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Abstract

Digital accessibility is important since it allows all people, including
those with disabilities, to interact and access the desired information
available on the Web. The W3C WCAG guidelines provide a rich
set of indications about how to obtain it. Over time, they have
become very extensive in order to consider the many possible
cases. Manual checking of all the corresponding techniques is
impossible; thus, interest in the support provided by automatic tools
is increasing. However, current validation tools sometimes have
several limitations in their analysis, which still require considerable
manual intervention to validate several accessibility techniques.
Large Language Models (LLMs) present an opportunity to address
such cases. In this paper, we report on an investigation that focused
on exploiting the functionality made available by the GPT 40 APIs to
address such cases. We report on the types of prompting techniques
used for this purpose, how they have been exploited, for which
accessibility techniques, and how they have been validated. The
results provide useful indications for understanding the role of large
language models for accessibility validation.
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1 Introduction

The importance of accessibility has been recognised by national
and international legislations [3, 8, 9, 17], given the widespread use
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of digital services in daily life and the high number of people who
suffer from permanent or transient disabilities. The W3C WCAG
guidelines provide a solid and extended set of concrete indications
to obtain accessible Web sites. They have evolved over the years
to consider the evolution of interactive libraries and devices and
better address the many possible types of disabilities. The resulting
success criteria and techniques are rather numerous, and they need
to be applied systematically to the enormous amount of content
that is available over the Internet. Such validation work cannot be
done manually and thus needs the support of automatic tools.

Over time, several types of automatic validation tools have been
put forward [1, 4, 26], and they have had to evolve to address
the challenges the evolving digital landscape has raised. Since
accessibility evaluation is an area continuously evolving, several
tools have not been able to keep up with such evolutions: they have
become obsolete because they target old versions of the accessibility
guidelines, or they are not able to address modern dynamic websites
or they are limited in terms of scalability of the number of pages
that they can validate. The W3C has recently updated the public list
of accessibility validation tools, which, as of May 2025, is composed
of 77 tools.

In general, it should be clear that their role is important to sup-
port scalability in accessibility validation, but they cannot provide
a full, complete evaluation, and their use should be associated with
direct user testing [24, 28]. There is also an issue concerning their
transparency [14, 19] since often they are unclear about what tech-
niques they can validate and how they validate them. The results of
their evaluations are based on a set of algorithms associated with
the various techniques, and there is still limited agreement on such
algorithms. Indeed, the W3C ACT Rules initiative, which aims to
inform accessibility testers on how to evaluate specific cases consis-
tently, only covers a rather small portion of the WCAG guidelines.
Consequently, several studies [2, 7, 23] comparing the results of
various automatic validation tools have found differences in their
results. Despite such problems, the area of automatic accessibility
evaluation has evolved, and in recent years, several proposals have
been put forward of tools able to address large-scale evaluations
both at the commercial level (for example Siteimprove, Deque) and
as research investigation [15, 16, 20, 21, 25] level. However, there
are aspects that these tools cannot evaluate automatically. Indeed,
while they are very efficient in identifying some types of problems,
such as the absence of alt-text for non-textual content or labels
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for form fields, other aspects, such as the logical flow of elements
on a page, its semantic content, or keyboard access, necessarily
require manual review or real user interaction for their accessibility
validation. Human judgment, therefore, for a full and accurate ac-
cessibility assessment, cannot yet be completely replaced. For this
reason, the combination of different methods and tools, both auto-
matic and non-automatic, and the involvement of both experts in
the field and users with disabilities is recommended. The evolution
of Large Language Models (LLMs) [6], thanks to their advanced
language processing capabilities, can help overcome some of these
limitations and automate some of those checks that, until now,
only a human could perform, and this is the aspect that this study
aims to investigate. For this purpose, we have identified a set of
accessibility techniques that current tools usually cannot address
and have investigated the possibility of addressing them through
one of the widely used current LLMs (GPT 4o).

In the paper, we first review recent work on using LLMs for
addressing accessibility validation, next we describe how we have
designed prompts for GPT 4o for addressing the selected W3C
techniques, we report on their applications on Web pages of widely
used websites and the validation of such results. Lastly, we draw
some conclusions and indications for future work.

