images as sharp as possible AA
G17 Enhanced contrast Perceptible 1.4.6 Enhanced contrast AAA
G18 Visual presentation Perceptible 148 Visual presentation AAA
G19 Accessible keyboard Operable 211 Accessible keyboard A
G20 Pause, stop, hide Perceptible 222 Pause, stop, hide A
G21 Language Understandable 311 Language A
G22 Consistent navigation Understandable 323 Consistent navigation AA
G23 Labels or instructions Understandable 332 Labels or instructions A
G24 Help Understandable 335 Help AAA
G25 Screen reader support Robust 412 Screen reader support A
G26 Status messages Robust 413 Status messages AA

Phase 6: Analysis and results: In this final stage of the accessibility assessment process, we analyze the data collected
during the previous phases and present the results meaningfully. This analysis provides valuable information to the
development team and is a basis for making informed decisions about improvements and fixes.
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The data collected during the automatic and manual review phases are grouped and organized in this phase. This
process includes information on accessibility errors, usability issues, and other relevant aspects identified during the
evaluation. In phase 6 of this process, we systematically record the evaluation data in a spreadsheet. We use Microsoft
Excel 365 to consolidate and analyze the collected information in this study. During the review, we examine the values
associated with errors, contrast errors, alerts, functions, structural elements, and ARIA (Accessible Rich Internet
Applications).

We then rank the identified issues based on relevance, prioritizing the most significant impact on accessibility and
user experience. Additionally, we create a detailed report presenting the evaluation's results. This report includes
specific findings, recommendations to improve accessibility, and, if necessary, suggestions for future evaluations.
This phase encourages collaboration and ensures a common understanding of challenges and opportunities for
improvement.

4- Results

In this section, we present the evaluation results of 50 generative Al applications, which were classified and tabulated
according to the four accessibility principles of WCAG 2.2. The information was summarized using Microsoft Excel
with dynamic tables and graphs, making it easy to identify patterns and trends. Dynamic reports simplified data
exploration and enabled deeper analysis.

To calculate total accessibility using a combined method that integrates automatic and manual review, we introduce
Equation 1:

Total Accessibility = Wa * Automatic Score + Wm * Manual Score 1)

where Total Accessibility represents the overall accessibility score. Automatic scoring is derived from automatic review
using the WAVE tool. Manual scoring is obtained through manual review by accessibility experts. Wa and Wm represent
the weights assigned to automatic and manual reviews.

This formula combines automatic and manual scoring in a weighted manner, allowing for adjustments in the relative
importance of each review method. Provides flexibility to tailor the assessment process to specific needs, allowing for
greater emphasis on automated or manual review based on accessibility analysis requirements.

Table 3 presents the evaluation of the 50 generative Al applications, analyzing the sample available in the Mendeley
data repository [37]. Provides a comprehensive analysis of these applications using the automated WAVE tool based on
WCAG 2.2. The table highlights the diversity in general errors, contrasts, alerts, accessibility features, and structural
elements, underscoring the variability in attention to accessibility principles in these applications.

The data in the table shows the evaluation of 50 generative Al applications using the WAVE tool to analyze
accessibility. Each row represents a specific generative Al application, with metrics such as general errors, contrast
errors, accessibility alerts, accessibility features, structural elements, and ARIA (Accessible Rich Internet Applications
Suite) usage. Some critical observations from the data include the following: First, the variety in the results, where a
wide range of results is shown between the different applications. Some have low scores on specific accessibility metrics,
while others have high scores.

Second, contrast errors and general errors: Some applications show significant contrast errors, affecting readability
for people with visual impairments. Additionally, general errors can indicate areas where accessibility needs to be
improved.

Third, diversity in accessibility features varies in the number of accessibilities features they offer; some have a more
complete set of features, which can improve the user experience for a broader audience.

Fourth, the use of ARIA and structural elements: The proper use of ARIA and the presence of structural elements can
significantly improve the accessibility of an application. Some apps show strengths in this regard, while others may need
improvement. The data provides valuable insights into accessibility in generative Al applications, which can help
developers identify areas for improvement and work toward a more inclusive experience for all users.

