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ABSTRACT

Most scholarly works are distributed online in PDF format, which
can present significant accessibility challenges for blind and low-
vision readers. To characterize the scope of this issue, we perform a
large-scale analysis of 20K open- and closed-access scholarly PDFs
published between 2014-2023 sampled across broad fields of study.
We assess the accessibility compliance of these documents based on
six criteria: Default Language, Appropriate Nesting, Tagged PDF,
Table Headers, Tab Order, and Alt-Text; selected based on prior
work and the SIGACCESS Guide for Accessible PDFs [34]. To en-
sure robustness, we corroborate our findings through automated
accessibility checking, manual evaluation of alt text, comparative
assessments with an alternate accessibility checker, and manual
assessments with screen readers. Our findings reveal that less than
3.2% of tested PDFs satisfy all criteria, while a large majority (74.9%)
fail to meet any criteria at all. Worse yet, we observe a concerning
drop in PDF accessibility since 2019, largely among open access
papers, suggesting that efforts to improve document accessibility
have not taken hold and are on a backslide. While investigating fac-
tors contributing to this drop, we identify key associations between
fields of study, creation platforms used, models of publishing, and
PDF accessibility compliance, suggesting that publisher and author
choices significantly influence document accessibility. This paper
highlights a new crisis in scholarly document accessibility and the
need for a multi-faceted approach to address the problem, involving
the development of better tools, enhanced author education, and
systemic changes in academic publishing practices.
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1 INTRODUCTION

Although the proliferation of digital documents in academic pub-
lishing has significantly increased the availability of content, the
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Figure 1: Accessibility compliance for models of publish-
ing over time (2014-2023) with error bars (+ standard error).
There is a large decline in mean normalized total compliance
after 2019 for open access papers. Following this, the compli-
ance values remain stable or increase slightly.

true accessibility of these documents still remains a significant
challenge, especially for blind and low-vision (BLV) readers or
screen-reader users. Despite advancements in digital publishing
technologies, including document creation software, automated
accessibility checkers, and evolving standards like the Web Content
Accessibility Guidelines (WCAG) and PDF/Universal Accessibility
(PDF/UA) guidelines, actual implementations often lag behind these
advancements due to significant gaps in the widespread adoption
and application of these technologies across the academic landscape.
To make PDFs (the most common format for scholarly literature)
accessible, they must be annotated with proper reading order, head-
ings, tags, table structure, image alt-text, and more. Unfortunately,
creating these annotations is laborious, requiring proprietary tools
and a significant amount of knowledge and motivation from au-
thors. Moreover, each PDF variant, even minor revisions, must be
annotated anew, posing a continuous barrier to accessibility. As
a result, the vast majority of scholarly PDFs are not accessible,
leading to high cognitive load and frustration for BLV researchers
trying to read these papers.

Poor paper PDF accessibility has been documented in prior work
[4, 5, 17, 22, 29], though these studies are limited in terms of gen-
eralizability and mechanistic understanding of how technical and
publishing decisions contribute to low document accessibility. For
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example, most prior work analyzed papers published in fields adja-
cent to accessible computing—human-computer interaction, disabil-
ity studies, etc—and do not necessarily generalize to other fields of
study. The use of automated checkers to evaluate PDF accessibility
focuses on technical compliance with accessibility standards rather
than the user experience, which also constrains the generalization
of results [5, 10, 17, 22, 29]. Furthermore, existing research does not
explore important questions regarding the impact of various docu-
ment creation software, publishing models (open access vs. closed
access), and field of study on document accessibility. Our work
aims to fill these gaps by addressing critical research questions:
(i) What are the overall status and trends in scholarly document
accessibility? (if) What are the associations between PDF creation
platforms, models of publishing (open versus closed access), fields
of study, and scholarly PDF accessibility? (iii) To what extent do
automated accessibility checkers reflect the performance of screen
readers when reading scholarly documents?

To answer these questions, we create a corpus of 20K papers
published in the last decade (2014-2023), representing scholarly
publications across 19 fields and 766 sub-fields of study. Using this
corpus, we characterize the current state of PDF accessibility within
academic literature across disciplines and publishing models, as
well as accessibility trends over time, providing a comprehensive
analysis that has been lacking in existing literature. Our contribu-
tions in this work are summarized below:

e We characterize the state of scientific paper PDF accessibility
by estimating the degree of adherence to accessibility criteria
for our corpus of 20K papers. Our findings highlight that overall
compliance levels are very low (only 3.2% satisfy all criteria we
measure) and highly variable across fields of study. Additionally,
we identify a concerning trend that overall accessibility has been
declining since 2019 and remains lower than before. Despite
efforts to address accessibility issues, this finding suggests that
existing approaches may not be systematically addressing the
underlying challenges, and there is a need to understand the
factors contributing to this decline.

¢ Building upon the methods introduced in Wang et al. [37], we
study the relationships between creation platforms, publishing
models, and fields of study with PDF accessibility, to explain the
differences in accessibility compliance we observe. Our analysis
reveals significant correlations between the creation platform
and PDF accessibility, as well as publishing modality and PDF ac-
cessibility. Specifically, we find that documents created by some
publishers/publishing software (e.g., Microsoft Word, Adobe In-
Design, Elsevier) tend to exhibit higher accessibility compliance,
while those created by other software (e.g., LaTeX, Arbortext
APP, XPP) show low levels of compliance. We also observe that
while open-access papers exhibit significantly higher accessi-
bility compliance than closed-access papers, that a decline in
open-access accessibility accounts for much of the overall decline
observed since 2019 (Figure 1).

e We assess the effectiveness and limitations of automated ac-
cessibility checkers by leveraging secondary assessments with
alternate checkers (Adobe versus PAC3) as well as with screen
readers (NVDA and VoiceOver). We find that although auto-
mated checkers are valuable for large-scale assessments (and
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make them possible), relying solely on automated reports may
give a false sense of progress, as they can fall short of accurately
capturing the nuances of document accessibility. For instance,
they do not provide an adequate assessment of alt-text compli-
ance, with many papers that pass the criteria often lacking any
usable alt-text. Our findings underscore the continued need for
manual intervention from authors and publishers. We also high-
light opportunities to improve automated checker capabilities
to better align them with the actual accessibility experiences of
end-users, particularly those relying on screen readers.

This paper is organized as follows: Following a description of
related work in Section 2, Section 3 outlines our data collection
and methodology for conducting the analysis of the current state
of academic PDF accessibility. In Section 4, we document our anal-
ysis results on the accessibility of academic PDFs across various
disciplines. Section 5 presents results from our extended qualitative
analysis of automated accessibility checkers, offering insights into
their reliability. Section 6 discusses the implications of our findings
and proposes recommendations for improving PDF accessibility in
academic publishing, followed by limitations in Section 7.

2 BACKGROUND AND RELATED WORK

Accessibility is essential for individuals with diverse abilities to
fully participate in academic and professional endeavors. For those
who are blind and low vision, equitable access to scientific litera-
ture can level the playing field, allowing these individuals to pursue
education, conduct research, and contribute to scholarly discourse
with fewer barriers. Moreover, making digital content, including
scholarly literature, accessible is a legal obligation in many juris-
dictions, governed by laws such as the Americans with Disabilities
Act (ADA) [38] and the European Accessibility Act [1].

2.1 Challenges with PDF Accessibility

PDF documents, while widely used in academic publishing, present
significant challenges due to their inherent limitations in acces-
sibility features [17, 24, 28]. Although they support accessibility
features like semantic tagging and alternative text for images, the
effective use of these features is often limited by authoring tools
and a lack of proactive authoring practices [3-5, 37]. Screen reader
users often struggle with accessing PDF documents because many
authors have not created files to be accessible [4], largely due to
three factors: (1) the complexity of the PDF file format, which make
it less amenable to certain accessibility features, (2) the dearth of
tools, especially non-proprietary tools, for creating accessible PDFs,
and (3) the dependency on volunteerism from the community with
minimal support or enforcement. These limitations emphasize the
PDF format’s original intent, to support faithful visual represen-
tation of a document for printing, a goal which conflicts with the
needs for accessibility.

