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INTRODUCTION

The United Nations Convention on the Rights of Persons with
Disabilities (UNCRPD) from 2006, which was signed and ratified
by more than 180 countries as well as the European Union, insti-
tutes specific accessibility goals for different areas of life, such as
work, healthcare, and education (UN General Assembly, 2007).
The primary purpose of this convention was to ensure equal
rights and to protect the integrity of people with disabilities at an
international level. Similarly, the Disability Discrimination Act
(DDA) in Switzerland, which came into force in 2004, introduced
guidelines for the general accessibility conditions of public institu-
tions and transport, residential buildings, workspaces, as well as
research, education, and educational facilities (Federal Assembly
of the Swiss Confederation, 2002). Despite these efforts to cre-
ate equal rights and opportunities for people with disabilities,
many obstacles are still encountered, specifically in tertiary edu-
cation. To date, fewer people with disabilities pursue higher edu-
cation compared with people without disabilities (Federal

PDF documents, visual impairment

Statistics Office of Switzerland, 2021). To change this, institutions
of higher education must become more inclusive in all areas of
operation: buildings and websites must become more accessible,
awareness must be raised, communication should be barrier-free,
and accessible teaching materials and educational resources must
be provided, among other important changes. A guarantee of
accessible teaching materials and library media, such as accessible
portable document format (PDF) documents, must be established.

PDF is by far the most common file format used for scientific
and academic publications. But PDFs are often created with
visual layout in mind. This presents a challenge to persons with
visual impairments, many of whom rely on the use of assistive
technologies, such as screen readers, to read digital content
aloud. PDF documents often lack sufficient structural information
to be properly interpreted by screen readers. This means that
users with visual impairments may struggle to navigate the docu-
ment, understand its organization, or locate specific content.

The international standard for PDFs, ‘PDF/UA’ (short for PDF
Universal Access), establishes the norm for the quality of
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accessibility in PDFs (Driimer & Chang, 2013). For PDF documents
to be accessible, they must entail certain minimal accessibility fea-
tures. PDF creators can include or add these accessibility features
manually when making their documents, or can choose from a
number of tools which automate or partially automate this process
(Darvishy, 2018; Darvishy et al., 2012; Darvishy & Hutter, 2013;
Doblies et al., 2014). Some new research is also investigating the
potential of artificial intelligence to automate document accessibil-
ity (Darvishy et al, 2016; Schmitt-Koopmann, Huang, &
Darvishy, 2022; Schmitt-Koopmann, Huang, Hutter, et al., 2022).
For PDFs created by scanning physical pages, OCR (Optical Char-
acter Recognition) technology can convert them into a standard
machine-readable PDF format.

Two of the most crucial accessibility features in PDFs are tags
and hierarchical heading structures. A tag is like a label that pro-
vides semantic information about an element in a PDF document;
for example, ‘bullet list’, ‘new paragraph’, ‘table’, and so forth.
Hierarchical heading structure refers to the organization of head-
ings and subheadings in a structured manner, typically following a
nesting format (e.g., heading levels like H1, H2, and H3). A screen-
reader user can jump from heading to heading, which provides a
quick overview of the document and allows them to navigate eas-
ily within it. It should be noted that PDFs can also have other
accessibility features, such as alternative text for images, content
design (e.g., colour contrast, font, table design), and metadata.
However, tags and hierarchical headings could be considered the
most basic, and most critical of the accessibility features. Clearly
structured headings enhance the accessibility of documents for
everyone. However, documents lacking these two features
become extremely impractical and nearly unusable for screen-
reader users. Additionally, documents that are missing these simple
features are also usually unlikely to contain other, more complex
accessibility features. For this reason, and for the sake of simplic-
ity, the authors have focused on tags and hierarchical structure as
representations of the most basic PDF accessibility.

In the past, researchers have analysed the state of accessibil-
ity in international repositories, such as Semantic Scholar and
Web of Science; the analyses of PDF document accessibility in
such repositories yielded results between 2 and 15% of all papers
having certain minimal accessibility features (Nganji, 2018; Wang
et al., 2021). However, no such evaluation has been carried out in
the Swiss repositories. As Switzerland has pledged to guarantee
access to higher education, it is critical to assess where its univer-
sities stand on that topic. For that reason, this study raises the
two following research questions:

Research question 1: What is the percentage of accessible scien-
tific PDF documents in Swiss repositories?

