International Journal of Advance and Applied Research
www.ijaar.co.in

ISSN - 2347-7075 Impact Factor - 8.141
Peer Reviewed Bi-Monthly
Vol. 6 No. 23 March - April - 2025

Enhancing Web Accessibility with Tailwind CSS: A Framework Analysis

Waghmare Avinash Devidas
Student, Department of Computer Science,
Sarhad College of Arts, Commerce, and Science, Katraj, Pune

Corresponding Author — Waghmare Avinash Devidas
DOI - 10.5281/zen0d0.15119118

Abstract:

This research paper explores how Tailwind CSS can be used to improve web accessibility
for individuals with disabilities, focusing on aspects such as semantic HTML structures, color
contrast, keyboard navigation, and screen reader compatibility. It examines Tailwind’s utility
classes, accessibility best practices, and real-world implementations to show how developers can
build inclusive web applications. The study also addresses challenges, including the reliance on
utility-based styling and the need for external tools to comply with WCAG standards. Findings
suggest that while Tailwind CSS offers valuable tools for accessibility, developers must follow
best practices, use ARIA attributes, and test with assistive technologies to ensure accessibility.
Integrating accessibility-first strategies with Tailwind’s workflow can help create both visually
appealing and universally usable web applications.
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Introduction:
The Importance of Web Accessibility:

The internet has transformed how
people interact, learn, and conduct business,
making web accessibility a fundamental
aspect of modern digital experiences. Web
accessibility ensures that people with
disabilities—such as visual impairments,
hearing impairments, motor disabilities, and
cognitive disorders—can access, navigate,
and interact with web content effectively.
The World Health Organization (WHO)
estimates that over one billion people
worldwide have some form of disability,
emphasizing the critical need for inclusive
digital design.

The Web Content Accessibility
Guidelines (WCAG) established by the
World Wide Web Consortium (W3C) serve
as a global standard for accessibility best
practices. These guidelines outline principles

such as perceivability, operability,
understandability, and robustness to help
developers create accessible web
applications. However, implementing these
standards effectively can be challenging,
especially when working with modern CSS
frameworks that emphasize speed and
efficiency over accessibility by default.

The Rise of Tailwind CSS:

Tailwind CSS, a utility-first CSS
framework, has revolutionized front-end
development by offering a highly
customizable and efficient way to style web
applications.  Unlike traditional CSS
frameworks like Bootstrap, which provide
predefined components, Tailwind CSS
enables developers to compose styles
directly in HTML using utility classes. This
approach improves development speed,
consistency, and maintainability.
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However, as Tailwind CSS continues to gain
traction, questions arise regarding its impact
on web accessibility. While the framework
simplifies styling and layout management,
does it support the creation of accessible
user interfaces? Does it inherently promote
WCAG compliance, or does it require
additional developer intervention to ensure
accessibility?

Research Objectives:
This research aims to:

1. Analyze how Tailwind CSS affects web
accessibility  in  comparison  to
traditional CSS methodologies.

2. Explore built-in features and utility
classes within Tailwind CSS that aid
accessibility.

3. ldentify common accessibility
challenges when using Tailwind CSS
and propose best practices to overcome

them.
4, Provide case studies and real-world
examples demonstrating the

implementation of accessible web
applications using Tailwind CSS.

Literature Review:
Understanding Web
Standards:

Web accessibility is a critical aspect
of modern web development, ensuring that
digital content is usable by individuals with
disabilities. The Web Content Accessibility
Guidelines (WCAG), developed by the
World Wide Web Consortium (W3C),
serve as the foundational framework for
accessibility. WCAG is structured around
four key principles:

1. Perceivable — Users must be able to
perceive the content (e.g., through text
alternatives for images, captions for
videos, and adaptable layouts).

2. Operable — Users must be able to
navigate and interact with the website
(e.g., via keyboard navigation and clear
focus states).

Accessibility
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3. Understandable — Content should be
clear and predictable (e.g., readable
text, intuitive navigation, and error
identification).

4. Robust — Content must be compatible
with assistive technologies (e.g., screen
readers and voice recognition software).

Studies have shown that many web
applications fail to meet WCAG compliance,
often due to a lack of awareness or the use of
CSS frameworks that do not prioritize
accessibility. A study by Lazar et al. (2020)
highlighted that over 70% of websites still
contain accessibility issues despite existing
guidelines.

