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Figure 1: From left to right: (a) the original website, (b) Option 1 (Regenerated HTML), and (c) Option 2 (Reorganized HTML
Tags). Option 1 is generated using a GenAl-powered extension that rewrites the HTML to enhance accessibility, while Option 2
reorganizes the original HTML tags to address accessibility issues without altering the visual design. This example highlights the
changes made in both versions compared to the original website. Both versions simplify navigation by removing single-category
headings, reducing clutter and minimizing fatigue for screen reader users.

Abstract

Blind and low vision users often face significant barriers when nav-
igating online shopping websites using screen readers. Complex
layouts, unclear content hierarchies, and visually driven designs
create a frustrating and inefficient browsing experience, particu-
larly on unfamiliar platforms. While prior accessibility tools focus
on isolated elements such as product descriptions or image alt text,
they often fall short of addressing the structural and navigational
challenges screen reader users encounter across entire webpages. In
this work, we explore how Generative Al (GenAl) can be leveraged
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to improve the accessibility of shopping websites by automatically
restructuring their HTML content. We conducted a three-phase
study: formative interviews with screen reader users, system devel-
opment of a GenAl-powered browser extension, and user evaluation
through both automated audits and real-world testing. Our tool
dynamically reorganizes web content to better align with screen
reader navigation patterns. Results from user studies with blind and
low vision participants show that the GenAlI-generated pages sig-
nificantly improve navigation efficiency, content clarity, and overall
usability. Participants highlighted benefits such as more logical sec-
tion order and reduced browsing fatigue. Our findings demonstrate
the potential of GenAl to support comprehensive, user-centered
accessibility improvements directly within the structure of existing
websites.
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1 Introduction

People who are blind or have low vision rely on the Internet to
access information and perform everyday tasks, such as shopping
for essential items and managing personal finances [46]. However,
many blind or low vision users face significant challenges when
navigating websites with screen readers, which are tools that con-
vert text to speech for auditory access [41]. Common issues include
inaccessible table formats [36], inadequate image descriptions that
lack important visual context [19], insufficient navigation aids [29],
and confusing or unclear explanations [13, 16]. These accessibility
barriers can lead to frustration and a sense of helplessness for blind
or low vision users when interacting with websites [4].

For blind or low vision users, navigating unfamiliar websites can
be particularly challenging due to the need to understand and in-
teract with unique website elements and layouts, which can be con-
fusing and time-consuming. This problem is especially evident on
shopping websites, where visually appealing but complex designs
often take precedence over accessibility [22]. Shopping websites
frequently use intricate layouts, dynamic content, and numerous
filters or categories that may not be accessible to screen readers,
further complicating the navigation experience for blind or low
vision users. In addition, shopping tasks such as finding product
details, accessing reviews, managing shopping carts, and checking
out involve multiple steps and specific interactions that are difficult
to execute without clear and consistent navigation aids. Although
simplified website designs are recommended to improve accessi-
bility [27], the lack of inclusive design on many online shopping
platforms makes it difficult for blind or low vision users to perform
common tasks, such as comparing products across multiple sites,
exploring deals or reading detailed product information.

Researchers have explored various methods to improve web
accessibility for blind or low vision users within the field of Human-
Computer Interaction (HCI). Studies have focused on creating in-
teractive systems to help users navigate specific elements on prod-
uct pages or retrieve essential information using Al-based assis-
tants [46, 56]. However, these existing solutions primarily target
specific elements, such as product descriptions or image retrieval,
rather than ensuring a comprehensive, end-to-end accessible expe-
rience across the entire web page, particularly for users who may
be unfamiliar with a new platform. They often rely on external
tools or assistants that interact with existing site structures, which
may not fully align with users’ browsing needs and preferences. To
fill this gap, we propose using Generative Al (GenAlI) to automate
the optimization of shopping websites for screen reader users. Our
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research goes beyond previous efforts by focusing on improving the

overall structure and content of websites, ensuring a more inclusive

and user-friendly experience for blind or low vision users using

a screen reader. Our study aims to answer the following research

questions (RQs):

RQ1: What accessibility barriers do screen reader users encounter
when navigating shopping websites?

RQ2: How can a GenAl-powered tool that restructures HTML
address these barriers and improve screen reader usability?

RQ3: How effective is the proposed GenAl-based tool in improv-
ing navigation, clarity, and task efficiency for screen reader
users?

To address these research questions, we conducted a three-phase
study that involved formative interviews, system development, and
user evaluations. In the formative study, we interviewed six screen
reader users to identify the specific challenges they face on shop-
ping websites and to understand their current strategies to over-
come these barriers. The insights gained from this phase informed
the development of a GenAl-based tool that automatically revises
HTML content to improve accessibility for screen reader users. The
tool was implemented as a browser extension that dynamically
reorganizes web page elements to align with screen reader navi-
gation patterns. Finally, we evaluated the tool through automated
accessibility audits and user testing on Mercari, a legitimate and
unfamiliar English-language shopping site selected to minimize
bias from participants’ prior experience.

Our findings indicate that the proposed GenAl solution signifi-
cantly improves accessibility by restructuring web page content in
ways that make it more intuitive and easier to navigate for blind
or low vision users. In user evaluations, seven screen reader users
tested both the original and revised versions of a shopping website.
The results demonstrated that our tool’s regenerated HTML ver-
sion led to more efficient navigation and a clearer understanding
of website hierarchy compared to the original version. The partici-
pants particularly appreciated the logical reordering of sections, the
addition of summary headings, and enhanced navigation flexibility,
highlighting the potential of our approach to provide a more com-
prehensive and inclusive web experience for blind or low vision
users.

Our study makes several important contributions to the field
of web accessibility. First, we provide an in-depth analysis of the
specific accessibility barriers that screen reader users encounter on
shopping websites, particularly on non-mainstream platforms with
complex layouts and dynamic content. This analysis extends the cur-
rent understanding of the unique challenges faced by blind or low
vision users in navigating shopping environments, such as incon-
sistent header navigation across different websites, browsing and
item comparison fatigue, and how blind or low vision users adopt
the latest GenAl technologies to complement the lack of product
information in images and description. Second, we introduce the ap-
plication of GenAl for enhancing web accessibility. Unlike previous
approaches that focus on isolated elements or rely on external tools,
our GenAl-based solution offers an automated, comprehensive op-
timization of website structure and content directly on the web
page. Third, we developed a browser extension and validated that
GenAl can improve the accessibility of shopping websites through
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evaluations using both automated tools and screen reader users.
Finally, our user evaluations show that the revised HTML content
generated by our extension leads to substantial improvements in
usability and navigation efficiency for screen reader users.

2 Related Work
2.1 Online (Shopping) Accessibility Challenges

Efforts to improve shopping accessibility can be categorized as of-
fline and online. Offline challenges have been addressed through
third-party assistance [63] and integrated technologies [64, 68],
yet blind or low vision users with mobility limitations still face
difficulties visiting physical stores independently [47, 61]. As a re-
sult, many rely on websites for everyday shopping and information
gathering [46]. However, online shopping presents its own barri-
ers. Navigating unfamiliar websites is often time-consuming and
frustrating for screen reader users due to visual-centric design and
mouse-oriented interfaces [9, 41]. Screen readers may misread or
skip important content, creating a sense of confusion and help-
lessness [4]. Prior studies have identified key accessibility issues
such as missing navigation aids [29], poorly designed tables [36],
lack of alternative text [6, 10, 19, 67], and overly verbose descrip-
tions [13, 16]. These problems limit access to online information
resources [30, 32]. Design inconsistencies across websites further
increase the burden, particularly for new users or those exploring
unfamiliar platforms [27]. Shopping websites, with their complex
layouts and varied content types [22], intensify these challenges.
Inadequate image descriptions and cluttered structures often make
it difficult to retrieve information effectively [44, 60]. To address
these issues, HCI researchers have explored various strategies to
improve web accessibility for visually impaired users, as detailed
in the following sections.

2.2 Improving Web Browsing Accessibility

Prior work has introduced tools to improve web accessibility for
visually impaired users, particularly in online shopping contexts.
For instance, Wang et al. developed a browser extension for Ama-
zon that extracts product descriptions to help visually impaired
users understand item appearance through a question-answering
system [56], while Stang] et al. created a system that allows screen
reader users to ask questions about products and receive specific,
relevant information [46]. These systems highlight the benefits
of command-based interaction and targeted information retrieval.
However, they often introduce a steep learning curve, requiring
users to adapt to an additional interface layer instead of browsing
the website naturally. Concerns about trust and the reliability of
extracted information also remain. Beyond shopping-specific tools,
broader web accessibility efforts have focused on enhancing exist-
ing content. WebInSight [7] and SADIe [21] insert alternative text
or semantic markup, while other tools address specific components,
such as command-based browsing [5] and table conversion [58].
Although useful, these approaches address isolated accessibility
issues and do not improve the overall content structure. Since ef-
fective screen reader navigation depends on coherent page-wide
hierarchy and logical content flow, isolated fixes often fall short of
supporting seamless interaction.
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2.3 AI-Driven Web Accessibility and Design

Recent work has explored Al-driven methods to improve web acces-
sibility, including restructuring data tables [58], converting PDFs
to HTML [54, 55], and generating image and audio descriptions
[23, 31, 57, 65, 66]. Tools have also supported video comprehen-
sion for visually impaired users [50]. Due to the time-intensive
nature of manual remediation [2], automated approaches—such as
ChatGPT-based accessibility repair [40], evaluation tools [48], and
context-aware image description systems [18]—have gained trac-
tion. However, Large Language Model (LLM)s face challenges such
as hallucinations [1, 8] and the risk of introducing new barriers
when not designed with users in mind, as seen in accessibility over-
lays that disrupt screen readers [15, 34]. Recent studies have begun
addressing accessibility in specific contexts such as C2C shopping,
improving communication and listing quality [20, 42, 43, 49].
Building on this direction, our research proposes a GenAl-based
approach to automate accessibility design for shopping websites.
Unlike prior efforts focused on isolated HTML fixes [12, 24], we
aim to use LLM to regenerate or reorganize the HTML of existing
websites, creating a clearer information hierarchy and facilitating
navigation that aligns with screen reader users’ natural browsing
behaviors, without introducing an additional layer to learn.