Notable differences between the applications are identified by looking at the general errors; ChatGPT, Copilot, and
Clipchamp show low scores, suggesting better consideration of accessibility in their design. On the other hand, other
applications present higher numbers, indicating possible areas of improvement in attention to accessibility.
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Table 3. Evaluation of the 50 generative Al with WAVE

# Generative 1A URL Errors Contrast Errors Alerts Features Structural Elements ARIA
1 Adobe Firefly https://www.adobe.com/products/firefly.html 3 1 2 93 30 398
2 Al Art https://boredhumans.com/text-to-image.php 6 0 7 1 6 4
3 AIVA https://www.aiva.ai/ 31 5 3 3 1 22
4 Acrtflow.ai https://artflow.ai/ 14 4 10 1 9 73
5 AutoDraw https://www.autodraw.com/ 19 13 1 1 13 0
6 Bing https://www.bing.com/ 4 0 4 2 20 155
7 Boomy https://boomy.com/ 8 14 7 14 64 26
8 Character.ai https://beta.character.ai/ 6 1 3 1 0 33
9 ChatGPT https://chat.openai.com/chat 3 0 1 0 9 3
10 ChatPDF https://www.chatpdf.com/ 3 10 143 1 10 387
11 Chatsonic https://app.writesonic.com/ 5 8 21 20 7 34
12 Clipchamp https://app.clipchamp 0 0 2 3 5 54
13 Copilot https://copilot.microsoft.com/ 3 0 1 0 11 28
14 Copy.ai https://app.copy.ai/projects/1 6 8 7 3 30 91
15 Craiyon https://www.craiyon.com/ 4 5 1 31 15 9
16 DALL-E 2 https://openai.com/dall-e-2/ 3 5 47 2 46 14
17 Deep L https://www.deepl.com/ 5 1 30 34 23 140
18 DeepDream https://deepdreamgenerator.com/ 5 10 2 0 10 7
19 D-id https://www.d-id.com/ 7 3 10 3 20 62
20 Elicit https://elicit.org/ 6 0 2 1 9 37
21 FakeYou https://fakeyou.com/ 10 6 12 4 8 111
22 Fliki.ai https://app.fliki.ai/f 76 4 18 5 2 33
23 Fontjoy https://fontjoy.com/ 14 0 2 1 1 9
24 Frase.io https://www.frase.io/ 16 2 3 10 23 200
25 Gamma https://gamma.app 51 84 71 2 13 567
26 Gemini https://gemini.google.com/app 4 0 1 12 14 223
27 Grammarly https://www.grammarly.com/ 0 3 5 6 6 60
28 Hotpot.ai https://hotpot.ai/logo-generator 30 74 25 27 32 0
29 Jitter https://jitter.video/ 8 3 3 1 7 14
30 Looka https://looka.com/ 11 30 24 11 5 13
31 Magic Sketchpad https://magic-sketchpad.glitch.me/ 25 7 1 0 4 0
32 Midjourney https://www.midjourney.com/ 1 6 22 5 22 522
33 Namelix https://namelix.com/ 1 5 2 9 10 0
34 Perplexity https://www.perplexity.ai/ 16 0 14 12 18 113
35 Plot Generator https://www.plot-generator.org.uk/ 68 4 21 2 17 4
36 Poe https://poe.com/ 20 8 15 7 12 12
37 Quick, draw! https://quickdraw.withgoogle.com/ 11 36 4 3 1 0
38 Quillbot https://quillbot.com/ 16 28 6 40 36 212
39 Rayyan https://rayyan.ai 6 42 16 3 26 117
40 Resemble.Al https://app.resemble.ai/ 4 10 7 3 4 3
41 Salesforce Einstein https://www.salesforce.com/products/einstein/ 7 7 67 23 39 266
42 Sketch MetaDemoLab https://sketch.metademolab.com/ 0 1 2 34 3 1
43 Suno https://www.suno.ai/ 1 27 36 3 17 596
44 Supreme.ai https://www.supermeme.ai/ 1 0 3 8 11 41
45 Synthesia https://www.synthesia.io/ 6 2 11 18 10 93
46 Teach Anything https://www.teach-anything.com/ 1 2 1 5 8 15
47  This Beach does not exist  https://thisbeachdoesnotexist.com/ 2 5 14 1 24 0
48 Tiny Stories https://tinystorie.com/start/ 5 0 2 1 0 0
49 Tome https://tome.app/ 28 0 34 2 26 161
50 Weblium https://weblium.com/ 9 30 9 74 74 49
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Evaluating contrast errors reveals challenges in applications like Adobe Firefly, Gamma, and Gemini. These issues
can affect readability for people with visual impairments, pointing to the need for adjustments in visual design to meet
accessible standards. Accessibility alerts and features vary significantly; ChatGPT stands out with fewer alerts,
suggesting a more robust design regarding accessible features. However, other applications can benefit from
improvements to ensure a more inclusive experience. The presence of structural elements and the use of ARIA are critical
aspects of accessibility. Apps like Tome, Sketch MetaDemoLab, and Looka show strengths, indicating a more robust
approach toward creating accessible and structured interfaces.

