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A11yPDF: A Comprehensive Evaluation Tool Designed to Improve PDF

Accessibility Awareness and Compliance
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Portable Document Format (PDF) files are widely used for sharing documents that need to be viewed or printed exactly as intended by
the author due to their platform-independent nature. However, like any digital content, PDFs can present significant accessibility
challenges, preventing individuals with disabilities from fully accessing or understanding the information. Although there are several
accessibility evaluation tools available for PDFs, many of these tools have limitations, including the inability to assess certain document
elements, high costs associated with paid licenses, and complex interfaces that make them difficult to use. In response to these
challenges, this paper introduces A11yPDF, a free and comprehensive tool designed to evaluate and enhance the accessibility of
PDF documents. A11yPDF offers several advantages over existing tools: it provides a more extensive evaluation of a wide range of
accessibility elements, features an intuitive user interface that simplifies the evaluation process, and generates clear, actionable reports

that guide users in making their content more accessible.
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1 Introduction

Portable Document Format (PDF) files are widely used in various sectors, including education. They are known for their
versatility and widespread adoption as a file format for documents, ensuring consistent presentation and formatting
across various devices and platforms. Nevertheless, they may present accessibility issues for people with diverse abilities
using assistive technologies [21]. Navigation and understanding information on PDF files are hindered by the frequent
lack of essential accessibility features, including structured tags [72, 78], labeled headers [97], and alternate text for
image [54, 92, 110]. Additionally, complex PDF layouts and non-linear structures can further disrupt screen readers and
magnification tools [76, 106].

Despite established guidelines like PDF/UA-1 [34] and the Matterhorn Protocol [69], numerous studies reveal a
low compliance rate for accessibility standards in PDF documents. For instance, Nazemi [76] reviewed 200 research
articles in PDF format from 2009 to 2013 and revealed that 97% of the journals lacked alternate text for images and
only 4.5% were tagged PDF documents. Similarly, Fernandes et al. [39] identified a concerning trend of non-compliance
with accessibility guidelines in healthcare resources distributed as PDF files. Many of these materials lack essential
accessibility features, making them difficult or impossible for individuals with diverse abilities and assistive technologies

to access. WANG et al. [106] further emphasized this issue, revealing that only 2.4% of academic PDFs meet accessibility
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standards, demonstrating a significant gap between awareness and implementation. Addressing this gap through
effective accessibility testing is crucial for improving information access for individuals with diverse needs.

While numerous PDF accessibility evaluation and improvement tools exist, widespread adoption faces several
limitations. Tools like PDFA Inspector 1 PAVE 2, ABBYY FineReader 3, Common Look %, and Adobe Acrobat Pro
Accessibility Checker > can be cost-prohibitive due to paid licenses and require technical expertise for effective use,
creating barriers for many users [36, 106]. Additionally, these tools often prioritize text and interactive elements, with
less emphasis on non-text content like images, links, and navigational elements. This focus on specific aspects neglects
broader accessibility considerations and hinders significant improvements in the overall accessibility of PDF documents.

Therefore, this research aims to address accessibility concerns in PDF and identify user needs by employing a two-part
survey study. First, we conducted a pre-survey to explore participants’ awareness of PDF accessibility challenges and
their current practices for evaluating accessibility. The findings from this pre-survey motivated the development of a
user-centered PDF Accessibility Analyzer tool named A11yPDF. This tool aims to enhance the accuracy, efficiency, and
intuitiveness of accessibility evaluation. Following the development and implementation of A11yPDF, a post-survey
was conducted to assess ease of use, interpretation, and effectiveness in evaluating PDF accessibility for participants
who interact with the tool.

Accordingly, this research investigates user awareness of PDF accessibility through the following research question
(RQ):

RQ1: What is the level of user awareness regarding PDF accessibility challenges? The objective of this research
question is to assess and quantify the current level of user awareness about the challenges and requirements associated
with making PDFs accessible. This includes evaluating users’ understanding of the specific aspects necessary to achieve
PDF accessibility, their familiarity with relevant accessibility guidelines and laws, and their knowledge of where to find
resources or requirements related to PDF accessibility.

RQ2: What is the extent to which users adopt accessibility requirements for PDF in practice?

This research question seeks to explore the practical application of accessibility requirements by users when creating
PDFs. It aims to understand whether users consider accessibility aspects during PDF creation and whether they have
previously used any tools to evaluate PDF accessibility. The findings will provide insight into current practices and the
adoption rate of accessibility requirements.

RQ3: What are the most important accessibility requirements according to users?

The purpose of this research question is to identify which accessibility features users consider most important when
evaluating PDF documents. By analyzing user preferences and priorities, this question aims to inform the development
and refinement of tools like A11YPDF to better align with user needs and expectations.

Furthermore, the research explores the potential impact of the A11yPDF tool on user behavior through four additional
research questions:

RQ4: To what extent do users perceive the A11yPDF tool as helpful in evaluating PDF accessibility?

This research question aims to evaluate user perceptions of the A11YPDF tool’s effectiveness in assessing PDF

accessibility. It focuses on understanding user experiences with the tool, particularly in terms of accuracy, usability, and

!https://github.com/pdfae/PDFAInspector

https://pdf.abbyy.com/

Shttps://pdf.abbyy.com/

*https://monsido.com/monsido-commonlook-partnership
Shttps://www.adobe.com/accessibility/products/acrobat/using-acrobat-pro-accessibility-checker.html
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the perceived value of the simulations provided. This information will help determine the tool’s practical utility and
identify areas for improvement.

RQ5: Does the use of the A11yPDF tool have a measurable impact on user awareness of PDF accessibility?

The goal of this research question is to measure the impact of using the A11YPDF tool on users’ awareness of
PDF accessibility. It examines whether exposure to the tool and its features has enhanced users’ understanding of
accessibility principles, influenced their attitudes toward designing accessible PDFs, and improved their confidence in
applying these principles in practice.

RQ6: How does our tool compare to other tools that evaluate PDF accessibility?

This research question seeks to compare the A11YPDF tool with other existing PDF accessibility evaluation tools
from the perspective of users who have experience with both. The objective is to gather comparative insights on
usability, functionality, and overall effectiveness, which will help position A11YPDF within the broader landscape of
accessibility tools.

RQ7: Is A11yPDF a functional tool for evaluating PDF accessibility?

The purpose of this research question is to assess the overall functionality and practicality of the A11YPDF tool.
It evaluates user satisfaction, ease of navigation, and clarity of information. Additionally, it seeks user feedback and
gauges the likelihood of future use, ensuring the tool meets practical needs in real-world settings.

The contributions of this study are:

e We provide an in-depth analysis of user awareness regarding the challenges of PDF accessibility. We also
examine the effectiveness and limitations of current tools used for evaluating and ensuring PDF accessibility.
This analysis uncovers significant gaps in both awareness and tool functionality that need to be addressed to
improve accessibility outcomes.

e We introduce A11YPDF, a novel web application specifically designed to comprehensively evaluate PDF docu-
ments against a broad spectrum of accessibility criteria, covering a wide array of features critical for ensuring
accessibility across various disability types and needs.

o We explore the effectiveness of A11YPDF in enhancing user understanding and practices related to PDF
accessibility via pre- and post-survey analysis. The pre-survey establishes baseline user awareness, while the
post-survey measures the tool’s impact on improving knowledge and changing behavior. This dual-phase
evaluation provides empirical evidence of A11YPDF’s contribution to advancing PDF accessibility awareness

and practices among users.

The remainder of this article is organized as follows: Section 2 presents the literature relevant to the underlying
research area. Section 3 details the survey design and the specific procedures used to implement the tool in this study.
Section 4 presents the survey findings, which serve as the foundation for the development of the PDF accessibility
evaluation tool and also evaluates the tool’s performance through user experiences. Section 6 addresses the potential

threats to the validity of this study. Finally, Section 7 concludes this research.

2 Related Work

This section outlines a review of existing literature on PDF accessibility which covers the challenges associated with
making PDFs accessible and the current landscape of tools available for PDF accessibility evaluation. A comparison of
existing tools’ features is included to highlight the potential significance of the proposed tool in addressing current
limitations.

Manuscript submitted to ACM
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2.1 State of PDF Accessibility

Web accessibility has become a well-established field, with many researchers and practitioners adhering to the WCAG
guidelines [39, 48, 104]. However, a related topic, PDF accessibility, has received considerably less attention [32, 49, 93].
A study by Youngblood and Brooks [112] indicated that, on average, nearly 30% of PDFs on the websites of Veterans
Affairs Medical Centers lacked accessibility. This finding aligns with observations by Cooper [26], where students
frequently reported issues with PDFs not adhering to accessibility standards. Concerns about PDF accessibility among
students were also confirmed by Lazar’s interviews with eighteen university directors of digital accessibility [62, 63].
This issue extends even to conferences dedicated to accessibility, as evidenced byBrady et al. [22], who identified
low accessibility at accessibility-related conferences. Their findings highlight the inherent challenges associated with

creating accessible PDFs.