3 Methodology Overview

To address our research questions (RQ), we designed a structured
methodology comprising four key steps, summarized in Figure 2. In
step @, we conducted a formative study to uncover the challenges
screen reader users face, their coping strategies, and their specific
needs when navigating shopping websites. These findings informed
step O, where we developed a browser extension system powered
by GenAl to automatically revise website HTML for improved
accessibility. In steps ® and @, we evaluated the improved webpages
through technical assessments and user evaluations to validate both
their accessibility enhancements and content integrity.

Participants recruitment. A total of 21 participants from the
United States participated in our study, with 6 in the formative
study and 15 in the user evaluation. Participants were recruited
via a screening survey shared on platforms like Prolific!, as well as
mailing lists and word of mouth. The survey assessed vision ability,
screen reader usage, and online shopping frequency to identify
blind or low vision users of shopping websites. User evaluation
participants were distinct from those in the formative study to
avoid priming bias. Each participant received a $25 Amazon gift
card per hour. Study sessions were audio-recorded, transcribed, and
conducted with participants’ consent. The study was approved by
the Institutional Review Board (IRB).

4 Formative Study

Prior research has examined the accessibility barriers that blind or
low vision users face on commonly used shopping websites [44, 56],
primarily focusing on identifying challenges and improving image
accessibility. One study [46] specifically noted that blind or low
vision users experience difficulties accessing product information
due to missing alt text for images and non-compliance with Web

1https:/ /www.prolific.com/
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Formative Study: to identify accessibility
barriers on shopping websites and understand n=6
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2

System Implementation: develop a GenAl-powered

their strategies for overcoming these challenges

pipeline to automatically revise website HTML and a browser
extension to apply these changes in real-time for user testing

4

User Evaluation: to assess accessibility

o l

System Evaluation: conduct automated accessibility

improvements with screen reader users and n=15
compare it with original webpages

assessments and evaluate content integrity to ensure
accessibility improvements and preserve the original content

Figure 2: Methodology Overview—Note that participants of the user evaluation (step @) do not overlap with those in steps @®.

Content Accessibility Guidelines (WCAG) [53]. However, there
is limited research on the specific challenges that blind or low
vision users face throughout their shopping process due to website
design and development, especially on new or unfamiliar websites.
Addressing this gap is crucial, as blind or low vision users often
want to explore a broader range of shopping options and compare
products but are limited to a very narrow selection of accessible
websites. There is also a need to understand their strategies for
overcoming these challenges and their desired solutions to address
these issues. We conducted a formative study to explore these
questions.

4.1 Participants Demographics

The formative study included six blind or low vision users who
regularly used screen readers for online shopping. These partici-
pants, aged 25 to 54 years, were recruited through social networks
and mailing lists. Half of them were legally blind (n = 3), and the
other half had significant visual impairments requiring assistive
technologies (n = 3). Four participants self-identified as male and
two as female. Beyond basic demographics, we collected detailed
background information on their online shopping habits to include
participants with varying online shopping frequencies (ranging
from once a week to 2-3 times a week). However, aside from shop-
ping frequency, our participant sample was fairly homogeneous
(e.g., all from similar demographics), which we acknowledge as
a limitation. This included people who shop online once a week
and those who did so 2-3 times a week, on various e-commerce
platforms. More details are provided in the demographic Table 1.

Participants’ screen reader experience varied: some were power
users familiar with many hotkeys, while others had more basic
proficiency. Furthermore, we did not explicitly record preferred
shopping platforms (mobile versus desktop), but several partici-
pants mentioned using mobile screen readers (e.g. TalkBack or
VoiceOver) in daily life.

4.2 Semi-Structured Interview Procedure

The interviews were conducted online using the Zoom video calling
platform and lasted between 45-60 minutes. At the beginning of
each interview, we obtained participants’ consent for the study and
for recording the session. The interview was divided into two parts.
In the first part, we asked participants about their experiences with
online shopping, the challenges they encountered, the accessibility
issues they faced on previous shopping websites, how they handled

these issues, and their suggestions for improvements. In the second
part, participants were asked to “screen share and think aloud” while
browsing a new shopping website, Mercari. We selected Mercari
because it is a legitimate, English-language shopping platform that
is not widely known among our participant group. This helped
ensure that participants were unfamiliar with the site, allowing us
to better observe their natural exploration behaviors and minimize
prior experience bias in evaluating accessibility. We instructed them
to start by browsing the homepage and exploring the website, then
presented them with a scenario of searching for and selecting a
blender on the website. Participants were asked to think aloud about
the keys they used and their thoughts on the browsing experience
with screen readers while performing these tasks.

4.3 Data Analysis

All interview recordings from our formative study were transcribed

using Zoom. We employed a deductive thematic analysis approach [11],

guided by our initial research questions such as identifying acces-
sibility challenges on unfamiliar shopping websites, but we also
remained open to new, inductively identified themes. Three authors
independently reviewed two randomly selected transcripts, writing
down preliminary codes that captured both explicit statements (for
example, “lack of comprehensive alt text”) and implicit ideas (for
example, “user frustration with new page layouts”). After this initial
pass, the three coders met to reconcile differences, merge overlap-
ping ideas, and refine code definitions into a single preliminary
codebook. Each coder then applied this refined codebook to the
remaining transcripts, continuing to add or revise codes when new
concepts emerged. Throughout the coding process, all coders met
regularly to resolve any discrepancies by discussing how best to
interpret particular quotes in light of the existing codebook. This
process yielded around 30 themes, such as “Accessibility Issues from
Improper HTML Tags” and “Preference for Independent Browsing,”
which were grouped under broad categories like “Navigation Barri-

»

ers,” “Workarounds,” and “Desired Enhancements.”

4.4 Interview Findings

All participants encountered accessibility barriers when using on-
line shopping websites. These barriers included inappropriate use
of HTML tags and labels, a lack of comprehensive alt text for images,
and an offline return process. In the following sections, we will
discuss each of these challenges in detail and report the strategies
participants used to counter them.
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Online shopping Used Screen

ID Age Gender Visual Ability Frequency Reader

P1 25-34 Male Completely blind Once a week NVDA, Google Talkback
P2 25-34¢ Male Blind Once a week JAWS, NVDA, VoiceOver
P3 35-44 Male Totally blind Once a week JAWS, VoiceOver

P4 25-34 Female Ihave light perception
P5 25-34 Male Only some light perception
P6 45-54 Female Limited light perception

Once a week
2-3 times a week
Once a week

JAWS, NVDA, VoiceOver
JAWS, NVDA, VoiceOver
JAWS, NVDA

Table 1: Formative Study Participants Demographic Table

4.4.1 Current Accessibility Challenges on Shopping Websites.

Inappropriate Use of HTML Tags and Labels. All participants
highlighted the inappropriate use of HTML tags and labels as the
most common accessibility issue on shopping websites. Screen
reader users reported relying on shortcut keys to navigate HTML
components efficiently. P1 explained, “Most of the time, if I enter a
website, I press H to check if they have headings or not, because this
is the fastest and easiest way for us to browse.” Common shortcuts
include pressing “H” to iterate through all headings or numbers
1 to 6 to navigate specific heading levels [28, 59, 62]. Misuse of
HTML tags like headings frustrates users with excessive, irrelevant
information, making it hard to locate key details or understand
crucial information needed for purchase decisions.

Too many headings. Five out of six participants reported that
shopping websites often feel overcrowded due to excessive empha-
sis on non-essential information through headings, causing confu-
sion about the website’s structure and flow, particularly during ini-
tial browsing. Overuse of headings makes it hard for screen reader
users to navigate quickly, as they must listen to irrelevant content.
For instance, some websites place long lists of category headings,
like electronics or home, before the main content, forcing users
to navigate through numerous headings—often over ten—before
reaching key information. P2 noted, “Categories don’t have to be
headings; there could just be a heading titled ‘Categories,” with items
listed as links underneath.” Similarly, P1 mentioned, “Sometimes all
the filters are marked as headings, making it take a long time to reach
the product search results.”

Lack of headings. On the contrary, some informal yet essen-
tial information is not placed in headings or appropriate HTML
tags, misaligning with screen reader users’ navigation preferences.
Screen reader users typically jump between headings, links, and
buttons to quickly access key information [59, 62]. P3 explained,
“When I am searching for something, I really expect it to be in a head-
ing.” For example, some shopping websites fail to include product
titles in headings. Participants often attempted to navigate by head-
ings to locate products but, failing to do so, resorted to using the
down arrow key to iterate through elements on the search results
page. P4 noted, “Some smaller store websites are not accessible at
all; they are too graphical with not enough headings and links to
navigate.”