This analysis highlights the diversity in the accessibility of generative artificial intelligence applications, highlighting
specific areas requiring attention to move towards a more inclusive technology aligned with the principles of Sustainable
Development Goals (SDGS).

Figure 4 presents the most significant errors highlighted in pink, contrast errors highlighted in yellow, alerts in gray,
features in orange, structural errors in light blue, and ARIA errors in blue. Figure 4 provides a detailed look at the
performance of various Al tools in terms of errors and specific accessibility features.
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Figure 4. Overview of Significant Errors, Contrast Issues, Alerts, Features, Structural Errors, and ARIA Errors in
Generative Al. Applications with Minimal Accessibility and Contrast Errors Highlighted

Grammarly stands out for its good performance, with zero general errors. However, it does have some issues with
contrast errors, alerts, and accessibility features, suggesting areas for improvement to ensure a more inclusive experience.

Sketch MetaDemoLab shows solid performance with zero overall errors and low contrast errors. However, it scores
higher in terms of accessibility features, pointing out possible improvements needed in this specific aspect.

Clipchamp, similar to Sketch MetaDemolLab, has zero overall errors but stands out with many contrast errors. It is
essential to address these issues to improve visual accessibility.

Suno, unique in having only one general error, has many contrast errors and accessibility features. This situation
indicates the need for adjustments to ensure a more equitable user experience.

Midjourney shows good overall performance with only one overall error. However, it has many contrast errors and
accessibility features, suggesting specific areas for improvement.

These generative Al tools must address and correct the problems identified to move towards a more accessible
technology aligned with the principles of the SDGs. This analysis allows developers and designers to focus on specific
areas that require attention to improve the accessibility of their generative Al tools.
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Table 4 provides a comprehensive breakdown of web accessibility following WCAG 2.2, categorizing criteria into
Perceptible, Operable, Understandable, and Robust sections. Within the Perceptible category, emphasis is placed on
legible font styles, utilization of text alternatives, and attention to visual presentation. The Operable category highlights
keyboard accessibility and functionality for pausing, stopping, or concealing content. Understandable criteria assess the
consistency of navigation elements and the presence of clear labeling and instructions. Lastly, robust evaluation focuses
on supporting screen readers and handling status messages.

Table 4. Web Accessibility Guidelines (WCAG 2.2) Manual Assessment Summary: Perceptible, Understandable, and
Robust Criteria

Guideline WCAG 2.2 Criteria of success Criteria.Barrier Level Total
G01 Perceptible 1413 Content on mouse over focus AA 2
G02 Perceptible 111 Easy to read font A 50
G03 Perceptible 111 Text alternatives A 3
G04 Perceptible 124 Subtitling AA 4
G05 Perceptible 125 Automatic transcripts AA 3
G06 Perceptible 1.2.6 Sign language AAA 0
G07 Perceptible 131 Information and relationships A 1
G08 Perceptible 131 Sensory features A 2
G09 Perceptible 134 Adjust screen settings AA 3
G10 Perceptible 135 Interface rearrangement AA 3
G11 Perceptible 141 Use of color A 50
G12 Perceptible 1411 Contrast without text AA 22
G13 Perceptible 1412 Well-spaced elements A 49
G14 Perceptible 142 Good audio techniques A 3
G15 Perceptible 143 Minimal contrast AA 22
G16 Perceptible 145 Images as sharp as possible AA 22
G17 Perceptible 1.4.6 Enhanced contrast AAA 22
G18 Perceptible 1.4.8 Visual presentation AAA 22
G19 Operable 211 Accessible keyboard A 22
G20 Perceptible 222 Pause, stop, hide A 2
G21 Understandable 3.11 Language A 28
G22 Understandable 323 Consistent navigation AA 50
G23 Understandable 332 Labels or instructions A 30
G24 Understandable 3.35 Help AAA 50
G25 Robust 412 Screen reader support A 29
G26 Robust 413 Status messages AA 34