There are established guidelines and standards, such as the W3C
Web Content Accessibility Guidelines (WCAG) [7, 9], and ISO 14289-
1 or PDF/UA (Universal Accessibility) [11, 12], that provide com-
prehensive guidance to authors on making individual elements
within PDF documents accessible. These standards also detail the
technical implementations necessary to enhance PDF accessibility.
However, a significant challenge persists due to the complexity of
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these guidelines and the depth of understanding of accessibility is-
sues required to effectively apply them, hindering their widespread
adoption [15].

For academic publishing, guidelines and policy changes have
been introduced over the past decade to ameliorate some of the is-
sues around scholarly PDF accessibility. Professional organizations
such as the Association for Computing Machinery (ACM) have
encouraged PDF accessibility through standards and writing guide-
lines!. Influential conferences like the ACM CHI Conference on
Human Factors in Computing Systems (CHI) and the ACM SIGAC-
CESS Conference on Computers and Accessibility (ASSETS) have
released guidelines and mandates for creating accessible submis-
sions.? There has also been a growing trend to outsource some of
these accessibility tasks to specialized companies.

Despite having access to these resources and guidelines, Menzies
et al. [21] identifies a gap between accessibility guidance and its
practical application in academic writing. The authors analyzed
content elements such as tables, charts, and images in 330 papers
published during 2011-2020 at ASSETS. The analysis focuses on
specific design choices that, while maintaining the visual design
of the papers, render these elements inaccessible. Ribera et al. [29]
conducted a case study on DSAI 2016 (Software Development and
Technologies for Enhancing Accessibility and Fighting Infoexclu-
sion), where submitting authors identified barriers to creating ac-
cessible proceedings, including the lack of sufficient tooling and
lack of awareness of accessibility. The authors recommended creat-
ing a new role in the organizing committee dedicated to accessible
publishing. In recent years, some publishers (including Science, Na-
ture, PLoS, and others) now provide HTML reading experiences for
their papers, which can dramatically mitigate challenges for BLV
researchers; the ACM Digital Library® provides some publications
in HTML format, which is easier to make accessible than PDF [14].
ArXiv has also released a beta version of its HTML Papers project,
providing HTML for nearly all newly submitted papers on arXiv
along with a number of older ones [13]. These policy changes have
led to improvements in localized communities, but have not been
widely adopted by academic publishers and conference organizers.

Additionally, Bigham et al. [4] and Brady et al. [5] highlighted
the scarcity of tools and dependency on volunteerism as major
challenges for creating accessible PDFs. Since 2018, however, a
variety of tools and frameworks have been developed to address
these issues, focusing on automated solutions [25, 37, 42], artificial
intelligence (Al) integration [19, 30, 33], and improved authoring
practices [6, 27]. However, the remediation process is still labor-
intensive and unintuitive, especially for those not well-versed in
accessibility standards [21]. Many content creators are simply un-
aware of the needs of visually impaired users or the tools available
to improve accessibility [17]. In many fields outside of comput-
ing, such as Biology and Medicine, versions of record (the final
published versions of papers) are produced by publishers from an
author’s submitted manuscript. This transfer of control over the
paper’s PDF accessibility from authors to publishers appears to be
a step forward. However, publishers rely on specialized providers

!https://www.acm.org/publications/authors/submissions

ZSee https://sigchi.org/resources/guides-for-authors/accessibility/ and https://sig-
access.org/resources/accessible-conference-guide/

3https://dl.acm.org/
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for formatting and accessibility remediation, a process that incurs
significant costs and time, and which may still not lead to accessi-
ble PDFs. These options are also not available to everyone: small
publishers typically lack the budget for extensive manual or custom
processing that larger journals can afford. Similarly, platforms like
ArXiv, struggle to implement comprehensive accessibility measures
due to the sheer volume and rapid turnover of documents [13].

2.2 Assessing the state of PDF Accessibility

Table 1 lists previous studies that have analyzed PDF accessibil-
ity of academic papers and shows how our study compares. Prior
work has focused on papers published in venues for accessibility,
human-computer interaction, disability studies, and related fields,
and many studies are specific to certain publication venues. Brady
et al. [5] quantified the accessibility of 1,811 papers from CHI 2010-
2016, ASSETS 2014, and W4A, assessing the presence of document
tags, headers, and language. They found that compliance improved
over time as a response to conference organizers offering to make
papers accessible as a service to any author upon request. Lazar et al.
[17] conducted a study quantifying accessibility compliance at CHI
from 2010 to 2016 as well as ASSETS 2015, confirming the results of
Brady et al. [5]. They found that across 5 accessibility criteria, the
rate of compliance was less than 30% for CHI papers in each of the
7 years that were studied. The study also analyzed papers from AS-
SETS 2015, an ACM conference explicitly focused on accessibility,
and found that those papers had significantly higher rates of com-
pliance, with over 90% of papers being tagged for correct reading
order and no criteria having less than 50% compliance. This finding
indicates that community buy-in is an important contributor to
paper accessibility.

Nganji [22] examined 200 PDFs of papers published between
2009 and 2013 from four journals in disability studies, revealing a
compliance rate of only 15-30% for accessibility features like tag-
ging and alternative text for images. In a more extensive analysis
[23], only 15.5% of the PDF documents were found to be tagged,
and just 10.5% provided alternative text for images, highlighting a
significant gap in adherence to the PDF/UA (Universal Accessibility)
standards and WCAG 2.0 guidelines. In a broader survey conducted
with 2500 open-access PDF documents from online repositories in
Switzerland from 2018-2022 [10], it was revealed that fewer than
11% of documents were found to have minimal accessibility fea-
tures. This study identified a lack of knowledge and prioritization of
PDF accessibility among repository managers, indicating a broader
systemic issue that extends beyond individual publishers or confer-
ences to the infrastructure of academic knowledge storage itself.
To date, the most extensive study [37] analyzed over 11K PDFs
from various fields, also concluding that adherence to accessibil-
ity criteria remains low, nearly 2.4% of the documents meeting all
accessibility criteria set by researchers, showcasing vast room for
improvement in scientific document accessibility.

While these studies provide valuable insights, they tend to be
limited in scope and do not cover a wide range of academic fields or
track long-term trends. A majority of these works focus on specific
content elements without a comprehensive assessment of different
aspects of PDF accessibility, such as reading order, logical structure,
and the effectiveness of alternative text, which can only be evaluated
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Prior work PDFs an- Venues Year Accessibility checker
alyzed
Brady et al. [5] 1,811 CHI, ASSETS and W4A 2011-2014 PDFA Inspector
Lazar et al. [17] 465 + 32 CHI and ASSETS 2014-2015 Adobe Acrobat Action Wizard
Ribera et al. [29] 59 DSAI 2016 Adobe PDF Accessibility Checker 2.0
Nganji [22, 23] 200 Disability & Society, Journal of Develop- 2009-2013 Adobe PDF Accessibility Checker 1.3
mental and Physical Disabilities, Journal
of Learning Disabilities, and Research in
Developmental Disabilities
Darvishy et al. [10] 2500 Swiss repositories 2018-2022 Adobe PDF Accessibility Checker
Wang et al. [37] 11,397 Venues across 19 fields of study 2010-2019 Adobe Acrobat Accessibility Plug-in
Version 21.001.20145
Our analysis 19,997 Venues across 19 fields and 766 sub- 2014-2023 Adobe Acrobat Accessibility Plug-in

fields of study

version 24.002.20687

Table 1: Prior work has investigated PDF accessibility for papers published in specific venues such as CHI, ASSETS, W4A, DSAI,
or various disability journals. Several of these works were conducted manually, and were limited to a small number of papers,
while more thorough analyses were conducted for CHI and ASSETS, two conference venues focused on accessibility and HCI,
and open access papers in a Swiss repository. The analysis conducted by Wang et al. [37] is over broad fields of study and is
closest to ours. Our study expands on this prior work to investigate accessibility trends over 19997 PDFs sampled from across

different fields of study in the last decade.

manually or using screen readers. Additionally, only a few studies
have investigated trends over time, crucial for evaluating the impact
of efforts to improve accessibility. In light of these gaps, our study
aims to conduct a large-scale, multi-field analysis of scientific PDF
accessibility over the past decade, offering insights into trends and
factors influencing PDF accessibility in scholarly communication.