2 RELATED WORK

Recently, some research studies have started to investigate the main
advantages and limitations of the use of LLMs in the automatic
validation of web accessibility. A study [11] explored the GPT-3.5
model’s ability to find accessibility issues, analysing only HTML
elements such as tables, forms and images, both accessible and
non-accessible. The model evaluated their accessibility and sug-
gested corrections; its responses were largely correct, albeit with
some inaccuracies (particularly in assessing tables). However, since
only textual inputs were provided to the model, it could not assess
aspects such as the appropriateness of images’ alt-text. Holmund’s
work [12] explored ChatGPT’s ability to improve web accessibility
for blind users. A website with intentional accessibility problems
was developed, and prompts were designed to simulate real in-
teractions and address common issues faced by visually impaired
users, such as missing or inadequate alt-text, low colour contrast,
or unintuitive navigation order. The model was 64.42% effective in
summarising and explaining web content with accessibility prob-
lems and showed some limitations, such as its tendency to hallu-
cinate and generate false information. The Lopez-Gil and Pereira
study [18] explored using LLMs to automate accessibility testing
for three WCAG success criteria that require manual evaluation
with current tools. To validate their approach, the authors selected
the corresponding test cases from WCAG-ACT Rules to test these
criteria and modified them by deliberately introducing errors. The
authors developed scripts that use LLMs to assess these criteria au-
tomatically, tested them on the test cases, and compared the results
with those obtained with some existing automatic evaluation tools.
The LLM-based scripts were able to successfully identify the issues,
with an overall detection rate of 87.18%, suggesting that LLMs can
be integrated with existing automated accessibility tests, improving
the ability to detect issues that automatic tools currently miss.
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While the studies discussed in the previous section focus on
LLMs’ ability to detect accessibility violations, others have explored
their potential to also correct these errors. A study [22] explored
GPT’s ability to fix accessibility problems of two websites: Qatar
Airways and British Airways. Accessibility errors were identified
using the WAVE tool and manual inspection, revealing significant
violations. The websites’ code with the detected errors was fed
to GPT, which generated both suggestions to fix the errors and
corrected HTML, and was able to fix a significant number of errors
automatically but there were also several cases in which the results
were not relevant. The authors note that its effectiveness depends
on many variables: the training quality, the accuracy with which
the WCAG are provided, and the website complexity. Another
study [13] tested GPT 3.5 for automatically correcting WCAG 2.1
violations using prompt engineering techniques and direct DOM
modification. A dataset of 25 websites was created and tested using
the Playwright tool. The prompts included: the incorrect HTML
code, error types, error descriptions, suggested changes, and desired
answer format. GPT then generated corrections, and the corrected
DOM was added to the dataset. The corrected DOMs were tested
again with Playwright, showing a 51% error reduction. The results
showed that, in this study, the LLM was more effective in finding
text-based accessibility errors than ones related to the layout or
visual aspects. A similar approach was developed in another study
[10]: a web application for the automatic real-time correction of web
accessibility problems. Four frequent web accessibility problems
were selected: lack of ARIA landmarks to identify page regions,
missing or incorrectly inserted titles, text with poor contrast with
the background, and incorrect or absent labelling of form elements.
The developed tool renders the page’s DOM, with a “Page Scanner”
collecting DOM data and screenshots before sending them to the
server via an API Then, an Al-based component, based on GPT-3.5
and trained with JSON-formatted accessibility data, analyses and
corrects the errors. To validate the solution, some example web
pages with accessibility errors were developed and tested with the
system; then, the original page version and the modified one were
manually compared, yielding positive results with a reduction of
51% of errors.

As shown by the analysis of previous studies, different ap-
proaches have been proposed to explore LLMs’ capabilities in web
accessibility assessment. They vary not only in the LLMs’ role in
the accessibility assessment but also in scope, input type for the
LLMs and testing method used. Some studies have used LLMs to fix
violations, by modifying the DOM or generating correct code. This
approach reduces manual effort for developers but heavily depends
on the accuracy of the model’s analysis, risking introducing new
errors. Therefore, adequate fine-tuning of the models is required, as
well as a complex technical implementation. Other studies have in-
stead focused on having models find and explain violations, a more
flexible approach that allows developers to choose the best way to
address issues contextually. In general, such first explorations had
a limited scope, addressing rather limited issues. For example, the
study carried out by Delnevo et al. [11] analysed only HTML forms
and tables; Lopez-Gil and Pereira [18] referred to three WCAG
criteria, while Dash [10] examined four common violations. The
inputs for the LLMs validation also varied across studies. Some
have analysed the full web pages’ DOM [10, 13, 22], providing a
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comprehensive view of accessibility but requiring significant com-
putational resources and effort for the analysis. Others used only
code snippets [11] as input and, in one case, screenshots of the
page elements [12]; these approaches facilitate the identification of
individual problems and are easier to implement but provide more
limited results.