2.2 Challenges in PDF Accessibility

Several factors contribute to the lack of accessibility in PDFs. Zhang et al. [115] point to a scarcity of research focused on
accessible authoring tools. This limited research output translates to a shortage of accessible educational resources for
users with disabilities [115]. Accessibility features within authoring tools themselves can be restricted, as demonstrated
by Rajkumar et al. [85] who identified an intricate user interface (UI) and limited undo options for accessibility features,
with accessibility options often restricted to the Pro edition [85]. The actions of content creators also play a role in
accessibility issues. For instance, Ahmetovic et al. [12] observed that mathematical formulas in PDFs are inaccessible to
screen reader users due to the absence of alternative text descriptions by authors. Similarly, Nganji [79] emphasizes
that inaccessible PDFs often fail to adhere to PDF and WCAG 2.0 accessibility standards. These limitations create
significant barriers for users with disabilities. Stewart et al. [99] highlighted the challenges faced by users with visual
impairments, dyslexia, and motor limitations in accessing online libraries. Bianchetti et al. [20] acknowledges the
existence of PDF tagging tools but points out limitations due to unclear specifications and laborious creation processes.
A survey by Fichten et al. [40] further confirms these difficulties, with e-learning students reporting struggles with
inaccessible course PDFs and a lack of adaptive technologies. Driimmer and Chang [35] emphasize the low number of
currently tagged PDFs, further restricting accessibility for users with disabilities. Baule [16] presents data indicating

that only 25% of special education cooperatives meet minimum accessibility standards for learners.

2.3 PDF Accessibility Evaluation Tools

In response to these challenges, researchers have proposed various solutions, including software prototypes and
accessibility tools. One example is a software prototype developed by Darvishy et al. [30] to evaluate PDF accessibility.
This tool identifies existing tags and proposes missing tags based on the ISO 32000-1 accessibility framework, creating a
report for accessibility evaluation. Another approach targets the accessibility of mathematical formulas within PDFs.
Ahmetovic et al. [12] developed a LaTeX package named “axessibility.sty” that addresses this issue. This package embeds
hidden comments with the LaTeX code to allow screen readers and braille displays to accurately interpret mathematical
formulas.

Fayyaz et al. [37] created a prototype that renders extracted semantics into a format understandable by Braille
displays, specifically targeting the challenge of understanding PDF tables. Darvishy et al. [31] have also explored
accessibility plugins for authoring tools, examining a PowerPoint accessibility plugin that offers free accessibility
support in multiple languages; positive results from accessibility testing suggest the potential for broader application
of such plugins across different authoring tools. Zulfiqar et al. [117] introduced AGAP, an extension for LaTeX that
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provides an accessibility mode for PDF creation, which guides users in creating accessible PDFs by warning them
of potential accessibility issues during document composition. AGAP integrates features to simplify accessible PDF
creation for both sighted and visually impaired creators.

Uckun et al. [102] investigated accessibility challenges faced by screen reader users when filling out PDF forms
and identified issues with inaccessible form fields and illogical narration sequences. To address these problems, they
recommend converting inaccessible PDF forms into HTML forms, improving the user experience for screen reader
users [102]. Their approach also involves examining the PDF to identify logical passages for a more coherent narration
sequence. Another tool, AxesPDF, converts Microsoft Word documents to accessible PDFs that meet the PDF/UA-1
standard, automating processes like font embedding and table conversion to ensure accessibility compliance [91] .

Despite ongoing research efforts, a significant number of PDFs remain inaccessible to users with disabilities. There is
a need for more comprehensive evaluation tools. This research is motivated by the development of an accessibility

evaluation tool that encompasses a wider range of accessibility features, catering to a wider range of user needs.

Table 1. Feature Comparison of PDF Accessibility Evaluation Tools

Tool Year | Header | Footer Page Link | Font Figure Table Dyslexia Image Page Color
Name Number Size | Caption | Caption | Friendly Contrast | Contrast | Blindness
FixRep [51] 2012 v X x X x X X x X x x
ZHAW [28] | 2013 v x x x v x v x x x x
PAC 2[103] | 2014 v X X x v x X X x X X
ver-aPDF [70] | 2017 x x X x X x X X x X X
AGAP [28] | 2020 v x x x x x v x x x x
SciAlly [105] | 2021 v v x x x v v x x x x
Al11yPDF 2024 v v v v v v v v v v v

2.4 Feature Comparison of PDF Accessibility Evaluation Tools

Several software tools have been developed to assess the accessibility of PDF documents, ensuring they are usable
by people with disabilities. Table 1 compares these tools based on the specific features they evaluate within a PDF.
FixRep [51] captures and stores accessibility information and only evaluates the header of a PDF document, limiting
its scope in ensuring overall accessibility. ZHAW Accessibility Plugins [28] provided a comprehensive suite of tools
for accessibility checking, offering style suggestions, template creation for accessible PDFs, and real-time violation
warnings. They evaluate core elements like headers, font size, and captions. However, HAW Accessibility Plugins likely
function as add-ons or extensions for specific PDF editing software limiting its access to wider range of people. Akin to
this, PAC 2 [103] is a free, user-friendly tool that promotes PDF accessibility for a wider audience. It focuses on core
accessibility features like headers, font size, and link functionality. However, it’s important to note that PAC 2 primarily
targets technical aspects outlined in accessibility standards and may not evaluate user experience or address complex
layouts. ver-aPDF [70] analyzes PDFs against PDF/A standards, which lays a foundation for accessibility but doesn’t
directly assess accessibility features.

AGAP [28], a LaTeX editor, offers real-time accessibility feedback for visually impaired users through speech and
keyboard shortcuts. While it doesn’t evaluate the full range of PDF features (as seen in Table 1), it addresses the specific
needs of users with vision impairments. SciA1ly [105] leverages machine learning to generate accessible HTML from
scientific PDFs, specifically focusing on headers, footers, and figure captions. This focus limits its applicability to other
document types and potentially overlooks accessibility needs beyond those addressed by the converted HTML format.

This research aims to develop a web application that can evaluate the accessibility of any PDF document. This focus

on accessibility extends beyond the core technical aspects to consider the needs of users with specific disabilities. The
Manuscript submitted to ACM
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application will assess features like headers, footers, page numbers, links, font size, figure and table captions, image
and page contrast, all with the goal of ensuring the PDF is accessible to a wider audience, including users with color
blindness and dyslexia. By evaluating these elements alongside traditional accessibility checks, the application will

provide a more comprehensive assessment of a PDF’s usability for individuals with diverse needs.

3 Study Design

Ally PDF
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Fig. 1. Illustration of various accessibility considerations for digital content, including (a) Page Header for clear document identification,
(b) Page Footer for consistent navigation aids, (c) Page Numbering for easy reference, (d) Links with clear visual indicators, (e) Page
and Image Contrast to accommodate visual impairments, (f) Image Captions for content description, (g) Table Captions for enhanced
data understanding, (h) Dyslexia-friendly font types for readability, (i) Appropriate Font Sizes for legibility, and (j) Visual adjustments
for Color Blindness, ensuring inclusive design for diverse users.

This research utilizes a two-phase survey approach: 1) to explore user awareness of PDF accessibility and 2) to
assess the effectiveness of a newly developed evaluation tool. The first phase involves a pre-survey aimed at gauging
participants’ knowledge and current practices related to PDF accessibility. Motivated by insights from the pre-survey
and accessibility guidelines, we developed A11yPDF, a web application specifically designed to address the identified
accessibility challenges in PDF documents. A11yPDF is intended to improve the accuracy, efficiency, and user-friendliness
of accessibility evaluations. The second phase involves a post-survey administered to participants who used A11yPDF.
This post-survey collected feedback on the tool’s usability, clarity, and overall effectiveness in enhancing PDF accessibility.

The subsequent sections detail the design and implementation of the surveys and the development of A11yPDF.
3.1 Surveys
Table 2 details the questions administered to participants in both the pre- and post-surveys.

3.1.1 Pre-survey. The pre-survey questions targeted participants’ current understanding and use of PDF accessibility
evaluation tools. The survey initially included 18 number of questions, which were then revised to eliminate redundancy

and irrelevant questions. This revision process resulted in 12 Likert-scale questions and 6 closed-ended questions.
Manuscript submitted to ACM
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Table 2. Set of questions in pre-survey and post-survey.

Survey Question Type RQ
Pre-Survey | Are you aware of the aspects required to make a PDF accessible? Close-ended | RQ1
Pre-Survey | Do you have familiarity with any of the following accessibility guidelines/laws? Close-ended | RQ1
Pre-Survey | Do you know where to find accessibility requirements for PDFs? Close-ended | RQ1
Pre-Survey | Do you consider any accessibility aspect or requirements when you create a PDF? Likert RQ2
Pre-Survey | Have you ever used any accessibility evaluation tools for PDF before? Close-ended | RQ2
Pre-Survey | How important are the following features in a PDF evaluation tool for you? Likert RQ3
Post-Survey | In your experience, how accurate were the evaluations provided by the tool? Likert RQ4
Post-Survey | Did the A11yPDF simulation tool available on the website help you in evaluating the accessibility of your PDF? | Likert RQ4
Post-Survey | To what extent do you think the A11yPDF website raised your awareness and its impact on accessibility? Likert RQ5
Indicate if you agree or desagree with the following statement "The A11yPDf website positively influenced
Post-Survey | my perspective on designing an accessible PDF" Likert RQ5
Post-Survey | To what extent has using the website influenced your approach to design and development PDF content? Likert RQ5
Post-Survey | After using the website, do you feel better equipped to design or develop accessibility PDF? Likert RQ5
If you have used any accessibility PDF related accessibility tools before, how would you compare the
Post-Survey | A11yPDF tool with it? Close-ended | RQ6
Post-Survey | Would you use A11yPDF tool to help you in your future PDF evaluation? Open-ended | RQ7
Post-Survey | Overall, how satisfied are you with the PDF evaluation tool? Likert RQ7
Post-Survey | Rate your overall experience with the A11yPDF website. Likert RQ7
Post-Survey | Was the website easy to navigate? Likert RQ7
Post-Survey | How clear and easy was it to understand the information provided on the website? Likert RQ7
Post-Survey | How did you find the website’s content useful in comprehending the accessibility in PDF? Likert RQ7

Post-Survey | Please elaborate how your experience with the website has affected your approach to design and develop PDFs. | Open-ended | RQ7

Subsequently, we conducted a pilot study with 12 participants from diverse backgrounds to evaluate the effectiveness
and clarity of the survey. The feedback indicated that the initial version was too lengthy and contained some repetition.
Based on this information, the number of questions in the survey was reduced from 18 to 10 questions. The final survey

was developed using Google Forms, which facilitated data collection.