3 DATA & METHODS

To capture and better characterize the scope and severity of prob-
lems around academic PDF accessibility, we conduct an analysis
over a representative sample of scholarly documents using industry-
standard accessibility checker tools. This section provides a thor-
ough overview of the methodology employed to perform this anal-
ysis. We hope these methods will guide more accurate monitoring
of PDF accessibility in the future.

3.1 Corpus Construction

We constructed and analyzed a corpus of 20K papers published
in the last decade (2014-2023), stratified across domains of study.
We began by sampling documents from OpenAlex,* a large, non-
profit-operated resource that indexes the metadata of over 250M
scholarly works from 250k sources [26]. Initially, we sampled 60K
papers including both open and closed-access articles, as indexed
by OpenAlex using the ‘is_oa’ boolean attribute which classifies
a paper as open access if there is a freely accessible URL for the
full text, without login requirements. For domains, we used the 19
top-level fields of study (e.g., Biology, Computer Science, Sociology)
and their associated 766 subfields as defined by Microsoft Academic

“https://openalex.org/

Graph [32, 35], which is adopted by OpenAlex. For each subfield
of study, we randomly sampled papers from the top 20 venues as
defined by aggregate citation count over the last decade.

We downloaded open access PDFs using URLs provided by Open-
Alex. For closed access papers, we identified PDFs by matching
OpenAlex metadata using a publicly available scholarly document
search API and downloaded PDFs from behind paywalls for inclu-
sion in the analysis. We were able to download PDFs for 35K of the
60K papers. While the initial mixture of 60K papers were approxi-
mately 2/3 open access and 1/3 closed access, the 35K associated
PDFs contained a mixture of 21.5K (61%) open access and 13.8K
(39%) closed access papers.”

We processed these 35K PDFs through the PyPDF library to
remove malformed PDFs; 30K of 35K PDFs could be opened suc-
cessfully by PyPDF. Finally, we used the Adobe accessibility checker
to generate accessibility reports for all remaining PDFs. Of the 30K
PDFs, an additional 14.3% could not be processed by the Adobe
checker (we could not generate an accessibility report). The ac-
cessibility checker most commonly fails because the PDF file is
password protected or the PDF file is corrupt. In both of these cases,
the PDF could be considered inaccessible to the user. We excluded
these PDFs from subsequent analysis. Finally, we re-balanced our
dataset by subsampling 20K PDFs with relatively equal representa-
tion across subfields, years, and open- versus closed-access papers.
While preprocessing and resampling introduces bias, we emphasize
that all of these steps tend to identify and remove less accessible

5This is somewhat counter-intuitive, since we assume that PDFs of open access papers
would be easier to find. We believe this shift in distribution is due to several factors,
such as (i) noise in the open access URLs provided by OpenAlex and (ii) open access
papers not actually being made available by publishers [41].
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papers, and any bias introduced is likely to lead to over-estimation
rather than under-estimation of accessibility compliance.

This selection process resulted in a dataset sourced from 872
unique publication venues, with representation ranging from 27 to
89 venues (average of 58) per top-level field of study, placing Art at
the lower end and Computer Science at the higher end of this spec-
trum. Additionally, our dataset has an almost equal representation
of open and closed access papers, with approximately 10K papers
associated with each model of publication. The bulk of our dataset
is comprised of published papers, in contrast to preprints or other
non-peer-reviewed manuscripts. Selected publication venues are
reputable journals, such as The Lancet or Neurology for Medicine,
The Astrophysical Journal and Physical Review Letters for Physics,
and various IEEE and ACM journals for Computer Science.

We extracted metadata for each PDF document in our corpus,
focusing on descriptors related to its creation process. To accom-
plish this, we employed the PyPDF2 library to read the metadata
fields ’/Creator’ and ’/Producer’, which are populated by the soft-
ware used to create each PDF. We reviewed all unique PDF creation
platforms associated with more than 20 PDFs in our dataset and
mapped them to standardized categories. For example, platform
names containing latex, pdftex, tex live, tex, vtex pdf, xetex
were mapped to the broader category "LaTeX", while names contain-
ing microsof't, for word, word and other variants were mapped to
the Microsoft Word cluster. We realize that not all Microsoft Word
versions, LaTeX distributions, or other versions of the creation plat-
form within a cluster are equal, but this normalization allows us
to generalize over these clusters. We use this metadata to analyze
the associations between different PDF creation platforms and the
accessibility of the resulting PDF document. We identify 24 total
clusters, and present statistics associated with the 7 largest clusters,
after which there is a steep falloff in cluster size.

3.2 Checking PDF Accessibility

Consistent with prior work [17, 22, 29], we elect primarily to an-
alyze the PDFs in our corpus using the Adobe Acrobat Pro PDF
accessibility checker. Though this tool is proprietary and requires a
paid license, it is the most comprehensive industry-standard checker
available. It is also conducive to large-scale analysis, in that the
checker supports the ability to process thousands of PDFs in bulk.

In addition to Adobe, we also evaluated several leading non-
proprietary options, including AxesPDF,® PDFBox,” PDF Inspector,?
PDFix Lite,” PAVE, 1 and PAC3.1! Our evaluation criteria focused
on the comprehensiveness of accessibility checks, ease of integra-
tion into our workflow, widespread usage and recognition in the
academic and/or publishing communities, and adherence to the Web
Content Accessibility Guidelines (WCAG) 2.1 and PDF/Universal
Accessibility (PDF/UA) standards. We noted that AxesPDF and
PDFBox did not consistently extract accessibility information from
PDFs, even when we found these criteria to be met. While PDFA

Chttps://www.axes4.com/en

"https://pdfbox.apache.org/
8https://github.com/pdfae/PDFAInspector
https://pdfix.net/products/pdfix-desktop-lite/
Ohttps://pave-pdf.org/
https://pdfua.foundation/en/pdf-accessibility-checker-pac/
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Inspector is used in prior studies [5], it only analyzes three crite-
ria, whereas our interests extend to other essential accessibility
features such as the presence of alt text on figures. PDFix Lite, de-
spite being freely available, lacked the depth of analysis found in
more comprehensive tools, especially in evaluating accessibility
features like reading order and alt-text evaluation. PAVE, promising
for its web-based accessibility checks, was impractical due to its
file size limitations, lengthy processing times, and generic issue
descriptions without precise location details. PAC3 emerged as a
strong contender with its detailed compliance reporting and free
availability. However, its adoption is limited as there is no support
available for large-scale analysis. Despite this, PAC3’s in-depth re-
porting on standards such as WCAG and PDF/UA compliance made
it an invaluable tool for secondary assessment. Hence, we utilized
it to further validate our findings and address any limitations of
the Adobe Acrobat Accessibility Checker.

For each PDF, we used the Adobe accessibility checker to gen-
erate an accessibility report. We access the checker through the
user interface of a licensed version of Adobe Acrobat Pro, and use
the Action Wizard feature for bulk processing. Each PDF took 10
seconds on average to process and produce a corresponding ac-
cessibility report, allowing us to scale up our analysis to tens of
thousands of papers. We saved these reports from the checker in
HTML format for subsequent analysis.

Each report contains a total of 32 accessibility criteria, marked
as “Passed.” “Failed” or “Needs manual check”'? We focus on the
following six criteria:

e Default language: The document has a specified reading lan-
guage.

o Tagged PDF: The document is tagged to specify the correct
reading order.

o Tab order: The document is tagged such that the tab order aligns
with its structure, thereby facilitating navigation within the
document.

e Appropriate nesting: Consistent use of heading levels or tags
without skipping levels, reflecting accurate document hierarchy.

o Alt-text: Figures have alternate text.
e Table headers: Tables have headers.