Research question 2: What is the general opinion and knowl-
edge about PDF accessibility of managers of Swiss repositories?

A mixed-method approach combining quantitative and quali-
tative analyses was chosen to answer these two questions. First,
interviews with the managers of multiple Swiss online reposito-
ries were conducted to assess their knowledge of PDF document

Key points

e In order to be accessible, portable document format (PDF)
documents require tags and hierarchical heading
structures.

o We performed a quantitative and qualitative analysis of
PDF document accessibility in Switzerland.

e Fewer than 11% of documents in Swiss repositories have
the minimum accessibility features.

e Repository owners and managers were generally unfamiliar
with PDF accessibility.

e PDF accessibility was not considered a priority by most

repositories.

accessibility, their specific measures to create a more accessible
service, and their plans for improving accessibility. Second, a sta-
tistical analysis was conducted with 2,500 papers from Swiss
online repositories, examining their accessibility for people with
visual impairments. Two minimal accessibility features were
analysed: the PDFs had to have tags and a hierarchical structure.
Finally, a set of recommendations for online repositories and
institutions of higher education in general is provided to facilitate
their path to more accessibility.

METHODS

Semi-structured interviews

In seeking interviewees, the authors decided on conducting inter-
views with the managers or employees of nine Swiss university
repositories. The sample included the five German-speaking
repositories from the quantitative analysis, as well as three from
the French-speaking region of Switzerland and one from the
Italian-speaking region. The interviews were conducted in
German, French, and English. No interview was longer than
35 min. The results of the quantitative analysis were not men-
tioned in any of the interviews. All interviews took place online
and were recorded. After all interviews were conducted, auto-
generated transcripts were created and analysed.

Initially, ten interview questions were developed by the
authors. After deciding on four main topics of interest,
the authors revised the questions, finally deciding on 12 questions
for the interview, some with sub-questions. The four topics were
Knowledge and Opinions, Priority and Awareness, Accessibility
Measures, and Wishes and Future Plans. All categories comprised
three questions, except the last one. The first question about the
role and function of the interviewee was not included in any of
the categories. All questions were posed in each interview. The
complete list of questions can be found in Appendix A.

Before starting an interview, the participants were informed
about the purpose of the interview, data usage and storage,
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recording, and automatic transcription. They were assured of
anonymity and had the option to skip any questions. After the
opportunity to ask any questions, they consented to the partici-
pation conditions.

For the analysis of the interviews, all answers for every ques-
tion were extracted, put in a grid and, where suitable, coded (for
example, for yes/no questions, a ‘yes’ answer was coded with a
one, and a ‘no’ answer with a two). This provided a quick over-
view of which questions were routinely answered negatively.
Keywords were extracted from qualitative answers. Further com-
ments from the interviewees that could not be classified under
any of the posed questions were added as separate content.
Additionally, the words and concepts that were mentioned most
frequently across all interviews were gathered.

Quantitative analysis of PDFs

The repositories of the five German-speaking universities in
Switzerland were chosen for an in-depth quantitative analysis of
their PDF contents. All Open Access PDF documents were pulled
from each repository for 2018 to 2022. In total, over 50,000 doc-
uments were downloaded. A random selection of 100 papers for
every year from every repository was chosen, which resulted in a
sample size of 2,500 documents in total. Using the ‘Actions’ com-
mand on Adobe Acrobat Pro, which allows a user to automatically
apply the same command for multiple documents simultaneously,
the chosen documents were scanned for two accessibility fea-
tures: the existence of tags and a hierarchical heading structure.
The resulting HTML files, which Adobe Acrobat Pro exports after
finalizing the set command, were imported into the programming
language R, which counted the features automatically. The count
included a sum of all papers containing tags, all papers containing
hierarchical headings, and all papers containing both features,
separately.