Disorganized Heading Hierarchy. Even when appropriate
headings are used, inconsistent heading levels and poorly struc-
tured layouts can still pose challenges for screen reader users. For

instance, a website might assign a level 1 heading to reviews and a
level 6 heading to product descriptions, confusing users who rely
on specific heading levels for navigation.

Many participants navigate headings using the “H” key, follow-
ing their sequence in the HTML code rather than their visual layout.
This often leads to a disjointed experience, as visually oriented lay-
outs may prioritize sighted users. For example, if the layout places
images and reviews on the left and product names and details on
the right, screen reader users will hear about reviews and vague
image descriptions first, instead of the crucial product names and
details. Screen reader users may encounter irrelevant information,
like reviews or vague image descriptions, before crucial product
details. P5 noted, ‘T just don’t understand why unnecessary informa-
tion like likes, comments, and share buttons is positioned before the
product information.”

Unclear Labels on Images and Buttons. Participants reported
frustration with the lack of clear, descriptive labels for buttons and
images, a common issue on less mainstream shopping websites.
Unclear labels confuse screen reader users, who rely on meaningful
descriptions to navigate interactive elements. For instance, a button
might be labeled generically as “button”, providing no indication
of its function, such as “add to cart” or “view details.” Similarly,
images may lack alt text, leaving their content or relevance unclear.
This forces users to guess button functions or spend unnecessary
time exploring, reducing usability and accessibility issues. P2 noted,
“Amazon has a few unlabeled buttons that can be a bit confusing
sometimes. You can usually figure them out from the context, but they
are not labeled correctly.”

Lack of comprehensive and accurate text and image descrip-
tion for products. Participants noted difficulties understanding
product details on shopping websites due to insufficient text and
image descriptions. Many sites rely heavily on images to convey
key information, such as color, style, condition, and features, with-
out providing adequate text. This creates a significant barrier for
screen reader users, who depend on alt text to interpret images. P2
shared, “The condition of items on eBay is hard to identify because
it’s all about images.” Participants also mentioned inconsistencies
between product descriptions and reviews, adding to the confusion.
P3 explained, “When it comes to clothing, I want more detail than
Jjust ‘blue shirt. I need to know about the fit and style, which is often
missing in online descriptions.”

Hard to compare different products. Three out of six partici-
pants reported significant challenges comparing similar products
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on shopping websites. While sighted users can quickly assess visual
and descriptive information, screen reader users must repeatedly
switch between tabs to find key details like prices, descriptions,
and specifications. This process is time-consuming and mentally
exhausting. P3 explained, “Comparing products, especially similar
ones, is just exhausting. I have to remember all the details in my head
and switch back and forth between tabs to check things like the price
or specific features.” Improper use of HTML tags and labels further
complicates navigation, making the task even more inefficient. P2
similarly noted, “Tt’s really hard to compare products that are very
similar. I have to keep switching between tabs to find the price or some
specific details. It’s not efficient at all.”

4.4.2 Strategies for Overcoming Accessibility Challenges.

Relying on External Video Reviews. Participants reported re-
lying on external resources, such as YouTube reviews, to counter
accessibility challenges and gain a clearer understanding of prod-
ucts. These video reviews provide in-depth demonstrations and
visual details that are often lacking in the brief text descriptions
found on shopping sites. For example, P4 mentioned, “When I'm not
sure about how a product looks or functions, I usually check YouTube.
The videos give me a much better idea than the short descriptions on
the website.” This approach helps participants make more informed
decisions, especially when considering the purchase of products
where visual details are important, such as electronics or clothing.

Utilizing User Ratings and Reviews Additionally, participants
closely follow user ratings and reviews on shopping platforms to
gauge the condition and quality of products. Since product images
or brief descriptions can be misleading or incomplete, user reviews
become a crucial source of information. These reviews often provide
first-hand experiences and specific details that are not immediately
visible or described in the official product listings. As P2 explained,
“The product pictures don’t always tell the full story. I go through
the reviews to see what people are actually saying about the product
condition and quality.”

Seeking Assistance from Sighted Individuals Participants
might ask sighted friends or family members for assistance in de-
scribing visual details that are important for making purchase de-
cisions. This practice is necessary when the product’s visual in-
formation is critical but inaccessible. P5 shared their experience,
stating, “Sometimes I have to ask someone to look at it to make sure I
am seeing the right thing, especially when it is not clear on the web-
site.” This indicates a reliance on others when the digital content is
insufficient, which adds another layer of dependency and effort for
screen reader users.

Leveraging GenAl for Accessibility Enhancements Interest-
ingly, most of the participants (4 out of 6) have used GenAl to help
mitigate accessibility challenges on shopping websites. They re-
ported using GenAl tools such as ChatGPT [37] and Be My Eyes [38]
(specifically the app’s Al-based ‘Be My AT feature) to get detailed
descriptions of product images and clarify ambiguous information
that was not mentioned in the text description or even in the image
alt text. P5 shared that ‘T used ChatGPT to describe pictures of the
product and got a better idea of what the product consists of. It would
be great to have an Al that can answer questions about how a product
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looks.” Participants also used GenAlI to compare different models
of a product by generating a navigable table that highlights key
differences, making it easier to understand these differences and
make informed purchase decisions. P6 also shared, ‘T usually make
the AI compare two products by giving it links or screenshots of the
pictures to find the differences that are not mentioned in the descrip-
tions.” However, they also reported limited trust in Al to conduct
product searches because it often does not bring up results from
preferred websites such as Amazon. P6 explained, “T do not trust
Al to search for products on Amazon. I usually search for the product
myself and then use Al to make sure it has the features I am looking

for”

Preferred Improvements for Screen Reader Users Participants
preferred browsing websites themselves over using virtual assis-
tants, which have been proposed as potential solutions [52]. They
cited concerns about reliability, language compatibility, and addi-
tional accessibility barriers. P1 explained, ‘T prefer browsing myself
because I can control what I do with my screen reader.” P2 noted
issues with virtual assistants, stating, “If you are in the same window
with a virtual assistant, you are not aware of new messages. That
is not friendly for screen reader users at all.” Instead, participants
suggested improvements like a screen reader mode” that simplifies
web pages by showing only essential elements, such as product
descriptions. P3 shared, “It would be helpful if shopping websites had
a screen reader mode that strips away images and just shows the prod-
uct descriptions.” This highlights their preference for streamlined,
user-controlled experiences that focus on relevant information.

4.5 Design Implications

Our findings strongly support our design intuition that leveraging
GenAI to improve HTML tags and labels can significantly enhance
accessibility for screen reader users. Participants already use GenAl
to tackle certain accessibility challenges, such as extracting detailed
descriptions from images or comparing similar products. However,
directing GenAl to effectively revise the layout and information
hierarchy through HTML tags is challenging and often unfeasible
for them. This difficulty highlights the need for more intuitive, user-
friendly solutions that seamlessly integrate with existing browsing
practices, reducing the burden on users to manually adjust or work
around accessibility issues.

Participants expressed a preference for accessibility solutions
that operate within their familiar browsing environments rather
than relying on external tools that add layers of complexity, such
as Al assistants designed to help locate information. This suggests
a need for back-end solutions where developers revise a website’s
structure to better align with how screen reader users navigate,
creating a more seamless and integrated user experience. However,
this is a challenging task for developers, as it requires specialized
knowledge of both accessibility standards and screen reader be-
havior, along with substantial time and effort to implement these
changes manually.

We developed a GenAl-driven tool to enhance online shopping
website accessibility by optimizing HTML tags, labels, and informa-
tion hierarchy. The system addresses common barriers for screen
reader users, such as inconsistent headings, missing alt text, and
unclear button labels. By automating these adjustments, the tool
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reduces developer effort and bridges knowledge gaps, offering a
more efficient way to create accessible web experiences.

5 System Implementation

5.1 System Overview and Purpose

To address the accessibility challenges identified in our formative
study, we proposed the concept of using Generative Al (GenAlI) to
dynamically restructure webpage content for screen reader users.
While participants identified a lack of descriptive image labels as
an issue, we excluded image description generation, as participants
and prior research have already addressed this using GenAl [23, 46].
Our approach aims to improve navigation efficiency, logical content
hierarchy, and labeling of interactive elements. To test this concept,
we developed a browser extension as a proof-of-concept system to
evaluate its feasibility and gather user feedback on preferences and
experiences .

The system is designed to operate in two modes:

(1) Rewrite the Document: Regenerated HTML Version
(Option 1). In this option, we produce an HTML document
which is re-created from scratch to provide an accessible
screen reader experience. The content is preserved, but all
other aspects of the site can be modified. The elements can
be re-ordered, and visual design aspects may be removed,
since the usability of the screen reader is the only criteria
under consideration.

Replace the Tags: Reorganized HTML Tags Version
(Option 2). The second option adjusts existing tags without
altering the visual layout, focusing on minimal changes to
preserve content integrity while improving navigability. This
goal is achieved by re-writing part of the website’s Document
Object Model (DOM) to reorganize HTML tags, fix misused
elements, and provide better labels.