Perceptible (G01-G20): This category evaluates criteria related to content perception, such as font legibility, text
alternatives, subtitles, automatic transcriptions, and visual presentation. Notably, compliance levels vary from AAA to
AA, with some guidelines exhibiting more implementations than others. For instance, G02 (Easy-to-read fonts) and G11
(Use of color) demonstrate a robust implementation, each with 50 cases, while G06 (Sign language) lacks any recorded
implementations in the sample.

Operable (G19): This criterion assesses the operability of content, particularly the accessibility of keyboard
navigation. A compliance level of AA is observed, with 22 recorded cases.

Understandable (G21-G24): These criteria gauge content understandability, encompassing language specification,
consistent navigation, and the provision of labels and instructions. Compliance levels range from AAA to A, with specific
guidelines showing a higher implementation rate than others. For example, G22 (Consistent Navigation) and G24 (Help)
are vigorously implemented, each with 50 cases.

Robust (G25-G26): Criteria related to content robustness are evaluated, including support for screen readers and status
messages. Both guidelines maintain AA compliance levels, with 29 and 34 recorded cases, respectively.

This analysis underscores the significance of addressing all facets of web accessibility to ensure an inclusive user
experience. Moreover, it offers a structured framework for identifying and prioritizing areas for enhancement, aligning
with the commitment to SDGs and principles about equality and accessibility for all individuals.
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To tackle the accessibility issues identified within the Perceptible, Operable, Understandable, and Robust categories,
it's imperative to deploy a set of actions and strategies:

In Perceptibles (GO1-G20), concerning the legibility of fonts, we recommend ensuring that the fonts used are legible
and easy to read for users with visual disabilities. This study can be achieved by selecting appropriate fonts and ensuring
that the size and contrast are appropriate.

Itis also crucial to provide text alternatives for non-textual content, such as images, graphics, and multimedia so that
users with visual disabilities can access information equivalently.

Regarding the problem of subtitles and transcriptions, we suggest including subtitles for multimedia content and
automatic transcriptions to guarantee access to people with hearing disabilities.

About the problem of visual presentation, it is necessary to avoid using colors that make readability difficult and
ensure that the visual elements are easily distinguishable.

Concerning the Operable principle (G19), Keyboard accessibility is essential. To solve this problem, ensuring that all
content can be operated with the keyboard is essential, allowing users to navigate and interact without depending on the
mouse.

Regarding the Understandable principle (G21-G24), it is essential to manage the language specification of the content
to facilitate users' understanding. On the other hand, consistent navigation is vital throughout the website, making it easy
for users to find and access content intuitively. Additionally, labels and instructions should be clear for forms and
interactive elements, ensuring users understand how to interact with them.

Finally, the Robust principle (G25-G26) must be resolved by integrating support for screen readers and other assistive
technologies used by visually impaired people. In addition, it is necessary to include clear and descriptive status messages
to inform users about the status and actions taken in the user interface.

Addressing these issues directly contributes to SDG 10 (reduces inequality within and between countries) by
promoting equal access to information and technology for everyone, regardless of their abilities or capabilities. They
also support SDG 4 (quality education), facilitating access to online education for people with disabilities, and SDG 9
(industry, innovation, and infrastructure), promoting the creation of accessible technologies and the improvement of
digital infrastructures.

Figure 5 presents a detailed analysis of accessibility errors based on WCAG principles, revealing various compliance
levels and error distributions. Concerning the Perceptible principle, many errors stand out at level A, representing 31%
of the total. These results point to specific areas that require improvement to ensure content is visible to a broader
audience of users.
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Figure 5. Analysis of accessibility errors according to WCAG principles in generative Al

The most considerable proportion of errors is found at level AA, at 41%, underlining the need to address more specific
issues related to the perception of the content. Although smaller, the 14% errors at level AAA indicate the importance
of improving more advanced aspects of perception.