RESULTS

Semi-structured interviews

The responses of the interviewees differed in degree of precision
and amount of information, while some questions were answered
by only stating ‘I don’t know’. No interviewee chose to omit any
questions. Concerning their role at the repositories, most inter-
viewees were heads of the repository, of the university library, or
of the Open Science department.

Quantitative results of the interviews

Some of the questions asked in the interviews were quantifiable
‘yes/no’ questions; the responses to these questions are laid out
in Table 1. An additional table showing the individual responses
of each repository can be found in Appendix B.

None of the nine repositories surveyed reported keeping
internal statistics on accessibility (Question 4a). Two repositories
reported that training/conferences on accessibility were available

TABLE 1 Numbers of ‘Yes’ and ‘No’ responses to quantifiable questions
from nine repositories.

Responses
Quantifiable questions Yes No
Do you keep internal statistics on the 0 9
accessibility of accessible publications?
(Question 4a)
Are there training or conferences on the 2 7
topic of ‘accessibility’ for the
employees? (Question 6a)
Is attendance in such trainings or 0 9
conferences mandatory? (Question 6b)
Is there any exchange between the 7 2
repositories of universities in
Switzerland - through associations,
conferences, etc.? (Question 7)
Do you check the accessibility of new 0 9
incoming documents before publishing
them on the repository? (Question 9)
Do you offer a service of providing 1 8

alternative document formats?
(Question 10a)

(Question 6a), but in no cases were such trainings mandatory
(Question 6b). Likewise, no repository reported checking the
accessibility of new incoming documents (Question 9). Most
repository representatives reported having an exchange between
Swiss repositories in (Question 7). Only one interviewee
responded that a service to provide alternative documents was
available (Question 10a).

Knowledge and opinions

Regarding their knowledge about accessible PDFs, most inter-
viewees provided very rudimentary answers, ranging from no
knowledge of the international PDF/UA standards, to some knowl-
edge of their existence but without the know-how to implement
them. Analogously, when asked about what an accessible PDF doc-
ument is in their opinion, the answers mostly remained at a base
level. Most mentioned the importance of readability, formatting
(such as colours and font size), and structure, but did not further
elucidate what a ‘good document structure’ entailed. Some alluded
to assistive technologies and machine readability. In some cases,
‘accessibility” was confounded with ‘attainability’, as accessible
PDFs were described as having to be traceable and have no
paywalls or logins necessary. Estimates on the accessibility of the
documents in the repositories ranged from ‘low’ to ‘mixed’ and
‘moderate’. Most interviewees mentioned that an accurate esti-
mate is not possible, as they do not keep an internal statistic on
document accessibility.

Priority and awareness

The interviewees reported a very low to low priority of the topic
in their repositories. As an exception, one interviewee alleged to
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a very high priority of the topic, as they have an external depart-
ment dedicated to accessibility at their university. Most reposito-
ries mentioned that they currently focus on long-term archiving
of PDF documents. Almost all repositories mentioned how they
are currently working on converting all documents to PDF-A to
guarantee their long-term availability. One repository alluded
to not having any monetary or workload capacities to give acces-
sibility a higher priority.

Some repository representatives mentioned that their
employees are sensitized on the topic of accessibility of teaching
materials and documents in general, and that they participate in
conferences or university-internal training to further their knowl-
edge and skills. Participation in such conferences and training was
not compulsory at any repository. Concerning communication and
cooperation between repositories, most interviewees indicated
their participation or membership in the Open Access working
group in Switzerland. This working group was described as the
best portal of communication between libraries and repositories,
but also that accessibility had never been a topic of discussion.

Accessibility measures

Pertaining to the concrete measures the repositories undertake in
their efforts to be more accessible, the accessibility of the reposi-
tory platform itself was the biggest point of discussion. Most
repositories were in the process of migrating to a new software
or digital platform. With this change, many interviewees also
mentioned the hope for more possibilities to make the repository
more accessible. No one mentioned specific measures to improve
the accessibility of the documents in the repository. Most reposi-
tories reported not having a guideline to ensure the accessibility

of the publications, except the repository of one university which
insists on students and employees submitting a barrier-free ver-
sion of their theses and dissertations. No repository checked the
accessibility of newly incoming documents before publication.
However, almost all repositories checked the metadata of all doc-
uments before publication. Almost no repository employee had
had the experience of a student asking for an alternative version
of a document, but almost all added that they would happily aid
the student on a case-by-case basis. No repository provides this
type of help as an official service.