@

~

5.2 Technical Architecture

We developed a Google Chrome Extension and tested it in Google
Chrome Official Build 127.0.6533.122 (arm64). Google Chrome was
the most widely-used browser and had largest number of screen
readers deployed in a desktop context [59]. The pipeline of our
system is applicable to other browsers and computing environ-
ments, including mobile web browsers that support plugins. We
implemented the prototype leveraging Chrome’s Web APIs for
real-time DOM access and manipulation. The extension extracts
webpage content, processes it with GPT-40 via the OpenAl API,
and reinserts the modified HTML or tag updates back into the live
webpage. We selected GPT-4o for its support of large input/output
sizes (128K/16K tokens), which is critical for processing full HTML
pages. The system processes content in segments, preserving co-
herence through sequential prompting and chunk-level context
injection.
e Option 1 (see Figure 3) shows how the system decomposes
a webpage into chunks that fit the model’s context window,
sends these chunks to GPT-40 along with prior context, and
reconstructs the full page by stitching outputs together.

2GitHub repository: https://github.com/yutouzai/GenAlforAlly
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e Option 2 (see Figure 4) follows a similar pipeline but fo-
cuses on tag-level editing instead of complete rewriting. The
model receives structured segments and returns modified
HTML tags, which are directly updated in place. This method
preserves the original visual layout and reduces the risk of
content discrepancies.

We configured the LLM with deterministic parameters (temperature
= 0.2, max_tokens = 16,384, top_p = 1, frequency_penalty = 0, and
presence_penalty = 0) to ensure reproducibility. Furthermore, we
also tried our prototype with similar models such as Google Gemini
1.5 Pro [17] and Anthropic Claude 3.5 Sonnet [3], and found that
in all cases the models could generate valid HTML code consistent
with the intended prompt. Therefore, we believe that our approach
can be sufficiently robust in multiple advanced LLMs. We ultimately
chose GPT-4o for our implementation due to its strong performance,
wide availability, and efficient integration with our existing develop-
ment environment. Additional implementation details and prompt
templates are available in Appendix A.5.2.

To illustrate the types of enhancements made under both ver-
sions, Figure 1 presents a before-and-after example showing how
HTML is transformed for improved accessibility for both versions.
While Option 1 applies broader restructuring to the entire page,
Option 2 preserves layout while correcting semantic structure. A
summary of representative changes for each version is provided in
Appendix A.5.

5.2.1 Mitigating Content Discrepancies in LLM-Generated Accessi-
bility Enhancements. Large language models (LLMs) can effectively
revise and improve accessibility design; however, they are prone to
content discrepancies [33], where certain details may be uninten-
tionally omitted or altered when regenerating a webpage. In our
context, this can manifest as missing content (e.g., product links) or
unintended text in the HTML output. To address these challenges,
we adopted two key strategies. First, we refined prompts and im-
plemented a similarity check function to identify discrepancies
between the regenerated page and the original. When discrepan-
cies were detected, such as missing product links on extensive pages
like Amazon’s search results, we programmatically reinserted these
details to ensure consistency with the source. The LLM-generated
result was only rendered on the front end if the similarity measure
exceeded a threshold of 90%. This threshold was chosen based on
preliminary tests, which showed that values below 90% often re-
flected differences due to reformatting rather than critical content
changes. Second, we limited some revisions to HTML tags only
in our Option 2 approach, which minimized the risk of losing key
information but also reduced our ability to reorder visual layouts
for better accessibility (see Section 7).

6 System Evaluation

6.1 Automatic Accessibility Evaluation

To assess whether our GenAl-enhanced webpages comply with
WCAG guidelines, we conducted an automatic audit using three
widely adopted accessibility testing tools, Google Lighthouse 3, Sort-
Site 4, and AChecker °. We ran each tool on the original webpages
3https://developer.chrome.com/docs/lighthouse/overview

“https://www.powermapper.com/products/sortsite/
Shttps://websiteaccessibilitychecker.com/checker/index.php
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https://5https://websiteaccessibilitychecker.com/checker/index.php
https://4https://www.powermapper.com/products/sortsite
https://3https://developer.chrome.com/docs/lighthouse/overview
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and their LLM-regenerated and LLM-reorganized version. For the
evaluation, we chose three e-commerce websites—Amazon, Nord-
strom, and Mercari—based and tested three common pages: Home
page, Search Results Page, and Product Page. This selection was
informed by user interviews in the formative study, which provided
insights into platform familiarity and usage patterns. Specifically,
we included: a widely used platform (e.g., Amazon), a platform
that users recognized but rarely used (e.g., Nordstrom), and a plat-
form that was largely unfamiliar (e.g., Mercari). This range allowed
us to capture a variety of accessibility challenges experienced by
screen reader users across websites with differing levels of user
familiarity and interface complexity. As shown in Table 2, both
the LLM-regenerated and LLM-reorganized versions consistently
reduced the number of accessibility violations across all three tools
(including mismatching ARIA® attributes and their roles, as well as
heading elements not following a sequentially descending order).
For example, on the Amazon Product Page, Google Lighthouse
reported a drop from 16 violations in the original to one in the
regenerated version and three in the reorganized version. Similarly,
SortSite reported five violations on the Nordstrom Home Page in the
original, which dropped to one in both the regenerated and reorga-
nized versions. Across all platforms and page types, the regenerated
version showed the most substantial improvements, particularly
in reducing issues related to heading hierarchy, ARIA roles, and
unlabeled interactive elements.

Shttps://www.w3.org/WAI/standards-guidelines/aria/

6.2 Content Integrity Evaluation

While improving accessibility, it is equally important that the regen-
erated webpages preserve the original content. To evaluate this, we
measured Aggregated Semantic Similarity between the original and
LLM-generated versions. We selected this metric because it aligns
with the real-world experience of screen reader users, and is recom-
mended in Microsoft’s Al evaluation guidelines [35] and supported
by prior research [14]. This metric captures whether the meaning
and intent of text within HTML elements remain consistent, even
when phrasing or structure changes.

To ensure meaningful alignment, we extracted all screen-reader-
accessible HTML elements, such as visible text, ARIA labels, and
alternative text, from both the original and regenerated versions,
and compared their aggregated semantic embeddings. Unlike string-
level comparisons, this metric accounts for paraphrasing, content
reordering, and summarization—which are common outcomes of
LLM-based regeneration. For instance, moving “Product Details”
above “Customer Reviews” or collapsing redundant filter headings
may improve usability while maintaining semantic equivalence.

We applied this evaluation to the same three websites and page
types used in the accessibility audit. Since Option 2 only modifies
HTML tags without changing content, we focused the analysis on
Option 1 (Regenerated HTML). As shown in Table 3, the regen-
erated pages achieved high semantic similarity scores, frequently
exceeding 95%, indicating strong content preservation. In a few
cases where the scores were slightly lower, such as the Nordstrom
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Page Category Lighthouse SortSite AChecker | Page Category Lighthouse SortSite AChecker
Mercari Home Pages Original 6 4 6 Nordstrom Home Pages Original 3 5 3
Option 1 1 0 0 Option 1 1 1 0
Option 2 2 2 3 Option 2 1 1 1
Mercari Search Result Pages Original 5 5 6 Nordstrom Search Result Pages Original 3 3 3
Option 1 1 0 1 Option 1 1 1 0
Option 2 1 2 2 Option 2 2 1 1
Mercari Product Pages Original 6 4 5 Nordstrom Product Pages Original 2 6 3
Option 1 1 1 1 Option 1 1 1 0
Option 2 2 2 3 Option 2 1 3 1
Amazon Home Pages Original 6 6 7 Amazon Search Result Pages Original 12 17 13
Option 1 1 1 2 Option 1 1 0 1
Option 2 2 2 3 Option 2 3 4 3
Amazon Product Pages Original 16 18 15
Option 1 1 1 1
Option 2 3 4 4

Table 2: Comparison of Level A accessibility issues detected on various webpages using three automated evaluation tools:
Lighthouse, SortSite, and AChecker (lower is better). A lower number indicates improved accessibility. The table shows the
number of accessibility problems identified for the original version of each page, Regenerated HTML Version (Option1), and
Reorganized HTML Tags Version (Option2). While Option 1 achieved near-perfect results in most cases, minor issues like
one/two broken links persisted. Option 2 addressed structural problems but retained challenges such as inaccessible heading
sequences and visual design conflicts due to its inability to alter the original layout or content order.

homepage, we observed that the LLM had condensed or reorga-
nized content—for example, grouping scattered promotional items
or combining fragmented text elements into single, coherent sec-
tions. These changes slightly reduced the similarity score, but re-
flected practical adjustments that enhance clarity and navigation
for screen reader users.

7 User Evaluation

While automated audits provide useful indicators of accessibility,
prior research cautions against relying solely on these tools due
to inconsistencies in their coverage and reliability [51]. To comple-
ment our technical evaluation and better understand the real-world
impact of our system, we conducted a user evaluation with screen
reader users. We focused the user evaluation on Mercari.com be-
cause it is a legitimate but unfamiliar English-language shopping
site, which helps minimize prior experience bias. In addition, since
each session lasted up to 90 minutes, we limited testing to one web-
site to avoid overburdening participants and to allow for in-depth
comparison of the three versions.

7.1 Participants Demographics

15 screen reader users participated in the study, consisting of nine
females and six males. The participants’ ages ranged from 18 to 44
years. All demographic data were self-reported by the participants
(see Table 4). Among the participants, 11 were completely blind, one
had limited vision, and three could perceive only light. Participant
recruitment details are in section 3.

