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Abstract

It has frequently been said that PDF files are not accessible, yet much work has been
done to develop standards such as PDF/UA to add ‘accessibility features’ into PDF docu-
ments. Using an 80+ page real-world PDF/UA document, built using IETEX methods, its
accessibility is tested using the PAC 2021 validation software, passing all tests with neither
violations nor warnings. Yet there is no testing of a significant number of the WCAG
recommendations.

To better test we “derive” PDF/UA documents to HTML-5 format and check Acces-
sibility using the Alnspector for Firefox browser plug-in; again with neither violations nor
warnings, but with numerous tests marked for ‘Manual Checking’. In particular, top-level
structuring via ‘Landmarks’ and ‘Regions’ is confirmed, as well as all hyperlinks having a
meaningful and unique ‘Accessible Name’. Links, images and other structures have ‘Ac-
cessible Descriptions’, which allow a better understanding of the purpose of the content by
a non-visual reader.

With some manual checking of these, helped by an understanding of how the ‘Accessible
Name’ and ‘Accessible Description’ are constructed, one concludes that the appropriate
guidelines are indeed satisfied, thus resulting in a document that is very Accessible. Since
the HTML page was derived from the PDF/UA, one concludes that the PDF itself contains
all the information to support it being very Accessible also. The only problem is that there
may not yet be readily available software that can extract the information in a way that
is sufficiently convenient for users with disabilities.

Conclusion: one should not complain that the PDF format is inaccessible; rather,
ask for better software that can take advantage of the features that PDF/UA can make
available. And similarly demand that publishers prepare PDF/UA documents that are
enriched with these features.

Non-readability of a PDF document.

Most PDF documents are built using compression, not just of images, but encryption of entire
document segments including textual portions, as in Figure 1. There are many advantages to
using compressed PDFs!. While such a file may be able to be opened with simple text editor
software, and some parts of it may well be readable, most of the information content cannot
even be located, let alone extracted. Any attempt to edit it will almost certainly compromise
the integrity of the file. This is true for a fully-sighted user, as much as for a non-visual one.
When uncompressed, a PDF file can be seen to be essentially a container for numerous
resources known as ‘objects’; together with an ‘xref’ table listing the byte offset from the start
of the file to where each object commences. The filesize of the PDFs used for the figures here is
roughly 6.8 Mbytes compressed, but ~34.8 MB uncompressed, containing ~9600 objects. For
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Figure 1. Encryption of portions of a PDF document — intentionally unreadable.

each visual page, there is a ‘content stream’ containing the graphics instructions to place each
word onto that page, often broken into pieces. This is mixed-in with commands for selecting
the font, and exact positioning on the page. Other non-visible page elements can be present,
especially when tagging is included. This is still quite intractable, as in Figure 2, though some
(parts of) words can be identified. The length (in bytes) is also included with such stream
objects. If a stream object were to be edited, resulting in a change of length, then not only
does the new length need to be recorded, but the byte offsets to every subsequent object would
need to be adjusted in the ‘xref’ table. This can amount to thousands of edits for just a simple
adjustment; clearly this is not a viable way to do it.
Put simply, text-editing software is just not appropriate for handling a PDF file.

Proper text-extraction from a PDF document.

Clearly special software is needed to sift through the complexity of a PDF file’s contents in
order to build the picture for on-screen display, or to just locate all the textual pieces. One
such well-known piece of software is Adobe’s free Acrobat Reader[2]. As well as displaying a
high-quality visual view, this allows Copy/Paste of the contents; see Figure 3(a). It puts all the
word pieces back together, modulo hyphenation, but gives no real idea of the semantics and
includes ‘Artifact’ text such as the running headers and footers including page-numbering.

