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ABSTRACT

The use of appropriate fonts and file formats for long-term maintenance of digital assets is a challenge
for organizations in the public sector. The article reports from a study which investigated the PDF/A
conformance and font usage in PDF files provided by Swedish public sector organizations (PSOs).
This article presents an analysis of the PDF files’ properties and font usage including a categorization
of fonts’ licenses. This study is motivated by the PDF/A-1 standard’s requirement that ‘only fonts that
are legally embeddable in a file for unlimited, universal rendering shall be used.” Analyzing PDF sets
from three PSOs, the finding shows that the proportion of files that claim or succeed at conforming
to PDF/A greatly varies among the sets despite similar backgrounds. Although the most popular way
to make use of fonts is by embedding a subset of the font data, for some fonts expected to be ‘always
available,” a considerable proportion of PDF files does not include any font data. This puts the onus
of locating this data on the PDF reader which is problematic for long-term archival.
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PDF/A CONFORMANCE AND FONT USAGE IN PDF DOCUMENTS
PROVIDED BY PUBLIC SECTOR ORGANIZATIONS

Long-term maintenance and archiving of digital assets such as electronic office documents requires
the consideration of how to prepare those digital assets for future use. Multiple challenges exist such
as the choice of storage technology and file format. Development and use of file formats impose a
number of technical and legal challenges (Lundell et al., 2019), and in particular when formats are
to be implemented in software (Egyedi, 2007). To allow for a future use of digital assets, file formats
that are clearly specified and provided under terms that allow for implementation and use by software
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projects should be used (Lundell et al., 2023). This includes many formats which are made available as
standards by standard-setting organizations such as the International Organization of Standardization
(ISO") and the Organization for the Advancement of Structured Information Standards (OASIS?).

An example of where an existing file format was standardized is the Portable Document Format
(PDF), which, somewhat simplified, allows to describe the content of pages that can be printed. The
PDF file format has properties relevant for archiving, such as the read-only option. But the format
has drawbacks: documents may refer to external data, which may not be available when reading a
PDF file, and the format’s specifications may rely on normative references which may be unavailable
when implementing tools for those file formats. To address those limitations, a standard—commonly
known as PDF/A— was specified by ISO (2005, 2011, 2012, 2020a) with the intent to define a self-
sufficient subset of the PDF file format.

Adherence to the PDF/A standard is required by several national archives and national libraries
(Bundesarchiv, 2010; Library and Archives Canada, 2015; Rog, 2007). For example, the Swedish
National Archives mandate the use of PDF/A-1 if PDF files are to be archived (Riksarkivet, 2009).
Determining the conformance to the PDF/A standard faces challenges both due to deficits in the
technical specifications of the PDF/A standard and its normative references, and due to implementation
deficits in the tools that may get employed to assess PDF/A conformance (Fischer et al., 2021).

To display a PDF file on screen or to print it, the text contained in such a file must be rendered
(i.e., put into a graphical representation by using a so-called font program, commonly referred to as
“font”). The font program must be available both to the system where the PDF file was originally
created as well as to every PDF reader where the file is to be displayed. The technical specifications
of each specific version of PDF outline various alternatives of how to make the font available to the
PDF reader: embedding parts® of the font program into the PDF file, relying on standard fonts that
are expected to be generally available, and putting the onus on the PDF reader to locate or synthesize
a suitable font when displaying the file.

Only embedding the font data into the PDF file allows to recreate the text’s shapes and thus
guarantees a faithful visual reproduction of the file on the PDF reader’s side irrespectively whether
the font is locally available to the reader or not. This, however, introduces the question whether the
font can be for legal reasons (Groves, 1992) included into the PDF file (i.e., if the PDF file’s author
has the right to use and include copyrighted font data into the PDF file and then distributes the file).
In the context of long-term archival, it is difficult to determine for a PDF file whether the author has
legal right. It’s difficult for an archiving organization to determine the legal status of used fonts, and
if necessary, acquire the permission to use the font.

Addressing those legal challenges, the PDF/A-1 specification imposes the requirement on
conforming PDF files that “only fonts that are legally embeddable in a file for unlimited, universal
rendering shall be used.” (ISO, 2005, p. 10). The aspects of embedding fonts are further elaborated:
“This part of ISO 19005 precludes the embedding of fonts whose legality depends upon special
agreement with the font copyright holder. Such an allowance places unacceptable burdens on an
archive to verify the existence, validity and longevity of such claims.” (ISO, 2005, p. 11).

Based on these arguments, we address the following research questions:

RQ 1: To what extent do PDF files from public sector organizations (PSOs) conform to the PDF/A
standard and what characterizes those files?
RQ 2: How are different fonts used in the collected PDF files?

We investigate how well PSOs perform in providing PDF files that conform to the PDF/A standard
and which fonts are used and into which licensing category those fonts can be put. The investigation
is focused on PSOs as transparency laws apply to this type of organizations which further motivated
our investigation: only file formats that are suitable for long-term archivalprovide citizens the best
possible access to those files.
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BACKGROUND
On the Evolution of PDF and PDF/A

The initial PDF format was introduced in 1993 by Adobe as a successor to the PostScript format from
the same company (Perry, 1988). Since its inception, a number of revisions of the PDF format were
published. Some revisions of the PDF format were the base for ISO standards such as ISO 32000-
1:2008 (ISO, 2008) which is based on PDF 1.7 (Adobe, 2006). From PDF version 2.0 onwards, new
PDF specifications themselves are published by ISO (2017, 2020b).

