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Abstract. Accessibility of websites considers challenges related to creation of
web pages adapted to user with different types of impairments. The goal of web
accessibility is to remove barriers that may prevent people with disabilities from
accessing or interacting with web content effectively. The paper presents some
web accessibility standards and challenges related to their complying. A special
attention is paid to some popular artificial intelligence tools and how they could
be used to solve accessibility issues on web sites development.
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1 Introduction

Accessible websites should have functionality adapted to user with different types of
disabilities. It plays a crucial role in ensuring that individuals with disabilities can
perceive, understand, navigate, and interact with online content effectively, thereby
promoting inclusion and equal participation in the digital society (Web Accessibility
Best Practices, n.d.), (Accessibility, n.d.). The establishment of accessibility guidelines,
such as the Web Content Accessibility Guidelines (WCAG), by the World Wide Web
Consortium (W3C) has been instrumental in providing a framework for developers and
designers to create accessible web content (Web Content Accessibility Guidelines
(WCAGQG), n.d.). Despite significant progress in this area, challenges remain in achieving
universal accessibility, including the need for greater awareness, improved tools and
resources, and ongoing research to address evolving technology and user needs.

The evolution of accessibility guidelines has been shaped by a growing recognition
of the importance of web accessibility and advancements in technology. Early
initiatives, such as the Web Accessibility Initiative (WAI) launched by W3C in 1997,
laid the groundwork for subsequent efforts to establish comprehensive standards for
web accessibility (Web Accessibility Initiative (WAI), n.d.). The development of
WCAG, initially released in 1999 and subsequently updated in 2008 and 2018, marked
a significant milestone in providing a set of principles, guidelines, and success criteria
for creating accessible web content.
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Research in web accessibility explores various aspects, including:

e Evaluation Methods: Developing and evaluating automated and manual
techniques for assessing website accessibility compliance with WCAG (Ara et
al., 2024; Nuifiez et al., 2019)

e User Experience (UX): Investigating the impact of accessibility features on
user experience for both users with and without disabilities (Sauer et al., 2020)
Aizpurua et al., 2016).

e Emerging Technologies: Exploring accessibility considerations for new web
technologies like Single Page Applications (SPAs) (Findel & Navon, 2015;
Gavrila et al., 2019).

e Assistive Technologies: Researching the effectiveness and limitations of
various assistive technologies used by people with disabilities (Yesilada &
Harper, 2019).

In Section 2 is made an overview of the methods and principles related to building
of accessible applications. Sections 3 presents HTML, CSS, and JavaScript examples
of web accessibility challenges. In Section 4 are considered some popular Al tools and
how they could be used to solve accessibility issues in web applications. Concrete
concepts and results are presented.

2 Methodologies for Accessibility

Web accessibility research revolves around the Web Content Accessibility Guidelines
(WCAQ) established by the World Wide Web Consortium (W3C). WCAG outlines
four core principles (WCAG Accessibility Principles, n.d.):

e Perceivable: Information and user interface (UI) components must be presented

in a way that users can perceive.

e  Operable: Ul components and navigation must be operable using various input

methods, including keyboards.

e Understandable: Information and the operation of the UI must be

understandable.

e Robust: Content must be robust enough to be compatible with a wide range of

assistive technologies.

Accessibility evaluation methodologies encompass a range of approaches, including
manual inspection, assistive technology testing, and automated evaluation tools
(Abascal et al., 2019). Manual inspection involves human evaluators examining web
content to identify accessibility barriers and issues. While this method provides
valuable insights into the user experience, it can be time-consuming and subjective.
Assistive technology testing involves using specialized software and devices, such as
screen readers and keyboard navigators, to assess the accessibility of web content from
the perspective of users with disabilities. Automated evaluation tools leverage
algorithms and heuristics to scan web pages for accessibility violations automatically
(Sanchez-Gordon & Lujan-Mora, 2017; Abu Doush et al., 2023). While these tools
offer efficiency and scalability, they may not capture all accessibility issues accurately
and may generate false positives or false negatives.
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Accessible design practices have been shown to have a positive impact on user
experience outcomes, including usability, satisfaction, and task performance
(Pickering, 2016). Empirical studies have demonstrated that incorporating accessible
design features, such as descriptive alternative text for images, logical document
structure, and keyboard navigation support, can improve the usability of websites for
users with disabilities and enhance the overall user experience for all users. Accessible
design principles, such as clarity, consistency, and flexibility, contribute to making web
content more understandable, navigable, and adaptable to diverse user needs and
preferences.

Despite the importance of web accessibility, numerous challenges and barriers
persist in achieving universal accessibility. Technical challenges include the
complexity of web technologies, compatibility issues with assistive technologies, and
the dynamic nature of web content. Organizational challenges relate to the lack of
awareness, resources, and incentives for prioritizing accessibility in web development
processes. Attitudinal barriers stem from misconceptions and stereotypes about
disabilities, which may lead to a lack of commitment to accessibility or resistance to
implementing accessibility measures. Overcoming these challenges requires a multi-
faceted approach that addresses technical, organizational, and attitudinal factors and
fosters collaboration among stakeholders to promote a culture of accessibility.