3.1.2 Post-survey. The post-survey design initially included a set of 22 questions. To ensure clarity and relevance, a
revision process was conducted. This process eliminated repetitive, irrelevant, or overly personal questions. A pilot
study with 12 participants further informed the survey refinement. Based on the pilot study findings, 6 questions were
identified as unnecessary for the intended analysis and were subsequently removed. The final post-survey consisted of
16 questions. The post-survey employed a combination of 11 Likert-scale questions and 5 open-ended questions to
gather user feedback on the accessibility and functionality of A11yPDF. This approach aimed to capture both structured

responses and unfiltered user insights.

3.1.3 Participants. The survey link was distributed through social media platforms. The initial target number of
participants was 100. We received a total of 159 responses, representing a high response rate. Participants came from
various backgrounds, with the majority (55.6%) from the technology/IT field. Engineering (19.0%) and education/teaching
(14.3%) were also well-represented, with the remaining respondents belonging to diverse fields. The pre-survey and
post-survey completion rates differed. A total of 159 participants completed the pre-survey, while 144 participants
participated in the post-survey. To ensure data accuracy and reliability, responses with a completion rate below 70%

were excluded from the analysis. This resulted in a final sample size of 139 participants.
3.2 Tool Implementation

A11yPDF adheres to the WCAG 2.0 standards to evaluate PDF documents for conformance. Users can directly access
A11yPDF within a web browser, eliminating the need for additional software installations. The process entails uploading
a PDF document. A11yPDF then analyzes the document for potential accessibility issues based on WCAG 2.0 guidelines.

Manuscript submitted to ACM
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The user receives a report highlighting these issues, allowing them to make informed decisions about correcting the
PDF. If no corrections are desired, the user gains insight into the document’s accessibility level.

This section details our methodology for evaluating and analyzing the accessibility of PDF documents based on ten
features. Figure 1 visually depicts the comprehensive design and scope of our study. A11yPDF analyzes PDF documents
for accessibility across ten key areas. These encompass page contrast, font size, presence of navigational elements
(headers, footers, and page numbers), and table/image captions for alternative descriptions. Additionally, the tool
assesses features relevant to colorblindness and dyslexia for a more inclusive user experience. Accessibility ratings are
computed and assigned to each feature, as discussed in subsequent sections. These ratings culminate in an aggregated
score reflecting the overall accessibility of the PDF document. Details of the guidelines implemented for the underlying
accessibility features are presented in Table 3. Subsequent sections provide detailed explanations of each element and

their significance in enhancing the accessibility of PDF documents.

3.2.1 Page Contrast PDF accessibility guidelines, such as WCAG 2.2, prioritize clear and measurable contrast ratios
to guarantee the information is readily accessible to all viewers [3, 4]. Darvishy et al. [29] highlight that creators often
lack awareness of insufficient contrast issues, creating accessibility barriers. Many researchers have emphasized the need
for an optimum contrast ratio between content and background for inclusive user experience [11, 33, 72, 84, 113, 114].
A11yPDF addresses this need by analyzing contrast ratios within PDFs using image processing techniques. As illustrated
in Figure 1le, the tool first converts each page into an image representation. Next, it calculates the luminance-based
contrast ratio for each image. These calculated ratios are then compared against the WCAG AA standards, which define
minimum thresholds for optimal accessibility.

A minimum of 3:1 contrast is required for non-text content [1]. For text and images containing text, a threshold of
7:1 is mandated for optimal accessibility. Moreover, large-scale text and images containing large-scale text demand
a minimum contrast ratio of 4.5:1 [2]. Images meeting or exceeding these thresholds are deemed accessible, while
others are flagged for improvement. By quantifying overall PDF image accessibility, this tool pinpoints areas requiring
enhancement. This improves user experience for all audiences, regardless of visual abilities, by ensuring equal access to
information.

The process begins by converting each PDF page as an image I;, creating a collection denoted as Iyage. Then, RGB
values of the top-left and bottom-right pixels are extracted, represented as Piop-left and Phottom-right> respectively. Next,
the contrast ratio CR; is computed for each image I;. This computation involves transitioning the RGB values to
an alternative color space to ascertain the luminance values, which are pivotal in determining the contrast ratio.
Subsequently, we determine whether the image I; and its associated page comply with the WCAG AA requirements
using the computed contrast ratio CR;. An image I; (and its page) is deemed accessible if CR; > 4.5 for larger text or

CR; > 3 for smaller text; otherwise, it is considered not accessible.

Ipage = extract_images(PDF) (1)

VI; € Ipage : @

Prop-1eft = RGB values of top-left pixel of I; 3)
Pyottom—right = RGB values of bottom-right pixel of J; 4)

Manuscript submitted to ACM
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CR; = getfcontraStfratio(Ptop—Iefts Pbattom—right) (5)

Accessible, if CR; > 4.5
Accessibility of I; = 6)
Not Accessible, otherwise

3.2.2 Font Size Font size plays a crucial role in ensuring document accessibility for individuals with diverse abilities,
particularly those with visual impairments [41, 89, 102, 114]. A larger font size enhances readability and legibility,
promoting inclusivity and accessibility [53]. Various font sizes can be employed in documents As illustrated in Figure
1i. WCAG standard recommends a minimum font size of 14px for documents to be accessible to a broader range of
PDF reader software [5]. This standard ensures the text can be magnified up to 200% without distortion, maintaining
readability. A11y tool anlayzes font sizes in PDF documents against a 14px threshold. The tool compiles the frequencies
of each unique font size within the document and categorizes them based on their compliance with the threshold. Let B
be a row matrix of size 1 X m representing the frequency of each unique font size encountered in the PDF document,

where m is the number of unique font sizes.

B:[b1 by - bm] (7)

Where b; represents the count of occurrences of a specific font size in the document. Next, B is partitioned into two
matrices Bx14 and B<14 using indicator matrices I>14 and I<14 of size 1 X m to distinguish between font sizes based on

the WCAG accessibility guidelines.
1214=[1 1 .- 0] 8)
I<14=[o 0 - 1] ©)
Where I>14 contains 1 at indices corresponding to font sizes greater than or equal to 14px, and I<14 contains 1 at

indices corresponding to font sizes less than 14. These partitioned matrices are obtained by element-wise multiplication
with B.

B>14=B-I>14 (10)

B<1a =B-I<14 (11)

Subsequently, the total counts of font occurrences greater than or equal to 14 (T>14) and less than 14 (T<14) are

computed.

m

Ts14 = D, Bo1ali] (12)
i=1
m

T<1s = Y Bali] (13)

i=1
Then, the overall total count of font size occurrences (T) is computed.

T=Ts14+T<1y (14)

Finally, the percentage of font sizes greater or less than 14px are computed.

T
Psi4 = ( ZT“) x 100 (15)
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T.
Peig = (<T14) x 100 (16)

The tool iterates through individual text elements and gathers their font sizes for further processing. This approach
exemplifies the potential of A11yPDF in promoting document accessibility by evaluating font size compliance with
WCAG guidelines.

3.2.3 Links The inclusion of web-based references, or URLs, plays a significant role in PDFs [65]. However, research
suggests that a substantial portion of these references are inaccessible to users with disabilities [66, 109]. Wren’s study
found a 39% inaccessibility rate among URLSs in PDFs [109]. Similarly, Loan et al. reported that over 32% of URLs extracted
from scientific articles exhibited accessibility issues [66]. Recognizing this gap, Teixeira da Silva and Nazarovets [100]
proposed a tool for evaluating URL accessibility in PDFs, but its scope was limited to scientific publications. A11yPDF
addresses this limitation by offering a broader solution. The tool extracts and analyzes web links within PDFs to assess
their accessibility for users with disabilities.

Initially, the tool identifies and catalogs all embedded URLs within the PDF. Each extracted URL undergoes a thorough
accessibility verification process. This assesses whether the linked web resource is available and functional, ensuring
the relevance and utility of the reference. The process culminates in a detailed report that not only lists the total number
of URLs but also categorizes them as accessible or inaccessible. This provides a clear understanding of the document’s
reliance on external resources and their current accessibility status, adhering to WCAG standards [6]. The combined

operation can be formalized as follows:
S = Summarize (CheckAccessibility (Extract(PDF))) (17)

Initially, the function Extract() is applied to the input PDF, which processes the document and generates a Document-
URL Binary Matrix, D. This matrix indicates the presence or absence of URLSs across the document’s pages. Subsequently,
the function CheckAccessibility() is employed to evaluate each URL identified within D. This evaluation yields an
Accessibility Status Vector, A, where accessible URLs are marked as 1 and inaccessible URLs as 0. Finally, the function
Summarize() is utilized to compile insights derived from D and A. It produces a summary vector or set, S, containing
key metrics such as the total number of URLs (T), the count of accessible URLs (Y), and the count of inaccessible URLs
(N). Through this process, the accessibility status of URLs within the PDF document is effectively summarized for
further analysis and interpretation. Furthermore, the summary metrics are calculated as follows:
T=>Dijy Y=>A;, N=T-Y (18)
LJ J
Where, T is the total number of URLs detected in the PDF, Y is the number of accessible URLs, and N is the count of
inaccessible URLs, calculated by subtracting the number of accessible URLs from the total number of URLs.
This analytic summary serves as a foundation for informed decision-making. Users can identify and prioritize

updating or correcting inaccessible links, ultimately enhancing the document’s reliability and accessibility for all users.