Acrobat Reader|2] also allows the contents of a PDF to be ‘Read Out Loud’, as well as saving
as Text(Accessible); see Figure 3(b). This latter method is saving the words that would be
spoken; which can include extra ‘spoken tags’ to convey semantics, should the PDF have been
constructed to include such a feature. With punctuation not being explicitly spoken, the ‘;’
and ‘’ characters introduce slight pauses; just a little longer than that of a comma. Notice
that ‘Artifacts’ are excluded, and acronyms have been setup to be spoken letter by letter. With
tabular material, row and cell boundaries are clearly identifiable, as well as which cells are
meant to be a header for their column or row.
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Figure 2. Uncompressed portion of a PDF content stream — still intractable.

(a) Copy/Paste (b) Text(Accessible)

L CN Untitled.txt LICN ] SpringMT2023.txt

1885:286 154,606 characters | 5 Spring2l  SpringMT20... SpringMT20. SpringMT20...  pringMT20. +
The approximate 90% log-normal confidence intervals are shown. B

1633 Spring MT Assessments 2023 58 5 FLKUNIT 82,17} 181,025 characters | £

163 6. SCUP and fall research bottom trawl

163 Mark Terceiro 2676 survey series. The approximate 90% log-normal confidence intervals are shown.

2%77 |

163  This assessment of the Scup (Stenotomus chrysops) stock is an update of i

the existing 2021 Manage- ment Track Assessment (NEFSC 2022). Based on

t B 2679 ; end of float block ;
the previous assessment the stock was not overfished and overfishing was
not occurring. This 2023 Management Track Assessment updates fishery 2680 6. ; start of Section at level 3: titled : Scup ;
catch data, re- search survey indices of abundance, the ASAP assessment 2681
model, and biological reference points through 2022. Additionally, stock 2682
projections have been updated through 2025. 2683
1637 State of Stock: Based on this updated assessment, the Scup (Stenotomus 268 ; Report Author: ; Mark Terceiro .
chrysops) stock is not overfished and overfishing is not occurring 285 ; Report Summary: ; This assessment of the Scup (Stenotomus chrysops) stock is
(Figures 17—18). Retrospective adjustments were made to the model an update of the existing 2021 Manages i
results. Adjusted Spawning Stock Biomass (SSB) in 2022 was estimated to 2686 ment Track Assessment (N E F S C 2022). Based on the previous assessment the

stock was not overfished and
2667 overfishing was not occurring. This 2023 Management Track Assessment updates
fishery catch data, re-

be 193,087 mt which is 246% of the biomass target for this stock (SSBMSY
proxy=78,593; Figure 17). The adjusted 2022 fully selected fishing

mortality was estimated to be 0.098 which is 52% of the overfishing 283 search survey indices of abundance, the A S A P assessment model, and
threshold proxy (FMSY proxy=0.19; Figure 18). biological reference points through
1638 Table 13: 2669 2022. Additionally, stock projections have been updated through 2025.
1639 Catch and model results for Scup. All weights are in mt, recruitment is 2690
in 000s, and FFull is the fishing mortality on fully-selected age-4. 291 State of Stock: Based on this updated assessment, the Scup (Stenotomus
Model results are unadjusted values from the current updated ASAP chrysops) stock is not
assessment. 269 overfished and overfishing is not occurring (Figures 17; to ; 18).
w0 2013 Retrospective adjustments were made to the .
ol | 2012 293 model results. Adjusted Spawning Stock Biomass (S S B ) in 2022 was estimated
o NE to be 193,087 m t which
2%  is 246% of the biomass target for this stock (S S BIM S Y proxy] =78,593;
1643 2016 Figure 17). The adjusted 2022
1644 2017 295 fully selected fishing mortality was estimated to be @.098 which is 52% of the
1645 2018 overfishing threshold proxy
1646 2019 29  (FIM S Y proxy] =0.19; Figure 18).
1647 2020 2697
68 2021 29  Table 13: Catch and model results for Scup. All weights are inm t ,
1669 2022 recruitment is in thousands , and F[Fulll is the
1650 | Data 299 fishing mortality on fully-selected age-4. Model results are unadjusted values
B | comercial tandings from the current updated A S A P assessment.
ws2 8,105 7
i | 7.239 2702 ( blank cell )
1656 7,725 2703 start of table ;
1655 7,147 2704 3 head cell ; ; 2015
1656 7,007 ead cell ; ; 2018 ; ;
1657 6,064 head cell ; ; 2019 ead cell ; ; 2021 ; ; ;
1658 6,252 head cell ; ; 2022;
159 6,177 2705 ulti head cell ; ; Data; ; row ; ;
1660 5,944 2706 head cell ; ; Commercial landings ; 8,105 ; 7,239 ; 7,725 ; 7,147 ;