There exists an ISO standard describing subsets of regular PDF specifications, and which is
designed for archiving, commonly referred to as “PDF/A” (Sullivan, 2006). There exist four parts
of PDF/A, designated as PDF/A-1 (ISO, 2005), PDF/A-2 (ISO, 2011), PDF/A-3 (ISO, 2012), and
PDF/A-4 (ISO, 2020a). Among the first three parts, PDF/A-1, based on PDF version 1.4 (Adobe,
2001), has the narrowest subset of features. PDF/A-2 and PDF/A-3, both based on version 1.7 (Adobe,
2006), allow for more features such as more image formats or embedding of attachments. A significant
difference between PDF/A-2 and PDF/A-3 is that the former only allows for the embedding of
documents that conform to PDF/A, whereas the latter does not have this limitation. The newest part of
this standard, PDF/A-4 (ISO, 2020a), is based on ISO 32000-2:2020 (ISO, 2020b), also known as PDF
version 2.0. Each of the four parts may contain several levels designated by letters such as “a” or “b.”

Adobe, as the original author of the PDF specification, and other organizations have claimed to
hold standard-essential patents (SEP) on PDF and its normatively referenced standards (Lundell et al.,
2019). Any patents which may have impinged on the PDF 1.4 format can be expected to have expired
as the format was released in 2001, and a patent is only valid for 20 years (Thatcher & Pingry, 2007).
For ISO 32000-1:2008 (i.e., PDF 1.7) Adobe issued a royalty-free Public Patent License (Adobe,
2008) for their SEPs for compliant implementations. However, Adobe reserves the right to revoke
this license and states that it does not apply to updated versions of ISO 32000-1. This may limit the
adoption of PDF/A-2 and later parts (Lundell et al., 2015, 2019; Lundell et al., 2022).

There are technical challenges involved in the process of generating PDF/A conformant files
(Klindt, 2017; Koo & Chou, 2013; Suri & El-Saad, 2021). Determining whether a given PDF file
conforms to PDF/A is far from obvious. A file may claim conformance to a specific standard part,
but to verify this claim requires a detailed inspection and expert knowledge. Parts of the verification
process can be delegated to specialized tools that check the technical details of a PDF file against
codified rules derived from the PDF/A specifications.

Fonts, Their License Categories, and Embedding of Fonts in Other Documents

In order to reproduce the visual appearance of text in a PDF file, the necessary font data must be
available to the PDF reader. A PDF specification, here exemplified by version 1.7 (Adobe, 2006),
may provide several alternatives how this font data may get stored or acquired:

1. According to this specification, the “most predictable and dependable” result can be achieved
by embedding the complete font program into the PDF file.

2. Asembedding whole font programs may consume much space, only those parts— subsets—of
the font program that are necessary to render the included text are embedded.

3. Embedding of fonts can be avoided completely if the font selection is restricted to size 14 standard
fonts (Adobe, 2006, p. 416). PDF readers have then to provide size 14 fonts or substitutes.

4. A font can be referred to only by name, relying on the PDF reader to locate this font in its local
environment.

5. Only the font metrics and styles are stored in a PDF file. Then, even if the font is not available to
a PDF reader, it can try to locate a different font where the metrics match closely to the expected
values.
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General issues with font usage and embedding are discussed by Faroult (2016) and Royster
(2011). As faithful visual reproduction is important for archival, PDF/A specifications such as
PDF/A-1 (ISO, 2005) or PDF/A-4 (ISO, 2020a) only allow for the first two alternatives, where font
data is embedded into the PDF file.

However, embedding the font data is not without problems, as Klindt (2017) writes: “Licensing
problems may arise in converting to PDF/A for example if the copyright holder of digital typefaces
does not allow embedding in documents.” In 2016, WIPO’s Standing Committee on the Law of
Trademarks, Industrial Designs and Geographical Indications sent a questionnaire to its member
states and intergovernmental organizations. When asked whether their jurisdiction provides protection
for typefaces and type fonts, 76 out of 87 respondents confirmed such a protection (WIPO, 2017).

The legal protection of fonts is also highlighted in various PDF specifications—for example,
PDF 1.4 (Adobe, 2001, Section 5.8), PDF 1.7 (Adobe, 2006, Section 5.8), and PDF 2.0 (ISO, 2020b).
The latter expresses the relation between fonts and copyright as follows: “Font programs are subject
to copyright, and the copyright owner may impose conditions under which a font program may be
used. These permissions are recorded either in the font program or as part of a separate license.” The
costs involved with not adhering to font license restrictions have been highlighted by Evans (2014, p.
316) as follows: “The size of the typeface industry and high fees involved in owning, commissioning,
and using typefaces can lead to expensive disputes.”