7.2 Study Procedure

We conducted a within-subjects user evaluation over Zoom, lasting
60-90 minutes. This duration included time for setting up the experi-
ment (e.g., installing an extension), completing all three tasks across
the three website versions, filling out an evaluation survey after

each version (three surveys total), and engaging in think-aloud pro-
tocols and discussions with researchers to capture detailed feedback
and insights. At the beginning of the study, we obtained partici-
pants’ consent for both participation and recording. We started
with general questions about their previous experiences with on-
line shopping and screen reader usage. This was followed by user
testing of three different versions of the Mercari.com website: (1)
the original website, (2) the LLM-regenerated HTML version imple-
mented through Extension Option 1, and (3) the LLM-reorganized
HTML tags version implemented through Extension Option 2, as
described in Section 5.

To prevent learning effects, we counterbalanced the sequence
of versions each participant tested. The testing sequence for each
participant is detailed in Table 5. Drawing from prior research [26],
we designed three tasks that simulate key navigation and decision-
making processes, reflecting real-world shopping scenarios.

For each version, participants started by browsing the homepage
to familiarize themselves with the layout of a new shopping website
(Task 1). Once they completed this, they were asked to imagine
they wanted to buy a blender and search for it on the site. We chose
a blender as it is a gender-neutral item, helping us avoid content
bias that might influence the browsing experience. Participants
then reviewed the search results, exploring the products as they
typically would when searching on an e-commerce website, and
selected a product they were interested in exploring further (Task
2). Finally, they clicked on their chosen product and browsed the
product detail page to gather the information they needed (Task 3).

During these tasks, participants were encouraged to browse
as they normally would while using their screen readers and to
think aloud about their experience. This included sharing how
they navigated the site, any challenges they encountered, and their
overall thoughts on the browsing experience.
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Platform Page Type Aggregated Semantic Similarity (%)
Mercari Home Page 99.36
Mercari Search Results Page 97.09
Mercari Product Page 98.35
Nordstrom Home Page 91.60
Nordstrom Search Results Page 93.19
Nordstrom Product Page 92.06
Amazon Home Page 97.47
Amazon Search Results Page 98.56
Amazon Product Page 98.89

Table 3: Aggregated Semantic Similarity scores between the original and LLM-regenerated webpages across three e-commerce
platforms (Amazon, Nordstrom, and Mercari) and three page types (Home, Search Results, and Product). These results demon-
strate strong preservation of content meaning, even when structure and phrasing were altered to improve accessibility. Lower
scores, such as on the Nordstrom homepage, reflect cases where the LLM reorganized or merged content for better screen
reader usability.

ID Age Gender Visual Ability Online shopping  Used Screen

Frequency Reader
P1 25-34 Female Iam totally blind 4-6 times a week JAWS, NVDA, VoiceOver
P2 25-34 Female Completely blind 4-6 times a week ~ JAWS
P3  25-34 Female Blind with light perception  Once a week JAWS, NVDA, Google Talkback
P4 18 - 24 Female No vision Once a week JAWS, NVDA, VoiceOver
P5 35-44 Female Totally blind Once a week JAWS, NVDA
P6  25-34 Male Blind, light perception only ~ 2-3 times a week ~ JAWS, NVDA
P7 25-34 Male I have limited vision 2-3 times a week JAWS
P8 25-34 Male Fully blind 4-6 times a week JAWS, NVDA, Google Talkback, VoiceOver
P9 35-44 Female Legally blind 4-6 times a week ~ JAWS, Google Talkback, VoiceOver
P10 35-44 Male Blind Once a week JAWS, VoiceOver
P11 25-34 Female Completely blind 2-3 times a week JAWS, NVDA, Google Talkback, VoiceOver
P12 25-34 Female Zero vision Once a week JAWS, NVDA, Google Talkback, VoiceOver
P13 25-34 Female Blind but can perceive light Once a week JAWS, NVDA, Google Talkback, VoiceOver
P14 35-44 Male Legally blind 2-3 times a week  JAWS, VoiceOver
P15 25-34 Male Blind Once a week JAWS, Google Talkback

Table 4: User Evaluation Participant Demographic Table

Testing Sequence Participants
HTML — Tag — Original | P4, P12
HTML — Original — Tag | P2, P11, P15
Tag — HTML — Original | P5,P9
Tag — Original - HTML | P6, P10, P14
Original - HTML — Tag | P1, P7, P13
Original — Tag — HTML | P3, P8
Table 5: Sequence of Version Testing by Participants

(1) Task 1: Homepage Participants navigated the homepage of (2) Task 2: Search Page Participants used the screen reader to
the shopping website using a screen reader as they normally search for a blender on the website and browsed through
would. the search results.
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(3) Task 3: Product Page Participants used the screen reader
to view the details of a specific product they were interested
in purchasing.

To better understand how well each version addressed partici-
pants’ accessibility needs and navigation preferences on e-commerce
webpages, we designed a brief Likert-scale survey with five ques-
tions. These questions were adapted from a previous study [26] and
informed by findings from our formative study, tailored specifically
to accessibility concerns and shopping scenarios.

(1) Q1: How would you rate your overall experience using the

screen reader on this website?

(2) Q2: How clear and meaningful did you find the headings on
this website?

(3) Q3: How helpful were the headings in understanding the
hierarchy of content on this website?

(4) Q4: How efficiently could you locate key sections or infor-
mation on this website using headings?

(5) Q5: How easy was it to access key features (e.g., search
bar, product categories, account options) using your screen
reader on this website?

Participants rated each question on a 5-point likert scale, where 1
indicated "Very Difficult / Poor" and 5 indicated "Very Easy / Good."
To ensure consistent evaluation of accessibility and usability, par-
ticipants completed the survey after testing each version, resulting
in three sets of responses within a single interview. After partici-
pants completed browsing all three versions, we asked follow-up
questions such as how similar they found the content across the
three versions, how they would compare these versions, and to rank
them based on their experience. Finally, we debriefed participants
about the differences between the versions and asked for additional
suggestions for design improvements.

7.3 Data Analysis

We analyzed the user evaluation data (think-aloud and post-task in-
terviews transcripts) using an inductive thematic analysis [11]. Two
researchers independently read through each transcript, developing
preliminary code set grounded in participants’ navigational prefer-
ence and comparative opinions of each website version. These codes
included recurring observation related to preferred heading struc-
ture, button labeling and reorganized content sequence. They met
each week during the coding process to discuss about new codes
and reconcile the discrepancies on code definition and scope. Ulti-
mately, they identified approximately 50 themes, including “Trust
in Consistent Labeling” and “Heading Overload”.

7.4 Quantitative Results

7.4.1  Statistical Analysis of Likert Scale Survey Results. To analyze
the results from the 5-question survey for each version, We con-
ducted Wilcoxon signed-rank tests for all pairwise comparisons
across five questions (Q1-Q5), comparing three different conditions:
Original, HTML, and Tag. To account for the increased risk of Type
I errors due to multiple comparisons, a Bonferroni correction was
applied for each question, adjusting the significance threshold to
®adjusted = 0.0167. Results indicate that the HTML version consis-
tently outperformed the Original website across all five questions,
while the Tag version showed significant improvements only in the
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overall user experience (Q1) compared to the Original. The com-
parisons between HTML and Tag versions revealed a significant
difference only in Q1, suggesting that HTML enhancements had a
more pronounced impact on improving user experience than Tag
reorganizations.

Overall User Experience (Q1): Participants rated the overall user
experience higher for both HTML and Tag versions compared to the
Original website. The Wilcoxon signed-rank tests showed signifi-
cant differences between the Original website and HTML (W = 0,
p = 0.00585) and between the Original website and Tag (W = 0,
p = 0.00585). Additionally, the comparison between HTML and
Tag (W = 0, p = 0.01170) was also significant. All these p-values
are below the adjusted significance threshold (@agjusted = 0.0167),
indicating that both HTML and Tag versions significantly improved
the overall navigation experience compared to the Original website.

Clarity of Headings (Q2): Clarity of headings was rated higher
in both HTML and Tag versions compared to the Original website.
The comparison between the Original website and HTML (W = 0,
p = 0.00585) was significant, indicating improved clarity. However,
the comparison between the Original website and Tag (W = 0,
p = 0.04500) and between HTML and Tag (W = 0, p = 0.18750)
were not significant after Bonferroni correction.

Understanding of Content Hierarchy (Q3): Participants reported
improved understanding of content hierarchy in both HTML and
Tag versions compared to the Original website. The comparison
between the Original website and HTML (W = 0, p = 0.00585)
was significant, indicating a better understanding. However, the
comparisons between the Original website and Tag (W =0, p =
0.04500) and between HTML and Tag (W = 5, p = 0.18750) were
not significant after correction.

Efficiency in Locating Key Sections (Q4): Option HTML outper-
formed the Original website in efficiency (W = 0, p = 0.00585),
which was significant. Comparisons between the Original website
and Tag (W = 2.5, p = 0.16470) and between HTML and Tag (W = 0,
p = 0.17550) were not significant after Bonferroni correction.

Ease of Access to Key Features (Q5): Ease of access to key features
improved in the HTML version compared to the Original website
(W =0, p = 0.00585), which was significant. However, comparisons
between the Original website and Tag (W = 5.5, p = 0.10260)
and between HTML and Tag (W = 0, p = 0.35100) did not reach
statistical significance after correction.