3.2.4 Header/Footer/Page Number Headers, footers, and page numbers play a pivotal role in enhancing the
accessibility of PDF files for people with diverse abilities. Well-structured headers and footers establish navigational
consistency enabling assistive technologies like screen readers to maintain user orientation within the document,
particularly for those with visual impairments [7]. Additionally, these elements often contain metadata such as chapter
titles or dates, providing valuable contextual information for understanding the document’s structure. Clear headers
and footers also assist screen readers in determining the correct reading order, ensuring a logical content flow and
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preventing confusion for users [39]. Furthermore, page numbers act as essential reference points when discussing
specific content, assisting individuals who rely on assistive technologies to easily navigate and locate information.

A11yPDF offers functionalities to extract headers, footers, and page numbers from PDF files, adhering to accessibility
standard WCAG 2.4.6 [7]. For this purpose, the PDF document is conceptualized as a collection of pages #, where
each page p; comprises a set of text blocks B(p;). Each text block b; includes spans S(b;) characterized by their textual
content siext and bounding box sppex. This conceptualization allows for the application of matrix-like operations to
identify headers, footers, and page numbers based on their spatial properties.

Header extraction is formalized through a function
H(pi) = {stext | s € S(bj) Abj € B(pi) Ayo < A} (19)

Where, (p;) represents the i page of a document, b j is the text block from the set of text blocks B(p;) on page p;.
Text blocks are the distinct sections or paragraphs on a page, containing one or more spans (s) of text. A span, s, is
a continuous segment of text that shares common formatting. Each span s has associated properties, including the
text itself (stext) and a bounding box (sppox). he bounding box of a span is given by [xo, yo, x1, y1], where (xo, yo) are the
coordinates of the lower-left corner, and (x1, y1) are the coordinates of the upper-right corner of the bounding box. In a
2D Cartesian coordinate system typical for page layouts, yo represents the vertical position of the lower-left corner
of the text span. Only text spans with the lower-left corner’s y-coordinate less than the predefined threshold A are
considered. Finally, H(p;) filters and extracts text based on spatial criteria. If a header is present, the page is considered
accessible. Otherwise, it is counted as inaccessible and contributes to an accessibility percentage reflecting the portion
of pages lacking headers.

Footer extraction employs a function ¥, with a nuanced condition FooterCond to identify footer text based on
spatial properties and page dimensions D(p;) = (width;, height;). Where, D(p;) represents the dimensions of page p;,
specifically its width and height and 81, 82, 83, 4 are the predefined threshold values for determining the position of the
footer text. The footer extraction function (Equation 20) leverages the footer condition (Equation 21) to identify and

extract footer regions within a document.
F(pi) = {stext | s € S(bj) A bj € B(pi) A FooterCond(sppox, D(pi))} (20)

true if yo > height; — §; A xo > 52
true if yo > height; — 3 A xp > J4 (21)
false otherwise
In this context, yo denotes the y-coordinate of the lower-left corner of (sphox), used for identifying text at the bottom of
the page. xo represents the x-coordinate of the lower-left corner of (sppox), employed to filter spans based on horizontal
position. height; signifies the height of page p;, establishing a vertical cutoff from the bottom of the page for footer text.
This representation uses the bounding box’s coordinates, x¢ and yo, in conjunction with the page’s dimensions and
predefined thresholds to identify footer text dynamically. Similar to headers, the presence of footers and page numbers
are used to calculate the overall accessibility percentage of the document.
For identifying page numbers, a function P examines text spans against specified spatial thresholds to determine
potential page number locations, using regular expressions for pattern matching. The criterion for a text span B; j to

be considered a potential page number location is defined as:
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1 if (Byilol > A1 A Bijglxol > 22) v
(Bijk[yo] > A3 A Bjji[xo] > 14) v
(Bijk[yo] > /15) v (Bijk[xo] > A1 A Bjjilyo] > /12),

0 otherwise.

Cijk =

This definition incorporates multiple conditions to accurately identify page numbers based on their spatial characteristics.
Where:

® sphox[0] refers to the x coordinate of the left boundary of the bounding box, indicating horizontal placement.

® 81, 82, 03, 04 are threshold values specific to the document’s layout, designed to capture text positioned in the
expected footer area based on empirical observations or document standards.

o Jis a threshold denoting the maximum allowable distance from the top of the page for text spans to be classified
as headers.

® Sphox: The bounding box of text span s, defined by coordinates [xo, yo, x1, y1], where (xo, yo) is the lower-left
corner, and (x1, y1) is the upper-right corner.

o The selection of A is crucial, as it should reflect the typical vertical spacing of headers within the document’s

layout.

This strategy is flexible across different document layouts and formats, offering a robust solution for automated
document management. Our framework focuses on the extraction of headers and footers from PDF documents,
highlighting the importance of spatial characteristics in automating text extraction processes. This approach delivers a
systematic way to segregate distinct text elements, improving both the precision and speed of data extraction from PDF

files.

3.2.5 Table/Image Caption A11yPDF assesses the accessibility of captions within PDF documents, specifically
focusing on tables and images. This evaluation adheres to the WCAG 2.0 standards, particularly Success Criterion 1.3.1
[10]. This criterion mandates that all non-text content, such as images and tables, must have equivalent text alternatives
(captions) available, ensuring users who rely on assistive technologies like screen readers can access the information
they convey.

Captions play a crucial role in ensuring PDF accessibility for users with visual impairments who rely on screen
readers to access information [25, 73]. These textual alternatives provide a description of the content within tables and
images, allowing screen readers to convey the information effectively [95]. The absence of captions can be frustrating
for visually impaired users, as screen readers cannot interpret the content of tables or images without this additional
information, hindering their ability to grasp the full context [38, 64]. A study by Fayyaz et al. [37] further highlights
that accessibility considerations for tables within PDFs were often neglected. Under these considerations, A11yPDF
leverages spatial analysis based on bounding box coordinates to evaluate the proximity between tables/figures and
their corresponding captions.

The spatial relationships between tables and their captions, as well as figures and their captions, are evaluated using
specific proximity functions within a document layout. For tables, denoted as T}, and potential captions, denoted as C,

the proximity function P(St;, Sc,.) is defined as follows:
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-0 otOP _ cbottom
1 if STJ Sck < Gtop

t

P(St;,5¢,.) = or SlT’j‘_’ttom - 5(?5 < Bhottom (22)

0 otherwise
Here, Oiop and Opottom are predefined thresholds determining the acceptable vertical distance for a caption to be
considered related to a table, either above or below it.
Similarly, for figures (F;) and their captions (C), the proximity function P(Sf;, Sc,.) is employed, considering both

horizontal and vertical thresholds:

. oright left
1 if SF;; -5 Cekt < Oright
t
P(SF]-, SCk) = and SF(;p - Sg(l)(tmm < Oyertical (23)

0 otherwise
Where Oyignt and Oyertical denote the horizontal and vertical distances within which a caption is considered associated
with a figure.
S1;, Scy.» and S, denote the spatial regions or bounding boxes of tables, captions, and figures, respectively. The

subscripts T}, Cy, and F; specify the indexed positions of the tables, captions, and figures, respectively. StT(J)_p, S%’tt"m,

S?p, Sg"m’m, Sf;?’ht, and S}f_ﬁ represent top and bottom vertical coordinates for tables and captions, and right and left
k k J J

horizontal coordinates for figures.

3.2.6 Dyslexia Friendly The A11yPDF tool assesses the accessibility of PDF documents for users with dyslexia.
Dyslexia, a cognitive impairment, presents challenges in accurate and fluent word recognition [77, 94]. Improving
PDF accessibility for dyslexic people is motivated by two main factors: (1) the prevalence of dyslexia is believed to be
between 5% and 10% of the world’s population [45], and (2) implementing accessibility features not only benefits users
with dyslexia but also extends to individuals with other reading challenges [67]. Research suggests that people with
dyslexia process visual information differently than those without the condition [13, 58]. This difference necessitates a
focus on document typography during accessibility evaluation [42, 87]. One commonly explored aspect in this context
is the use of fonts without serifs, also known as sans-serif fonts [44, 61, 80, 107, 108]. These fonts are characterized
by the absence of small decorative strokes at the ends of letterforms, potentially making them easier to distinguish
for individuals with dyslexia [19, 88, 90]. Due to the potential benefits for individuals with dyslexia, we have chosen
to prioritize sans-serif fonts such as Arial, Comic Sans, Verdana, Tahoma, Century Gothic, Trebuchet, Calibri, and
Open Sans in A11yPDF. This selection aligns with the WCAG 3.1.5 success criterion on reading, which emphasizes the
importance of ensuring text content is presented in a way that is perceivable and understandable [9].

To assess the font type, we establish a systematic computational framework. We begin by defining a set of fonts

under scrutiny, where each f; denotes a distinct font.

F=ffo ./ (29)

Correspondingly, we define a collection of readable fonts delineated by specific criteria, such as sans serif attributes
(e.g., Arial, Comic Sans, etc.).