Font vendors are aware of their customers’ interest in using their proprietary fonts in custom-
generated PDF files. Adobe (2023) clarifies the legal use of its fonts as follows: “The fonts are
licensed for embedding in any e-book format which protects the font data such as [...] PDF. Any
e-book authoring workflow which requires the user to move the font files themselves is not allowed
under the terms of use, however. As with any electronic document the fonts must only be used for
viewing or printing existing content, not for creating new document variations, templates, or dynamic
content.” The terms of use (Adobe, 2022) phrase those limitations technology-agnostic: “You may
use desktop fonts to design and develop documents, and you may embed copies of the desktop fonts
into your document for the purpose of printing and viewing the document. The font must be subset
to include only the glyphs necessary for displaying the work, and the document must obfuscate or
protect its embedded font data from deliberate or inadvertent discovery or misuse. No other embedding
rights are implied or permitted under this license.” Another example is Microsoft’s license terms
for Microsoft 365 consumer subscriptions (Microsoft, 2023), which tie the use of the fonts to the
use of the software systems with which they were shipped: “While the software is running, you may
use its fonts to display and print content. You may temporarily download the fonts to a printer or
other output device to print content, and you may embed fonts in content only as permitted by the
embedding restrictions in the fonts.”

The embedding restrictions in the fonts most likely refers to the “fsType” field in OpenType fonts
(Microsoft, 2021b) which contain a number of flags where the font’s legal owner can describe the
embedding rights for the font. This field has two parts. The first states which of the following four
mutually exclusive embedding alternatives are allowed for this font:

Restricted license embedding (RLE): The font may not be embedded without first obtaining the
explicit permission by the font’s legal owner.

Preview & print embedding (PPE): The font may get embedded in a way that allows reading and
printing the document at the viewing user’s side, but it does not allow modifications to the document
using this font.

Editable embedding (EE): Editing is allowed, for example to correct the text, but the font may
not be extracted or used in other documents.

Installable embedding (IE): On the PDF reader’s side, the font may get permanently installed and
used for other purposes. The viewing user is still subject to the same end-user license agreement as
was the original user. In practice, this flag has limited value in addition to what “editable embedding”
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allows, as confirmed by Microsoft’s typography documentation (Microsoft, 2021a): “In practice all
of the applications we are aware of treat these fonts the same as those set to ‘editable embedding.””

The second part of the field fsType describes two limitations for embedding the font which may
be set independently of any other flag. The first limitation is subsetting the font is not allowed (i.e.,
the font must always be embedded completely). The second limitation is the font must be embedded
as a bitmap instead of a scalable vector graphic.

To avoid potential legal and technical issues with embedding fonts into documents, an alternative
is to skip including any font program and refer to it by name or identifier only. PDF readers then
make use of locally available font programs to visualize the document. For example, Casario et al.
(2012, p. 55) suggests this as a viable alternative for fonts seen as ubiquitously available: “Finally,
we set the character “Arial” as the last alternative because it is available on practically any computer
with any operating system.”

The availability of those fonts may be tied to a specific operating system or other piece of
software system the user must have installed and have a valid license for. Otherwise it would result
in a situation as described by Bean (2015) who used an operating system that did not include the de-
facto standard font Times New Roman, presumably to cut licensing costs. The author continues that
this could not be easily mitigated: “And you can’t even buy Times New Roman—not from Monotype,
not from Google.” Another example is provided by iText (2020) who wanted to use the font Arial
from a Windows installation on a Linux machine, which is not allowed under the license Windows is
distributed with. Instead, the authors resorted to fonts under permissive licenses. A popular example
(Crossland, 2012) for such a permissive license is the SIL open font license (OFL). This license’s
introduction states that “it enables font authors to release their work under a common license that
allows use, bundling, modification and redistribution.” (Spalinger & Gaultney, 2007).

There exist further legal challenges with the distribution of fonts beyond the domain of licensing.
A recent court ruling in Germany (LG Miinchen I, 2022) deemed embedding fonts in webpages from
third parties (Google Fonts) as conflicting with the European general data protection regulation
(GDPR) due to the unnecessary transfer of personal data.

RESEARCH APPROACH

In order to address the research questions, we devised a study and performed the following steps:

1. Identification and retrieval of PDF files.
Analysis of the PDF files, primarily to which extent they conform to PDF/A with the help of
conformance checking tools, but also other metadata in order to answer RQ 1.

3. Analysis of which fonts are used in the PDF files as well as assessment of the licensing status
of those fonts using a heuristic approach to answer RQ 2.

For the first step, we focused on PDF files published by public sector organizations (PSOs)
in Sweden. We chose Sweden as the geographic and legal area for our study as it has been used in
previous research (Fischer et al., 2021) and has a long history of transparency in the public sector
allowing for easy access to documents from various organizations (Stenbeck et al., 2021). Public
documents from PSOs (e.g., doctoral dissertations) are also required to be long-term archived
(Regeringskansliet, 1993, 2012).

Sweden has several hundred governmental PSOs (Statistics Sweden, 2021) and even more on
lower administrative levels which separately or jointly maintain public repositories of documents.
From the available document repositories, we chose the following ones to retrieve data for our analysis.

First, building upon previous work (Fischer et al., 2021), we retrieved doctoral dissertations
published at 28 public Swedish universities for the publication period of 2018 to 2021. We identified
9605 dissertations by their unique identifier assigned by the universities’ libraries. For 9406



International Journal of Standardization Research
Volume 20 « Issue 1

dissertations, the corresponding PDF files could be retrieved. The discrepancy can be explained
by the lack of a reference to a PDF file corresponding to a dissertation in a library’s catalog; the
linked PDF files were clearly marked as only short summaries or cover pages, or dissertations were
published in formats other than PDF. Doctoral dissertations may get written as part of projects
spanning several universities and each involved university library may record the same dissertation
separately. To identify such duplicates among the dissertations, we compared the titles. Among the
dissertations we acquired PDF files for, we located 71 that were listed in two libraries’ catalogs and
one dissertation that was listed in three catalogs. As we were interested in unique PDF files, we
checked each of the 145 concerned PDF files to discern if it would be identical to another PDF file
in the set of duplicates and we removed it if that was the case. Sixty-five PDF files were removed,
and 9,341 PDF files were kept.