Emerging technologies, such as artificial intelligence (Al) and machine learning,
hold promise for advancing website accessibility and addressing existing challenges.
Al-driven tools and techniques can automate accessibility testing, content remediation,
and personalized user interactions, thereby enhancing the efficiency and effectiveness
of accessibility efforts (Nacheva & Jansone, 2023). For example, Al-powered
algorithms can analyse web content for accessibility issues, suggest remediation
strategies, and adapt content presentation based on user preferences and interaction
patterns. Future research directions may focus on developing Al-driven solutions that
integrate seamlessly into existing web development workflows, address emerging
accessibility challenges, and promote inclusive design practices across diverse contexts
and platforms.

3 Challenges and Barriers to Accessibility Related to Web
Technologies

In addition to broader challenges, specific issues within the realms of HTML, CSS, and
JavaScript present unique accessibility barriers. Next are provided examples of specific
challenges and strategies addressing HTML, CSS, and JavaScript accessibility
problems. HTML, as the foundation of web content, may lack semantic structure or fail
to include essential elements, such as proper headings, labels for form fields, or
alternative text for images, which are critical for users relying on screen readers or other
assistive technologies. For example, consider the following HTML code snippet:

<div class="button" onclick="submitForm()'">Submit</div>
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In this example, a <div> element styled as a button is used for form submission
without providing any accessible name or role. Screen reader users may not be able to
identify the purpose of the button, leading to confusion and usability issues.

Common accessibility problems associated with specific code types also include:
Missing alternative text for images: Screen readers cannot interpret images without
alt text, creating barriers for visually impaired users. Following code provides no
description of the image for screen reader users:

—l

<img src="image.jpg"">

Semantic HTML misuse: Using non-semantic elements like <div> for navigation
menus hinders screen reader navigation.

<div id=""navigation'>

<a href="/">Home</a>

<a href="/about">About Us</a>
</div>

This code uses a div for navigation. A more semantic approach would be to use a
<nav> element and nest li elements for each link.

Similarly, CSS can introduce accessibility issues when used improperly, such as
overriding default focus styles or relying heavily on visual cues alone to convey
information, making it difficult for users with visual impairments to perceive content.
For instance, consider the following CSS code snippet:

hidden {
display: none;

/

Here, the .hidden class is used to visually hide content from sighted users. However,
screen reader users will still perceive this content unless additional measures, such as
applying aria-hidden="true", are taken to ensure it is not announced to assistive
technologies.

Insufficient colour contrast: Text and background colour combinations with low
contrast make content difficult to read for users with low vision:

ri
color: #DDD;

background-color: #EEE;
/

This code displays light grey text on a light grey background, creating low contrast
and making the text difficult to read.

JavaScript, while enhancing interactivity and functionality, can also pose challenges
if not implemented accessibly, such as keyboard traps, lack of focus management, or
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dynamic content updates that are not announced to screen reader users. For example,
consider the following JavaScript code snippet:

function openModal() {
document.getElementByld('modal’).style.display = 'block’;

/

This code snippet opens a modal dialog when invoked. However, it does not manage
keyboard focus properly, potentially trapping keyboard users within the modal without
a means to exit, violating accessibility guidelines. As web technologies continue to
evolve, addressing HTML, CSS, and JavaScript accessibility problems remains a
critical focus area for researchers and practitioners. Emerging trends such as Web
Components and Single Page Applications (SPAs) introduce new challenges and
opportunities for accessibility. Web Components offer a modular approach to web
development but require careful consideration of accessibility implications, such as
ensuring custom elements expose accessible roles, states, and properties to assistive
technologies. For example, consider the following Web Component implementation
with accessibility considerations:

<custom-button label=""Submit" onclick="submitForm()'"></custom-button>

class CustomButton extends HTMLElement {
connectedCallback() {
this.setAttribute('role’, 'button’);
this.setAttribute("tabindex’, '0');
this.addEventListener('click’, this.onclick);

/

In this example, the Web Component encapsulates button behaviour while ensuring
proper semantics with the usage of attributes role and tabindex. This approach
promotes accessibility and encapsulation, enhancing maintainability and reusability.
Similarly, SPAs, while enhancing user experience, can present accessibility challenges
related to dynamic content updates and navigation.

4 Accessibility and Artificial Intelligence

Contemporary Al models like ChatGPT 3.5 (ChatGPT, n.d.), Copilot (Copilot, n.d.)
and Gemini (Gemini, n.d.) could be used to successfully generate source of simple and
more complicated web applications. It is interesting to investigate to what extent this
generated code observes the web accessibility principles.