7.4.2  Task Completion Time in Different Version. We instructed
participants to complete tasks 1-3 that simulated their real-life
shopping experiences. They were encouraged to freely browse
products without a strict goal of locating specific information or
identifying a particular product on the search results page. Par-
ticipants were also prompted to think aloud as much as possible
during the tasks, sharing their thoughts on accessibility and navi-
gation. Given this open-ended setup, comparing the time it took
participants to complete each task (e.g., browsing the homepage
or search results page) would be unreasonable, which would not
accurately reflect the differences in accessibility design between
versions. Some participants naturally verbalized more thoughts
or explored more products on the search results page than others.
However, in Task 3, while browsing the product details page, all
participants consistently began by locating the product description.
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Responses on a 5-Point Likert Scale to Five Questions

Original
Q1 Option 1
Option 2
Original
Q2 Option 1
Option 2
Original
Q3 Opfion 1
Option 2
Original
Q4 Option 1
Option 2
Original
Q5 Option 1
Option 2

Number of respondents

. 5 (positive) 4 3 2 . 1 (negative)

(a) The 5-point Likert scale results from Q1 to Q5, as answered by 15 par-
ticipants when testing the three versions. From top to bottom, “Original”
refers to the original website, “Option 1” refers to the LLM-regenerated
HTML version implemented through Extension Option 1, and “Option 2”
refers to the LLM-reorganized HTML tags version implemented through
Extension Option 2.
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(b) Box plot comparing task completion times across the three
versions (Original, Option 1, and Option 2), showing variability in
performance and highlighting differences in accessibility design.

Figure 5: Comparison of participant responses and task performance across the three webpage versions.

This behavior allowed us to calculate the time each participant
spent finding the product description as a reliable quantitative met-
ric for comparing the accessibility of different versions [25]. All
participants naturally prioritized this step, making it a reliable and
meaningful metric for comparing accessibility design across the
three versions. The task completion times, as visualized in the box
plot (Figure 5b), reveal significant differences across the three web-
page versions: Original, Option 1 (Regenerated HTML) , and Option
2 (Reorganized HTML Tags).

To analyze these differences, we conducted a Friedman test fol-
lowed by Wilcoxon signed-rank tests for pairwise comparisons.
Given that three pairwise tests were performed, we applied the Bon-
ferroni correction to control for the increased risk of Type I errors.
Specifically, the original significance level (¢ = 0.05) was divided
by the number of comparisons (m = 3), resulting in an adjusted
significance level (@adjusted = 0-0167). The Friedman test indicated
a significant overall difference among the versions (y?(2) = 30.00,
p < 0.001). Subsequent pairwise comparisons using the Wilcoxon
signed-rank test, adjusted with the Bonferroni correction, demon-
strated that Option 1 significantly outperformed the Original web-
site (W = 0.0, p < 0.001) and Option 2 (W = 0.0, p < 0.001).
Additionally, Option 2 showed a significant improvement over the
Original version (W = 0.0, p < 0.001) but exhibited greater vari-
ability in task completion times. Option 1 consistently achieved the
shortest task completion times, reflecting its effective structural
and navigational enhancements. Option 2 provided moderate im-
provements but was limited by the unchanged layout, while the
Original website showed the longest times and the most inconsis-
tencies due to unstructured content and missing navigation labels.
These results highlight the importance of combining structural and

usability improvements to create a more accessible and efficient
user experience.

7.5 Qualitative Results

7.5.1 Browsing Patterns of Screen Reader Users on Unfamiliar Web-
site. The most commonly used navigation combination by all par-
ticipants is the heading key paired with the down arrow key. The
heading key allows users to jump between headings on a webpage
by pressing “H”, similar to how sighted users scan visually for bold
or large text to find different sections. The down arrow key is used
to navigate through HTML elements one by one, enabling users to
read and explore content sequentially. When visiting a new web-
site, participants typically began by pressing the down arrow to
read line by line and discover whether the page made effective use
of headings. Once they recognized headings were present, they
switched to pressing heading key (H) to move among heading levels
more swiftly. If they found a heading relevant (for instance, prod-
uct details labeled with an <h3> or <h4>), they returned to the
down arrow key to read underlying elements in sequence. Some-
times, they may also navigate by specific heading levels (number
keys 1-6). For example, if they browse a product title labeled as
a heading level 2, and then want to read the product details, they
might press the number 3 key to jump to the next heading level,
assuming the details are structured logically under that level. In
addition to the heading and down arrow keys, some participants
also mentioned using the button key and edit key to interact with
interactive elements on a webpage. The button key allows users
to quickly navigate to buttons, such as “Add to Cart” or “Submit”,
while the edit key helps them jump directly to input fields, making
it easier to fill out forms or enter search queries.
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7.5.2  User Preferences for Regenerated HTML Versions. All partici-
pants found both the regenerated HTML version and the reorga-
nized HTML tags version to be more intuitive for navigating with a
screen reader, significantly enhancing accessibility. The regenerated
HTML version was especially preferred for its logical reordering of
sections and enhanced navigational HTML labels. The participants’
average evaluation of the screen reader browsing experience on the
regenerated HTML version was 5 on a scale from 1 (Very Poor) to
5.00 (Excellent). The average rating for the reorganized HTML tags
version was 4.57, while the original website received an average
rating of 3.14. 13 participants reported that the regenerated HTML
version provided the best experience, even though the reorganized
HTML tags version also showed improvements over the original
website. P6 described the navigation experience on regenerated
HTML version as “highly structured. Even for people who just
started using screen readers, they can navigate quickly without
confusion.” P3 also mentioned that “(regenerated HTML) version
has a title in the heading ‘Purchase Options’ that summarizes but-
tons and information related to purchasing, which is something
I’'ve never seen on other websites” One participant felt that both
versions offered an equally good screen reader navigation experi-
ence, while another preferred the reorganized HTML tags version
over the regenerated HTML version.

7.5.3  Accessibility Challenges of Original Website. While browsing
the original website, participants often experienced inconvenience
and confusion due to the inappropriate use of HTML tags and a
layout that did not align with screen reader browsing patterns. P2
noted, “The website is cluttered, maybe like too many uses of the head-
ings, but there’s nothing I could do.” Participants also acknowledged
that this was a common problem on other mainstream shopping
websites. Although it is not convenient for screen reader users, they
have become accustomed to it and consider it acceptable. As P2
explained, “Amazon is an insanely cluttered website. There are so
many headings. The only way to navigate Amazon is to just arrow
down each item instead of using headings.” Participants also reported
frustration when important information, such as product titles, was
not marked as headings. For example, P3 noted, “So the problem is
the product itself is not a heading, but a lot of other information that
is not necessarily needed is in headings.” Additionally, the structure
and sequence of the website posed challenges for participants in
understanding and navigation. For instance, some websites place
product images and reviews on the left, while product names and
details are on the right. This layout may make sense from a sighted
user’s perspective due to visual design principles, but it creates
confusion for blind or low vision users. Because review titles are
also marked as headings, when users press “H” to navigate through
headings, reviews appear before the product title. P4 expressed
confusion with this structure, ‘Tt is good that they put reviews in
headings, but not as the first heading we encounter, because it serves
as a signal that it is already the end part of the product information.”
P9 also expressed concern about the complexity of the layout, stat-
ing, “Whenever I hit H, it would bring me to a completely different
part of the page.”

7.5.4  Correct Labeling for Essential Information. Participants per-
ceived that both the regenerated HTML version (Option 2) and the
reorganized HTML tags version (version 3) improved the heading
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structure compared to the original website. They rated the helpful-
ness of headings for understanding the website’s hierarchy with
an average score (Q3) of 4.86 for the regenerated HTML version
and 4.43 for the reorganized HTML tags version, in contrast to a
score of 2.71 for the original version. Participants reported signif-
icant improvements in both versions 2 and 3 in two key aspects:
(1) unnecessary headings, such as individual category names (e.g.,
women, men, sports), were removed. For example, P2 explained,
“Those categories are just regular links [on the regenerated HTML ver-
sion and reorganized HTML tags version], and it is faster to navigate
through the page because you can easily skip that whole section of
the website if it’s not what I'm interested in.” (2) Important infor-
mation, like product names, was correctly labeled as headings. P4
mentioned, T see that links, such as the title of the product, are also
displayed as headings [on the regenerated HTML version and reorga-
nized HTML tags version], which is quite convenient for me because
now I can simply press the number key for the product.” P13 noted
that important information appears as headings, stating, “Headings
are very much in the key part of the page, and they really help me
quickly navigate, revealing that they also assist in navigation.”

7.5.5 Why Regenerated HTML Works Better. The regenerated HTML
version (Option 2, Q4 X = 4.86) was perceived as even better than
the reorganized HTML tags version (version 3, Q4 X = 4.28) in terms
of locating essential information and understanding the hierarchy
of website content. In Option 2, the LLM regenerated the entire
HTML file, leading to several unique improvements that version 3
could not achieve:

(1) Logical Reordering of Sections: The regenerated HTML
reorganized the page’s sections into a more logical, linear
sequence that better suits screen reader navigation. For ex-
ample, participants observed that in the regenerated version,
the reviews and seller profile appear after the product name
and details, but before the purchase options. This follows a
logical order that aligns with the linear browsing patterns of
screen readers. In contrast, on the original website, elements
were arranged for visual aesthetics—product images and re-
views were positioned on the left side, which in the HTML
code would be read first by screen readers, even before the
product name and details. Additionally, the purchase op-
tions were presented before the product details in the HTML
structure. P6 highlighted this improvement, "[The regener-
ated HTML version] is highly structured. Even for people who
Jjust started using screen readers, they can definitely navigate
quickly without confusion.”