Wishes and future plans

In the last block of questions, the interviewees provided a wide
variety of ideas and concepts. Most interviewees mentioned the
need for broader accessibility measures and more education of
employees. It was mentioned that accessibility should be a natu-
ral part of scientific work and not something to be conceptualized
a-posteriori. The benefits of having a diversity office in universi-
ties were alluded to, and the hopes for more concrete guidelines
and laws were stated. Finally, concerning plans to improve the
accessibility of their own repository, almost no repository could
name concrete projects. Most mentioned the migration to
another platform and the improvement of the user interface
again, and a few said that there were no definite plans to improve
accessibility whatsoever.

Interviewees provided several reasons that explained the
potential challenges in prioritizing PDF accessibility in the future.
An emphasis was put on the lack of resources. Most repositories
mentioned time and money to be the biggest hurdle towards
more inclusivity and accessibility. They also felt that there were

TABLE 2 Number of PDFs with tags, headings, or both from 2018 to 2022 for each of five examined repositories.

Repository number Accessibility Feature 2018
1 Tags 0
Headings 0
Both 0
2 Tags 14
Headings 17
Both 13
3 Tags 5
Headings 6
Both 5
4 Tags 0
Headings 0
Both 0
5 Tags 27
Headings 29
Both 27

2019 2020 2021 2022 Total
0 0 1 0 1
0 0 1 0 1
0 0 1 0 1

15 10 17 14 70
18 15 24 16 90
15 9 17 12 66
5 6 7 12 35
9 9 12 15 51
5 6 7 11 34
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
29 41 40 44 181
35 39 39 43 185
28 34 37 42 168
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almost no suitable courses of action for them, as they saw the
responsibility of PDF accessibility in the hands of the publishers
who provide the publications. For some interviewees, a need for
more laws and stricter guidelines was considered necessary
for them to also take accessibility measures into consideration.

Quantitative analysis of PDFs

All 2,500 downloaded documents were scanned for tags and
headings. Table 2 provides an overview of the results. The num-
ber of documents containing tags or headings or both features
ranged between 0 and 44 out of 100 through all years and repos-
itories. The mean number of documents that had tags was 11.48
per year; for headings, it was 13.08, and for both features, it was
10.76 documents.

The count in two repositories rendered few to no documents
with either tags or headings. Two other repositories had 5 to
20% of documents that contained the accessibility features, and
one repository had 20 to 45% of documents with tags, headings
or both features.

Across all years and repositories, about 11.5% of the down-
loaded documents had tags, 13.1% had a hierarchical heading
structure, and 10.8% had both (Table 3).

COMBINED RESULTS

Taking the results from the quantitative and qualitative analyses into
account, some relevant relationships became evident. In repositories
in which the interviewee’s knowledge of PDF accessibility surpassed
a certain rudimentary level, there were a higher total number of
PDF documents with tags or headings in the repository. Generally,
there was a lack of knowledge on what an accessible PDF is, how
to create an accessible PDF, and what tools one can use to check
its accessibility. Nevertheless, the more knowledge, the likelier it
was for the repository to be willing to have more accessible PDFs.
This willingness was assessed by the number of counter questions
from interviewees about what options they had to make documents
accessible and how they could provide a service that was more
accessible altogether. However, awareness of the issue and willing-
ness to create a more accessible service alone did not automatically
translate into actual accessibility. A gap between willingness to
adapt and actual actions was found, as most repositories could not
provide any concrete plans to increase document accessibility in the
future.

TABLE 3 Total number and percentage of PDFs with tags, headings,
or both.

Accessibility feature Total (no. of PDFs) Total (% of PDFs)

Tags 287 11.48%
Headings 327 13.08%
Both 269 10.76%

The repositories of universities with accessibility guidelines
had more PDFs with tags and headings. A caveat, though, is that
concrete guidelines are needed to make this positive relationship
work. For example, in one university it was compulsory that stu-
dents submit all theses and dissertations using an official docu-
ment template, which contained headings as well as tags.
Additionally, it was found that certain common practices of some
universities, for example, using LaTeX, hinder the creation of
accessible PDFs.