One of the main accessibility principles is to add alternative text for all images in a
web site. Two of the considered Al engines are used to generate such a text for two
images prompting them with: “Generate alt text for the following image”. On Figure 1
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and Figure 2 are presented the two images and the results. First image is an artwork
from the Europeana database, and the second one is a popular image from the Internet.

- ';Eij B s
" i iiey 1

Fig. 1. Test image 1. Fig. 2. Test image 2.

In Table 1 are presented result from Gemini and Copilot engines related to generated
alternative text. It could be concluded that both engines generate a relatively good
versions of description text of the pictures content. Only notable difference is that
Copilot recognized the exact number of cups on the Image 2.

Table 1. Generated alternative text.

Gemini Copilot

Imagel | Colourful tulips and other | An arrangement of colourful flowers
flowers in a botanical drawing. | and plants in a vase

Image2 | Multiple coffee cups on a | Seven empty coffee mugs on a wooden
wooden table table.

Next test is to use Al tools to improve the accessibility of an HTML menu. On Figure
3 is shown the HTML code of the menu. It uses table tags which are not well interpreted
by screen readers and that is why it is recommended not to use such an approach of
navigation. The prompt to both ChatGPT and Gemini was to “Improve the accessibility
of the following code™:

<table>
<tr>
<td><a href="Home.html">Home</a></td>
<ftr>
<tr>
<td><a href="about.html">About</a></td>
</tr>
<tr>
<td»<a href="contacts.html">Contacts</fa></td>
<ftr>
</table>

Fig. 3. Navigation HTML code.
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On Figure 4 and Figure 5 are presented results from the optimized for accessibility code
generated by Gemini and ChatGPT respectively. Gemini only recognizes that the table
is used as a navigation element and adds a suitable caption to it. It does not replace it
with another set of tags that are more suitable for screen readers. On the other hand,
ChatGPT improves accessibility by using semantic HTML elements for navigation
instead of a <table>. It uses <nav> element along with an unordered list (<ul>) and
list items (<li>).
<table>
<caption>Main Navigation</caption>
<tbody>
<tr>
<th><a href="Home.html">Home</a></th>
</tr>
<tr>
<th»<a href="about.html">About</ar</th>
</tr>
<tr:
<th»<a href="contacts.html">Contacts</a»</th>
</tr>
</thody>
</table>

Fig. 4. Navigation HTML code after Gemini optimization.

<nav>
<ul>»
<li»<a href="home.html”>Home</a»</1i>
¢li»<a href="about.html">*About</ax»</1i>
¢li»*<a href="contacts.html”»>Contacts</a></1i>»
<ful>
</nav:

Fig. 5. Navigation HTML code after ChaGPT optimization.

function openModal() {

document.getElementById( modal’').style.display = 'block’;

Fig. 6. JavaScript dialog function source code.
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Another test for web accessibility features of Al engines is performed using the
JavaScript code from Figure 6.

To improve accessibility, it should be added appropriate keyboard and screen reader
support to modal functionality. Additionally, it's important to be ensured that the modal
can be navigated and dismissed using the keyboard. On Figure 7 is presented the
optimized code the generated by ChatGPT.

function openModal() {
let modal = document.getElementById( 'modal’);
modal.style.display = 'block’;
modal.setAttribute( aria-modal’, "true');
modal.setAttribute('aria-hidden’, 'false');
modal.focus();
modal.addEventlistener('click’, closeModal);

document.addEventListener( keydown', closeModalOnEscape);

function cleseModal(event) {
if (event.target === modal) {
modal.style.display = 'none’;
modal.setAttribute( aria-hidden', “true’);
modal.removeEventlistener( 'click', closeModal);

document.removeEventlListener( keydown', closeModalOnEscape);

function cleseModalOnEscape(event) {
if (event.key === "Escape’) {

closeModal (event);

Fig. 7. JavaScript dialog function source code after ChaGPT optimization.

The code generated by ChatGPT successfully uses ARIA attributes to improve the
accessibility of the modal dialog. It also adds handlers to keyboard events and the click
of the ESCAPE key is processed as an option for the dialog closing.

5 Conclusion

Website accessibility is a multifaceted and evolving field that requires ongoing
research, collaboration, and innovation to ensure equal access to digital content for all
users. Continued efforts to embrace emerging technologies and promote accessibility
best practices are essential for realizing the vision of a web that is accessible, usable,
and enjoyable for everyone. In the paper is made an overview of methodologies and

142



technologies for building accessible web applications. Special attention is paid on the
Al tools and their usage for accessibility improvements. Examples with source code
analysis using different web technologies (HTML, CSS, JavaScript ) are presented.
The conclusions from the research show that ChatGPT 3.5 produces best
accessibility improvements compared to other tools involved in the experiments.
It will be interesting as a future research to be investigated the performance of more
advanced Al tools like ChatGPT 4.0, Gemini Advanced and Copilot Pro.
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