Figure 3. Extraction of text, using Adobe’s Acrobat Reader[2] or Acrobat Pro[l1];
(a) result from Copy/Paste; (b) result using Save As Text(Accessible).
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Adobe’s Acrobat Pro[1] is a significant step up from Acrobat Reader[2]. It allows alternative
ways to view and access the document contents, and Export into other document formats.
Although non-free, Acrobat Pro[1] is used by many academic institutions and can be obtained
through site-licensing, perhaps bundled with other useful PDF software. There is a slight
difference in its reading and Export to Text(Accessible) as follows. With hyperlinks, Acrobat
Reader|2] speaks extra words ‘jump to destination ...’ , with the dots being the internal identifier
of the destination within the document; the anchor text word(s) are lost. On the other hand,
it is precisely these anchor text words that are read (and saved) by Acrobat Pro[l], giving a
more natural reading; Figure 3(b) actually shows this result. The Reader words could be useful
giving an audible indication of a hyperlink to follow — a precursor of the ‘Accessible Name’
concept (see below) — but there seems to be no way to choose between these behaviours.

This is a vast improvement but we can do even better, using ‘Tagged PDF’.

PDF/UA and Accessibility

As well as capturing large scale structural constructs, such as Parts, Sections with Headings,
Lists, Tables, Figures, etc. and active elements such as hyperlinks, buttons and other controls,
the ‘Tagged PDF’ format also supports having attributes for structural items. Being similar
to formats such as HTML, SGML and XML, this allows great flexibility in associating layout
specifications to content. It also permits conveying semantics by short ‘hints’ or with extra
descriptive text, especially for content where there is implicit meaning in layout choices such
as margin-widths, line-spacings or use of italiced or bold-faced text. The WCAG[33] and WAI-
ARIA[32] recommendations describe attributes such as alt, role, aria-label, aria-roledescription
used to provide such hints to Assistive Technology, as well as having aria-details, aria-labelledby
and aria-describedby to reference parts of the document where descriptions may be found.

The published PDF /UA-1 standard has explicit rules about which structural elements may
be parents or siblings of other elements, thereby covering the main requirements of Accessibility.
However it is rather weak when it comes to specifying when aria-* attributes should be used
to better convey meaning, when it is not so easily deduced from context. PDF/UA-2, to be
released early in 2024 [24] by the PDF/UA Technical Working Group[26], has some reference
to ARIA[32], but not to the extent exhibited in the documents studied in a later section.

To date there is no validation software? for PDF/UA documents that checks whether such
attributes are present, thus whether the document can truly be regarded as being Accessible
for WCAG 2.0, WCAG 2.1, or WCAG 2.2 [34], as is required to satisfy various Government
document guidelines [4, 6, 9, 29].

On the other hand, the requirements of PDF/UA-1 are such that a document can be ‘derived
to HTML’[7] preserving the main document structures and tagging all of the visible content.
One means of doing this is by using the online ngPDF[15] by Dual Lab[8] powered by the
iText PDF library[11]. With ngPDF any applicable attributes specified for structure items are
mapped to attributes on the resulting HTML tags. Where the resulting file is not strictly valid
for HTML-5, incorrect patterns can be fixed with multi-line sed (Stream Editor) commands
which reorganise the tagging without creating or destroying any content. HTML documents
can be tested for WCAG 2.1 [34] accessibility and conformance to ARIA recommendations [32]
using the Alnspector for Firefox[5] plugin based upon the OpenAlly library[18].