DISCUSSION AND RECOMMENDATIONS FOR
FUTURE

Similar to the findings in other databases (Nganji, 2018; Wang
et al., 2021), a majority of PDF documents in Swiss repositories
are not accessible. This may be partly due to the fact that the
repositories themselves do not require documents to be accessi-
ble before submission. The responsibility of PDF accessibility is a
shared one - authors, publishers, and repositories can all play
a role. The best solution would be to oblige publishing companies
to produce accessible documents right from the beginning. It is
much easier to consider the accessibility requirements when pro-
ducing documents than to laboriously adjust them afterwards.
From an economic perspective the publishing company is the
‘cheapest cost avoider’. Placing the burden of accessibility on the
shoulders of publishers has a second advantage. Published docu-
ments would generally be accessible because it would not make
sense to produce a non-accessible version for the publication and
an accessible one for the repository. However, reality shows that
such a solution remains a future dream. In the long run we need
either agreements between publishing houses and universities/
repositories or even a legislative approach. Until that time comes,
the second-best solution is only that repositories provide for PDF
remediation tools and establish rules for PDF submission.

As this study revealed, repository managers do not see it as
their responsibility to ensure the accessibility of PDF documents.
Instead, their priority is to ensure the long-term availability of
PDF documents. Nor are they empowered to provide accessible
PDF documents: the interview responses make it clear that there
is a widespread lack of knowledge of PDF accessibility among
repositories, and few to no resources are directed towards
improving it. Repository owners generally did not know what an
accessible PDF is nor how to create one, and were unaware of
existing tools for checking or improving PDF accessibility. This
lack of awareness is consistent with other recent findings on the
topic (Jembu Rajkumar et al., 2020). The identified issues, such as
displaced responsibility, lack of knowledge, and the low propor-
tion of accessible PDFs in Swiss repositories contradict the coun-
try’'s commitment to provide fair access to higher education to
everyone.

Hence, to aid repositories and institutions of higher educa-
tion to make science more accessible, the authors have devel-
oped a set of recommendations:

Learned Publishing 2023

© 2023 The Authors.

www.learned-publishing.org

Learned Publishing published by John Wiley & Sons Ltd on behalf of ALPSP.

35US017 SUOWIWIOYD) SR 3|aeal|dde ayy Aq pausenob ale sajonte YO ‘asn Jo Sa|ni Joj AreiqiauluQ A3[IAA UO (SUONIPUOD-pUe-SWBIW0D A3 | 1M Afeiq 1 RUIUO//:SANY) SUORIPUOD pUe SWB | 3Y3 39S *[£202/60/80] U0 Arlq1 auluo A3]IAA ‘@ouelH aueiydo) Aq T8ST 'dea|/Z00T 0T/I0pod A 1m Areiqipuljuo//sdny wolj papeoumod ‘0 /S8y Ty.T



6 A. Darvishy et al.

1. Seek out knowledge and raise awareness on accessibility,
and specifically on the accessibility of PDF documents. A
broader understanding of the issues and their possible solu-
tions provides a better foundation to translate ideas into
actions. Repository representatives should participate in work-
shops, training, and conferences on the subject, and look for
experts in the field. It is also important to actively include peo-
ple with disabilities in this process, as they may identify prob-
lems that aren’t evident otherwise, while also providing a
different perspective that can lead to more well-rounded
solutions.

2. Consult international accessibility guidelines. There are a
number of existing guidelines and standards, such as WCAG 2.1
(Web Content Accessibility Guidelines, 2023) and I1SO 14289
(ISO Standard 14289-1:2014, 2014), which define the steps
required to make documents accessible. These guidelines can
serve as a useful starting point and could help institutions to
later define their own internal accessibility goals and guidelines.

3. Collaborate with other universities to establish accessibility
goals together. Institutions can help each other in the path to
reach those goals, as many universities use the same or similar
software for their repositories, and most are in a similar posi-
tion with regards to accessibility.