Second, we retrieved official publications of laws and regulations from the Swedish Code of
Statutes, sv: Svensk forfattningssamling, SFS as published by the Swedish government on a dedicated
webpage (Regeringskansliet, 2023) since 2018. This document repository was selected due to its
importance for the Swedish society. We collected 5931 PDF files, one for each SFS published on
this webpage at the time of this study (from SFS 2018:160 to SFS 2021:1344).

Third, in September 2019, the Swedish government began an investigation to assess PSOs’ need
for secure and cost-effective IT operations*. In this process, 155 comments from various PSOs and 29
comments from various private actors were submitted in the form of PDF documents. As the focus
of this study is on PSOs, only the 155 submissions from PSOs were used. This set of PDF files was
chosen as it broadly samples PSOs.

For each of the collected PDF files from the three sets, we extracted the following metadata:
PDF version, claimed PDF/A conformance (if any), and names and metadata (embedding status,
permission flags) of used fonts.

For each file that claimed conformance to PDF/A, it was first tested by supplying this file to one
conformance checker, veraPDF (Wilson et al., 2017, version 1.20.3). Following the recommendation
that several independent conformance checking tools may give more reliable results (Fischer et al.,
2021), files that passed veraPDF’s conformance check were then analyzed by an online PDF validation
tool called 3-Heights PDF Validator Online Tool (PDF Tools AG, 2022). This validator was chosen
as it is an online service corresponding to the 3-Heights PDF Validator used in previous research
(Fischer et al., 2021).

For fonts used in a PDF file, the PDF writer can set an arbitrary text as the fonts’ name. However,
in many cases those texts match or contain the fonts’ original names, which allows to deduce the
original names. In case that only a subset of a font was included in the PDF file, PDF specifications
require a random, six letter long string to be prepended (Adobe, 2006). For our analysis, we normalized
the extracted font names to the presumed original base name. For example, the extracted font name
“QOZYTL+TeXGyreHeros-Boldltalic” got normalized to “TeXGyreHeros”.

Based on the identified font names, we used a heuristic approach to determine the fonts’ license
status. We considered two approaches to identify under which license a font got released. First,
based on the font’s name, we searched publicly available data to locate information on license and
original vendor. Second, as Linux distributions typically state under which license included fonts
are available, one can check if the font under investigation is provided by a distribution and retrieve
all legal data from there. Ultimately, we limited ourselves to the first approach, as the second did
not provide information on non-open fonts and most inspected PDF files only made use of a limited
selection of fonts making a manual investigation feasible.

As a variety of licenses for fonts exist, we categorized the legal conditions under which a font
may be available into one of the following categories in order to simplify the following analysis:

Open: The font is available under an open license (i.e., a font license which does not restrict the
modification or redistribution of the font program). One of the most prominent examples for an open



International Journal of Standardization Research
Volume 20 « Issue 1

font license is the SIL open font license (Spalinger & Gaultney, 2007). An example of fonts released
under this license is the font family Liberation.

Proprietary: A commercial license must be acquired or the font’s use and distribution is otherwise
restricted such as “for personal use only.” An example is the font Calibri.

Ambiguous: There exist multiple independent fonts with the same name under open and
proprietary licenses, respectively. An example is Symbol.

Unknown: The font’s name is inconclusive to determine its origin. An example is AdvOT40514{85.

CHARACTERIZATION OF PDF FILES AND CONFORMANCE TO PDF/A

This section addresses the first research question: To what extent do PDF files from public sector
organizations conform to the PDF/A standard and what characterizes those files?

PDF files contain metadata, such as which PDF version the file follows and whether it conforms
to PDF/A. Table 1 shows the distribution of PDF version numbers among the three PDF sets where
considerable differences between the sets are visible. Among the doctoral dissertations, PDF versions
1.5, 1.6, and 1.7 are the most common versions, but out of those three versions, only 1.7 is base for
a PDF/A standard part. Version 1.4, base for PDF/A-1, is used in only 5.9% of the files. For the PDF
set of SOU submissions, PDF 1.7 has the largest proportion (39.4%), closely followed by PDF 1.6
(36.1%). PDF 1.4 has still a share of 23.2%. PDF files from the SFS set are clearly biased towards
PDF 1.7, with only two files in a different version (1.6). Six PDF files were observed using PDF
version 2.0: five files in the set of doctoral dissertations and one file from the SOU submissions.

PDF files may claim adherence to PDF/A, but such a claim does not imply conformance to the
stated specification. Two conformance checking tools (veraPDF and 3-Heights PDF Validator Online
Tool) were used to test every file’s claim of conformance. Table 2 [REMOVED REF FIELD] presents
how many files from two of the PDF sets claim conformance to any of the PDF/A specifications and
for how many files this claim could be confirmed by both tools. Data on files from the SFS set is not
shown in [REMOVED REF FIELD] was no file of this set claimed conformance to the PDF/A standard.