3 The Proposed Approach

This work aims to investigate an aspect neglected by previous liter-
ature, namely the use of LLMs to automate the evaluation of web
accessibility aspects that currently require manual intervention, as
they involve a semantic interpretation of the content or context of
the page. The proposed solution integrates GPT-40 functionalities
to automate the checks required by a subset of WCAG techniques
currently requiring manual verification. The only study that has
used LLMs for a similar purpose [18] developed scripts to automate
the checks of some ACT rules for three WCAG success criteria, ac-
cessing the LLM functionalities. Thus, their validation was related
only to the simple cases that are considered by those ACT rules,
while we aim to address more complex cases involving semantic
information concerning the Web sites validated. For this purpose,
we focus on specific WCAG techniques, which provide concrete
and detailed guidance for meeting their validation. The proposed
system addresses assessment for broader aspects not considered in
the previous studies. In addition to assessing the descriptiveness
of alternative texts for images and links and the correct identifi-
cation of languages, semantic checks have been added, focusing
on the descriptiveness of the page title, clarity of labels for inter-
active elements, correctness of markup usage for headings, and
appropriate use of ARIA landmarks. We have also integrated the
validation scripts into a web application that features an intuitive
user interface and is usable for real website validation.

The W3C WCAG are based on success criteria that describe
the requirements web content must meet to ensure accessibility.
The validation of the success criteria depends on the results of the
validation of the corresponding techniques. These techniques offer
detailed guidance on addressing specific aspects of success criteria,
which often deal with broader aspects. This study focuses on a
subset of such techniques, which were selected among those not
fully supported by the existing validation tool MAUVE++ [5, 12], the
tool used by the national accessibility agency (Agid) for monitoring
the level of accessibility of all Italian public organisations’ Web sites
(and in general they are not supported also by the other accessibility
validation tools). The selected techniques are the following:

e Technique G94: Providing short text alternatives for non-
text content that serves the same purpose and presents the
same information as the non-text content;

e Technique G91: Providing link text that describes the pur-
pose of a link;

e Technique G88: Providing descriptive titles for Web pages;

e Technique H58: Using language attributes to identify
changes in the human language;

e Technique G131: Providing descriptive labels;

o Technique H42: Using h1-h6 to identify headings;

e Technique ARIA11: Using ARIA landmarks to identify re-
gions of a page.
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The proposed “TeVal” validation tool was implemented to sup-
port user validation of such techniques. The front-end was built
with HTML5, CSS3 and JavaScript, utilising the Bootstrap 5 frame-
work for a responsive user interface, and consists of three main
parts. There is an input section, which allows the user to enter the
URL of the page to be validated and specify how they prefer to
receive the results: in real time or by email. This page also includes
a list of supported techniques, each associated with a link to the
official documentation of the technique. If the user has selected the
option to receive the results by email, they will see a feedback page
displaying a confirmation message that informs them that they will
receive the results by email. This choice was motivated by the need
to improve the user experience, given that the processing of the
results may take some minutes depending on the complexity of the
considered web page, resulting in an excessive wait for the user.
There is also a page displaying the validation results, presented
in a tabular format. The results include the date and time of the
validation, the validated URL, and the total number of successes,
failures and warnings found. The user can expand the results for
each technique, containing the model responses for each element
analysed, identified by its “xpath” (an example in Figure 1). The
user can also select to display the results of all previous validations
saved in the database, by clicking on the “See all validations” button.
The backend part of the application is composed of a database, for
storing validation results, a server, implemented using the Node.js
Express framework, and a validation script, which is composed of
two modules: a main validation function, which takes the URL to
validate as input, executes the code related to the techniques and
returns the results; some Javascript functions associated with the
techniques to validate, which perform the accessibility checks on
the page at the specified URL, through the integration with the
GPT-40 model.