Five of these six criteria were evaluated in prior work [17, 37]. We
add the Appropriate Nesting criterion since others have emphasized
the importance of structural coherence in enhancing document
accessibility [10]. For these criteria, we compute and report the
following:
o Criteria Compliance: for each of the 6 criteria, whether a paper
passed;
o Total Compliance: the sum number of accessibility criteria met by
apaper (e.g., if a paper meets 3 out of 6 criteria, Total Compliance
is 3);
o Normalized Total Compliance: the proportion of the 6 criteria
which are satisfied by a paper (this yields a value between 0 and
1, where 0 indicates the paper met none of the criteria and 1
means the paper met all criteria);

2please see https://helpx.adobe.com/acrobat/using/create-verify-pdf-accessibility.
html for a description of the accessibility report.
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Criterion Percentage of papers (n=19997)
Default language 17.3%
Tagged PDF 12.6%
Tab order 6.8%
Appropriate Nesting 15.9%
Alt-text 8.5%
Table headers 13.4%
Adobe-6 Compliance 3.2%

Table 2: Percent of papers in our dataset of 19997 PDFs that
satisfy each criterion, along with Adobe-6 Compliance.

o Adobe-6 Compliance: a binary judgment of whether a paper has
met all 6 criteria (1 if all 6 criteria are met, 0 if at least one unmet)

For papers containing no tables and/or figures, we observe that
the Adobe checker can still yield either a pass or fail judgment for
the Table header and Alt text criteria. Specifically, when objects in
the PDF are not tagged, the checker tends to fail these criteria, even
if the paper does not include tables or figures. Conversely, when
objects in the PDF are tagged and the PDF is accessible, the checker
often passes these criteria, even in the absence of tables or figures.
Additionally, we note that if tables are not appropriately tagged as
tables (and interpreted as paragraphs instead), the Table headers
criteria may also pass.

4 ANALYSIS RESULTS
4.1 Proportion of Papers with Accessible PDFs

Accessibility compliance over all papers is low. Table 2 shows the
percent of papers meeting each of the six criteria, as well as the
Adobe-6 Compliance rate associated with the sample of papers.
Figure 2 shows that the vast majority of papers do not meet any of
the six accessibility criteria (14970 papers, 74.86% do not meet any
criteria) and very few (634 papers, 3.2%) meet all six. Of the PDFs
meeting 1 criterion, the most commonly met criterion is Default
Language (1750 of 1802, 97.1%). Of the PDFs meeting 5 criteria, the
most common missing criterion is Alt-text (364 of 581, 62.6%). In
fact, only 1691 PDFs (8.5%) in the whole dataset passed the alt-text
check for figures. This is intuitive as Alt-text is the only criterion
that typically requires author input to achieve, while the other
five criteria can be derived from the document or automatically
inferred, depending on the software used to generate the PDF. We
also observed a very small number of papers (168) meeting 2 criteria
(Total Compliance = 2). Among these, 3 combinations frequently
occurred together (Appropriate nesting with Tagged PDF, Table
Headers, or Alt Text), accounting for approximately 77% of these
papers, while combinations of Appropriate nesting with more than
one of the other criteria occurred more frequently, leading to more
papers that meet 3 criteria. Refer to Appendix A for correlations
between different accessibility criteria.

As shown in Figure 3, all fields have an Adode-6 Compliance of
less than 7%. The fields with the highest rates of compliance are
Environmental Science (6.6%), Medicine (4.9%), Psychology (4.5%),
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Figure 2: The distribution of numbers of PDFs in our dataset
that meet our defined accessibility compliance criteria. A
large majority (14970, 74.9%) meet 0 out of 6 accessibility cri-
teria. Of those meeting 1 criterion (Total Compliance = 1), the
most commonly met criterion is Default Language (1750 of
1802, 97.1%). Of those meeting 5 criteria (Total Compliance =
5), the most common missing criterion is Alt-text (384 of 581,
66.1%). A small number of PDFs (168) meet only 2 criteria (To-
tal Compliance = 2). Among these, 3 combinations frequently
occurred together (Appropriate nesting with Tagged PDF, Ta-
ble Headers, or Alt Text), accounting for approximately 77%
of the papers. This suggests a stronger association among
these combinations.

Adobe-6 Compliance by Field of Study

Proportion of PDFs that satisfy
Adobe-6 Compliance

Field of Study

Figure 3: Proportion of papers per field of study that meet
all six accessibility criteria defined by Adobe-6 Compliance.
Environmental Science (6.6%), Medicine (4.9%), Psychology
(4.5%), and Biology (4.4%) have the highest rates of Adobe-6
Compliance while the fields with the lowest rates of compli-
ance are Physics (1.8%), Mathematics (2.1%), and Geography
(2.1%). None of these fields had more than 6.6% of PDFs satis-
fying all the six criteria.
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Figure 4: Accessibility compliance over time (2014-2023).
While compliance rates seemed to improve slightly over time
up through 2017, we observe a large decrease in all criteria
but Default Language since then. There is also a significant
decline in the mean normalized total compliance and Adobe-
6 compliance after 2019. This is a concerning trend in the
wrong direction that we attribute to a lack of improvement
in accessibility awareness as well as changes in PDF creation
platforms and models of publishing.

and Biology (4.4%) while the fields with the lowest rates of compli-
ance are Physics (1.8%), Mathematics (2.1%), and Geography (2.1%).
Fields associated with higher compliance tend to align with life sci-
ences and health-related disciplines. Conversely, fields with lower
compliance rates are a mixture of physical sciences and mathemati-
cal disciplines, business, and social science. Lower accessibility in
math-adjacent disciplines could be attributed to the prevalence of
complex equations, figures, and specialized formatting in their liter-
ature, which are challenging to make compliant without significant
effort or specific knowledge of accessibility standards. Also, this
variance in compliance rates across different fields may result from
different field-specific strategies employed, including document
editing and creation platforms, and we explore these associations
in Section 4.3.

4.2 Trends in Paper Accessibility Over Time

We show changes in compliance for all criteria over time in Figure 4.
With the exception of Default Language, all accessibility criteria
demonstrate decreasing compliance rates over the past decade, with
a notable drop following 2019. Although rates of decrease varied,
the relative ranking of criteria compliance remained mostly consis-
tent; in order from most to least compliant, these are Appropriate
Nesting, Table Headers, Tagged PDF, Tab Order, and Alt-Text.
Compliance with the Default Language criterion has seen the
most rapid increase, from around 10% in 2014 to over 25% in 2023.
This may be due to changes in PDF generation defaults in various
creation platforms, making it easier for authors or publishers to
comply with this particular criterion. Though this improvement is
positive, it is important to note that ensuring a default language is
set is the easiest of the six criteria to bring into compliance, and
arguably the least valuable in terms of improving the accessible
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Figure 5: Histograms showing the distribution of Total Com-
pliance scores for each of the top 7 PDF creation platforms,
and an ’Other’ category that groups the remaining platforms,
ordered by decreasing mean Total Compliance. Microsoft
Word stands out as producing PDFs with significantly higher
Total Compliance than other platforms. Three of the most
common PDF creation platform clusters, Arbortext APP, XPP,
and LaTeX, produce PDFs with low Total Compliance, with
the majority of PDFs at 0 compliance.

reading experience. The criteria showing the lowest rates of com-
pliance are Tab Order and Alt-Text. These findings are particularly
concerning because Alt-Text is the only criterion among the six
that requires direct input from authors, suggesting a continued lack
of engagement with accessibility considerations among authors. It
also further supports the theory that any observed improvements
can be partially attributed to automatic enhancements made by
creation platforms or publisher-level changes rather than a gen-
uine increase in accessibility awareness and compliance among
content creators. Furthermore, the general decline in compliance
across most criteria, except for Default Language, also resulted in
a downward trend in Adobe-6 Compliance. This trend reinforces
the notion that despite technological advancements and potential
shifts in publisher policies, significant gaps in accessibility remain,
underscoring the need for continued efforts to raise awareness
and improve compliance with all accessibility criteria, not just the
simplest ones.