For the doctoral dissertations, only 0.4% of the files claim to adhere to PDF/A and only 0.2%
are conforming according to both conformance checking tools. Within this small collection of PDF
files, PDF/A-1a is clearly the dominating specification. Those low numbers are in contrast to SOU
submissions, where 40.0% of the files claim to adhere to PDF/A (dominating are PDF/A-3a and
PDF/A-1b) and 29.0% are conforming to the claimed specifications according to both conformance
checking tools. No files claiming conformance to PDF/A-4 were observed.

The main findings related to the first research question are as follows:

Table 1. Distribution of PDF versions across the three PDF sets by number of files

PDF Version Doctoral Dissertations SOU Submissions SFS

1.3 806 8.6%

14 552 5.9% 36 23.2%

1.5 2446 26.2% 1 0.6%

1.6 3058 32.7% 56 36.1% 2 <0.1%
1.7 2474 26.5% 61 39.4% 5929 >99.9%
2.0 5 <0.1% 1 0.6%

Total 9341 155 5931

Note. Percent Values Refer to the total number Of PDF files per set.
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Table 2. PDF files that claim conformance to some PDF/A Part/Level and PDF files for which conformance is affirmed by both
conformance checking tools

Doctoral Dissertations SOU Submissions

PDF/A Part/Level Claims Conforms Claims Conforms
1b 3 <0.1% 1 <0.1% 26 16.8% 12 7.7%
la 18 0.2% 11 0.1% 10 6.5% 8 5.2%
2b 8 <0.1% 3 <0.1% 2 1.3% 1 0.6%
2a
2u 1 <0.1% 0 0.0%
3b 4 <0.1% 3 <0.1%
3a 5 <0.1% 4 <0.1% 24 15.5% 24 15.5%
3u
With Claims 39 0.4% 22 0.2% 62 40.0% 45 29.0%
Total 9341 155

1. The most popular PDF versions vary depending on the PDF set. Overall, common PDF versions
are 1.4, 1.5, 1.6, and 1.7. Only six files out of 15,427 used PDF version 2.0

2. For doctoral dissertations, less than 0.4% of the files claim conformance to PDF/A. For SOU
submissions, 40% of the files make such claims in their metadata. For SFS submissions, none
of the files makes such claims.

3. Most PDF files which contain a claim for adherence to PDF/A in their metadata have this claim
supported by the outcome of two conformance checking tools (67 out of 101 PDF files).

4. Preference for PDF/A specifications varies across PDF sets: PDF/A-1a for doctoral dissertations,
PDF/A-1b and PDF/A-3a for SOU submissions, and no claims for PDF/A conformance for SFS
publications.

FONT USAGE IN PDF FILES

To answer the second research question: How are different fonts used in the collected PDF files?, we
analyzed which fonts were used in each PDF file and then used an heuristic approach to assess the
license status for each font based on the font’s identified name.

Table 3 shows the number of PDF files that make use of the fonts that are in the top-10 for any
of the three PDF sets. Two fonts, Times New Roman and Arial, dominate the font selection in each
of the PDF sets (for SFS, only Times New Roman).

Those two fonts, as well as most other popular fonts, are categorized as proprietary, as their legal
use requires acquiring dedicated licenses for the fonts or software systems which include those fonts.
The font Garamond got classified as ambiguous, as variants in several license categories are available
and the name alone does not allow to determine which variant was used. The most popular fonts under
open licenses include Computer Modern, exclusively used in the PDF set of doctoral dissertations
by PDF files, Open Sans used in seven files in the SOU set and 96 doctoral dissertations, Liberation
Sans used in 57 doctoral dissertations and two SOU submissions, and Liberation Serif used in 42
doctoral dissertations and one SFS submission.

PDF files may make use of several fonts, where each may get separately classified into one of
the four license categories introduced earlier. Figure 1 visualizes the number of files that exhibit
possible combinations of font license categories. Figure la describes the distribution for doctoral
dissertations. 1.2% of the PDF files make only use of fonts under open licenses and 22.7% of the
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Table 3. The ten most popular fonts from each of the three PDF sets, merged and ordered by popularity among doctoral
dissertations

Font name License Category | Doctoral Dissertation SOU Submission SFS
Times New Roman Proprietary 8062 86.3% 103 66.5% 5931 100.0%
Arial Proprietary 7789 83.4% 121 78.1% 13 0.2%
Calibri Proprietary 5754 61.6% 52 33.5% 207 3.5%
Cambria Proprietary 4091 43.8% 13 8.4% 7 0.1%
Symbol MT Proprietary 3474 37.2% 13 8.4% 2 <0.1%
Helvetica Proprietary 2850 30.5% 9 5.8%
Symbol Ambiguous 1615 17.3%
Times Ambiguous 1608 17.2% 11 7.1%
Georgia Proprietary 1531 16.4% 16 10.3%
Computer Modern Open 1501 16.1%
Verdana Proprietary 992 10.6% 13 8.4% 1 <0.1%
Garamond Ambiguous 860 9.2% 21 13.5% 52 0.9%
Minion Pro Proprietary 650 7.0% 12 7.7%
Segoe Ul Proprietary 434 4.6% 4 2.6% 3 <0.1%
Microsoft Sans Serif Proprietary 55 0.6% 20 12.9%
Baskerville Old Face Proprietary 47 0.5% 2 <0.1%
Liberation Serif Open 42 0.4% 1 <0.1%
Constantia Proprietary 33 0.4% 7 0.1%
No Fonts Used 15