Regarding the Understandable principle, errors are recorded at level A, but they represent a low percentage of 5%.
This case suggests a solid initial understanding of the content, although there is room for improvement. No errors were
identified at levels AA and AAA, which is positive and suggests a good understanding of the content.
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In the Robust principle, a low level of errors is observed at levels A (3%) and AA (2%), indicating solid compliance
with the robustness principles, ensuring that the content is compatible with different user agents and technologies of
assistance.

Finally, the Operable principle reveals 4% errors at level A, pointing out areas of possible improvement to make the
application more operable. The total number of errors provides a complete view, allowing specific focus areas to be
identified to improve the system's overall accessibility. This analysis gives developers a clearer understanding of the
distribution of errors based on accessibility principles, allowing them to prioritize and address specific areas to improve
the user experience, aligning with the SDGs.

Figure 5 clearly shows the areas where web accessibility improvements are required, particularly addressing issues
within the Perceptible category.

To solve this problem, we suggest Al-based content personalization for various needs. That is, integrating Al
algorithms that analyze user behavior and browsing patterns. Based on that analysis, Al can personalize the content
presentation by offering alternative text descriptions for images or adjusting color contrast for visually impaired users.
This case would personalize the user experience while ensuring the content is perceptible to a broader range of users.

Figure 6 presents the rankings of the 10 most accessible generative Al tools, with separate evaluations across manual
and automated evaluations. The analysis highlights the variability in accessibility performance among the top 10
generative Al tools; some show strong performance, while others have significant areas that need improvement. This
study highlights the importance of prioritizing accessibility in developing these tools to ensure they are available and
usable for all users, regardless of their abilities. Each application is assigned a total score that comprises its manual and
automatic evaluations, revealing that:

Clipchamp shows excellent performance with total errors and contrast errors of 0.0%, indicating high quality in terms
of accessibility. Supreme.ai and Sketch MetaDemoLab present similar accessibility problems, with a sum of errors and
contrast errors of 3.8%. Although there is room for improvement, these results still indicate relatively strong performance
compared to other tools. Copilot, Grammarly, ChatGPT, and Teach Anything have more accessibility issues, totaling
11.5% in errors and contrast errors. This analysis suggests that significant attention should be paid to improving the
accessibility of these tools. Gemini, Bing, and Adobe Firefly are the three tools that show the worst performance in terms
of accessibility, with 15.4% in errors and contrast errors.

This study indicates a notable number of issues that must be addressed to improve accessibility and ensure a fair user
experience. To improve accessibility in generative Al tools, a context-sensitive wizard can be included and integrated
within the generative Al tool. The assistant can analyze the user's input and preferences (screen reader usage, color
blindness) to adjust the accessibility required by the user in real-time. These settings could offer alternative text
descriptions for generated content, modify color contrast based on user settings, or provide keyboard shortcuts for
commonly used functions. The assistant can also offer short, interactive tutorials to educate users about the accessibility
features, promoting understanding and self-sufficiency. Another suggestion to improve accessibility in generative Al
tools is to integrate accessibility testing functionalities directly within the generative Al tool. As users create content or
use Al's generative features, the tool can automatically generate a preview that displays the content with different
accessibility settings (high contrast mode, screen reader support). Users can then visually assess the accessibility of their
creations and adjust parameters within the generative Al tool to ensure optimal visibility.
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Figure 6. The ten most accessible generative Als
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5- Discussion

In the evaluation, while analyzing the accessibility of the applications, the success criteria frequently repeated were
identified. These success criteria are guidelines established by W3C [38] to ensure that websites are accessible to people
with disabilities.

In the comprehensive accessibility analysis of 50 generative Al applications, WCAG 2.2 [20] was used as a reference
framework. These guidelines, which focus on perceptible, operable, understandable, and robust principles, establish an
international standard to improve not only web accessibility but also accessibility in the specific field of generative Al
applications.

Glazko et al. [1] examined the impact of generative Al tools on people with disabilities. Researchers explored the
accessibility and challenges of using generative Al. The results revealed diverse accessibility applications but raised
concerns about verifiability and training data to maximize benefits and mitigate potential risks for people with
disabilities. In our study regarding the perceptible principles [20], high compliance stands out, especially in the use of
readable fonts (G02) and the implementation of alternative texts (G03), both achieving a rate of 100%. However, areas
such as text-free contrast (G12) and audio techniques (G14) exhibit variations, pointing to specific opportunities for
improvement. The Clipchamp app leads in perceptible accessibility with a notable 4%, followed closely by Copilot,
ChatGPT, and Grammarly, hitting 8%.