The Role of CSS Frameworks in

Accessibility:

CSS frameworks like Bootstrap,
Foundation, and Bulma have played a
significant role in modern web development.
These frameworks provide pre-styled
components, allowing developers to create
visually appealing and responsive websites
efficiently. However, their impact on
accessibility varies:

e Bootstrap includes  accessibility-
friendly components but often requires
additional developer intervention for
full compliance.

e Foundation provides built-in ARIA
(Accessible Rich Internet Applications)
attributes but lacks documentation on
best accessibility practices.

e Bulma prioritizes flexibility but does
not enforce accessibility by default,
leaving it to developers.

Shamsuddin et al. (2021) analyzed popular

CSS frameworks and found that most

required manual improvements to achieve

full accessibility compliance. This raises the
question: How does Tailwind CSS compare
in terms of accessibility support?

Tailwind CSS: A Utility-First Approach:

Tailwind CSS differs from traditional

frameworks by offering a utility-first

approach, where developers use predefined
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utility classes to apply styles directly within

HTML. This provides several advantages:

e Faster development: Eliminates the
need for custom CSS.

e Better performance: Generates only
the required styles, reducing file sizes.

e Greater customization: Easily
configurable via the tailwind.config.js
file.

However, there is limited research
on how Tailwind CSS affects accessibility.
While Tailwind's documentation provides
guidance on accessible design, it does not
enforce accessibility best practices by
default. Smith and Johnson (2022) noted
that Tailwind's flexibility could either
improve or hinder accessibility, depending
on how developers use it.

Accessibility Features in Tailwind CSS:

Tailwind CSS includes several built-
in features that can enhance accessibility,
including:

e Focus Management: Utility classes
like focus:ring and focus:outline-none
help  improve keyboard navigation
visibility.

e Color Contrast Control: Tailwind's
color palette supports high-contrast
designs, making content more readable
for visually impaired users.

e ARIA Support: Customization allows
the addition of ARIA attributes,
ensuring compatibility with screen
readers.

e Responsive Typography: Tailwind
provides text-lg, text-xl, and other
classes to optimize readability on
different screen sizes.

Despite these features, developer
awareness is key. If accessibility is not
prioritized, Tailwind-based projects may still
fail WCAG compliance.

Gaps in Existing Research:

While there have been numerous
studies on web accessibility and CSS
frameworks, research specifically focusing
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on Tailwind CSS remains limited. Existing
literature lacks:

1. Comparative studies between
Tailwind CSS and other frameworks
regarding accessibility.

2. Real-world case studies
demonstrating Tailwind CSS in
accessibility-focused projects.

3. Best practices tailored to developers
using Tailwind CSS for accessible
design.

Summary of Key Findings:

The literature highlights that while
web  accessibility is  essential, its
implementation is often inconsistent across
web development practices. Traditional CSS
frameworks provide accessibility support to
varying degrees, but they do not fully
enforce  WCAG compliance. Tailwind
CSS, with its utility-first approach, offers
flexibility but requires conscious developer
effort to maintain accessibility.

This research paper seeks to fill
these gaps by anmalyzing Tailwind CSS’s
accessibility features, identifying
challenges, and providing best practices
for developers.

Research Methodology:
Research Approach:

This research followed a qualitative
and quantitative approach to analyze the
accessibility features of Tailwind CSS. The
study involved:

e A comparative analysis of Tailwind
CSS against other CSS frameworks
like Bootstrap and Foundation
concerning accessibility compliance.

e An experimental study where web
pages were built using Tailwind CSS
and tested against WCAG standards.

e A developer survey to understand real-
world adoption and challenges faced
in using Tailwind CSS for
accessibility.
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By combining these methods, the
research aimed to evaluate Tailwind CSS's
effectiveness in enhancing web accessibility.

Data Collection Methods:

The study gathered data from three
primary sources:

1. Web Accessibility Testing:

To assess the accessibility of
Tailwind CSS, web pages were designed
using its components and tested against
WCAG 2.1 compliance. The testing process
included:

e Tools Used:

% Lighthouse Accessibility Audit (by
Google Chrome DevTools)

¢+ axe DevTools (by Deque Systems)

s WAVE (Web Accessibility Evaluation
Tool)

e Test Cases:

++ Checking color contrast levels.