The Chat Completion API service offered by Microsoft Azure was
used to integrate the GPT model features. Socket.IO, a Javascript
library that enables real-time bidirectional communication between
the server and the client and based on Web-Sockets, was used to
send real-time messages about the validation status, which are
displayed in a static modal window if the user chooses real-time
processing. The Selenium library, specifically the Selenium Web-
Driver tool, was used for creating an instance of a headless browser
to analyse the actual DOM after the page is loaded in such browser.

The validation of each technique is performed with the support of
the GPT-40 model. Each function for the implemented techniques
includes a specifically formulated prompt, with specific instructions
for the model’s evaluation. This prompt is sent as a message with
the role “system”, while the elements to be evaluated, extracted
from the page, are sent as “user” messages.

In designing the prompts, a consistent structure was maintained
for all techniques. The seven prompts are multifaceted, ranging
from approximately 700 to 1100 tokens; this complexity is moti-
vated by the need to provide all the necessary information to the
model and guide it in generating the desired answers. In their for-
mulation, OpenAl prompting guidelines! were considered as well.
For example, to make the overall task more manageable, it was

Uhttps://help.openai.com/en/articles/6654000-best-practices-for-prompt-engineering-
with-the-openai-api
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TeVal - Online tool for accessibility conformance.

Results

Validation Info mm

Date and time:

16/07/2025, 18:13:14 presents the same information as the non-text content  \/

URL: https://itwikipedia.org/wiki/

Technique G94: Providing short text alternative for non-text content that serves the same purpose and

Belo_Horizonte Technique G91: Providing link text that describes the purpose of alink 3 2 0
Technique H58: Using language attributes to identify changes in the human language 0 3 0
Technique G88: Providing descriptive titles for Web pages 1 0 0
Technique G131: Providing descriptive labels A 0 1 2
Element XPath Result  GPT Response
id("navbox-Comuni_del Minas_Gerais")/TBODY[1)/TR[1)/ Failure The label ‘mostra’ is not meaningful in English and does not clearly convey the

TH[1]/BUTTON[1]

purpose of the button. Without context or translation, it fails to inform users
about the button's function. Confidence score: 90.

Figure 1: An Example of Validation Results

broken down into simpler steps, using a numbered list. All prompts
contain the following elements, which apply several prompting
strategies.

Role of the model. Each prompt begins with the sentence “You
are a web accessibility evaluation tool”: this is the application of
the “Role Prompting” or “Persona Prompting” technique. It consists
of asking the model to impersonate a specific role and adopting its
skills and tone, in this case, a web accessibility evaluation tool [27].

An indication of the task it is supposed to perform. This is pro-
vided clearly, avoiding vague or generic wording. For example, the
following are the instructions for the G94 technique: “Your task
is to evaluate whether alternative texts for images on webpages
are appropriate according to WCAG guidelines. The alt-text should
serve the same purpose and present the same information as the
image, and should be able to substitute for the non-text content.
The page would still provide the same function and information if
the non-text content were removed from the page and substituted
with text. The text alternative would be brief but as informative as
possible. When non-text content contains words that are important
to understand the content, the alt text should include those words.”

An indication of the content from the web page under assessment
that will be provided to perform the task. For example, for the G94
technique: “You will be provided as input with the following: The
image found on the webpage. The associated alternative text. When
the alt-text is empty or absent, you will be explicitly informed. The
surrounding context of the image. The page title, headings and the
content of the “keywords” and “description” <meta> tag, if found”

An explanation from the W3C documentation. The purpose is
to train the model by providing relevant context information, in
this case, an explanation technique quoted directly from the official
documentation. For example, this is the explanation for the G88
technique: “2. Use the following explanation to guide your evalua-
tion: The intent is to help users find content and orient themselves
within it by ensuring each Web page has a descriptive title. Titles

identify the current location without requiring users to read or
interpret page content. When titles appear in site maps or lists of
search results, users can more quickly identify the content they
need. User agents make the page title easily available to the user
for identifying the page. For instance, a user agent may display the
page title in the window title bar or as the tab’s name containing the
page. In cases where the page is a document or a web application,
the name of the document or web application would be sufficient
to describe the page’s purpose. Note that it is not required to use
the document’s name or web application; other things may also
describe the purpose or topic of the page. In cases such as Single
Page Applications (SPAs), where several distinct pages/views are
all nominally served from the same URI and the content of the page
is changed dynamically, the title of the page should also be changed
dynamically to reflect the content or topic of the current view.”