In the area of operability [20], keyboard accessibility (G19) is highlighted with a compliance range of 30% to 60%,
while the ability to pause, stop, or hide content (G20) shows a more modest compliance of 2%. These results highlight
the need to optimize operational aspects in the evaluated applications to guarantee an inclusive experience.

Comprehensible principles [20] reveal a solid initial understanding of the content, with 28% and 30% compliance
rates for criteria G21 and G23, respectively. Consistency in navigation (G22) stands out with a compliance of 50%. The
presence of errors at level A is minimal, with 5%, evidencing an excellent initial understanding.

In terms of robustness [20], screen reader support (G25) shows 29% compliance, and status message handling (G26)
reaches 34%. These results indicate a solid implementation of the robust principles, ensuring the content is compatible
with various assistive technologies.

The ten most accessible tools stand out for their commitment to accessibility. Clipchamp leads with an outstanding
4%, closely followed by Copilot (8%), distinguished by a solid automatic evaluation. ChatGPT and Grammarly, at 28%,
offer a notable balance of manual and automated assessments. Bing and Gemini, both with 30%, show consistent results
in both evaluations, reaffirming their commitment to accessibility. These findings not only provide an accurate snapshot
of the current state of accessibility in generative Al but also point out critical areas for future improvements.

To improve accessibility in generative artificial intelligence tools, it is suggested that artificial intelligence assistants
be incorporated to personalize the user experience to achieve a higher level of accessibility. Lopez-Gil & Pereira [39]
investigated whether large language model (LLM) systems can effectively evaluate web accessibility criteria that
traditionally require manual intervention. The results showed that the LLMs successfully detected accessibility issues
that the automated tools missed, achieving a detection rate of 87.18%. They also suggested that LLMs can improve
automated accessibility testing by capturing issues that current software misses. Future research should expand the scope
of the evaluation.

This principle relates to the need for applications to be compatible with different user agents, including assistive
technologies. The low number of issues in this area suggests that the applications were generally robust and capable of
working with various user agents.

Accessibility is a critical aspect in the development of applications generative Al; here are some solutions and
recommendations to improve the accessibility of these applications: User-Centered Design [9, 13]; generative Al
applications must be designed considering all users' needs and capabilities, including those with disabilities. This process
involves user testing with people with disabilities to identify and correct accessibility issues [13].

Othman et al. [40] advocate the effectiveness of large language models (LLMs), particularly ChatGPT, in
automatically addressing web accessibility issues to comply with WCAG 2.1. Manual testing results highlighted the use
of ChatGPT to improve web accessibility, offering valuable insights while striving to comply with WCAG and improve
the inclusion of people with disabilities. We therefore suggest incorporating assistive technologies into generative Al
applications, such as screen readers, to improve accessibility. Specific technologies can also be developed to improve
the accessibility of generative Al, such as voice input systems and gesture recognition.

Generative Al applications must be transparent and explainable so that users with disabilities can understand how
they work and how to make decisions based on their results. For example, if a chatbot is used to provide customer
support, the explainability of its recommendations could be helpful for people with cognitive disabilities.
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Generative Al applications must comply with accessibility regulations and standards, such as WCAG 2.1 and 2.2. to
ensure that the application is accessible to the most significant number of users, including those with disabilities.

Generative Al application developers should be trained in WCAG and know the latest techniques and tools to improve
the accessibility of their applications. Awareness of the importance of accessibility in the Al industry can also be
promoted through education and outreach. Finally, inclusion and diversity should be considered from the beginning of
the Al application development process [41]. Future studies can include a group of people with different types of
disabilities to ensure that applications have a design that considers the needs of all users.

Solutions and recommendations aligned with the SDGs are proposed to strengthen the accessibility of applications
with generative artificial intelligence. Firstly, it is crucial to adopt a user-centered design approach, where these
applications are meticulously designed considering the needs and capabilities of all users, which is in line with SDG 10,
which advocates reducing inequalities.