2 Although PAC 2021[20] and PAC 2024[21] are the best available for PDF/UA-1 and make claims for WCAG
compliance, there are many WCAG/ARIA recommendations that are not checked, as we shall see.

4
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Links to two real-world PDF/UA-1 documents, and the HTML derived and corrected to
be fully HTML-5 conformant, can be found in the bibliography, for items FallMT2022[10] and
SpringMT2023(30].

We discuss these ‘fish stock review’ documents further in a later section.

‘Accessible Name’ and ‘Accessible Description’

These concepts, described in detail in [35], are like street signs and brief explanations in a city
guide or theme park map. The ‘Accessible Name’ gives an indication of what is found down the
street, while the ‘Accessible Description’ provides more detail. Their purpose in an electronic
document is to make it easier to decide whether to go that way (by following a hyperlink, say)
or continue reading at the current location. Assistive Technology (AT) is expected to be able
to present the Name and/or Description, so that a choice can be made without losing ‘focus’.

Most simply, for the ‘Accessible Name’ of a structural element (or HTML tag) one uses either
the value of an aria-label attribute, or the document text indicated by an aria-labelledby reference,
with the latter preferred. For the ‘Accessible Description’ it is aria-details and aria-describedby
references that are followed, if available. Availability of references is highly dependent upon the
use of ‘Structure Destinations’ within the PDF, whether for PDF 1.7 or PDF 2.0[22].

The AOP recommended a provisional Level 1 review for Atlantic mackerel. The AOP supported a
direct delivery of the assessment to the SSC based on the proposal to maintain the model configuration
and update three years of fishery and survey data. The SSC recommended that a Level 2 review may be
warranted if the 2022 S{\3 index is not available for the assessment update or if large differences in CAMS
data are detected. The NE)] SSB spawning stock biomass 4-6,8, 17-21, 39, 49-52, 59-62, 64 s and determine if the

review needs to be elevateq SSB,gy, the approximate equilibrium spawning stock biomass that results from
of maximum sustainable yield 5

Bluefish (AOP Lead: HssB,, spawning stock biomass consistent with maximum sustainable yield 5

. SSBygy proxy value for spawning stock biomass estimation for maximu
Recommendation: Level 2| 19 2349752 54 50 62 64

Figure 4. A view of a small portion of the target location “pops up” when the mouse hovers
over a link anchor. Move the mouse slightly to dismiss the popup.

In a fully visual context this idea is well displayed as in Figure 4, where in PDF browser
software under MacOS, a small popup window shows the contents found at the destination of
a hyperlink. There the expansion and meaning of an Acronym is shown without jumping to
the Glossary entry itself. Using AT, the ‘Accessible Description’ would include the expansion
‘spawning stock biomass’ and there could be an audible cue, perhaps speaking the ‘Accessible
Name’, here the string Glossary:SSB. If desired, a button press would deliver the Description;
but perhaps not used if the Name is meaningful or familiar as to not require a repeat. Figure
5 shows a representation of the internal PDF objects that encode the link information.

This would be especially relevant when navigating via taborder (i.e., using just the tab key)
in either a PDF or HTML document; especially with a Braille display, where the surrounding
context is extremely limited. The text used could be located anywhere within the document,
not necessarily at the destination of a hyperlink; though usually there would be some relevant
structure involved, such as a caption on an image, chart or photograph. There are WCAG
recommendations concerning use of ‘Accessible Name’ and/or ‘Accessible Description’, under
categories 1.1.1, 1.3.1, 2.4.4, 2.4.6, 3.2.4, 3.3.2 and 4.1.2; related also to headings and landmarks,
as well as links, list items, and captions for images, figures and tables.
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Figure 5. Link structure showing (on left) the GoTo action and target destination glo:SSB; and
(on right) the attributes for Export to XML and HTML, with extra ARIA attributes used to
create the ‘Accessible Name’ and ‘Accessible Description’ for the Acronym link of Figure 4.