Some examples. This is an application of the “few-shot prompting”
technique [27], which consists of providing demonstrations of the
execution of the task or the resolution of the problem; in this case,
the examples are of correct applications of the techniques and are
taken from the W3C documentation. This is useful to train the
model to correctly classify the elements. The following excerpt
reports the examples used in the prompt for the G88 technique,
extracted from the text of the technique itself:

“Examples

Example 1: A title that lists the most important identifying
information first

A Web page is published by a group within a larger organisa-
tion. The title of the Web page first identifies the topic of the page,
then shows the group name followed by the name of the parent
organisation.

<title>Working with us: The Small Group: The Big Organiza-
tion</title>
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Example 2: A synchronised media presentation with a descrip-
tive title A synchro-nised media presentation about the 2004 South
Asian tsunami is titled “The Tsunami of 2004

Example 3: A Web page with a descriptive title in three parts

A Web page provides guidelines and suggestions for creating
closed captions. The Web page is part of a “sub-site” within a larger
site. The title is separated into three parts by dashes. The first part
of the title identifies the organisation. The second part identifies the
sub-site to which the Web page belongs. The third part identifies
the Web page itself. (For a working example, see WGBH - Media
Access Group — Captioning FAQ.)

Example 4: A newspaper Web page

A Web site that only permits viewing of the current edition titles
its Web page "National News, Front Page”.

A Web site that permits editions from different dates to be viewed
titles its Web page, “National News, Front Page, Oct 17, 2005””

Request to provide a ‘confidence score”, i.e. a value between 0
and 100 that expresses the level of confidence in the evaluation.
This technique is called “verbalised score” [27] and is useful for
understanding how confident the model is in its response, even if
its effectiveness is still debatable.

Response length. Given the tendency of the model to return
excessively long responses, it was necessary to request to keep
the length of the response within 100 words, with the instruction
“Keep your response within 100 words.”, to limit the total number
of tokens in the conversations.

Response format. To extract the model’s responses for each tech-
nique and obtain the responses in a consistent and homogeneous
format, the last instruction of the prompt specifies the JSON format
that the results must have, which is subsequently parsed; “assess-
ment” will contain one of the three possible outcomes of the eval-
uation (“success”, “failure” or “warning”); while “reasoning” will
contain the reasoning followed in the evaluation:

“Here is the JSON format the response must have:

{?Assessment” : "*your assessment™”, "Reasoning” : "*your rea-
soning™” }”

4 Validation Test

This section describes the method used to validate the results of
the proposed solution based on the use of GPT4o, including the
criteria for forming the dataset of pages to be tested, an overview
of the obtained results, followed by an analysis of the model’s
performance for the main aspects considered.

Pages considered and results. To test the application, 10 pages
belonging to the most visited sites on the web (CNN, Microsoft,
eBay, Wikipedia, Weather, Samsung, Instagram, Google, Twitch,
Fandom) were selected in January 2025. This choice aimed to ensure
that the solution is tested on a sample representative of the average
user’s online experience, as these sites receive millions of visits
daily. The selected pages also span different sectors, creating a
varied dataset that covers various cases and functionalities. After
conducting the validation on each page, the results were manually
verified by an accessibility expert (a paper author), referencing the
official documentation of the techniques and considering the page
context of the evaluated elements. During the test, 251 responses
were obtained, which were then manually verified, specifically:
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45 for images, 50 for links, 10 for titles, 28 for linguistic changes
on the page, 48 for interactive elements, 45 for headings and 25
for landmark elements. Overall, the model identified a total of
185 successes (73.7%), 54 failures (21.5%), and 12 warnings (4.7%).
The correct answers were 232, showing an effectiveness rate of
92.4%. These results demonstrate the model’s positive performance
in detecting the correct application or violations of the techniques.
However, some “warnings” and incorrect responses also emerged,
highlighting some limitations of the adopted approach.