R=ri,ro,....Tm (25)

RCF xR (26)
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The foundation of our assessment lies in the establishment of a binary relation, wherein (f;,7;) € R if font f; bears
resemblance or conforms to readable font r; based on predetermined criteria, which may include characteristics like
sans serif property and letter spacing.
For representation, we construct an n X m adjacency matrix A derived from R.
A - 1 if(fi,rj) €R 27)
0 otherwise
Additionally, we introduce a usage vector v of dimensions n X 1, with each v; representing the usage count of font f;. In
the analysis phase, we compute
Umatch = A -0 (28)

resulting in an m X 1 vector. Here, each element of v, encapsulates the cumulative usage of fonts that match each
readable font r;.

1
s=—AT .o (29)
o1

where |0]; denotes the L1 norm of v, representing the total usage of all fonts. This computation furnishes a vector s

indicative of the normalized usage scores of readable fonts relative to the total usage. Finally, the overall readability is

quantified which offers a percentage-based assessment of readability grounded in the predefined criteria.
P =100-[s|y (30)

3.2.7 Colorblindness Friendly Color plays a vital role in digital content, but 10% of the global population experiences
colorblindness, hindering their ability to interpret certain colors [23, 24, 27, 56, 81, 83]. Several tools exist for the
evaluation of the accessibility of digital content for individuals with colorblindness, [46, 57, 57, 71, 74, 116] however,
none currently address PDFs. This creates a gap in evaluating PDF accessibility for individuals with color blindness.
A11yPDF addresses this research gap by evaluating PDF accessibility for colorblindness. Our tool employs k-means
clustering and incorporates accessibility thresholds for different types of color blindness, including protanopia [43],
deuteranopia [98], and tritanopia [52] against WCAG success criterion 1.4.1 [8]. The developed tool can identify
the type of colorblindness a PDF might pose challenges for and pinpoint the specific pages with accessibility issues.
This evaluation would allow content creators to identify and address potential barriers, ensuring more inclusive and
accessible PDFs.

The initial step involves separating each page p; within the PDF into individual image files I;. These images are then
converted to the RGB color space, ensuring consistent color representation across all pages. This conversion process
results in a set of matrices C;, where each entry represents the RGB values of a pixel in the corresponding page image.

For each page image I;, the k-means clustering algorithm is applied with a predefined number of clusters K. This
technique groups pixels with similar RGB values into clusters, effectively reducing the overall number of unique colors
present in the image. The selection of the optimal value for K can be informed by the desired level of detail preservation
and computational efficiency considerations. By simplifying the color palette, this step aims to capture essential visual
information while reducing the complexity of the data.

Next, the luminance L;; of each pixel ¢;; in the processed image I; is calculated using a weighted sum of its RGB
components.

Lij = 0.2126 % R;j + 0.7152 % G;;j + 0.0722 * B;; (31)
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. Luminance represents the perceived brightness of a color and plays a crucial role in analyzing visual contrast and
readability within the document.

Then, minimum contrast ratio thresholds Cth are established for each type of color blindness ¢, such as Protanopia,
Deuteranopia, and Tritanopia. These thresholds are derived from WCAG accessibility guidelines [8] and ensure sufficient
color contrast for individuals with specific color vision deficiencies.

Furthermore, for each page p;, the tool iterates through all pairs of adjacent pixels ¢;; and c; are iterated. Subsequently,

contrast ratio CR; j; is calculated between each pixel pair using their respective luminance values.
CRijkl = (max(Lij, L) + 0.0S)/(min(Lij, Lgp) +0.05) (32)

Afterward, the average contrast ratio ACR; is computed for the entire page by averaging the contrast ratios of all
pixel pairs. Finally, each page undergoes evaluation against the pre-defined contrast ratio thresholds for different color
blindness types.

Accessiblef =True if ACR; > CR;h

pi = (33)
Accessiblef = False otherwise

3.2.8 Text Summarization Text summarization has been explored as a potential method for improving the ac-
cessibility of written content for people with diverse abilities [15, 50, 75]. A study by Balasuriya et al. [14] found
that participants with disabilities found summarized articles easier to read. This has motivated the development of
text summarization tools using text mining techniques. These techniques include weighted term frequency-inverse
document frequency [15], cluster-based topic modeling [18], Latent Dirichlet Allocation [60], genetic algorithms [55],
k-means [86], Latent semantic Analysis (LSA) [17, 47, 68]. Research by Siddiqui et al. [96] suggests that LSA-based
summaries may be more accurate compared to other extractive techniques, supporting its potential application in PDF
text summarization.

A11yPDF employs LSA for text summarization. The process commences by extracting text from the target PDF file P.
This file contains individual pages P;, where i indicates the page number. Each page’s text is extracted and combined to
form the complete extracted text X. Subsequently, tokenization is conducted to split the extracted text X into individual
meaningful units, such as words or phrases, resulting in T. Finally, the LSA summarizer utilizes the tokenized text T

and a predetermined number of desired summary sentences k as inputs. The output is the summarized text, represented

as S. "
X= 1P (34)

i=1
T = Tokenize(X) (35)
S = LSA(T, k) (36)

A11yPDF generates concise summaries of information within PDF documents, aiming to enhance accessibility for

individuals with various reading needs.

3.2.9 Overall Accessibility Score A11yPDF calculates an overall accessibility score to provide a quantitative
assessment of a PDF document’s accessibility for various user groups. This score incorporates the individual metric
scores derived from the different features analyzed by the tool. This score integrates the individual metric scores
obtained from the evaluation of various accessibility features within the document. The overall accessibility score

Scoregccessibility 1S computed as:
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Table 3. Mapping of WCAG Success Criteria to PDF Elements: A breakdown of accessibility principles, success levels, and guidelines
associated with specific PDF components to ensure document accessibility.

No. | Principle Success | Level | Guideline PDF Element
1 Operable 249 AAA | Link Purpose (Link Only) link
2 | Perceivable 1.4.11 AA | Non-text Contrast Contrast
3 Operable 2.4.6 AA | Headings and Labels Header
4 Operable 2.4.6 AA | Headings and Labels Footer
5 | Operable 2.4.6 AA | Headings and Labels Page Number
6 Perceivable 1.4.4 AA | Resize Text Font Size
7 | Perceivable 1.3.1 AA | Info and Relationships Image Caption
8 | Perceivable 1.3.1 AA | Info and Relationships Table Caption
9 | Understandable 3.1.5 AAA | Reading Level Dyslexia
10 | Perceivable 1.4.1 A Use of Color Color Blindness
1 N
Scoreaccessibility = ﬁ Z wi - mj (37)
i=1

where, N is the total number of accessibility metrics evaluated, w; is the Weight assigned to the i — th accessibility
metric, and m; is the score obtained for the i — th accessibility metric. This formula essentially calculates the weighted
average of the individual metric scores m;, where each score is weighted according to its relative significance w; in
contributing to the overall accessibility of the document.

For the accessibility and content quality of PDF, we define a comprehensive set of criteria encompassing both
structural and content aspects. Each criterion is quantitatively assessed through a percentage score, p;, reflecting the
extent to which the document meets specific accessibility or content standards. The overall performance, Poyerall, roundeds
is then calculated as the arithmetic mean of these scores, providing a holistic measure of the document’s quality and

accessibility.

4 Survey Results

The results of a two-phase survey study are presented in this section.

4.1 RQ1: What is the level of user awareness regarding PDF accessibility challenges?

Objective. With this research question, we aimed to assess users’ understanding and awareness of aspects required to
make PDF accessible and accessibility guidelines. The results reveal significant insights into the current state of user
awareness and highlight areas where knowledge and practice are lacking.

Results. The majority of the participants (51.6%) reported being aware of the aspects required to make a PDF
accessible, as shown in Figure 2 (a). However, this also reveals that nearly half (48.4%) of the users lack essential
knowledge about PDF accessibility. Moreover, Figure 2 (b) underscores a significant knowledge gap, with 69.2% of
participants admitting they do not know where to find accessibility requirements for PDF documents. Further analysis,
presented in Figure 3 shows that a majority (58.5%) of the participants indicated that they were unfamiliar with any of
the listed guidelines or laws, highlighting a widespread lack of knowledge in this area. Among those aware of specific
guidelines, the Web Content Accessibility Guidelines (WCAG) were the most recognized, with 32.7% of participants
indicating familiarity. While this is encouraging, given WCAG’s critical role in ensuring web content accessibility, the
low awareness of other important guidelines, such as Accessible Rich Internet Applications (ARIA) and Inclusive Design
Principles (each recognized by only 11.9% of participants), is concerning. Additionally, there was almost negligible
recognition of Section 508 (0.6%) and Sugamya Bharat IS-17802 (0.6%).
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No

Yes

(a) Awareness of PDF Accessibility Re- (b) Knowledge of Accessibility Require-
quirements ments Location

Fig. 2. (a) Are you aware of the aspects required to make a PDF accessible? (b) Do you know where to find accessibility requirements
for PDFs?

Web content accessibility guidelines (WCAG) 32.7%

Accessible Rich Internet Applications (ARIA) 11.9%

Inclusive Design Principles 11.9%

8.8%
BBC Accessibility Standards and Guidelines | | 3.1%
RPD Act 2016 || 1.9%

Sugamya Bharat 1S-17802

Americans with Disabilities Act (ADA)

Section 508

European Accessibility Act (EAA) | | 3.8%

Universal Design Principles

10.7%

I do not know any of the above 58.5%

T T T T 1

0% 20% 40% 60% 80% 100%

Fig. 3. Do you have familiarity with any of the following accessibility guidelines/laws?