Addition of Summary Headings: The regenerated HTML
version added summary text to sections and aligned them as
headings, which participants found extremely helpful. These
changes made Option 2 stand out not only from the original
website but also from other shopping websites. Participants
considered this a uniquely nuanced accessibility improve-
ment. As P3 noted, “[Option 2] has a title in the heading
"purchase options’ that summarizes buttons and information
related to purchasing, something I have never seen on any other
websites. Others normally just put all buttons in headings. Now
I can quickly jump through the purchase information like “add
to cart” and “buy now” while browsing; that’s impressive.” P5

—
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also mentioned ‘It is very easy to read because it has both
headings and lists. ”

(3) Enhanced Navigation Flexibility: The regenerated ver-
sion used different labels on the same element, enriching
screen readers’ options for navigation. P7 mentioned that
each product title is not only a heading but also a link and
part of a list structure: “Tt’s very flexible to navigate; I can use
list navigation, heading navigation, or link navigation.” P14
noted “The number of times I had to search through headings

to reach the results has significantly decreased.”
7.5.6  User Perception on Content Similarity. When it comes to self-

reported perception of content similarity, all participants noted
the high similarity in content between versions, only noting the
changes in design or layout of the website. For instance, P9 has
mentioned that T don’t think there’s any difference. It was just where
they were located and how long it took to get to them.” While P8
mentioned that “overall, it looked pretty similar.” and similarly P10
has mentioned ‘It definitely seems like a lot of the same content, you
know, just in different orders depending on how you click on stuff.”

8 Discussion

Our formative study revealed key mismatches between shopping
website designs and the navigation behaviors of screen reader users.
Even when pages followed accessibility guidelines, users still faced
confusion due to inconsistent HTML structures, overloaded head-
ings, and poor labeling. These issues disrupted linear navigation,
especially on unfamiliar sites, where users struggled to locate es-
sential information within cluttered or visually prioritized layouts.

To address these barriers, we developed a GenAl-based pipeline
that reorganizes and regenerates HTML to align with screen reader
navigation patterns. This proof-of-concept demonstrated clear im-
provements in labeling, content hierarchy, and usability. In our user
evaluation, participants strongly preferred the revised versions and
highlighted preferences for clear section order, consistent headings,
and reduced visual clutter.

These findings reinforce the need for accessibility tools that go
beyond technical compliance and support the actual browsing logic
of screen reader users. By grounding our system design in formative
insights, we show how GenAlI can deliver practical, user-centered
improvements for accessible web design. We reflect on our findings
to discuss limitations and opportunities for future work:

8.1 Generative Al as a Tool for Accessibility:
Supporting Developers, Not Shifting
Responsibility

The proposed Generative Al (GenAl) approach to revising HTML
for better accessibility is not intended to absolve companies of their
responsibility to design inclusive interfaces. While our implemented
browser extension dynamically reorganizes or regenerates HTML to
enhance screen reader navigation, it is not intended as a permanent
solution that shifts the burden of accessibility onto users. Instead,
the primary purpose of our proposed method and implementation
serves as a proof-of-concept, which is to demonstrate the potential
of such technology in improving web accessibility and to evaluate
user preferences for future website content structures.
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Companies should take full responsibility for designing acces-
sible websites from the outset and integrating GenAl into their
development workflows. By doing so, they can ensure that acces-
sibility improvements are implemented and controlled during the
design and testing phases rather than relying on end-users to ap-
ply external tools to address these issues. As highlighted in prior
research, tools like accessibility overlays have been criticized for
creating new barriers rather than resolving existing ones, further
emphasizing the need for developer-led interventions [6, 34].

By leveraging GenAl responsibly within development pipelines,
companies can enhance web accessibility while maintaining control
over the design process. This ensures that accessibility improve-
ments are both effective and sustainable, reducing the burden on
end-users who rely on assistive technologies. For instance, future
work could explore real-time feedback mechanisms that provide
accessibility suggestions and quick fixes, allowing developers to
continuously refine their systems and enhance their adaptability
across different browsing environments. Specifically, the pipeline
could be used to generate or reorganize a developer’s HTML prod-
uct and visualize the changes and reasoning in a sidebar, enabling
developers to make informed decisions. This system could then be
further evaluated and improved based on developer feedback. By
extending the pipeline’s capabilities in these ways, the tool could
become both a practical solution for developers looking to create
more inclusive web experiences.

8.2 Broadening GenAl Accessibility
Enhancements to Diverse Websites

Generative Al (GenAl) offers significant potential for improving
web accessibility across diverse contexts, extending beyond the
e-commerce platforms explored in this study. While our research
primarily focuses on shopping websites, the challenges identified
such as poor information hierarchy, inadequate labeling, and navi-
gation inefficiencies are prevalent across many types of websites.
These barriers can impact screen reader users navigating other con-
texts, including news platforms, educational resources, and service-
based websites. For example, news platforms often contain com-
plex layouts with articles, headlines, sidebars, and advertisements
competing for attention. GenAl could reorganize these sections to
create a logical flow that enhances readability for screen reader
users. Prior research emphasize the importance of clear and concise
content presentation for visually impaired users navigating dense
information spaces, which aligns with the potential application of
GenAl in this domain [45, 58].

While our system showed promising results on several main-
stream e-commerce websites, the generalizability of our approach
to more dynamic, JavaScript-heavy platforms remains an open chal-
lenge. Sites that rely heavily on asynchronous content loading,
infinite scroll, or script-based DOM manipulation may hinder con-
sistent HTML extraction and reinsertion during runtime. Websites
with dynamic or user-generated content may require real-time ad-
justments to maintain accessibility standards. Additionally, different
website types have distinct user requirements; for instance, news
platforms prioritize readability while service-based sites focus on
task efficiency. Ensuring compliance with WCAG guidelines while
adapting to diverse contexts is also critical for widespread adoption
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of GenAl solutions. Future research should explore the generaliz-
ability of GenAI-powered tools by conducting studies on various
website categories to identify specific barriers and refine GenAl
models accordingly. Hybrid solutions combining automated GenAI
outputs with manual adjustments could address context-specific
needs while maintaining flexibility in accessibility improvements.
Furthermore, developing tools that allow developers to customize
GenAl-generated outputs based on user feedback and accessibil-
ity requirements would enhance the practical application of these
technologies.

8.3 Risks of Content Loss and Deployment
Considerations

While our system showed improvements, LLM-driven HTML re-
structuring still carries risks, particularly when essential content is
lost, altered, or inaccurately generated. Although we implemented
semantic similarity checks and content reinsertion to reduce dis-
crepancies, subtle omissions such as missing product links or seller
information may still occur. These failures, though sometimes un-
detected by automated tools, can affect users’ ability to complete
tasks or make informed decisions.

This concern is especially relevant for screen reader users, who
often depend on structured and authoritative content to navigate
unfamiliar websites. Prior work suggests that users with disabil-
ities may place greater trust in information presented through
formal interfaces like screen readers. As a result, even minor hal-
lucinations, such as incorrect headings or summaries, can lead to
confusion or misjudgments. These findings underscore the need to
treat GenAl-based accessibility tools as intermediaries of critical
content. Developers should consider safeguards including content
validation, fallback options, and transparency indicators that alert
users to Al-modified sections. Moreover, our evaluation focused
on desktop use, and did not account for mobile or tablet naviga-
tion scenarios, which are highly relevant for screen reader users.
Future work should assess cross-device performance and explore
user controls for comparing original and Al-enhanced versions.

9 Conclusion

Accessibility in online shopping remains an open problem for blind
or low vision screen reader users. In this study, we investigated the
issues experienced by screen reader users when shopping online
and developed a web browser plugin that applies GenAl to improve
the accessibility of the website for screen readers. Our evaluation
shows improvement (as reported by accessibility checkers and self-
reported by users) in the navigation and labeling of items and can
potentially be used by both users and developers to improve the
accessibility of their online shopping experience.

We believe that our work proves that application of GenAl and
LLMs in particular can automatically improve the web browsing
accessibility and reduce the burden on both users and developers.
We believe that our work contributes to the topic of web develop-
ment and accessibility in the coming age of ubiquitous human-AI
interactions, and we hope that our study would contribute to the
work of researchers and practitioners in the fields of Al and HCIL.
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A Appendix
A Implementation Details

A.1 System Configuration and LLM Setup

The Chrome extension’s background script uses the OpenAI API
to access GPT-40 [39], implemented through the browser’s fetch
Web APIL We selected GPT-40 for both regeneration (Option 1) and
tag reorganization (Option 2) due to its large input (128,000 tokens)
and output (16,384 tokens) capacities [39], which allow extensive
content processing while maintaining structure and context.

To optimize for deterministic and consistent outputs, the follow-
ing parameters were used: temperature = 0.2, max_tokens =

16,384, top_p = 1, frequency_penalty = 0,and presence_penalty

= 0. A low temperature helps maintain formatting consistency in
HTML, while top-p = 1 ensures complete content generation. The
penalties are set to 0 to avoid suppressing necessary recurring
elements, such as repeated headings or button labels.

Each webpage required 1-5 minutes to process, with around
220,000 tokens consumed per session (combined input and output).
According to OpenAI’s pricing’, the cost per page ranged from
$0.50 to $2.20. This could be reduced in production by caching
outputs or using lighter models.

A.2 Option 1: Regenerated HTML Version

A.2.1 Step 1: HTML Collection. We used a Google Chrome ex-
tension to extract complete webpage HTML. A content script
interacts directly with the Document Object Model (DOM) and
retrieves the full HTML using
document.documentElement.outerHTML. The captured HTML, in-
cluding dynamic JavaScript-rendered elements, is passed to the
background script.