+» Evaluating focus states and keyboard
navigability.

+» Testing screen reader compatibility.

+» Identifying common  accessibility
violations.

The results were compared with Bootstrap

and Foundation to understand Tailwind’s

relative performance.

2. Developer Survey and Interviews:

A survey was conducted among 50
web developers with experience using
Tailwind CSS. The survey focused on:

e Awareness of accessibility
standards.

e Tailwind CSS features used for
accessibility.

e Challenges in implementing

accessible design.
e Opinions on Tailwind’s accessibility
strengths and weaknesses.
Additionally, in-depth interviews
were conducted with five accessibility
experts to gather qualitative insights on
Tailwind’s usability in real-world projects.
3. Case Study Analysis:

Two real-world websites that used
Tailwind CSS were analyzed to evaluate
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their accessibility performance. The case
study included:
e Website 1: A SaaS platform using
Tailwind CSS.
e Website 2: An e-commerce website
built with Tailwind CSS.
Each site was tested using WCAG
compliance tools to determine whether
Tailwind CSS contributed to an accessible
design or introduced barriers.

Data Analysis Methods:
The collected data were analyzed
using the following techniques:

e Descriptive  Statistics:  Survey
responses were summarized to
identify common trends and
challenges among developers.

e Comparative Analysis: The
accessibility scores of Tailwind CSS,
Bootstrap, and Foundation were
compared using tabular data.

e Thematic Analysis: Interviews were
analyzed to extract key themes
related to Tailwinds accessibility
strengths and weaknesses.

Ethical Considerations:
To ensure ethical research:

e AIll survey responses  were
anonymized.

e Participants gave informed consent
before taking part in the survey or
interviews.

e No proprietary or commercially
sensitive data were included.

Limitations of the Study:

While the study aimed to provide a
comprehensive evaluation of Tailwind
CSS’s  accessibility, some limitations
existed:

e Limited Sample Size: The study
included 50 developers, which may
not have fully represented the
broader web development
community.
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e Focus on WCAG 2.1: The study did
not cover upcoming WCAG 2.2
guidelines in detail.

e Dependent on Selected Test Cases:
The accessibility results may have
varied based on the specific
components tested.

Despite  these limitations, the
research provided valuable insights into
Tailwind CSS's role in improving web
accessibility.

Results and Discussion:
Accessibility Evaluation Results:

This section presents the results of
the web accessibility tests conducted on
Tailwind CSS. The findings are compared
with Bootstrap and Foundation to highlight
Tailwind’s  effectiveness in enhancing
accessibility.

1. Automated Accessibility Test Results:

Web pages built using Tailwind CSS
were tested with Lighthouse Accessibility
Audit, axe DevTools, and WAVE. The
accessibility scores were recorded and
compared with Bootstrap and Foundation.

Table 1: Accessibility Scores Across
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2. Focus Management & Keyboard
Navigation:

Tailwind CSS allows developers to
implement custom focus states -easily
using the focus: variant. Testing revealed:

e Keyboard Navigation: Tailwind's
default styles do not remove
browser-native  focus indicators,
unlike some Bootstrap themes that
require manual fixes.

e Custom Focus Styling: The ring-2
ring-blue-500 class ensures a strong
visual indication of focus.

e Skip Links Support: Skip links can
be easily styled for improved
visibility using Tailwind's absolute
positioning and bg-opacity utilities.

3. Color Contrast & Visual Accessibility:
Tailwind CSS provides built-in utilities
for ensuring sufficient color contrast:

e The text-opacity and bg-opacity
utilities allow fine-tuned control of
contrast levels.

e The dark: variant ensures better
contrast in dark mode settings.

e Lighthouse tests confirmed that
Tailwind’s default color
combinations meet WCAG AA
contrast ratios

Table 2: Contrast Ratio Compliance

Frameworks

Light | axe WAVE
Framewo | house | Violations | Errors
rk Score | (Lower is | (Lower is

(%) Better) Better)
Tailwind
CsS 96 12 8
Bootstrap 91 18 15
rI?oundatlo 89 20 17

WCAG AA | WCAG AAA
Framework | Compliance | Compliance
(%) (%)
Tailwind
CSS 98 85
Bootstrap 92 76
Foundation 90 72

From the tablel, Tailwind CSS
achieves the highest Lighthouse score (96%)
and has fewer accessibility violations than
Bootstrap and Foundation.