4.3 Association Between PDF Creation Platform
and Paper Accessibility

For analysis, we compare the seven most commonly observed cre-
ation platform clusters in our dataset, grouping all others into a
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cluster called Other. The most popular PDF creators are Arbor-
text APP, Adobe InDesign, LaTeX, Microsoft Word, XPP, Springer,
and Elsevier. Among these, Arbortext APP is used predominantly
for technical documentation due to its precision in layout con-
trol, while Adobe InDesign is preferred for its advanced layout
capabilities across both digital and print media. LaTeX is highly
esteemed in academia for its ability to handle complex mathemati-
cal formulas and structures effectively. Microsoft Word is widely
utilized for its versatility in document editing and formatting across
various settings. XPP, or Xyvision Production Publisher, provides
advanced automation in creating complex documents, essential in
professional publishing environments. Springer and Elsevier are not
software but well-known publishing companies that often employ
their own proprietary tools or standardized templates to create and
typeset documents according to their specific publishing standards.
The “Other” category aggregates papers created by the remaining
17 clusters of creation platforms, each with counts of less than 30,
as well as those created with unknown PDF creation platforms.

Figure 5 shows histograms of the Total Compliance score for
PDFs in the seven most common PDF creation platform clusters.
While the vast majority of papers do not meet any accessibility
criteria, it is clear that Microsoft Word produces the most accessi-
ble PDFs, followed by Elsevier, Adobe InDesign, and Springer. To
determine the significance of this difference, we apply the Kruskal-
Wallis H-test [16], a non-parametric method for analysis of vari-
ance that can be applied to non-normally distributed data. With
the PDF creation platform clusters as the sample groups and the
Total Compliance as the measurements for the groups, we compute
a Kruskal-Wallis H statistic of 6378.8 (p < 0.001). This indicates a
significant difference in the distribution of Total Compliance scores
between the seven most common PDF creation platforms.

In Appendix C, we provide plots of correlations between the
proportion of PDFs typeset using different creation platforms per
field of study and the corresponding mean normalized Total Com-
pliance rates for those fields. Higher rates of Microsoft Word usage
are statistically correlated with higher mean normalized Total Com-
pliance (r = 0.66, p < 0.01). Conversely, higher rates of LaTeX
usage are statistically correlated with lower mean normalized Total
Compliance (r = —0.74, p < 0.001). There is also a positive cor-
relation between PDFs created with header Elsevier and higher
accessibility compliance (r = 0.53, p < 0.05). Correlation scores for
Adobe InDesign, Springer, and XPP are non-significant (r = 0.16,
0.12, and -0.06 respectively, all non-significant).

We plot changes in the usage of each of the seven PDF creation
platforms over time in Figure 6. Early in the decade, papers were
predominantly created using Arbortext APP and Adobe InDesign.
Recently, however, there has been a noticeable growth in the usage
of LaTeX, Microsoft Word, and Springer. Conversely, Arbortext
APP, Elsevier, and XPP are witnessing a gradual decline in usage,
suggesting they are being replaced in PDF headers, becoming ob-
solete, or are less preferred compared to their alternatives. These
shifts in preferences reflect broader changes in the publishing indus-
try, driven by evolving standards and technological advancements.
Such changes are often influenced by endorsements from lead-
ing institutions and journals, contributing to significant trends in
document accessibility. Refer to Appendix B to examine trends of
creation platforms used in open versus closed publishing models
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Figure 6: The number of PDFs created by the seven most com-
mon PDF-creating platforms over time. Overall, platforms
such as LaTeX, Microsoft Word, and Springer are increasing
in popularity over time. Conversely, the popularity of Arbor-
text APP, Adobe InDesign, Elsevier, and XPP has declined
significantly.
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Figure 7: Mean normalized accessibility compliance by select
PDF creation platforms over time (2014-2023). While acces-
sibility compliance for PDFs created using LaTeX remains
relatively stable (and low), there is a significant decline in
mean normalized total compliance for PDFs created with
Microsoft Word and Adobe InDesign after 2017.

over time. Splitting by open versus closed access shows large dif-
ferences, with platforms like Adobe InDesign and LaTeX favored
among open access papers along with the rise of Microsoft Word,
while platforms like Arbortext APP were heavily used in the earlier
part of the decade among closed access papers and dominate yet
along with LaTeX.

To further assess the influence of major PDF creation platforms
(Microsoft Word, Adobe InDesign, and LaTeX) on accessibility com-
pliance over time, we plot the mean normalized compliance of
papers created using these three platforms over time in Figure 7.
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Figure 8: Accessibility compliance for the two models of pub-
lishing (open vs. closed). The median of mean normalized
total compliance across all fields of study for open-access
papers is 0.18 (IQR = 0.04), significantly higher than the 0.07
(IQR = 0.01) observed for closed-access papers. This demon-
strates that open-access papers have higher accessibility com-
pliance compared to closed access ones. As per the Mann-
Whitney U test, there is a significant difference in the distri-
bution of mean normalized total compliance scores between
the two access types (Z = 24.76, p < 0.0001).

While accessibility compliance for PDFs created with LaTeX re-
mains relatively stable (and inaccessible), a decline in compliance
is observed for PDFs created using Microsoft Word and Adobe In-
Design, especially for the period of time from 2017 to 2020. This
decline may be partially attributed to updates in these platforms
that prioritized visual and functional enhancements without ade-
quate integration of accessibility standards. For example, the 2019
updates to Microsoft Office introduced Al-driven tools,!* designed
to improve user productivity did not include necessary accessi-
bility features like tagging or alt text. Furthermore, the adoption
of these new features without corresponding increases in acces-
sibility awareness or training likely contributed to the observed
drop in compliance. This trend aligns with the overall patterns in
compliance scores over time, as detailed in Figure 4.

4.4 Association Between Models of Publishing
and Paper Accessibility

Our dataset contains near equal representation of open (10.1K)
and closed (9.9K) access models of publishing. Our hypothesis was
that open access papers would demonstrate higher accessibility
compliance compared to closed access papers due to the broader
visibility and inherent motivation for wider dissemination in the
open access model. To assess this hypothesis, we studied accessi-
bility compliance across these two access types, as illustrated in

13See https://www.microsoft.com/en-us/microsoft/blog/2019/powerpoint-ai-upgrade-
designer and https://venturebeat.com/ai/features-office-2019/
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Figure 8. The median of accessibility compliance over fields of study
for open-access papers was 0.18 (IQR = 0.04), significantly higher
than the 0.07 (IQR = 0.01) observed for closed-access papers.

To determine the significance of this difference, we applied
the Mann-Whitney U test, a non-parametric method suitable for
comparing the distributions of two independent groups with non-
normally distributed data. With the publishing access type (open
vs. closed) as the sample groups and the accessibility compliance
as the measurements for these groups, we found a significant dif-
ference in the distribution of mean normalized total compliance
scores between the two access types (Z = 24.76, p < 0.0001).

Figure 1 shows compliance changes by publication model (open
vs. closed access) over time. The plot reveals a large decline in mean
normalized total compliance for open access papers after 2019, fol-
lowed by relatively stable or slightly increasing compliance values.
These trends suggest that the decline in accessibility compliance
observed in Figure 4 can largely be attributed to a decline in com-
pliance among open access publications. This finding supports our
initial hypothesis and highlights that publishing model has a strong
influence on PDF accessibility compliance. While improvements in
accessibility compliance are still needed across the board, the emerg-
ing crisis among open access publications begs further attention
and marks an unwelcome departure from observed improvements
in scholarly PDF accessibility documented in prior work.

5 ASSESSING THE LIMITATIONS OF
AUTOMATED ACCESSIBILITY CHECKERS

While we rely on automated accessibility checkers to enable large-
scale analysis, we acknowledge they are imperfect instruments. We
therefore conduct additional analysis to qualify the limitations of
these methods, through manual evaluation of alt text, comparative
assessments with an alternate accessibility checker, and manual
assessments with screen readers.