Case study: Fish stock reviews

As an aside from Accessibility, the FallMT2022[10] and SpringMT2023[30] example documents
are Technical Memoranda prepared for the NEFSC[14], containing Reports and Peer- and
Oversight-reviews of the state of fish stocks in the Atlantic Ocean, off the northeast coast of the
U.S.A. Data is collected from fishing vessels at sea or when unloading at a port. This is saved
in database files and used with statistical modelling to confirm previously-set parameters, and
make predictions for expected catches in future years. Research analysts upload statistics and
textual descriptions. At least twice yearly Daniel Hennen (NEFSC[14]) extracts reports, using
R[28] programs to create KTEX source files for tables and figures and to present the textual
materials for each fish stock under review. The IXTEX-based structure for these documents was
developed by Daniel and Prof. Thomas Price (emeritus, University of Akron). In all there are
up to a dozen input files for each fish stock, as well as many other information files that are
read during the ITEX preamble, defining macros for later use. NOAA[16], a U.S. government
agency, must meet Accessibility requirements [4, 29]. Due to previous work that Ross has done
on ‘Tagged PDF’ using I¥TEX[13], he was invited to join the team to work at augmenting the
high-quality visual view with Accessibility enhancements to satisfy all WCAG requirements for
this kind of subject matter.

That KTEX was used to create the PDF/UA documents is not the main issue here. Rather
it is the enhancements for Accessibility that can be included through aria-* attributes that
allow many WCAG/ARIA [32] recommendations to be met. These can be examined in the
HTML version using the Alnspector[5] when using the Firefox browser, and with other plug-ins
for other commonly-used browsers. The latest, Alnspector v3.0 tests 120 separate rules of which
51 have no applicable tag to test within the HTML version of the SpringMT2023[30] example.
This leaves significantly more applicable Accessibility tests than are listed in the Matterhorn
Protocol[12], or are tested for within PDF/UA documents by veraPDF[31] or PAC 2021[20] or
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(a) Alnspector summary (b) PAC 2021, WCAG panel summary

Summary: All rules <Back [ Views v | PDFUA | WCAG t’
v w MCc P ) .
9 0 % " o V The WCAG 2.1 requirements checked by PAC are fulfilled.
i Chedkpoint Passed Warned Failed
Rule Categories WCAG Guidelines
P d 1.1Text Alternatives 5102 a a
Guideline vV W MC P )
i 1.1 Text Alternatives 0 0 3 3 @ 1.2Time based Meda 0 0 0
1.2 Time-based Media o 0 0 o0 of 13adeptable 124273 0 0
1.3 Adaptable 0o 0 6 17 of 1.4Distinguishable 30989 o o
1.4 Distinguishable o o0 7 1 @ 2.1keyboard Accessible 0 0 0
2.1 Keyboard Accessible 0 0 0 0 @ 2,2 Enough Time o o o
2.2 Enough Time 0 o0 2 o @ 2.3 5eizures and Physical Reactions 0 0 0
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Ziaviosbie O 0 7 & @ 2.5Input Modalities 0 0 0
3.1 Readable o 0 1 1
of 3.1Readzble 62742 0 0

3.2 Predictable 0 0 5 0
X @ 3.2Predictable 0 0 0

3.3 Input Assistance 0 0 1 0
4 Compatible 0 0 1 6 @ 3.3 Input Assistance ] ] ]
Al Rules o o 34 a1 of 4.1Compatible 7645 0 0

Figure 6. Validation summaries of conformance with applicable WCAG recommendations.

the recently released PAC 2024[21]. With 0 violations and 0 warnings, 41 of the remaining tests
are algorithmically checked to be Passing, leaving 34 where a manual check (MC) is advised to
determine whether a recommendation is actually satisfied; see Figure 6(a) for a summary.