Waghmare Avinash Devidas

Tailwind CSS leads in WCAG compliance
due to its flexible color system and dark
mode support.
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Developer Survey Analysis:

A survey was conducted among 50
web developers to understand how they use
Tailwind CSS for accessibility.

1. Awareness of Accessibility Standards:

e 82% of developers using Tailwind
CSS were familiar with WCAG
guidelines, compared to 68% of
Bootstrap developers.

e Developers found Tailwind’s utility-
first approach easier to implement
accessible designs.

2. Challenges Faced by Developers:

e Steep Learning Curve — Beginners
found Tailwind’s utility classes
overwhelming.

e Custom Styling Requires Manual
Work — Unlike Bootstrap’s pre-
styled components, developers must
manually add accessibility-friendly
classes in Tailwind.

3. Case Study Findings

SaaS Platform (Case Study 1)

e Used Tailwind’s focus-visible utility
to enhance keyboard navigation.

e Achieved 98% Lighthouse
accessibility score (before Tailwind,
the score was 88%).

e Developers reported faster styling
implementation for accessibility.

E-Commerce Website (Case Study 2)

e Applied high contrast Tailwind
utilities (text-white bg-black) for
better readability.

e Implemented skip links with sr-only
class for screen reader users.

e Reduced WCAG violations by 40%
compared to its previous Bootstrap
version.

Discussion: Strengths and Weaknesses of
Tailwind CSS:
1. Strengths of Tailwind CSS for
Accessibility:
e Utility-first approach makes it easy
to implement accessibility features.
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e Strong keyboard navigation support
(focus states and skip links).
e Highly customizable contrast and
color utilities.
e Better Lighthouse scores compared
to Bootstrap and Foundation.
2. Weaknesses and  Areas  for

Improvement:
e No pre-built accessible components
(Bootstrap ~ provides  pre-styled

accessible components).

e Requires developers to have prior
accessibility knowledge.

e Manual testing is still needed to
ensure accessibility compliance.

Conclusion:

This research evaluated Tailwind
CSS's effectiveness in improving web
accessibility compared to Bootstrap and
Foundation, using  automated  tests,
developer surveys, and case studies. Key
findings include:

e Higher  Accessibility  Scores:
Tailwind CSS outperformed
Bootstrap and  Foundation in
accessibility audits.

e Better Keyboard Navigation:
Tailwind’s  focus  management
utilities improved keyboard
accessibility.

e Enhanced Color Contrast:

Tailwind’s utilities ensured strong
WCAG compliance.

e Greater Developer Awareness:
Developers using Tailwind were
more  familiar  with  WCAG
standards.

e Real-World Accessibility Gains:
Case studies showed significant
improvements in accessibility for
SaaS and e-commerce platforms.

However, Tailwind also had some
limitations:

e Steep Learning Curve: New
developers may find Tailwind’s
utility-first approach challenging.
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e No Pre-Styled Accessible
Components:  Unlike Bootstrap,
Tailwind lacks built-in accessible Ul
components.

e Manual Testing Required:
Developers need to actively test for
accessibility compliance.

Contributions of This Research: The study
contributes by providing data on Tailwind’s
accessibility  performance, highlighting
developer experiences, demonstrating real-
world improvements, and offering practical
recommendations ~ for  Tailwind-based
projects.

Recommendations for Developers:

1. Use Tailwind’s accessibility features
like custom focus styles and skip
links.

2. Ensure color contrast compliance
using Tailwind’s dark mode and
contrast validation tools.

3. Leverage Tailwind plugins and
third-party  component libraries
prioritizing accessibility.

4. Conduct manual accessibility
testing, focusing on keyboard
navigation and screen  reader
compatibility.

Future Research Directions:

Future studies could explore Al-
based accessibility tools for Tailwind, the
development of accessible Ul components,
and comparisons  with newer CSS
frameworks like Chakra Ul or DaisyUl.

While Tailwind CSS is a powerful
tool for accessible web design, it requires
developer awareness and manual testing. By
utilizing its built-in utilities and following
best practices, developers can create
inclusive, accessible websites. Tailwind’s
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role in shaping the future of accessible web
development is significant as web
accessibility continues to gain importance.
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