5.1 Verifying alt-text quality

We further process PDFs that “Passed” the alt-text criteria and ex-
tract the corresponding author-written alt-texts. To extract alt-text,
we employ the method described in Chintalapati et al. [8], which
uses the Adobe Acrobat Pro PDF to HTML conversion utility to
convert the sample of documents into HTML, from which we access
the alt-text associated with each figure. We successfully converted
and extracted alt-texts from 1536 of 1691 PDFs that “Passed” the
Alt-text criteria. Given that significant information content is re-
quired of figure alt-text to satisfy BLV user needs, we analyzed
these alt-texts to determine whether they contain meaningful de-
scriptions of figure content. Although we initially intended to use
frameworks from prior work [18, 20, 39] to assess alt-text quality,
we found that many alt-texts extracted from our data sample were
at or below the lowest evaluative levels of these frameworks. As a
result, we manually categorized them into five types: (i) a filepath,
(ii) unspecific (words like ‘Tmage’ or ‘Figure’ that are likely auto-
generated), (iii) caption (duplicate of the figure caption), (iv) cursory
(too short to provide a meaningful understanding of the image),
and (v) satisfactory (contains information about the visual aspects
of the image).


https://www.microsoft.com/en-us/microsoft-365/blog/2019/06/18/powerpoint-ai-upgrade-designer-major-milestone-1-billion-slides/
https://www.microsoft.com/en-us/microsoft-365/blog/2019/06/18/powerpoint-ai-upgrade-designer-major-milestone-1-billion-slides/
https://venturebeat.com/ai/6-ai-features-microsoft-added-to-office-in-2019/
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On analyzing these, we found that 95% of these papers (1461)
contained nondescript alt-text such as ‘Image, ‘Figure, or ‘Logo.
Approximately 3.2% (49) papers had the file path or URL of the image
source in their alt-texts, and 1.4% (21) had minimal descriptions
such as ‘A picture containing graphical user interface’, ‘A close-up
of a map’, and ‘A picture containing surface chart’, which may not
offer sufficient information to understand the visual content of
the image. Only 5 PDFs (less than 0.4%) that passed the Alt-text
criterion (already only 8.5% among our total sample of 19,997 PDFs)
actually contained useful and meaningful alt-text, offering detailed
descriptions of figure content. Extrapolating to our entire sample,
this equates to around 0.03% of papers meeting the stricter criteria
of having “meaningful” alt-text.

5.2 Comparative assessment with Adobe
Checker and PAC3

We extend the evaluation of PDF accessibility beyond Adobe’s
checker by incorporating a secondary assessment with the PAC3
tool. Because the tool has no API or bulk processing feature, as-
sessment is manual and we are forced to limit our analysis to a
smaller sample of PDFs. We subsample 133 papers, stratified along
the 19 top-level fields of study across total compliance values 0-6
as determined by the Adobe checker. For each of these PDFs, we
manually conduct a check using PAC3 and save the report for anal-
ysis. Unlike Adobe, which reports element-wise compliance, PAC3
reports are organized based on the WCAG and PDF/UA standards.
The criteria reported by these checkers are not equivalent, so we
manually identify correspondences to our six assessed criteria in
the PAC3 output (Table 3) and extract these values for analysis.

We compare the outputs of these two checkers: Adobe and PAC3,
side by side along with the original PDF. Our primary tool for
this analysis was Adobe Acrobat Reader, supplemented by manual
testing with screen readers (VoiceOver), especially to assess the
practical navigational experience with the keyboard. For the Tagged
PDF, Table Headers, and Appropriate Nesting criteria, we utilized
the Reader to inspect the presence and hierarchy of PDF tags within
the tag tree. We further used it to check for the presence of Alt-
text for images. We also verified the specification of the Default
Language by examining the document properties. Additionally, we
evaluated the Tab Order criterion using primarily VoiceOver to
verify if the tab order paralleled the document structure. These
results are presented in Table 3.14

Our comparative analysis of the Adobe and PAC3 checkers re-
vealed discrepancies in compliance values for specific criteria, high-
lighting potential disagreements between the checkers and their
impact on the conclusions drawn from automated assessments. For
example, our analysis reveals that the Adobe Checker is more likely
to yield false positive classifications for the Table Headers criterion
(saying this criterion is not met) compared to PAC3. Conversely,
PAC3 appears more lenient, often overestimating compliance, es-
pecially for the Appropriate Nesting and Table Headers criteria.
For instance, PAC3 passed the majority of documents (more than
80%) in these criteria, overlooking significant accessibility issues.

14The false positive and false negative rates reported in Table 3 were measured on
152 papers, which up-samples compliant PDFs, stratified by Adobe compliance score.
These rates are not representative of false positive and false negative rates over our
entire corpus though serve to illustrate commonly occurring limitations of these tools.
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This could lead to a false sense of progress regarding the state of
document accessibility. These findings underscore the limitations
of relying solely on automated tools for PDF accessibility evalua-
tion and emphasize the necessity for manual reviews to accurately
evaluate PDF accessibility.

5.3 Manual assessments with screen readers

Automated accessibility checker tools provide a binary ‘Passed’ or
‘Failed’” judgement while evaluating documents against a prede-
fined set of standards such as WCAG and PDF/UA, but often fall
short in assessing a document’s practical and functional coherence.
We explore the limitations of automated checkers across some of
these criteria by conducting manual assessments with screen read-
ers. We read 133 PDFs (sampled across fields and total compliance
rates) using NVDA and VoiceOver, and describe key differences
between checker results and the qualitative experience of using
screen readers to read these documents:

(1) Tagged PDF: Although automated tools can verify the presence
of tags in a PDF, they do not assess the correctness and appro-
priateness of these tags (e.g., whether a tag used as a list actually
corresponds to list items), which often requires human judg-
ment. These tools also fail to interpret the reading sequence or
identify issues caused by visually overlaid content, structured
differently in the tag tree. This can result in documents where
the tagged order conflicts with intuitive visual cues, making
navigation difficult for screen reader users.

(2) Table Headers and Appropriate nesting: Automated tools can
check for the presence of table header tags, but they cannot
determine if these headers are meaningful or if they are cor-
rectly associated with the corresponding data cells through
attributes like scope or headers. Additionally, these tools often
fail with complex tables, such as those with multi-level headers
or irregular header arrangements, and thus, require manual
verification. Likewise, automated checkers can flag improper
heading hierarchies and validate against syntactic rules but
fail to assess whether the nesting reflects the intended logical
structure of the content. As a result, users might find it chal-
lenging to understand these relationships and context within
the document.

(3) Tab order: While automated tools can check if tab order is
specified, they cannot determine if the order makes logical
sense. This misalignment often results in a disjointed reading
experience, making it challenging for users to navigate the
content efficiently or correctly.

(4

=

Default Language: These checkers cannot assess whether the
detected language accurately reflects the document’s content.
For instance, a page could be marked as English while contain-
ing primarily French text. They are also not capable of detecting
changes in language in a multilingual context. This oversight
can lead to scenarios where even if a document is technically
compliant, it can be practically misleading for users when the
default language does not match the content.

(5) Alt-text: While these checkers are capable of detecting the pres-
ence of alternative text for images and other non-text elements,
they fail to assess the descriptiveness and contextual relevance
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Criterion Corresponding Guidelines Adobe Checker PAC3

Default PDF/UA; WCAG 2.1 guideline  Effective; false positives are infrequent due to Incorrectly flags documents as missing the

Language 3.1.1 (Language of Page) integration with Adobe Acrobat, which handles language tag, possibly due to less sophisticated

metadata well (0.78% false positives) recognition of metadata (17.05% false positives)

Appropriate  PDF/UA; WCAG 2.1 guideline  Identifies heading structures accurately, but sometimes ~ Tends to over-report compliance, suggesting

Nesting 1.3.1 (Info and Relationships)  fails to detect nested structures in documents with leniency in recognizing heading structures (75%

complex layouts (4.8% false positives) false negatives)

Tagged PDF  PDF/UA; WCAG 2.1 doesnot ~ Marks documents as compliant, despite having several ~More rigorous in assessing tagged elements;
specifically address PDF tags, untagged elements (11.1% false negatives); overlooks ~ however, incorrectly interprets whitespace or
but relevant as per guideline  untagged nested elements due to their complex decorative elements as needing tags (91.8% false
4.1.2 (Name, Role, Value) structure, especially tables (1.1% false negatives) positives)