Many of these remaining rules are indeed automatically satisfied, due to the nature of the
PDF/UA format and the HTML document derived from it. The website for SpringMT2023
(see [30] for the link address) gives more details on the specific tests, explaining what needs to
be checked or a justification for why a Pass can be presumed. E.g., for rule NAVIGATION 3:
‘Consistent ordering of H1 and H2 labels’ (ARIA Success Condition 3.2.3), there is an equivalent
test in PDF/UA. With a valid PDF/UA there is no manual checking needed. Similarly for rule
Link 3: ‘Target focus should be in content window’, which is part of ARIA Success Condition
3.2.1. As there is just a single window containing the complete HTML site, this is satisfied for
all internal hyperlinks. External hyperlinks would have been confirmed when the link target was
harvested for use in the PDF document. Hence all 1500+ instances are effectively confirmed.
And with rule TABLE 1: ‘Data cells must have row/column headers’, part of ARIA Success
Condition 1.3.1, we have Pass for 484 table cells. The remaining 28 cells can be easily confirmed
to be blank, for formatting purposes only, which is what the test requires.

On the other hand, rule IMAGE 1: ‘Alt text must summarize purpose’, part of ARIA Success
Condition 1.1.1, requires checking that the Alt text for each Figure structure is applicable to the
actual image. This should be part of the normal proof-reading and editorial checking. Other
tests have confirmations that similarly should be part of normal checking; nevertheless it could
be useful to have the reminder.

With essentially all rules checked, using the considerations detailed in the SpringMT2023
website (see the link for [30]), one concludes a very high degree of WCAG conformance for the
HTML document. Now since that HTML was ‘derived’ from a PDF, one realises that the same
information that enhances the HTML file’s conformance is present also within the PDF; so it
too should be considered to have a high degree of WCAG conformance. There is a difficulty
with the PDF however, in that there may not be adequate software, easily available, to take
advantage of that information. In summary we have the following:

It is not the PDF, or PDF /UA, format that should be considered as not being Accessible;
rather, documents can be created supporting a high degree of Accessibility. The issue is
that software able to take full advantage of this Accessibility is not yet readily available.
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Direct validation in the PDF

Figure 6(b) shows a summary of the validation results from PAC 2021[20] working directly on
the PDF /UA document, as organised by WCAG 2.1[34] success criteria. Showing no violations,
nor even any warnings, one could easily presume that the document is fully compliant with all
WCAG recommendations. However that is over-simplifying, somewhat.

In Figure 6(b) we see that 6 out of 13 categories are indicated as Passing, having run
thousands of individual checks on structure elements and associated content. However, there
are 7 categories with 0 tests recorded. Possible explanations for having 0 tests can be one of
the below, or a combination thereof.

(a) There are no appropriate tests implemented; or
(b) no structure or content in the PDF is appropriate for what the tests need to check.

The WCAG/ARIA[32] recommendations are about ways to make certain kinds of informa-
tion content and structures more accessible to users/readers having various kinds of disability.
Figure 6(a) shows that Alnspector[5] has run many tests in those categories, which include some
for which the ‘Accessible Name’ and/or ‘Accessible Description’ are relevant. As the HTML
was derived from the PDF, it is inconceivable that (b) alone could be the correct explanation.

Also it is remarkable that only 81 tests were run in Category ‘2.4 Navigable’. This includes
sub-categories 2.4.4 and 2.4.6 which require looking at the ‘Accessible Name’ for the 1500+
internal hyperlinks. As well as requesting manual checks that the algorithmically constructed
‘Accessible Name’ is meaningful, and describes the purpose of the link, there is the requirement
that links having the same ‘Accessible Name’ jump to the same target. The total number of
tests run should certainly be in the thousands, well above 81 as reported. So one can only
conclude that the ‘Accessible Name’ concept has not been addressed by PAC software.

Furthermore, within the 6 categories tested by PAC[20], Alnspector|5] finds 25 applicable
tests that require manual checking. Not all of these can be due to the change of format from
PDF into HTML. As well as 2.4.4 and 2.4.6 covered in the previous paragraph, there are tests
in subcategories 1.1.1, 1.3.1 and 4.1.2 which are about having extra hints via aria-* attributes.