files combine fonts under open licenses with fonts under other licenses. In the SOU submissions (b)
and the SFS set (c), most PDF files contain only proprietary fonts; for the SFS set more than 99% of
the files use only fonts under such licenses. For the PDF set of doctoral dissertations, 15 files do not
make use of any font, thus are outside of the diagram’s circles. The single PDF file from the SOU
submission set that uses only fonts under open licenses comes from the municipality of Katrineholm
using the fonts Playfair Display and Open Sans. Out of the other 13 files that use both fonts under
open licenses and under non-open licenses, four are from municipalities, and the remaining nine are
from national government agencies. For the SFS set, the one file that makes use of a font under an
open license is regulation SFS 2018:384. However, despite this font been referred to in the PDF file,
it does not seem to be used for any visible text.

Table 4 puts PDF/A conformance in relation to used fonts’ license categories. As discussed
earlier, the majority of PDF files across all three PDF sets do not claim conformance to the PDF/A
standard. Among those files that conform to PDF/A, none makes use of only open fonts. Among the
2,139 files that combine fonts under open licenses with fonts under non-open licenses, only 10 (0.5%)
conform to PDF/A. Among the 13,162 files that do not make use of fonts under open licenses, only
57 (0.4%) conform to PDF/A.

What has been previously referred to as font was often a family of fonts, where family members
vary; for example, bold or italic. PDF writers when creating PDF files will only make use of those
font family members that are used in the original document. Further, when creating font subsets,
only the font data necessary to render the document’s text may be embedded, but not the font data
for unused characters. It is technically possible that one font variation may be the base for several
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Figure 1. Combinations of the four font license categories (“Ambiguous” and “Unknown” merged) and the number of PDF files
for each combination of font licenses in PDF files
Note. One Venn Diagram Is Shown For Each PDF Set.

Ambiguous or
unknown licenses
Proprietary licenses Open licenses

(a) Doctoral dissertations, 9341 documents

Ambiguous or
unknown licenses
Proprietary licenses Open licenses

(b) SOU submissions, 155 documents

Ambiguous or
unknown licenses

/o)

B

D

Proprietary licenses Open licenses

(c) SFS, 5931 documents

separate font subsets in a PDF file. Indeed, the specification for PDF 2.0 recommends (ISO, 2020b) to
treat subsets originally based on the same font as independent entities. For the following discussion,
we follow this recommendation counting each subset individually.

Table 5 presents the occurrences of different types of embedding of fonts as claimed by the PDF
file. For the most popular fonts families in each of the three PDF sets, columns count the number of
references across the chosen PDF set and how many of those font references are not embedded at
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Table 4. Comparison of conformance to a PDF/a part as assessed by VeraPDF and 3-heights pdf validator versus font license
categories

Used Fonts’ Licenses PDF/A-1 PDF/A-2 or A-3 Not PDF/A

Doctoral Dissertations, 9341 documents

No Fonts Used 0 0 15 0.2%
Only Open Licenses 0 0 110 1.2%
Both Open and Non-Open Licenses 1 <0.1% 3 <0.1% 2121 22.7%
Only Non-Open Licenses 11 0.1% 7 <0.1% 7073 75.7%

SOU submissions, 155 documents

No Fonts Used 0 0 0

Only Open Licenses 0 0 1 0.6%
Both Open and Non-Open Licenses 1 0.6% 5 32% 7 4.5%
Only Non-Open Licenses 19 12.3% 20 12.9% 102 65.8%

SFES, 5931 documents

No Fonts Used 0 0 0
Only Open Licenses 0 0 0
Both Open and Non-Open Licenses 0 0 1 <0.1%
Only Non-Open Licenses 0 0 5930 >99.9%

all, only as a subset, or if a referenced font is fully embedded, respectively. The right-most column
marked with “a” is discussed further below.

For the PDF sets of doctoral dissertations and SOU submissions, variants of font families Times
New Roman, Arial, and Helvetica (the latter one only for doctoral dissertations) are more likely to
be not embedded (i.e., missing font data) compared with other fonts. For example, in the PDF set of
doctoral dissertations, variants of Times New Roman are referred to but not embedded in PDF files
in 5,159 cases (2,394 PDF files) and subset embedded in 58,483 cases (ratio 1:11.3, 6,489 files),
whereas for Calibri in only 12 cases (eight files) the font is referred to but not embedded and subset
embedded in 19,226 cases (ratio 1:1,602, 5,708 files). This special pattern for Times New Roman
could not be observed for PDF files from the SFS set where the ratio is 1:3,063, similar to what was
observed for Calibri in the doctoral dissertation PDF set.

The numbers for font references that are listed as “fully embedded” in Table 5 are based on the
PDF files’ data. However, the numbers of fonts that are actually fully embedded is considerably
lower. First, we observed cases where font references claimed to be fully embedded had six-letter
tags attached to their font name that are meant to mark an embedded font to be a subset only (Adobe,
2006). Second, we observed fonts that were fully embedded, but did not contain a representation
(glyph) for the letter “A,” which we deem as unlikely for a fully embedded, non-symbol, Western
font. The occurrence of font references that claim to be fully embedded but still match either of above
two criteria are counted in the right-most column in Table 5 marked with “a”. For example, for the
previously mentioned font family Times New Roman used in doctoral dissertations, 1,400 occurrences
of this font family’s variants out of 1,677 occurrences contain the special tag in their names or lack
a glyph for the letter “A”. Those occurrences correspond to 563 out of 775 PDF files.