A.2.2  Step 2: Preprocessing. The background script segments the
raw HTML based on DOM structure to ensure each chunk fits
within the token limit of GPT-40. Segmentation is done at logical
HTML boundaries (e.g., top-level <div> or <section> blocks) to
preserve context. Tokenization ensures each chunk respects model
constraints.

A.2.3  Step 3: Sequential LLM Calls. Each HTML chunk is processed
using OpenAlI’s chat/completions APIL A system prompt, user
prompt, and assistant context (see Section A.4) guide the model
to generate an accessible HTML version. The assistant message
includes prior output to maintain continuity across chunks.

A.2.4 Step 4: Similarity Check. Before injecting the generated
output into the live webpage, our system conducts a similarity
check to ensure that the transformed HTML retains the core con-
tent and meaning of the original page. To maintain consistency
between implementation and evaluation, we used the same met-
ric—Aggregated Semantic Similarity—as described in Section 6.2.

We compute semantic similarity by extracting all screen-reader-
accessible HTML elements (e.g., visible text, ARIA labels, alt at-
tributes) from both the original and generated versions, concatenat-
ing them, and comparing their embeddings using cosine similarity.
The transformation is accepted only if the aggregated semantic

"https://openai.com/api/ pricing
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similarity score meets or exceeds a 90% threshold. This threshold
was chosen based on preliminary testing to ensure the balance be-
tween allowing accessibility-enhancing changes (e.g., restructuring
or paraphrasing) and preserving the original meaning. If the score
falls below the threshold, the system automatically reprocesses the
content to improve alignment.

A.2.5 Step 5: Page Replacement. Once the final HTML passes the
checks, it replaces the original webpage DOM using JavaScript
injection. All functional elements (e.g., forms, buttons, links) re-
main intact. If any issues are detected post-rendering, additional
regeneration is triggered until the results are usable and accessible.

A.3 Option 2: Reorganized HTML Tags

A.3.1 Step 1: DOM Extraction and JSON Serialization. Option 2
focuses on minimally modifying the webpage structure while im-
proving accessibility. HTML is extracted similarly via the extension,
but converted into a structured JSON format for fine-grained tag-
level manipulation. This includes tag names, attributes, and content.

A.3.2  Step 2: Preprocessing. We filter out unnecessary elements
(e.g., styles, scripts) and chunk the JSON for compatibility with the
GPT-40 model’s 32,768-token input window. Segments are created
at logical DOM subtrees to preserve structural coherence.

A.3.3  Step 3: LLM-Powered Tag Optimization. Each chunk of JSON
is sent via the same Web API using system and user prompts (Sec-
tion A.4) tailored to instruct the model to adjust headings, labels, and
ARIA attributes for improved screen reader navigation—without
introducing or removing any content.

A.3.4  Step 4: Similarity Check. Although Option 2 only modifies
the HTML tags and not the visible content or layout, we still perform
a similarity check to ensure that the tag reorganization does not
unintentionally alter or omit content relevant to screen reader users.
We apply the same Aggregated Semantic Similarity metric used
in Option 1 and in our evaluation (Section 6.2) to compare the
original and tag-updated versions.

We extract all accessible HTML elements (including headings,
labels, and text content) from both versions, concatenate them,
and compute cosine similarity between their semantic embeddings.
The updated version is accepted only if the aggregated semantic
similarity score is at least 90%. This threshold ensures that any
tag changes preserve the original content’s meaning and utility for
screen reader users. If the similarity score is below the threshold,
the chunk is flagged for reprocessing.

A.3.5 Step 5: Live DOM Update. Once validated, the extension
updates the active page using a replaceTags() function, replacing
only the tags while keeping the text and visual layout unchanged.
All interactive elements remain fully functional, now better marked
up for screen reader interpretation.

A.4 Prompt Design

In both options, LLM prompts are composed of a System Prompt
to establish behavior, a User Prompt to pass specific HTML or
JSON input, and an Assistant Message to maintain continuity
across chunks.

Yu et al.

A.4.1  Prompts for Option 1 (Regeneration). System Prompt:
Your task is to enhance the accessibility of the shop-
ping website for blind screen reader users. Screen
reader users navigate websites sequentially and use
shortcuts to jump across headings and links. Remove
non-essential elements (e.g., pictures, <style>, <script>)
and ensure all content from the original HTML is in-
cluded and properly structured.

User Prompt:
Generate executable, text-only HTML optimized for
screen reader users. Reorganize headings to reflect
information hierarchy and enhance clarity. Prioritize
content that is most relevant for screen reader navi-
gation.

Assistant Prompt:

This is the previous response from the system: <HTML
content>

Follow-up User Prompt:
This is part X of the HTML document. Please continue
processing it while maintaining the previous structure.
<next HTML segment>

A.4.2  Prompts for Option 2 (Reorganization). System Prompt:
You are an accessibility expert. Screen reader users
navigate content sequentially, relying on well-structured
headings, landmarks, and clear labels. Your task is to
revise the tags of an existing webpage to improve
accessibility without modifying its visual layout or
content.

User Prompt:
Please adjust tags to enhance accessibility for screen
reader users. Do not introduce or remove elements.
Only reorganize or relabel existing tags based on struc-
tural clarity and semantic accuracy.

Assistant Prompt:

This is the previous response from the system: <JSON
content>

Final Message (if needed):
This is the remaining JSON content that needs to be
processed. Ensure completeness and do not duplicate
any previously generated elements.

A.5 Example Accessibility Enhancements

To demonstrate the types of accessibility enhancements applied by
our system, we summarize typical modifications made under each
version.

A.5.1 Option 1: Regenerated HTML.

o Consistent and Semantic Heading Structure: The regenerated
HTML (Table 6, center) ensures clear and consistent use of
heading tags (<h1>, <h2>, <h3>, etc.) throughout the pages,
following a logical order. This makes it easier for screen
reader users to understand the page layout and navigate to
relevant sections. For example, on the homepage, the <h1>
tag is appropriately used for the main title, “Shop Popular
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Table 6: Extended example of HTML changes for an e-commerce search-results page.

Original HTML

Option 1 (Regenerated HTML)

Option 2 (Reorganized HTML Tags)

<header>
<h1>Search Results for
"Blender"</h1>
<p>1-16 of over 10,000

results</p>
</h >
<span>1-16 of over <éa§iger <h1>1-16 of over 10,000
10,000 results . results for "blender"</h1>
for "blender”</span> o hpreduct Listings</h> DR
R <article> e <h2>nutribullet SmartSense
<h2>nutribullet SmartSense " " . Blender ... Black</h2>
<h3><a href="...">nutribullet X
Blender ... Black</h2> <p>Rating: 4.668</p>
<div>Rating: 4.668</div> SmartSense Blender ... <lo- .
Black</a></h3> : T
<p>Rating: 4.668</p>
</article>
<l-- .. -
</section>
</main>

A5.2

Items,” while sub-sections such as “Featured Categories” and
“Today’s Picks” use <h2>. This prevents the confusion caused
by random or missing headings in the original version.
Replace headings to distinguish and highlight information:
The content is logically organized with unnecessary ele-
ments removed from headings, and summarizing titles added
to enhance clarity and reduce clutter. This makes it easier
for users to focus on the relevant information without dis-
tractions. For example, on the search result page, instead of
showing all filter options and categories as separate headings,
the LLM-regenerated version groups them under a single
“Filter Results” section, allowing users to navigate efficiently.
Reordered Sections for Logical Screen Reader Browsing Se-
quence: The order of sections on each page is rearranged
to provide a more logical flow for screen reader users. This
adjustment ensures that the most important information is
encountered first, reducing the need for excessive navigation.
For example, on the product details page, the regenerated
HTML places “Product Name” and “Product Details” before
sections such as “Reviews” and “Similar Products.” This con-
trasts with the original layout where reviews could appear
before key product information. This change aligns better
with the linear browsing patterns of screen reader users, who
prefer accessing critical information first.

Enhanced Use of ARIA Roles and Attributes: ARIA roles
(e.g., role="navigation”, role = “main”, role = “banner”) and
attributes (e.g., aria-label, aria-labelledby) are added to pro-
vide additional context for assistive technologies. This allows
screen readers to better interpret the purpose of various sec-
tions and elements. For exmaple, on the product details page,
buttons such as “Add to Cart” are given specific aria-label
attributes (aria-label = “Add item to cart”), enhancing clarity
for screen reader users who cannot see the button’s text.

Option 2: Reorganized HTML Tags Version .
Replace headings to distinguish and highlight information:
this version focuses (Table 6, right) on ensuring that headings
are used appropriately to reflect the content hierarchy, re-
moving unnecessary elements from being tagged as headings

and adding key information into headings. Uses appropriate
headings (<h1>, <h2>, <h3>, etc.) and paragraphs (<p>) to
present content hierarchically and semantically. For exam-
ple, the product name “oster blender” is an <h1>, ensuring it
stands out as the primary focus.

Enhanced Heading Hierarchy for Logical Screen Reader Nav-
igation: This version focuses on adjusting the levels of head-
ings to emphasize the content’s structure and hierarchy with-
out altering the page layout. By refining the heading levels,
it provides a clearer and more logical flow for screen readers.
For example, on the search result page, the filter sections
such as “Filter by,” “Status,” “Item origin,” and “Size” are
clearly marked with <h2>, <h3>, and <h4> tags, providing
a hierarchical structure that is more accessible for screen
readers and improves the overall user experience.
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