Discussion. These results underscore significant gaps in user awareness and knowledge regarding PDF accessibility.
Despite a slight majority being aware of the need for PDF accessibility, a substantial portion of users lack the necessary
knowledge to locate and apply accessibility requirements effectively. This suggests that current educational and
informational resources on PDF accessibility are insufficient or not reaching the intended audience. Moreover, the
widespread unfamiliarity with critical accessibility guidelines, as revealed in the analysis, points to a broader issue of
inadequate dissemination of information. While the recognition of WCAG is somewhat reassuring, the low awareness
of other essential guidelines, such as ARIA and Section 508, indicates that many users may not be fully equipped to
ensure the accessibility of their PDF documents. This lack of knowledge not only affects the accessibility of individual
documents but also contributes to broader systemic barriers for individuals with disabilities who rely on accessible
digital content.
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4.2 RQ2: What is the extent to which users adopt accessibility requirements for PDF in practice?

Objective. The second research question aims to analyze the extent to which participants incorporate accessibility
requirements when creating PDF documents. To explore this, we asked participants two key questions: (a) "Do you
consider any accessibility aspects or requirements when you create a PDF?" and (b) "Have you ever used any accessibility
evaluation tools for PDF before?" Additionally, we sought to identify which specific tools participants had used if they
had any experience with accessibility evaluation.

Results. The survey results indicate a significant gap in the adoption of accessibility requirements during the PDF
creation process. Figure 4(a) shows that a substantial majority of participants reported that they do not consider any
accessibility aspects when creating PDFs, with 32.7% selecting ’1” on the Likert scale (indicating no consideration). The
data also reveals a sharp decline in the percentages as the Likert scale progresses from 'None’ (1) to ’All of them’ (5).
Only 11.9% of participants indicated moderate consideration (selecting ’2’ or ’3’), and even fewer selected higher levels
(8.8% for ’4” and 3.1% for ’5°). Additionally, the results show that an overwhelming majority (88.9%) of participants have
never used any accessibility evaluation tools for PDFs, as depicted in Figure 4(b). Among the small percentage (11.9%)
who have used accessibility evaluation tools, WAVE and WCAG were the most commonly cited, followed by Microsoft
Office Accessibility Checker, Adobe Acrobat Pro Accessibility Checker, and Acrobat Pro DC.

(None) 1 32.7%
2
3
4 No 88.1%
(All of them) 5 || 3.1% Yes 11.9%
T T T T ) T T T T )
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
(a) PDF Accessibility Requirement Consideration (b) Accessibility Evaluation Tool Usage

Fig. 4. (a) Do you consider any accessibility aspect or requirements when you create a PDF? (b) Have you ever used any accessibility
evaluation tools for PDF before?

Discussion. The results of RQ2 indicate a significant discrepancy between the perceived importance of accessibility
requirements in PDF creation and their implementation. This finding aligns with previous researches [62, 63, 112].
Despite some level of awareness about accessibility, the majority of participants do not integrate these requirements
into their workflow. This suggests that many PDF documents may not meet the necessary accessibility standards,
potentially excluding users with disabilities from accessing important information [26]. The minimal use of accessibility
evaluation tools further exacerbates this issue. Without these tools, document creators may lack the necessary resources
to properly assess and address accessibility issues in their PDFs. There is a clear need for encouraging the use of
accessibility evaluation tools through more intuitive interfaces and comprehensive user guides which can enhance the

accessibility of PDF documents.
4.3 RQ3: What are the most important accessibility requirements according to users?

Objective. In this research question, we sought to identify the accessibility requirements that participants consider
most important for making a PDF accessible. To achieve this, participants were asked to rate the importance of various
Manuscript submitted to ACM
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PDF features, including header and footer clarity, page number visibility, page contrast, colorblindness-friendly design,
font size, dyslexia-friendly fonts, image captions, table captions, and URL links.

Results. The survey results, as illustrated in Figure 5, reveal that the majority of participants rated these features as
either "Very Important” or "Important,’ highlighting a general consensus on the critical nature of these elements in

ensuring PDF accessibility.

1 46.54% 1 42.14% 1 37.11%
2 38.99% 2 35.22% 2 45.28%
3 10.69% 3 12.56% 3 13.21%
31 1.26% 4| |8.81% 41]2.52%
51 2.52% 5 1.26% 5] 1.89%
T T T T 1 T T T T 1 T T T T 1
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80%100% 0% 20% 40% 60% 80% 100%
(a) Header & Footer Clarity (b) Page Number Visibility (c) Page Contrast
38.99% 1 55.60% 1 29.56%
28.30% 2 30.19% 2 35.22%
21.36% 3 3 22.64%
41 1.89% 4
510.63% 5
T T T T ) T T T T ) T T T T )
0% 20% 40% 60% 80%100% 0% 20% 40% 60% 80%100% 0% 20% 40% 60% 80%100%
(d) Color Blindness Accessibility (e) Font Size Appropriateness (f) Dyslexia-friendly Fonts
38.99% 42.14% 47.80%
41.51% 37.11% 34.59%
12.55% 14.47%
T T T T 1 T T T T 1 T T T T 1
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80%100% 0% 20% 40% 60% 80%100%
(g) Image Captions (h) Table Captions (i) URL Links

Fig. 5. How important are the following features in a PDF evaluation tool for you? (Very Important:1, Important:2, Moderately
Important:3, Slightly Important:4, Not Important:5)

A significant portion of participants (46.54%) rated header and footer clarity as "Very Important,’ with an additional
38.99% rating it as "Important" as shown in Figure 5 (a). Page number visibility was similarly prioritized as evidenced
by Figure 5 (b), with 42.14% of participants marking it as "Very Important” and 35.22% as "Important." Figure 5 (c)
shows that appropriate page contrast emerged as a highly valued feature, with 45.28% of participants considering it
"Important” and 37.11% rating it as "Very Important." In addition, when it comes to designing for colorblind users, 38.99%

of participants viewed colorblind-friendly design as "Very Important,” and 28.30% deemed it "Important.” This response
Manuscript submitted to ACM
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as shown in Figure 5 (d), reflects an understanding of the need for color choices that are inclusive of users with color
vision deficiencies, ensuring that information conveyed through color is accessible to all. Figure 5 (e) showcased that
the font size was rated as "Very Important" by 55.60% of participants which is the highest rating among all features,
indicating a strong emphasis on text readability. Additionally, dyslexia-friendly fonts were recognized as important by
35.22% of participants, with 29.56% rating them as "Very Important" as evidenced by Figure 5 (f). Image captions (Figure
5 (g)) and table captions (Figure 5 (h)) were also highly rated, with 38.99% and 42.14% of participants, respectively,
marking these features as "Very Important." The importance of URL links was also emphasized as presented by the
participants responses in Figure 5 (i). Major portion (47.80%) of participants considered them "Very Important” and
34.59% rated them as "Important.

Discussion. The results from RQ3 indicate a strong consensus among users regarding the importance of various
accessibility features in PDFs. The high ratings for features such as font size, page contrast, and URL links highlight the
recognition of these elements as critical for creating accessible digital documents. Users’ emphasis on font size and
dyslexia-friendly fonts suggests a heightened awareness of the challenges faced by individuals with reading disabilities,
and the importance of designing documents that accommodate these needs. Furthermore, the prioritization of header
and footer clarity, page number visibility, and image/table captions points to a broader understanding of the role that
document structure and descriptive content play in accessibility. These elements are essential not only for users with
visual impairments but also for those relying on assistive technologies, underscoring the need for documents that are
both well-structured and richly annotated. Notably, the focus on colorblind-friendly design and page contrast further
reflects an awareness of the visual accessibility challenges that some users face. This suggests that users are cognizant
of the need for inclusive design practices that ensure readability and comprehension for all users, regardless of visual

ability.
4.4 ROQ4: To what extent do users perceive the A11yPDF tool as helpful in evaluating PDF accessibility?

Objective. After the development and implementation of the A11yPDF tool, we wanted to evaluate its effectiveness in
assessing PDF accessibility. To achieve this, participants were asked to provide feedback on two key aspects: (a) the
overall helpfulness of the A11yPDF tool in evaluating the accessibility of their PDFs, and (b) the perceived accuracy of
the evaluations provided by the tool.

Results. The survey results demonstrate a strong positive reception of the A11yPDF tool among participants. As
illustrated in Figure 6(a), 50% of participants rated the tool as "Helpful" and 38.6% rated it as "Extremely Helpful" in
evaluating the accessibility of their PDFs. Only 10.7% of participants were neutral, and a mere 0.7% found the tool "Not
Helpful at All" indicating the tool’s general effectiveness. Moreover, regarding the perceived accuracy of the A11yPDF
tool’s evaluations, the results in Figure 6(b) further affirm the tool’s effectiveness. A substantial majority of participants
rated the evaluations as either "Accurate” (51.1%) or "Very Accurate” (32.4%). This indicates a high level of trust among
users in the tool’s assessments. A smaller portion of participants found the tool to be "Somewhat Accurate” (7.2%) or
"Not Accurate” (2.2%), while 7.2% of participants were unable to evaluate the accuracy of the tool’s assessments.