Meaningfulness of image alternative texts. The G9%4 tech-
nique concerns the association of a short text alternative for non-
textual content that performs the same function and conveys the
same information. This is important so that assistive technologies
can render non-textual content for users who cannot perceive it.
The G94 validation function identified 15 successes and 29 failures
among the 45 images analysed, achieving correct answersin 11 of 15
successful cases and 28 of 29 failures, and one warning. The model
effectively evaluated images by considering their type and the con-
textual information provided, namely: the page title, the content of
the “description” and “key-words” attributes of the <meta> tag, and
the page headers, which were useful for the model to identify the
function of the page, the main topics, and the possible function of
the image in the context. Analysing alt-text requires distinguishing
image types, as different aspects must be evaluated. Many of the
evaluated images were informational, conveying ideas that can be
expressed in a short sentence and typically requiring a description
of their essential visual elements. The evaluation of the model was
mostly accurate. For instance, for the CNN article page about the
German economy, it correctly assessed the main image, depicting
Alexanderplatz in Berlin, as informative and relevant to the article’s
socioeconomic context, with the alt-text value "Shoppers in central
Berlin in January 2025” essentially describing the content and con-
veying the same information and functionality. Similarly, for the
Google homepage, the model accurately identified the main logo
as a text image, noting that the alt text “Google” reflects the text
contained within. This image serves an informative role by identi-
fying the company, and the use of alt-text is appropriate due to the
logo’s prominence, but since it doesn’t function as a link, the simple
name without additional descriptions suffices for accessibility. The
model also recognised several cases of violations. For instance,
on the eBay product page, it correctly flagged the alternative text
“Picture 1 of 3” as not descriptive. Similarly, on the Microsoft Create
page, it identified “Alt text goes here” as a placeholder that was
not replaced with a real alt-text. However, there were incorrect
assessments as well. For the Samsung website page, it rated the alt
text Galaxy 24+ 512GB yours for € 1,049” as successful because it
provides essential information about the product shown. However,
the rating is incorrect; not only because it could better describe the
product’s visual aspects, but mostly because the alt-text does not
describe the model shown (a tablet) but refers to another product (a
smartphone). On the weather.com page, it considered two alt-texts
"Window showing outdoor greenery” or A basket with towel” for
two images associated with tips about reducing pollen exposure,
as successes, considering them informative; but the images play
more of a decorative role, and do not add relevant information to
the content.
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Meaningfulness of link texts. Regarding the G91 technique,
which involves the use of descriptive texts for links that clarify
their purpose. The model performed well, achieving 42 successes
out of 50 (84%), with 7 failures (14%) and one case resulting in a
“warning.” Overall, it provided 45 correct answers out of 50 (90%).
In successful cases, the model accurately assessed the link text’s
alignment with the main topics or functions of the landing page.
For example, on the Google homepage, the “About us” link leading
to “Google About” was deemed descriptive, as was “Forgot your
password?” on the Instagram log-in page, which directs users to
the “Reset password” page. A single warning arose from a link on
the Microsoft page, with the text “Learn and expand”. The model
noted that while the page’s focus on acquiring new skills is relevant,
the link text itself does not reflect these topics.

Meaningfulness of titles. Moving on to the G88 technique,
which focuses on using descriptive titles for web pages to identify
and summarise their content clearly, the model effectively eval-
uated titles based on the provided elements (page headers and
some <meta> tag attributes). This approach avoided overwhelm-
ing the model with excessive information. The results showed 6
successes out of 10, with 4 failures, but all responses were correct
and justified, resulting in 100% effectiveness. The model was able
to recognise highly descriptive titles, such as the CNN page title
“German economy shrinks for second straight year | CNN Busi-
ness”, clearly identifying the main topic of the contained article.
For the eBay page, the title "Xbox Series S - Certified Refurbished
889842651546 | eBay” was deemed successful since it reflects the
content related to the sale of a specific product, including its name,
condition, unique identifier, and the marketplace name. There were
several cases in which the model deemed the titles not sufficiently
descriptive. For example, on the Instagram page, which is a login
page, but this is not indicated by the simple title "Instagram”; or in
the case of "Google”, for which the model suggested more complete
titles such as "Google Services Overview” or "Explore Google Prod-
ucts and Solutions”; or even the cases of *Twitch” and "Fandom”,
which do not indicate the type of content that the user can expect
to find. Despite the worldwide popularity of these websites, to
ensure full WCAG compliance, it is not enough that the page title
identifies the company or organisation that owns it, but it must
also be descriptive of the content present within it or the offered
services.

Correct reporting of language changes. The H58 technique
focuses on correctly reporting linguistic changes on the page using
the “lang” attribute and standards-compliant linguistic codes. The
results were mostly positive: out of a total of 28 responses, 19 were
considered successes (67%) and 9 were considered failures (32.1%).
The correct responses were 26 out of 28 (92.8%).