Table PDF/UA; WCAG 2.1 guideline  Misidentifies non-table elements as tables and flags Usually marks tables as compliant and

Headers 1.3.1 (Info and Relationships) ~ well-structured but complex tables, despite having misidentifies styled text as table headers (85.7%

header tags (34.2% false positives) false negatives)

Tab Order PDF/UA does not explicitly Mostly accurate and checks tab order to match Focuses on keyboard navigation by checking
address tab order but requires  document structure, but does not assess element-level  the focus order rather than tab order, which
that the document’s reading order within pages, which overlooks finer could miss issues related to visual document
navigation be logical and navigation issues flow
consistent; WCAG 2.1
guideline 2.4.3 (Focus Order)

Alt-Text PDF/UA; WCAG 2.1 guideline  Checks for the presence of alt-text but does not assess ~ Similarly checks for alt-text presence without

1.1.1 (Non-text Content)

the quality or appropriateness of the descriptions,
which could lead to non-descriptive alt-text passing
the check. Sometimes, incorrectly flags decorative
images that do not require alt-text (10% false positives)

assessing quality; also incorrectly flags
decorative images and links that do not require
alt-text (10% false positives)

Table 3: Comparative analysis of the Adobe Checker and PAC3, detailing their performance differences when evaluating PDF
accessibility. ‘X% false positives’ refers to the percent of papers reviewed where the tool incorrectly identified a criterion as
non-compliant; the denominator is the number of actually compliant documents. Conversely, ‘X% false negatives’ refers to the
percent of papers reviewed where the tool overlooks actual accessibility issues, incorrectly marking the document as compliant;

the denominator is the number of non-compliant documents.

of this text. For example, an alt-text that says "image" or "logo"
does not convey meaningful information about the image’s con-
tent, rendering them inaccessible to screen reader users. Our
manual review of alt-texts in Section 5.1 reveals that although
Adobe’s checker identified them as compliant, only a small
fraction were genuinely descriptive and meaningful.

Along all criteria, automated checkers fail to capture readabil-
ity issues that occur when reading these documents with screen
readers. Automated checkers, while useful for initial broad assess-
ments, are not a substitute for human evaluation, and are limited in
interpreting the quality and practicality of compliance. We ask the
reader to bear this in mind when interpreting our analysis (in that
we believe the actual screen reader accessibility of scholarly docu-
ments to be even lower than what our analysis reports), or when
considering the use of automated accessibility checkers as the sole
instrument for validating accessibility. To truly support the accessi-
bility needs of all users, especially those relying on screen readers,
a more comprehensive approach that combines both automated
and manual review techniques is required. This will help uncover
and address disparities between technical compliance and practical
accessibility, ensuring more inclusive access to digital content.

6 DISCUSSION AND RECOMMENDATIONS

Our analysis reveals a stark landscape of PDF accessibility within
academic publishing. We discovered that a large majority of papers
in our sample (74.9%) had zero compliance with accessibility criteria
across the spectrum of academic fields, with only a small fraction of
papers (3.2%) fully compliant. Among the assessed criteria, Default
Language was the most commonly met, reflecting the minimal effort
required for compliance in this area. Conversely, Alt-Text for figures,
which necessitates deliberate author input, was the criterion least
likely to be met. This underscores a broader issue: the gap between
the potential for accessibility and its actual implementation by
authors and publishers.

A concerning trend emerged when analyzing the data over time.
Before 2019, PDF accessibility was relatively stable or even improv-
ing gradually. However, afterwards, we observed a notable and
unexpected decline in accessibility compliance, marking a signif-
icant shift in the landscape of scholarly PDF accessibility. What
went wrong? Our findings suggest a correlation between open-
access papers and higher accessibility compliance, possibly due to
the motivation for broader dissemination associated with the open
publishing model, encouraging authors to implement accessibility
standards more diligently. However, it is among open access papers
that we observe the largest drop in accessibility compliance around
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2019. We attribute this to several interrelated developments in the
publishing ecosystem.

The period after 2019 witnessed a significant increase in the vol-
ume of academic publications, especially open access publications.
This was driven in part by Plan S,'> which mandates that scientific
publications from publicly funded research be published in compli-
ant Open Access journals or platforms by 2021. The push towards
open access may have introduced financial pressures on publishers
to reduce costs, which could have resulted in cuts to resources allo-
cated for ensuring accessibility. Additionally, the shift towards more
digital and rapid publishing methods like preprints and online-first
publications prioritized speed and broad access to information over
compliance with detailed accessibility standards. This trend was
further accelerated by the COVID-19 pandemic, which heightened
the demand for rapid communication of research findings crucial to
public health responses. Indeed, around 16% of papers in our dataset
published after 2019 include COVID-related keywords. However,
accessibility changes among COVID-related papers alone do not
account for the severity of the drop in accessibility compliance,
which implies more systemic and perhaps persistent changes in
scholarly publishing.

We also uncovered a strong association between the platform
used to create a document and its accessibility compliance. Mi-
crosoft Word was found to produce the most accessibility-compliant
PDFs, while those produced by XPP, Arbortext APP, and LaTeX
had the lowest compliance, underscoring the significant impact of
creation platform choice on accessibility. Microsoft has made in-
vestments in enhancing the accessibility of their Office 365 Suite,'¢
integrating features like live captions and subtitles in PowerPoint
in 2020, which reflects a growing awareness and prioritization of
accessibility concerns during document creation. However, the 2019
update of Microsoft Office and subsequent updates introduced Al-
driven tools,!” aimed at boosting user productivity and enhancing
user experience, such as Al in Word offering writing suggestions
and PowerPoint suggesting design layouts. While these innovations
offered significant benefits, they did not fully integrate necessary
accessibility features, which may have contributed to the observed
decline in accessibility compliance. For instance, advanced format-
ting features disrupt the tab order necessary for screen readers.
We encourage developers of typesetting and publishing software
to prioritize accessibility in their development process to address
these issues.

While technological advancements are crucial, we caution that
not all aspects of PDF accessibility can be automated through soft-
ware alone, and their limitations must be recognized. Software
may be able to effectively infer reading order and detect struc-
tural elements like headings and table headers, which are feasible
tasks for visual layout-enhanced language models [31, 40] or vision-
language models like GPT-40 [2]. However, certain aspects of PDF
accessibility require a deeper level of understanding and contex-
tual decision-making that models alone may struggle to provide.
For instance, creating meaningful alt-text for figures demands an
understanding of the author’s intent and the document context,

15Please visit https://www.coalition-s.org/ for more detailed information on Plan S
1Shttps://www.microsoft.com/en-us/accessibility/microsoft-365

17See https://www.microsoft.com/en-us/microsoft/blog/2019/powerpoint-ai-upgrade-
designer and https://venturebeat.com/ai/features-office-2019/
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which is significantly more challenging to automate [33]. Authors
therefore continue to play an indispensable role in ensuring the
accessibility of documents.

Despite the potential for technology to support accessibility
efforts, we have not observed any improvements in accessibility
compliance, likely because accessibility concerns are considered
marginal, and are outside of the awareness of most publishing
authors and researchers. Significant changes in the authorial and
publication processes are needed to change this status quo, and to
increase the accessibility of scientific papers for BLV readers and
screen reader users. Outside of the accessibility and HCI publishing
communities, the likelihood of rapid improvement is lower, and
automated or crowdsourcing solutions may be needed to improve
the accessibility of publications in these other domains. Moreover,
the inherent complexity of certain academic materials, such as sci-
entific papers that include complex equations and formats, presents
additional challenges that require specialized knowledge and tools
to make them accessible. Training and guidelines for authors on
creating accessible content, especially in technically dense fields,
as well as advocacy for the importance of accessibility, are crucial
components to success.