Second, generative Al applications can leverage existing assistive technologies, such as screen readers, and the
proactive development of specific technologies, such as voice input systems and gesture recognition. This duality in the
technological approach not only improves accessibility but also contributes to SDG 9, which seeks to foster innovation
and sustainable infrastructure.

Transparency and explainability emerge as a third fundamental pillar. Generative Al must be transparent, allowing
users, especially those with disabilities, to understand how they work and make informed decisions based on the results.
This level of understanding contributes significantly to user autonomy and active participation, supporting SDG 16 on
peace, justice, and strong institutions.

Fourthly, compliance with accessibility regulations and standards, such as WCAG 2.1 and 2.2, is unavoidable. This
conformity not only promotes accessibility but also addresses SDG 4, ensuring quality and equitable education for all
users, including those with disabilities.

Specialized training for developers constitutes the fifth essential point. These professionals should receive
accessibility training and stay current on the latest techniques and tools, contributing to SDGs 4 and 9. Awareness of the
importance of accessibility in the Al industry can be driven through educational programs and outreach campaigns,
aligning with several SDGs, such as 4, 9, and 10.

Finally, inclusion and diversity must be considered from the initial phases of development, supporting SDG 10. The
active participation of people with different types of disabilities in future studies will ensure that generative Al
applications are designed to consider the diverse needs of users, thus contributing to the achievement of multiple SDGs.
This inclusive approach is essential to build an equitable and sustainable technological environment in line with the
comprehensive vision of the Sustainable Development Goals. Othman et al. [40] investigated using ChatGPT to
automatically address web accessibility issues and ensure compliance with WCAG 2.1. The findings have significant
implications for stakeholders striving to comply with WCAG and improve online inclusion for people with disabilities
through more accessible platforms.

6- Conclusion

Ensuring the accessibility of generative Al tools for people with disabilities is paramount and identifying success
criteria based on WCAG 2.2 is a crucial step toward this. The study's results highlight the presence of significant
accessibility barriers in the evaluated applications, which particularly disadvantage users with disabilities. It is essential
to emphasize accessibility considerations throughout the application design lifecycle, advocating a proactive approach
rather than reactive measures. By prioritizing accessibility from the beginning of development, it is possible to align
with WCAG standards, effectively addressing the multifaceted challenges inherent in the accessibility of generative Al
tools. This proactive stance ensures regulatory compliance and upholds the ethical and moral imperatives of facilitating
equitable social participation, regardless of ability.

In addition, improving the accessibility of generative Al tools contributes to broader global agendas, particularly
aligned with the United Nations Sustainable Development Goals. The pursuit of accessibility aligns with equality,
education, innovation, and inclusion goals, emphasizing its critical role in fostering a more equitable and sustainable
future. Sometimes, collaborative efforts between generative Al developers, accessibility experts, and users with diverse
abilities are crucial. These collaborations facilitate the identification of specific challenges and the design of inclusive
solutions, improving the user experience for all. In addition, ongoing research efforts are essential to monitor best
practices, adapt accessibility guidelines, and explore innovative approaches to integrate accessible principles into
generative Al algorithms. At the same time, efforts to raise awareness and provide training in inclusive design and web
accessibility are imperative, ensuring accessibility remains an integral part of education and professional development
in artificial intelligence. Through these concerted efforts, we can aspire to a future where generative Al tools are
accessible, contributing to a more inclusive and sustainable society.
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6-1- Future Work

To move towards an inclusive and sustainable future, it is imperative to address the identified gaps in the accessibility
of generative Al. First, close collaboration is required between generative Al developers, accessibility experts, and users
with various abilities. This collaborative approach will identify specific challenges and design solutions that improve the
user experience for everyone.

Second, it is essential to promote continued research in generative Al accessibility. The rapid evolution of this
technology requires constant monitoring of best practices and adapting accessibility guidelines. Research should explore
new ways to integrate accessible principles into generative Al algorithms, ensuring that technological innovation is
aligned with inclusion.

Finally, future work should focus on awareness and training. It is necessary to raise awareness among developers,
designers, and decision-makers about the importance of accessibility in generative Al. Training in inclusive design and
web accessibility should be integral to education and professional development in artificial intelligence. This proactive
approach will help cultivate a more equitable and sustainable technology ecosystem.
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