Labels meaningfulness. Regarding the G131 technique, which
focuses on using descriptive labels for interactive components that
indicate their functionality or type of user input. The model cor-
rectly evaluated these elements, considering the function they had
in the webpages. In total, it considered 43 elements as successes
(89.5%), 3 as failures, and 2 as warnings, with a high accuracy rate
of 97.9%. Different types of interactive components were anal-
ysed. Some were “submit” type buttons, used to submit form data.
Those examined were mostly associated with search input fields;
the model gave correct evaluations for most cases. For example, two
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buttons labelled “Search” on the Microsoft and Samsung pages were
considered successes. Other button elements had the function of
toggling the visibility of navigation menus. In the case of the eBay
page, for example, the model correctly identified and evaluated
the button labelled “Expand notifications” positively. Other evalu-
ated buttons were used to perform actions and were all considered
successes: for example, the labels “Share on Facebook” or “Share
on x” associated with the icons of these social networks on the
CNN article page. Only on the eBay page, elements of the <select>
and <option> types were present. The respective labels “Select a
category for search” and “All categories” were correctly judged
as successes. Another common element was the text input fields,
often used for search functionality. For example, the eBay page
featured an input field with the descriptive label “Search for any-
thing,” which the model evaluated correctly. Similarly, the Google
homepage’s <textarea> labelled “Search,” and the Weather page’s
input field labelled “Search city or postal code,” were both evaluated
correctly. However, the Twitch page raised some concerns; the
model deemed the label “search input” sufficient, though it could be
improved. The only cases of violations of the technique, correctly
identified, were found on the Microsoft page, where the input field
for the search has only a “Search models” placeholder but lacks an
associated label; and the other one on the Weather page, where
the label “[object Object]” for a button was considered correctly as
inadequate.

Semantic correctness in the use of headings. The H42 tech-
nique involves the correct use of HTML markup for the page head-
ers (from <h1> to <h6>). This includes ensuring not only proper
indentation according to the hierarchical structure but also using
the appropriate heading levels for each section. The approach
chosen for this technique showed good results, but with some lim-
itations. Out of a total of 45 responses, 36 were successes (80%),
2 failures (4.4%) and 7 “warnings” (15.5%). The correct responses
represent 82.2% of the total (37 out of 45). For example, for the
CNN article page, the model correctly evaluated the hierarchy of
the headings, identifying as successes the use of <h1> for the ti-
tle of the article, and <h3> for the titles of the sections relating
to complementary content (“More from CNN”). For the Fandom
page, it judged as correct the use of <h2> for main sections such as
“Movies” and “Games”, and <h3> for the subsections. On the eBay
page, two violations were also found: a <h2> with “breadcrumb”
text, semantically incorrect, and a <h2> element containing the text
“Picture 1 of 3” (used to describe an image of a carousel). These
cases not only violate the logical structure of the headings but are
also used in a semantically incorrect way. Some evaluations were
more uncertain. For instance, on the Instagram page, five <h5>
headings received a “warning” because there were no higher-level
headings they could logically belong to. However, these were the
only headings present on the page. A more complete page structure
might have led the model to be more accurate, highlighting the
need for a broader contextual framework in evaluations.

Semantic correctness of the use of ARIA landmarks. The
ARIA11 technique refers to the use of the “role” attribute to iden-
tify landmarks within the page, i.e. the main regions, facilitating
navigation for users who use assistive technologies by allowing
them to “jump” between sections without having to read all the
content. Across the ten tested pages, elements for nearly all roles
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(except for “form”) were found, with the model performing well
in evaluating their use. Of 25 responses, 24 were successful, and
only one was a warning. Regarding the “main” role, which iden-
tifies the primary content of the page, successes were observed
on the CNN article page (an <article> element) and the Instagram
and Samsung pages (a <div> element). The use of these elements
was correct as they contained the main content. The “region” role
was successfully identified in several instances, including a <div>
on the CNN page for the Cookie banner and a <section> element
on the eBay page for an error message. However, warnings were
issued for the Weather and CNN pages due to missing “aria-labels”.
The “navigation” role was used correctly on the eBay and Samsung
pages within <nav> elements, and the Google page within a <div>,
all containing navigation links. The “search” role was appropriately
identified in the CNN, Google, Microsoft, Samsung, and Weather
pages for <form> elements with search functionalities, while in
the Wikipedia page, these were within a <div>. The “contentinfo”
role, for sections containing information about the document (like
privacy policies), was correctly identified in a <div> on the Google
homepage and in a <footer> on the Instagram login page. Only
the Weather page had a “banner” role, used correctly to identify
the main title in a <header>. The “complementary” role was used
on the Twitch page to indicate a sidebar with links to live streams,
which was deemed appropriate since it supports the main content
without being the primary focus. The only incorrect evaluations
were on the CNN article page, regarding the “search” role in two
<form> elements. Although the model recognised the roles as cor-
rect, it failed to note the absence of “aria-label” or “aria-labelledby”
attributes to distinguish them, which is important for accessibility,
indicating a need for clearer instructions for the model.