Table 6 lists the number of instances of embedded font data which were of type OpenType and
for which the values of the field fsType (Microsoft, 2021b) could be extracted. Across all three PDF
sets, only a single PDF file contained a single font that had the flag for “restricted license embedding”
set. The two dominating alternatives for flags set by fonts in the doctoral dissertations PDF set were
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“editable embedding” (EE) and “installable embedding” (IE). For some fonts such as Times New
Roman, the number of cases for each alternative was similar (25,589 vs 29,397), for other fonts, like
Computer Modern, are very different (6 vs 25,158). For the other two PDF sets, only the alternative
of “editable embedding” was clearly dominating.

Table 5. Number of font references for the most popular fonts in the three PDF file sets for different variants

Number of font references per embedded status

Font # Files | Not Embedded | Embedded as Subset Claims to be Fully Embedded *

Doctoral Dissertations, 9341 Documents

Times New Roman 8062 6609 58483 1677 1400
Arial 7789 5159 33657 896 699
Calibri 5754 12 19226 239 235
Cambria 4091 4 16225 178 167
Symbol MT 3474 1 4085 1078 1078
Helvetica 2850 2532 10218 175 108

SOU Submissions, 155 Documents

Arial 121 68 143 93 92
Times New Roman 103 65 85 207 207
Calibri 52 0 73 34 34
Garamond 21 4 35 0 0
Microsoft Sans Serif 20 0 0 41 41
Georgia 16 0 44 0 0

SFS, 5931 Documents

Times New Roman 5931 10 30634 608 33
Calibri 207 0 213 0 0
Garamond 52 0 52 0 0
Arial 13 0 13 0 0
Constantia 7 0 9 0 0
Cambria 7 0 8 0 0

The last alternative, “preview & print embedding,” occurred only in 4,570 doctoral dissertations
(12,690 cases of font embedding) and not at all for the SOU and SFS sets.

Subsetting is common when embedding font data. This is mirrored in the “no subsetting” flag,
which was only observed for 32 cases of font embedding across 29 different PDF files, most often for
font Wingdings (24 cases). Contrary to the flag’s requirement, the font data was still embedded as a
subset. The flag requiring embedding only bitmap fonts was not observed at all. The main findings
related to the second research question are as follows.

1. The most often used fonts are Times New Roman and Arial, which are both proprietary like most
of popular fonts. Among doctoral dissertations, only about 1.2% make use of only open fonts,
but 22.7% combine fonts under open licenses with fonts under other types of licenses. In the set
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Table 6. The most popular fonts in every PDF file set and how many font data embeddings have certain flags in the font data’s
fsType field set

fsType Flag Occurrences Per Font Variant

Font # Files RLE EE IE PPE

Doctoral Dissertations, 9341 Documents

Times New Roman 8062 0 25589 29397 93
Arial 7789 0 10668 24756 25
Calibri 5754 0 10775 6607 1
Cambria 4091 0 4874 8423 1
Symbol MT 3474 0 2334 2190 0
Helvetica 2850 0 932 9209 72
Computer Modern 1501 0 6 25158 20
All Cases of Embedding 3 73407 192099 12690

SOU Submissions, 155 Documents

Arial 121 0 153 59 0
Times New Roman 103 0 94 60 0
Calibri 52 0 73 0 0
Garamond 21 0 35 4 0
Microsoft Sans Serif 20 0 0 0 0
Georgia 16 0 44 0 0
All Cases of Embedding 0 475 177 0
SFS, 5931 Documents
Times New Roman 5931 0 31225 10 0
Calibri 207 0 213 0 0
Garamond 52 0 52 0 0
Arial 13 0 13 0 0
Constantia 7 0 9 0 0
Cambria 7 0 8 0 0
All Cases of Embedding 0 31530 11 0

of SOU submissions, only a single file was using only fonts under open licenses, but about 8%
of the other files combined fonts under open licenses with fonts under other types of licenses.
Among the SFS files, one file combined open font licenses with other types of licenses.

2. No PDF file combines claiming conformance (or even adhering to it) to the PDF/A standard with
the use of fonts only under open licenses, 10 PDF files (out of 2139, 0.5%) achieve conformance
with a mixture of open and non-open fonts, and 57 (out of 13,162, 0.4%) achieve conformance
with non-open fonts only.

3. Embedding subsets of font programs is the preferred choice for making use of font data. Not
embedding font data is most often chosen for fonts seen as ubiquitously available like Times
New Roman or Arial.