PDFs have been repeatedly called out as being inaccessible, not
only for screen readers, but broadly for reading, especially on mobile
and other devices with small screen sizes [24]. Dissociating publish-
ing from PDFs continues to be a good goal for the future. In recent
years, alternative publication formats have risen in popularity, such
as eLife’s dual publication in PDF and HTML,!8 the interactive
HTML papers at distill.pub,'® or the ACM Digital Library’s very
own dual publication (PDF and HTML) process,?? which is now
available for many of the ACM’s computing conferences and jour-
nals. Additionally, arXiv has introduced HTML formats for nearly
all of its newly submitted papers [13]. Similarly, projects like Paper
to HTML [36] can transform scientific papers into more accessible
HTML versions, improving readability on mobile devices and acces-
sibility via screen readers. We have no doubt that more such viable
alternatives to PDF will arise, and we encourage the community to
explore these options when making publishing decisions.

Hence, the substantial variability in accessibility compliance
across different fields of study, modes of publication, and creation
software highlights the multifaceted challenges and opportunities
in improving PDF accessibility in academic publishing. Our results
underscore the need for concerted efforts from authors, publishers,
software developers, and academic communities to prioritize and
enhance the accessibility of scholarly work. By adopting a holistic
approach involving technology, human effort, and systemic changes
in publishing practices, we can transform accessibility from an
afterthought to a fundamental component of scholarly output.

7 LIMITATIONS

We acknowledge the limitations of our analysis methods. First, our
study employed automated accessibility checkers, enabling us to
conduct large-scale analysis of over 20K PDFs, but it inherently

Bhttps://reviewer.elifesciences.org/author-guide/post
https://distill.pub/
Lhttps://www.acm.org/publications/authors/submissions
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limited the depth of our accessibility assessments. The Adobe ac-
cessibility checker, used predominantly in our research, provides
binary outputs (Passed/Failed) that do not fully capture the nu-
ances of document accessibility, particularly in the evaluation of
the quality and meaningfulness of alt-text. Where possible, we have
performed smaller scale manual inspection to corroborate our main
analysis results. Second, since we did not want to rely on a single ac-
cessibility checker, which may have biased our results towards the
specific standards and capabilities of the tool, we supplemented our
analysis with PAC3 for a secondary assessment on a subset of 152
papers. However, the limited scope of this analysis prevents us from
generalizing its findings, underscoring the need for more sophisti-
cated assessment tools that allow for batch processing, integrate
a broader range of accessibility criteria, and offer more granular
analysis. Addressing these technological and resource limitations
in future work could enable more expansive and robust research,
potentially leading to more detailed and actionable insights.

We conducted manual assessments with screen readers (NVDA
and VoiceOver) on a stratified sample of 133 PDFs, which revealed
discrepancies between automated assessments and the actual user
experience. Ideally, these manual assessments should have been
conducted with the participation of end-users who rely on these
technologies daily. Due to resource and time constraints, we were
unable to involve end-users directly in this phase, and instead,
conducted these ourselves to supplement our existing large-scale
analyses. Future studies could enhance the validity of these findings
by incorporating end user testing, which would provide invaluable
insights into the real-world accessibility of academic PDFs.

Another potential limitation is that there may exist multiple
versions of each paper, and one of these versions may be more
accessible but not indexed by our data source, OpenAlex. We ana-
lyzed the most readily available versions as indexed by OpenAlex,
which may not always be the most accessible. This could poten-
tially impact our findings, as we cannot guarantee the capturing of
the best possible accessibility score for each paper. Future studies
should consider ways to identify and analyze all available versions
of a paper to provide a more accurate assessment of its accessibil-
ity compliance. Moreover, our sample primarily contained journal
publications, with fewer publication types such as preprints, book
chapters, reports, and other educational resources. Expanding the
scope of future research to these types of documents could yield a
more comprehensive understanding of the current state of accessi-
bility across the entire spectrum of academic publishing.

The observed low accessibility compliance across different fields
can be attributed to various decisions made by authors, publishers,
societies, and conference organizers, which are often influenced by
each field’s unique practices and standards. As a result, it is chal-
lenging to derive field-specific recommendations. Future research
should examine field-specific practices and their impact on accessi-
bility to enable the development of more targeted interventions.

8 CONCLUSION

Our study on scholarly PDF accessibility highlights the significant
challenges faced by blind and low-vision readers and screen reader
users in accessing academic literature. Our analysis across various
disciplines reveals low compliance with accessibility criteria, as well
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as a concerning drop in compliance led by open access publications
in recent years. These disparities are influenced by factors such as
PDF creation platforms and publishing models, emphasizing the
need to improve both the available tools and awareness and prac-
tices within the academic community. We advocate for collaborative
efforts among authors, publishers, and software developers to prior-
itize accessibility in academic publishing. Furthermore, our manual
assessments underscore the importance of supplementing auto-
mated checker results with comprehensive evaluations to ensure
a more accurate measure of accessibility. As the digital landscape
evolves, the academic community should consider moving beyond
PDFs to more accessible formats to ensure that all scholarly work is
truly accessible to everyone, including those with disabilities. This
shift not only aligns with ethical standards but also broadens the
dissemination and impact of scholarly work.
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Figure 9: Pearson correlation coefficients between accessibil-
ity criteria. We observe strong positive correlations between
several criteria, notably between Appropriate Nesting and
Table headers (r = 0.89), Appropriate Nesting and Tagged PDF
(r = 0.86), and Tagged PDF and Table Headers (r = 0.74).

In Figure 9, we plot a heatmap that displays the Pearson correla-
tion coefficients for various accessibility criteria used in evaluating
PDFs. We observe strong correlations between Alt-Text and Table
Headers (0.66), Alt-Text and Appropriate Nesting (0.69), Table Head-
ers and Tagged PDF (0.74), Tagged PDF and Appropriate Nesting
(0.86), and Table Headers and Appropriate Nesting (0.89). Addi-
tionally, we note moderate correlations between Tagged PDF and
Default Language (0.45), as well as Default Language and Tab Order
(0.53), indicating these combinations frequently appear together
in papers. Other correlations range from lower to moderate, as de-
picted by varying shades from lighter red to white on the heatmap.

B USAGE OF PDF CREATION PLATFORMS IN
DIFFERENT PUBLISHING MODELS

To examine the trends in PDF creation platform usage within dif-
ferent publishing models, we plot the usage of the seven major
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Figure 10: The number of (a) Open Access and (b) Closed
Access PDFs created by the seven most common PDF-creation
platforms over time.

PDF creation platforms for open and closed-access papers over
time in Figure 10. For open-access papers, Adobe InDesign, LaTeX,
and XPP were initially the most utilized platforms. Over the years,
we observe a significant increase in the use of Springer and Mi-
crosoft Word, while LaTeX’s usage has continued to grow steadily.
In contrast, XPP’s usage has significantly declined, becoming al-
most negligible for open-access publications. Post-2019, there is a
notable increase in the usage of Arbortext APP, corresponding with
a decline in the use of Adobe InDesign. For closed-access papers,
Arbortext APP was the dominant platform early in the decade but
experienced a sharp decline subsequently. The use of other creation
platforms has either been stable or has shown a gradual decline,
suggesting that these platforms may be becoming obsolete or are
less preferred compared to newer alternatives.

C CORRELATIONS BETWEEN CREATION
PLATFORMS AND PDF ACCESSIBILITY

We plot the proportion of usage of seven major PDF creation plat-
forms per field of study and the corresponding mean normalized
Total Compliance rates for those fields, in Figure 11. There is a
strong positive correlation between the proportion of PDFs created
using Microsoft Word and their accessibility compliance (r = 0.66,
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p < 0.01, 95% CI shown) with higher compliance in fields like
Medicine, Environmental Science, Business, Political Science, So-
ciology, Economics, and Psychology, where its usage exceeds 15%.
Elsevier also shows a strong positive correlation (r = 0.53, p < 0.05,
95% CI shown) with higher compliance, especially in Political sci-
ence and Business. Conversely, LaTeX demonstrates a strong nega-
tive correlation (r = —0.74, p < 0.001, 95% CI shown) with lower
compliance, particularly in fields such as Mathematics, Physics, and
Computer Science, where it is used similarly extensively. Correla-
tions for other creation platforms (Adobe InDesign, Springer, and
XPP) are non-significant (r = 0.16, 0.12, and —0.06 respectively, all
non-significant).
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Figure 11: Correlation between PDF Creation Software Usage and Accessibility Compliance by Field of Study.
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