Recommendations

The ‘Tagged PDF’ document format already has the capability for production of PDF/UA
documents that support WCAG Accessibility criteria, to a very high level of Accessibility.
However, there is currently a lack of software that can take full advantage of this, to give users
with disabilities a satisfying reading experience.

Thus for better Accessibility (i.e., satisfying more WCAG/ARIA Success Criteria), we make
recommendations as follows.

1. Software producing PDF/UA documents should include ‘hints’ by populating the aria-*
attributes used in creating a meaningful, descriptive ‘Accessible Name’ and ‘Accessible
Description’; with all structure elements where this can reasonably be helpful.

2. PDF consuming Assistive Technology (AT) applications should be written to look for and
act upon the presence of aria-* attributes, to provide a better reading experience.

3. Future updates of the PDF/UA standard should describe the purpose and usage of aria-*
attributes, along with recommendations for their support.



Fully Accessible PDF/UA Ross Moore

Acknowledgements

We thank others who have been either directly involved in doing this work, or indirectly via
discussions concerning tagging and/or Accessibility. Firstly Daniel Hennen, an Operations
Research analyst at NEFSC[14], and Thomas Price, emeritus at University of Akron for inviting
me to work on the layout and accessibility aspects of these Technical Memoranda. Next there
is Boris Doubrov from Dual Lab|8] and head of the IXTEX Project LWG|27], and Roman Toda
from the ‘Deriving HTML from PDF’ TWG[7]. We wish to acknowledge many discussions
(email and online) with other members of the TEX Project LWG[27], of which Ross is a
member; namely Chris Rowley, Frank Mittelbach, David Carlisle, Ulrike Fischer and others.
Some thanks also go to Jon Gunderson of University of Illinois Accessible IT group, a developer
of the OpenAlly Evaluation Library[18] and Alnspector[5], for sharing his latest versions for
beta-testing using the HTML derivations, prior to the release of version 3.0, now renamed as
Alnspector for Firefox. More recently, we thank Thomas Schempp from axes4 GmbH Ziirich, for
help with interpreting results from PAC 2021[20] resulting in minor fixes and allowing pre-release
testing of PAC2024[21]. Chris, Dan and Tom also for comments on details in this paper.

Software tools and techniques, organisations, websites

[1] Acrobat Pro, Adobe Inc.; non-free software for viewing, reading, printing, editing and manipulation
of PDF files. https://www.adobe.com/acrobat.html
[2] Acrobat Reader, Adobe Inc.; free software for viewing, reading, printing PDF files.
https://get.adobe.com/reader/
[3] U.S. Department of Justice, Civil Rights Division: Americans with Disabilities Act of 1990, as
amended. https://www.ada.gov/law-and-regs/ada/
[4] U.S. Department of Justice, Civil Rights Division: Guidance on Web Accessibility and the ADA[3],
March 2022. https://wuw.ada.gov/resources/web-guidance/
[5] Alnspector for Firefox. University of Illinois Accessible IT group. Uses the OpenAlly Evaluation
Library[18]. https://ainspector.disability.illinois.edu.
GitHub: https://github.com/openally/ainspector-for-firefox
[6] BS 8878:2010 “Web accessibility. Code of practice.” British Standards Institute (BSI), December
2010. https://knowledge.bsigroup.com/products/web-accessibility-code-of-practice?
version=standard. Wikipedia: https://en.wikipedia.org/wiki/BS_8878
[7] Deriving HTML from PDF, 2019. A usage specification for tagged ISO 32000-2 files. Publ. by PDF
Association|23, 25]. https://pdfa.org/resource/deriving-html-from-pdf/
[8] Dual Lab, software developers providing product development services in multiple domains.
https://duallab.com/
[9] European accessibility act: Accessibility standardisation.
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in Java and .NET). https://itextpdf.com
[12] Matterhorn Protocol 1.1. PDF/UA Conformance Testing Model. PDF/UA Technical Working
Group|26]. https://pdfa.org/resource/the-matterhorn-protocol/
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