4. Embedded fonts’ metadata (“fsType”) allows embedding of said font data in the vast majority
of cases.
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DISCUSSION

PDF files’ claims to conform to PDF/A and the conformance as assessed by two checking tools
vary greatly between the different sets of PDF files. Legal texts from the SFS set do not claim any
conformance, and only a very limited subset of doctoral dissertation files claim conformance and even
fewer achieve conformance, but among the submissions to SOU 2021:1 and SOU 2021:97, almost
one third of the files achieve conformance. The results for the latter set of PDF files demonstrate that
it is indeed possible to achieve PDF/A conformance in the context of PSOs. A possible explanation
for the low adoption of PDF/A among both doctoral dissertations and legal texts may be that the
paper copy is seen as more important and eventually archived, whereas the PDF version is seen as
ephemeral only. Our observation of the low adoption among doctoral dissertations is in line with
previous findings by Fischer et al. (2021). Universities failing to comply with PDF-related standards
was also observed by Kopel (2022) where veraPDF was used to assess PDF files’ compliance to PDF/
UA (ISO, 2014). Only about 15.6% out of 24,366 files did not violate any rules related to PDF/UA.

The Swedish National Archives mandate the use of PDF/A-1, not any later part (Riksarkivet,
2009). Findings in this study suggest that this requirement is not generally considered in Swedish
PSOs, as more than half of all files in the SOU set that conform to PDF/A do not conform to PDF/A-1.
A possible explanation is that the choice which PDF/A specification a PDF adheres to is essentially
determined by the used PDF-generating tool.

For most PDF files, only fonts under non-open licenses are used. An exception is doctoral
dissertations, where 23% of the files combine fonts under open licenses with fonts under other
licenses. Doctoral dissertations also use more often fonts classified as ambiguous or unknown than
the other two PDF sets. Possible reasons include that dissertations are more diverse in their origin
and make use of special fonts such as symbol and mathematical fonts or organizations’ own fonts.

Embedding font data as subsets of the original font program (i.e., only font data necessary to
render the document’s text) is the dominating alternative of including font programs, but there is
still a substantial body of PDF files that lack font data for fonts that are assumed to be ubiquitously
available. This negates the ability to visually reproduce a PDF file if the PDF reader lacks those fonts.

Based on the four flags of font usage permissions found in OpenType font data, a substantial
number of PDF files included font data where the “preview and print embedding” restriction was
set, which may hinder further modification of those PDF files—for example, when preparing for
long-term archival. This restriction is closely related to the choice of using fonts under proprietary
licenses; fonts under open licenses cannot have such restrictions.

We acknowledge inherent limitations in the transferability of our findings on the three investigated
PDF sets to PDF sets acquired from other types of organizations: PSOs are not a homogeneous group
as our data shows, which is documented in the large spread of PDF files’ properties like conformance
to the PDF/A standard.

CONCLUSION

Regarding our first research question: “To what extent do PDF files from public sector organizations
conform to the PDF/A standard and what characterizes those files?” findings show that conformance
greatly varies across organizations. Whereas universities achieve only a very limited adoption of
PDF/A, other PSOs at different levels of government achieve better results.

The differences in the adoption of PDF/A between universities and general PSOs such as
national government agencies is surprising, for both types of organizations operate within similar
legal frameworks and have comparable technical and financial capabilities to, for example, acquire
and setup tools for the generation of PDF files. The general PSOs’ adoption of PDF/A suggests
that the challenges are not only technical, but also organizational. Starting with the procurement of
PDF-related hardware and software, organizations must adjust their PDF workflows, raise awareness
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among their employees (and students, in the case of universities), and provide incentives and support
for the adoption of PDF/A.

With regard to our second research question: How are different fonts used in the collected PDF
files?” findings from our study show that most dominating are proprietary fonts. This is problematic
as itis not possible, based only on a given PDF file, to determine if the fonts’ usage was legal. Another
problem is when PDF files do not include font data for fonts, they make use of, assuming that the
standard fonts are ubiquitously available. However, without the necessary font data, it is impossible
to visually reproduce the PDF file as it was intended. Both problems may prevent further processing
of the PDF file, for example in the context of long-term maintenance, reuse, and archiving of files.
Only fonts under open licenses allow for the unrestricted redistribution and archiving as required
by the PDF/A standard. Organizations must make an active choice in providing open fonts and
adjusted templates to their users. The use of fonts under open licenses can be part of a migration to
open source software and avoids limitations for font distribution in heterogeneous IT environments
(different operating systems, BYOD).

Findings suggest that future research may motivate an investigation of additional sets of PDF
files to have a broader base to perform analyses on. The effects of attempts to convert PDF files to
PDF/A may get investigated in line with Lehtonen et al. (2018). Alternatively, a complementary study
can investigate the reasons why some organizations do not strive for PDF/A conformance whereas
other (types of) organizations achieve this to a considerably higher degree.
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A font can be embedded completely (ISO, 2020, p. 351) or only in parts (“subset”, ISO, 2020, p. 355)
The investigation started in September 2019 and its initial report (sv: delbetinkande) was presented in
January 2021 as SOU 2021:1 (Regeringskansliet, 2021b). Thereafter, 120 stakeholders were asked to submit
comments (Infrastrukturdepartementet, 2021a). Stakeholders included both PSOs and private actors. Before
the deadline in May 2021, 99 stakeholders answered: 86 PSOs (64 national, 3 regional, and 19 municipal)
and 13 private actors. In December 2021, the final report (sv: slutbetinkande) designated as SOU 2021:97
was published (Regeringskansliet, 2021a) and this time 99 stakeholders (a different set of stakeholders
than the 99 who answered to SOU 2021:1) were asked to submit comments (Infrastrukturdepartementet,
2021b). Before the deadline in March 2022, 85 stakeholders answered: 69 PSOs (exclusively national)
and 16 private actors.
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