Discussion The overwhelmingly positive feedback on the A11yPDF tool underscores its significant impact on
improving PDF accessibility. The high percentage of users who found the tool helpful suggests that A11yPDF addresses
a critical need for accessible and user-friendly tools in the domain of PDF accessibility evaluation. The strong ratings
for both helpfulness and accuracy highlight the tool’s reliability and effectiveness, which are crucial for users who may
rely on these assessments to make their documents accessible to a broader audience. The accuracy ratings, in particular,
suggest that users perceive A11yPDF as a trustworthy resource for evaluating PDF accessibility. This is a critical finding,
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jzz Extremely Helpful 38.6% Very Accurate 32.4%

1043 Helpful 50% Accurate 51.1%

1041} Neutral 10.7% Somewhat Accurate | | 7.2%

1:: Not very helpful | 0% Not Accurate || 2.2%

1047 Not helpful at all | 0.7% Cannot evaluate accuracy | |7.2%

1048 . . . . . . . . . .
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100 (a) Helpfulness of A11yPDF in Accessibility Evaluation (b) A11yPDF Evaluation Accuracy

1051

1052
Fig. 6. (a) Did the A11yPDF simulation tool available on the website help you in evaluating the accessibility of your PDF? (b) In your

1053 ) . .
experience, how accurate were the evaluations provided by the tool?

1054
1055

1056 - . T .. . . . S .
oy 38 it aligns with existing literature emphasizing the importance of accurate and reliable tools in accessibility evaluations
105

wss  [91]. Moreover, the minimal negative feedback regarding the tool’s helpfulness and accuracy indicates that A11yPDF

1059 has successfully minimized common usability issues that often plague accessibility tools. This is particularly important

1060 in the context of accessibility, where the precision and ease of use are paramount. The success of A11yPDF in these

1061 o .
areas suggests that it could serve as a model for future developments in accessibility evaluation software.
1062

1063 4.5 RQ5:Does the use of the A11yPDF tool have a measurable impact on user awareness of PDF accessibility?

1064
w0es  Objective. This research question aims to evaluate the impact of the A11yPDF tool on user awareness of PDF accessibility.

1066 To assess this, participants were asked a series of questions after using the tool, focusing on how it influenced their

197 understanding of accessibility, their approach to designing accessible PDFs, and their confidence in applying these
1068 .
o Principles.

1070 Results. Figure 7(a) shows that the A11yPDF tool significantly impacted user awareness of PDF accessibility. A

1071 majority of participants rated the tool’s impact on their awareness as either "4" (43.9%) or "5" (Excellent, 38.8%). Only a

1072 small fraction of participants (1.4%) rated the impact of tool as "1" (Poor). Further evidence of the positive influence of
1073
o4 the tool is shown in Figure 7(b), where 48.8% of participants agreed and 38.8% totally agreed that A11yPDF positively

1075 influenced their perspective on designing accessible PDFs. The minimal disagreement (1.4% totally disagreed) was also

1076 observed among the participants. Furthermore, Figure 7(c) shows that most of the participants (43.2%) reported that

1977 A11yPDF had a "Strong Influence" on their design practices, and 32.4% noted a "Moderate Influence." Notably, 7.9% of
1078
Loy Participants indicated that the tool had a "Transformational Influence" on their approach and only 2.2% reported "No

1so  Influence!” Regarding preparedness, Figure 7(d) shows that after using A11yPDF, a vast majority of participants felt
1081 better equipped to design or develop accessible PDFs, with 42.4% feeling "Very Prepared" and 53.2% feeling "Somewhat

1982 Prepared.” Only 4.3% felt "Not Very Prepared,’ and no participants reported feeling "Not Prepared at All”.
1083

o8 Discussion. The results demonstrate that A11yPDF not only enhances technical ability of the users to evaluate

wss  PDF accessibility but also significantly raises their awareness and shifts their attitudes toward accessible design. The

1086 high ratings for the tool’s impact on accessibility awareness and design perspectives suggest that A11yPDF effectively

1087 addresses a critical gap in accessibility education, providing users with the knowledge and confidence needed to
1088
Lo Prioritize accessibility in their work. Moreover, the strong influence of A11yPDF on design and development practices is

100  particularly noteworthy. The fact that a substantial percentage of participants reported a "Transformational Influence"

1091 indicates that A11yPDF has the potential to fundamentally change how users approach PDF creation, aligning with
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1115
1116 Fig. 7. (a) To what extent do you think the A11yPDF website raised your awareness and its impact on accessibility? (b) Indicate if
1117 you agree or desagree with the following statement "The A11yPDf website positively influenced my perspective on designing an
1118 accessible PDF". (c) To what extent has using the website influenced your approach to design and development PDF content? (d)

1o After using the website, do you feel better equipped to design or develop accessibility PDF?

1120
1121

1122 ljterature that emphasizes the importance of tools that not only educate but also inspire lasting change in behavior. In
"% addition. the significant boost in preparedness reported by users underscores A11yPDF’s role as an effective educational
1124

11,5 Tesource. This aligns with studies highlighting the need for practical tools that can bridge the gap between accessibility

1126 knowledge and its application in real-world contexts [12, 91, 117].

1127

s 46 RQ6:How does our tool compare to other tools that evaluate PDF accessibility?
1129 QObjective. This research question sought to evaluate the significance of A11yPDF in real-world settings by comparing

1130

s it to other PDF accessibility evaluation tools that participants had previously used. Specifically, we aimed to understand

1132 how A11yPDF performs in practice relative to existing tools, based on user experiences.

1133 Results. Figure 8 demonstrate a favorable reception of A11yPDF among participants with prior experience using
1134 other PDF accessibility evaluation tools. The survey results show that 20.1% of the participants rated A11yPDF as
1135

. "much better," and 15.8% rated it as "somewhat better" than the tools they had previously used. Additionally, 10.1% of

137 participants found A11yPDF to be similar to other tools they had used. However, only a small fraction of participants

133 rated A11yPDF as "somewhat inferior" (1.4%) or "much inferior" (1.4%), suggesting minimal dissatisfaction among those

1139 familiar with other tools. Notably, a significant majority of participants (51.1%) reported that they had not used any

" ppF accessibility evaluation tools before A11yPDF.

1141
1142 Discussion. The results indicate that A11yPDF is perceived as a competitive and, in many cases, superior tool for
1143 evaluating PDF accessibility when compared to other tools. The fact that a significant portion of participants rated
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A11yPDF is much better than previous tool(s) | used 20.1%
A11yPDF is somewhat better than previous tool(s) | used 15.8%
A11yPDF is similar to the previous tool(s) | used 10.1%
A11yPDF is somewhat inferior than previous tool(s) | used || 1.4%

A11yPDF is much inferior than previous tool(s) | used || 1.4%

I haven’t used any tool(s) before 51.1%
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Fig. 8. If you have used any accessibility PDF related accessibility tools before, how would you compare the A11yPDF tool with it?

A11yPDF as better than their previous tools suggests that it offers enhanced features or a more user-friendly experience.
This aligns with literature emphasizing the importance of usability and functionality in accessibility tools, where
superior user experience can drive adoption and satisfaction [111]. We found that over half of the participants had not
used any other accessibility tools before A11yPDF. It suggests that A11yPDF is filling a critical void for users who are
either new to accessibility evaluation or have not previously engaged with such tools. This finding is significant in the
context of accessibility tool adoption, as it highlights the tool’s ability to attract and serve a new user base, potentially
broadening the scope of accessibility practices across different user demographics. Moreover, the strong performance
of the tool in comparison to other tools supports the idea that A11yPDF is well-positioned to become a preferred
solution in the field. The favorable comparisons made by experienced users reinforce the notion that A11yPDF is not
only competitive but may also offer advantages that other tools lack, such as improved usability, more comprehensive

evaluations, or more intuitive interfaces.
4.7 RQ7:1s A11yPDF a functional tool for evaluating PDF accessibility?

Objective. This research question aimed to evaluate the overall functionality and user experience of the A11yPDF tool,
focusing on key aspects such as ease of navigation, clarity of content, usefulness in understanding PDF accessibility,
and overall user satisfaction. In addition to quantitative data, participants were also invited to provide open-ended
feedback about their experiences with A11yPDF.

Results. The survey results indicate a highly positive reception of the A11yPDF tool, with the majority of participants
rating their overall experience favorably. Figure 9(a) shows that 44.6% of participants rated their experience as "Excellent,’
and 36.7% gave it a rating of "4" on a 5-point scale. Only a small percentage (3.6%) rated their experience as "Poor." In
terms of navigation, Figure 9(b) shows that 58.3% of participants found the website "Excellent" in ease of navigation, and
30.9% rated it as "4." The clarity of the content provided on the A11yPDF website was also rated highly by participants,
as depicted in Figure 9(c). A significant portion of users (38.8%) rated the clarity as "Excellent," with an additional
43.9% rating it as "4." In addition, the usefulness of A11yPDF in enhancing users’ understanding of PDF accessibility
is further emphasized in Figure 9(d). Nearly half of the participants (49.6%) rated the tool’s usefulness as "Excellent,’
with 38.8% rating it as "4." Finally, overall user satisfaction with A11yPDF was notably high, as shown in Figure 9(e). A
combined 90.7% of participants reported being either "Very Satisfied" (43.2%) or "Satisfied" (47.5%) with the tool, while
no participants reported being "Dissatisfied" or "Very Dissatisfied."

Discussion. The results underscore the effectiveness of A11yPDF in providing a user-friendly, informative, and
highly satisfactory experience for users seeking to evaluate and improve the accessibility of their PDFs. The tool’s high
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1234

1235

1236 Fig. 9. (a) Rate your overall experience with the A11yPDF website. (b) Was the website easy to navigate? (c) How clear and easy was
1237 it to understand the information provided on the website? (d) - How did you find the website’s content useful in comprehending the
1238 accessibility in PDF? (e) Overall, how satisfied are you with the PDF evaluation tool?