4. Make accessibility an institutionally binding requirement. As
long as publishing companies do not provide accessible docu-
ments right from the start, authors and students should be
required to submit documents only in an accessible format
and repository managers should be obliged to accept only
such documents. If templates are provided, ensure that these
include at least the basic accessibility features. Institutions
should also regularly measure and monitor the accessibility of
their repositories to maintain an overview of their progress
and identify areas for future improvement. Further, the acces-
sibility of incoming documents should be checked, and feed-
back should be provided to publishers to also make them
aware of the problems with the documents they provide.

5. Provide document accessibility services. For documents that
remain inaccessible, institutions should provide a remediation
service for their students and researchers. Upon request, this
service should check and improve the accessibility of a given
document, and convert it into an accessible PDF or other
accessible formats such as HTML or Word.

CONCLUSION

In this paper, we presented a quantitative and qualitative analysis
of the state of PDF document accessibility in Swiss repositories.
The quantitative analysis of five Swiss repositories rendered
sobering results—with less than 11% of the sample having both
minimal accessibility features. Ensuring a PDF document has at
least these features means the document is more usable for peo-
ple with reading disabilities, for example, visual impairments,
thereby reinforcing their equal right to educational materials and
scientific documents. The numeric results are somewhat

explainable by the answers rendered in the interviews, as a lack
of knowledge and resources was the apparent source of the low
number of accessible documents.

In summary, the repositories of Swiss universities still have a
lot of potential to be more inclusive and accessible. Still, the
authors are optimistic that the repositories will continue to strive
to broaden their knowledge and offer a more accessible service
in the future.

Following the same procedure from this survey, an additional
survey is planned, in which international publishers will be
analysed on their accessibility standards and also invited to par-
ticipate in interviews.
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APPENDIX

A.1. INTERVIEW QUESTIONS

1. Could you please briefly introduce yourself and your role in
the repository?

Knowledge and Opinions

2. What do you know about the topic of accessible PDF
documents?
3. In your opinion, what is an accessible PDF document?

4. How would you rate the accessibility of the publications in

your repository?
a. Do you keep internal statistic on the accessibility of acces-
sible publications?
Priority and Awareness

5. With what priority do you address the issue of accessibility in
your repository?
6. How are the employees at the repository sensitized on the
topic of ‘accessibility’?
a. Are there trainings or conferences on the topic of ‘accessi-
bility’ for the employees?
b. Is attendance in such trainings or conferences mandatory?
7. Is there any exchange between the repositories of universities
in Switzerland - through associations, conferences, etc.)?
If yes...
a. To what extent is ‘accessibility’ addressed in the
discussions?
Accessibility Measures

8. What are specific measures underway in your repository to
keep it as accessible as possible (in terms of accessibility of
publications)?

a. Do you have internal guidelines to ensure accessibility of
published publications (mostly in PDF format)?

9. Do you check the accessibility of new incoming documents
before publishing them on the repository?

If yes...

a. How do you check the accessibility of the documents (man-
ually, etc.)?

b. Since when do you check the accessibility of the
documents?

10. How do you handle it when, if for example, a visually
impaired person requests an accessible version of a
document?

a. Do you offer a service of providing alternative document
formats?
Wishes and Future Plans

11. In your opinion, what fundamental change is needed at uni-
versities and research institutions for science in general to
become more accessible?

12. What do you intend to do in the future to improve accessibil-
ity in your repository?
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APPENDIX B

B.1. REPOSITORY’S ANSWERS TO QUANTIFIABLE INTERVIEW QUESTIONS

Repository number*

©® N o0 DA WN R

9

Question 4a Question 6a
No Yes, internally
No No
No No
No No
No Yes
No No
No No
No No
No No

Question 6b

Question 7
Yes
Yes
Yes
Yes
No
Yes
No
Yes

Yes

Question 9, 9a, 9b
No

Question 10a

Yes

*Repositories 1 through 5 correspond to the ones from the quantitative analysis (as shown in Table 1). Repositories 6
through 9 likewise participated in the interviews, but their PDF contents were not analysed concerning accessibility.
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