5 Conclusions and Future Work

This study aimed to investigate the effectiveness of using the LLM
GPT-4o0 for automatically analysing semantic and contextual as-
pects of web accessibility, which are problematic for current au-
tomatic validators to analyse. The results obtained, with a 92.4%
effectiveness of the model, are promising and demonstrate how an
LLM-based solution can provide useful support for validation. The
prompts developed are long and cannot fit in the paper but we can
provide them to interested researchers.

One key advantage is the ability to analyse many semantic and
contextual aspects of web pages in much shorter times than manual
analysis, thus reducing the costs in terms of time and human effort
required. The model identifies successes or failures and provides
detailed explanations based on the specific context of each element.
Another important advantage of this approach is its potential ex-
tendibility to other accessibility aspects beyond those considered
in this study. This extendibility is enhanced by the model’s capa-
bility to understand textual input and various media types, such
as images, audio, and video, in multimodal contexts. One further
positive point of the proposed solution concerns integrating the
model’s features in a simple-to-use web application, usable even
by users who are not accessibility experts, thanks to the return of
easy-to-understand answers focused on individual elements. How-
ever, some considerations are necessary regarding the limitations
of the study and possible areas for future improvement. While the
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results are promising, the restricted set of web accessibility aspects
analysed limits the generalizability of the findings. This targeted
selection focused on specific semantic and contextual issues that are
problematic for current tools, inevitably excluding other relevant
areas of the WCAG guidelines. The dataset used for testing was
limited; thus, further tests with larger datasets are necessary to
fully validate the approach’s effectiveness.

As for future developments, the system’s functionality could be
expanded. The system could also be integrated with current vali-
dation tools, combining the semantic capabilities of an LLM with
the features already implemented, thus providing a more complete
analysis. An important aspect regards the model’s accuracy, which
strictly depends on the prompt quality and the completeness of
contextual information provided. From test results, it emerged that
uncertain or incorrect responses are mainly due to the partiality
of the context or to the interpretation of particular cases not cov-
ered by the examples provided in the prompt. Therefore, providing
the model with a more complete context and a greater number
and variety of examples could lead to more precise evaluations.
However, it is also important to note that, despite the high effec-
tiveness and continuous improvement of the algorithms underlying
the models, it is not possible to rely completely on them; a manual
check remains necessary to verify the correctness of the results.
In fact, the models are not always consistent in their evaluations,
and a different response can be obtained for similar elements or
conditions. Their integration should therefore be understood as
support, not a total replacement for human intervention.

Another important development concerns cost optimisation. In-
tegrating LLMs, such as OpenAl models, often requires a subscrip-
tion, leading to significant costs that can increase exponentially
based on page length. In this study, analysing a single element
required between 800 and 2,500 tokens (those for the prompt and
in addition those for the additional web page content necessary to
perform the evaluation), and with web pages containing numerous
elements, costs can escalate. As the number of requests increases,
response times also lengthen, affecting user experience. Possible so-
lutions include exploring open-source models or lighter versions for
simpler tasks and reserving advanced models for complex content
analysis. Furthermore, implementing a feedback collection system
from end users would be useful. They could express the clarity and
usefulness of the answers using a numerical or qualitative scale.
This could be used to improve the model’s performance, making
answers more accurate and aligned with user needs. In conclusion,
this work demonstrates that integrating advanced linguistic models
can represent a significant breakthrough in improving web accessi-
bility, although further developments are needed to overcome the
current limitations.
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