1239

1240

1241

1242 ratings for overall user experience and ease of navigation indicate that A11yPDF excels in delivering an intuitive and

1243 accessible interface. Users specifically praised the simplicity and clarity of the site’s design, with one user noting, "User

1 interface is good and website is easy to use as well.” Another user highlighted the ease with which they could navigate
1245

1246 the tool, commenting on how the "easy-to-use Ul made it easy to upload and receive evaluations,” further affirming the
1247 importance of usability in digital tools.
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The clarity of the content is another area where A11yPDF has been particularly successful. Users appreciated the
clear and accessible presentation of information, which helped them understand complex accessibility concepts. One
participant remarked, "I was not familiar with PDF accessibility previously, but now I am a bit familiar with it," while
another shared, "When I found this website, I understood where I made the mistake in making my PDFs accessible, and the
detailed report it generated was very useful to me." These comments highlight A11yPDF’s effectiveness not only as a
functional tool but also as an educational resource that empowers users to improve their digital content by making
accessibility concepts easier to grasp.

The tool’s usefulness in enhancing users’ understanding of PDF accessibility was also highly valued, with feedback
indicating that it served as a critical learning tool. One user shared, "It was very useful. This website usage was new for
me, so I will definitely try to learn new things like accessibility," suggesting that A11yPDF is playing a significant role in
educating users who are new to the field of accessibility.

Overall user satisfaction was high, with users expressing contentment with the tool’s performance and its impact on
their work. The fact that no participants reported dissatisfaction indicates that A11yPDF meets the needs of its users

effectively, making it a reliable and valued resource in the domain of PDF accessibility evaluation.

5 Takeaways

This section outlines the takeaway of this study.

Takeaway 1. PDF remains a prevalent file format for document sharing due to its ability to maintain layout and
formatting. However, a lack of awareness among creators regarding PDF accessibility standards can hinder the usability
of these documents for individuals with disabilities [32, 49, 93]. Implementing accessibility best practices, such as
utilizing WCAG guidelines [39, 48, 104] is essential for creating inclusive PDFs [115].

Takeaway 2. PDF creators should put a strong emphasis on elements like font size [91], contrast, alternative text
[12], and clear navigation aids [102] in their design, as these features are fundamental to ensuring accessibility for
a diverse range of users, including those with visual impairments, cognitive disabilities, and other challenges. By
prioritizing these elements, PDF creators can significantly enhance the readability and usability of their documents,
thereby promoting inclusivity and compliance with accessibility standards. This approach not only meets the immediate
needs of users with disabilities but also contributes to the broader goal of creating universally accessible digital content,
which is increasingly recognized as a critical component of responsible and ethical content creation in today’s digital
landscape.

Takeaway 3. While raising awareness of PDF accessibility standards is crucial, implementing processes for evaluating
both existing PDFs and future content creation is equally important. There are fewer tools available for assessing PDF
accessibility compared to web content, and some existing tools may not be fully accessible, require purchase, or have
complex interfaces that exclude users with disabilities. Therefore, it is essential to develop user-friendly, accessible, and
ideally free evaluation tools to remove barriers for creators and streamline the process of creating accessible PDFs.

Takeaway 4. Traditional PDFs often lack features that cater to diverse learning needs. For example, individuals with
color blindness might struggle with documents that rely heavily on color coding for information [101]. Similarly, users
with dyslexia might face challenges due to poorly formatted text or lack of alternative text descriptions for images [19].
Individuals with visual impairments, motor skill limitations, and other disabilities also require specific accessibility
considerations. Current accessibility checking tools for PDFs often have limitations. It’s crucial to expand the scope of
these tools to encompass a wider range of disabilities. This would allow creators to identify and address accessibility
issues that might hinder comprehension for various user groups.
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Takeaway 5. The low adoption rate of accessibility guidelines [79] and the minimal use of evaluation tools [85]
suggest that many PDF documents are likely being produced without adequate consideration for users with disabilities.
To address this issue, it is essential to promote greater awareness of accessibility requirements among PDF creators
and encourage the use of accessibility evaluation tools [12, 30, 31, 37]. A11yPDF has the potential to play a pivotal role
in bridging this gap. It offers intuitive, easy-to-use evaluations and guides users through the accessibility process. By
doing so, our tool can increase both the adoption of accessibility practices and the use of evaluation tools.

Takeaway 6. A11yPDF is a powerful tool not only for evaluating PDF accessibility but also for fostering a deeper
understanding of inclusive design principles. By providing actionable accessibility evaluations, A11yPDF can significantly
raise awareness, influence design practices, and boost preparedness. This aligns with emerging trends in accessibility
education that emphasize the importance of tools that both educate and inspire lasting change in user behavior [59, 82].
To further maximize its impact, A11yPDF could be integrated into broader educational initiatives, such as workshops and
online courses, thereby reaching a wider audience and fostering a more widespread commitment to digital accessibility.

Takeaway 7. A11yPDF’s success as a user-centered and effective accessibility evaluation tool underscores the
paramount importance of these factors in developing such tools. By prioritizing ease of use and feature-richness, tool
developers can significantly enhance user adoption and satisfaction. This is particularly crucial as the demand for
accessible digital content continues to grow, ensuring that accessibility tools are both powerful and user-friendly to
drive widespread implementation of best practices.

Takeaway 8. The overall positive user experience with A11yPDF highlights the significance of integrating detailed
and clear feedback mechanisms in accessibility tools. Providing users with understandable and actionable evaluations
can greatly enhance their ability to create accessible content, ultimately contributing to a more inclusive digital
environment.

Takeaway 9. The ability of A11yPDF to educate users on accessibility best practices through its clear and detailed
feedback mechanisms reflects the growing need for tools that not only perform evaluations but also serve as educational
resources. Such tools can bridge the knowledge gap in accessibility, especially for those who are new to the field,
ensuring that more content creators are equipped to produce accessible PDFs.

Takeaway 10. A11yPDF’s ability to raise awareness and influence design practices suggests that accessibility tools
should be designed with the dual purpose of evaluation and education. By integrating these functions, such tools can
play a significant role in transforming how digital content is created, making it more accessible to all users.

Takeaway 11. Ensuring accessible educational materials is critical for fostering inclusive learning environments,
especially in institutions catering to students with disabilities. To achieve this, educational institutions can prioritize the
creation and distribution of accessible PDF materials by establishing accessibility as an institutional focus. This might
involve raising awareness and providing resources at all levels of the organization. Workshops, training programs, or
readily available resources on PDF accessibility standards and tools could equip educators and administrators with
the necessary knowledge. Furthermore, integrating accessibility best practices into pre-service educator preparation
programs offers a long-term solution. Equipping future teachers and administrators with the knowledge and skills to
develop accessible PDFs from the outset is crucial. This training could encompass understanding PDF accessibility

criteria, utilizing tools and resources for creating accessible PDFs, and evaluating the accessibility of existing materials.

6 Threats to Validity
This section details the threats to the validity of this study.
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Self-Reported Data Bias. We acknowledge that our study can have a threat of reliance on user-reported data, which
may introduce biases such as overestimation of compliance with accessibility guidelines or misunderstanding of specific
accessibility features. To mitigate this, we employed a mixed-methods approach by combining quantitative survey data
with qualitative insights from user interactions with A11yPDF. This approach allowed us to validate the self-reported
data against observable user behaviors and tool usage patterns, providing a more robust understanding of user practices
and challenges in PDF accessibility. Additionally, the post-survey analysis helped in identifying discrepancies between
user perceptions and actual tool performance, which we addressed through iterative improvements to A11yPDF’s
feedback mechanisms, enhancing its educational impact on accessibility standards.

Sample Bias. The diversity of the participant sample was predominantly composed of individuals from technology
and IT backgrounds, which limits the generalizability of the study findings across broader user demographics, such as
individuals from non-technical fields who may have different levels of familiarity with accessibility tools and guidelines.
To address this, we involved teachers in different fields than technology and engaged to have more diverse participants.
By broadening the participant base, we captured a broader range of perspectives and challenges, ultimately refining
A11yPDF to better cater to the needs of all users, regardless of their technical expertise.

Limited Scope of Document Types. A potential threat is that the study primarily focused on evaluating static PDF
documents, which may not fully represent the accessibility challenges encountered in dynamic or interactive PDFs
that include elements like forms, multimedia, or interactive content. To mitigate this, our plan for future iterations of
A11yPDF will incorporate features that assess and provide feedback on these interactive elements. By expanding the
tool’s capabilities to include dynamic content, we aim to provide a more comprehensive evaluation of PDF accessibility,

ensuring that all document types, including those with interactive features, are accessible to users with diverse needs

7 Conclusion

In light of the results obtained from analyzing our quantitative data, we observe that awareness and practices related
to PDF accessibility vary significantly among users, underscoring the importance of tools that can effectively bridge
these gaps. A11yPDF was developed in response to these challenges, integrating features that go beyond those found
in existing accessibility tools. The tool provides a comprehensive evaluation of PDF documents, focusing on a wide
range of accessibility elements essential for creating inclusive content. The post-survey results demonstrate that
A11yPDF significantly enhanced users’ understanding of accessibility requirements and positively influenced their
approach to designing accessible PDFs. Moroever, the user-friendly interface of A11yPDF and detailed feedback were
particularly well-received, with many users reporting a better grasp of where their documents fell short and how to
make improvements. A11yPDF’s ability to deliver actionable insights and support users in creating more accessible

documents marks a meaningful contribution to the field of digital accessibility.
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