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Relevance and Diversity

Abstract

The motivation for this paper is the need of the German National Library to
massively increase its web archiving activities as the 12,000 snapshots col-
lected per year are considered not to be enough to reflect the German web
appropriately. As collecting everything which could be defined as the Ger-
man web is impossible, the concept of selecting an “exemplary diversity”
is introduced and substantiated by the guiding principles of relevance and
diversity. The long-term goal is to find methods to (semi-)automatise the
selection process and the prerequisite for this are well-defined selection cri-
teria and sources of relevant as well as diverse topics that can be exploited.
First steps to operationalise the guiding principles are outlined and supple-
mented by technological challenges and requirements to support the selec-
tion process as well as in the light of the advancement of web technology.
Finally, the paper proposes a mix of curational and automatised measures
and sources of information that should be taken into consideration to cater
for a good coverage of relevance and diversity, supplemented by techno-
logical aspects regarding alternative representations of web content in web
archives to be discussed to bring the content of web archives closer to the
original user experience.

Keywords: web archiving; national libraries; digitalisation; national web;
selection criteria; web technology

1. Introduction

With this paper, we reflect on challenges posed to Germany’s National
Library (Deutsche Nationalbibliothek, DNB) in the context of the new media
and publishing landscape that is shaped by digitalisation processes. The
DNB’s mandate is to collect media works related to Germany, i.e. published
in Germany, in German language and about Germany. Since 2006, the legal
deposit mandate of the DNB comprises media works in non-physical form,
hence also the collection of websites. The DNB started web archiving in 2012
and currently the web archive of the DNB holds about 70,000 snapshots of
about 9,000 websites, selected by librarians. This is in opposition to 17 mil-
lion registered .de-domains and presumably even more websites related to
Germany registered under generic domains. Therefore, there is a need for
the DNB to massively increase its web archiving activities. If the collection
activities are to be extended by factor 100 or even 1,000, it becomes clear that
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a manually curated selection of what should be archived is impossible. The
long-term goal is to find methods to (semi-)automatise the selection process.
A prerequisite for this are well-defined selection criteria and sources of rel-
evant as well as diverse topics that can be exploited to create a collection that
represents the German web. As an overview of the totality of the German
web reflecting the collection mandate is not at hand, a representative selec-
tion is impossible. The guiding principle the DNB has chosen to escape this
dilemma, is “exemplary diversity” — a term created by Christoph Classen at
a workshop on web archiving at the DNB in 2018 and describing the attempt
to select a variety as broad and unbiased as possible without the aspiration to
be complete or representative. A second principle is the mission of the DNB
(2024) to preserve the “cultural heritage.” Our research question is there-
fore: How can the DNB implement and technically realise the principles of
“exemplary diversity” and “cultural heritage” when selecting content on the
German web?

1.1. Background: The Role of Digital Transformations

Digitalisation has fundamentally changed the public sphere since around the
mid-1990s. Large parts of publishing and public communication have shifted
to the Internet. Media use — such as the reception of news (Behre et al., 2024;
Newman et al., 2023) — is also increasingly taking place online. In contrast,
older media, especially printed media, are becoming less relevant. The digital
transformation not only affects traditional mass media but goes far beyond
this: the whole society is mirrored in the digital public sphere including cul-
tural, political and commercial activities. As a result of digitalisation, the
public sphere is also expanding into new areas, such as everyday communi-
cation, which has become particularly visible in social media. There are sev-
eral characteristics which clearly distinguish the digital public sphere from
the analogue public sphere and which must be considered when it comes to
preserving the digital cultural heritage.

e Loss of memory: Contrary to the assumption that the Internet does not
forget, it is apparent that considerable parts of the offerings published
in the digital public sphere are not permanently accessible but dis-
appear (Chapekis et al., 2024). This also applies to scientific sources
(Gomes et al., 2021) and journalistic offerings (Duffy & Flynn, 2021).
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* Increasing quantity: Due to lower technological barriers and thus the
broad participation of the former “audience”, the amount of informa-
tion increases considerably, especially on social media platforms.

o Decreasing quality: The ability to bypass media (disintermedia-
tion) means that there is no need for quality checks anymore before
publication (Bruns, 2018). Journalism lost its role as “gatekeeper”.
Platform companies have little incentive to check quality (Zuboff,
2019). As a result, there are major differences in quality between digi-
tal offerings.

o Collapse of contexts: Boundaries are dissolving between forms of
communication, including between mass communication and indi-
vidual communication, between different media (convergence),
between the public and private sphere or journalism and advocacy
(advertising, public relations). This “collapse of contexts” (Davis
& Jurgenson, 2014) makes it difficult to assign offerings to specific
categories.

* Individualisation: The Internet expands the range of possible choice
and thus promotes the individualisation of use (high-choice media
environment; Van Aelst et al., 2017), both through the active choice of
users and through algorithmic selection.

* Inequality: Despite the large number of offerings, there is a strong
focus on a small number of offerings on the audience and thus a
considerable inequality in the distribution of visibility and influence
(Hindman, 2009).

As a consequence of the digitalisation of the publication market and the com-
munication in cultural, political and commercial activities, the collection
mandates of national libraries were extended in many countries to comprise
digital media to preserve the cultural heritage in the digital age (Altenhéner &
Schrimpf, 2014; Schmitt, 2011; Vlassenroot et al., 2019, 2021). This also applies
to the German National Library and the law it is based on. According to the
German National Library Act (Gesetz tiber die Deutsche Nationalbibliothek;
DNBG), it is the task of the DNB to collect all media works (,, Medienwerke”).
Media works are defined in § 3 (1) as follows: “Media works are all repre-
sentations in writing, image and sound that are distributed in physical form
or made accessible to the public in non-physical form” (translated by the
authors). The task is not limited to distinct media. What is required is the
publication, i.e. public accessibility of media works, and this includes web-
sites and social media.
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The collection mandate (DNB, 2023) applies without restriction: “Our col-
lection mandate aims for completeness, regardless of the form of the media
works or the form of publication” (translated by the authors). Completeness
might be aimed at regarding distinct media like e-books or e-journals, but it
cannot be achieved in the case of web archiving for several reasons. First, the
totality of the “German web” is unclear as it comprises much more than the
.de domain: all websites with relation to Germany, German language, culture
or history as well as websites whose owner’s place of business is in Germany.
Besides the DENIC list,' it should be hard to get a complete overview of web-
sites fulfilling these criteria, let alone to keep up with the constant change
in new websites arising and websites which are taken down. Second, even
after identifying a set of relevant websites, to crawl and archive all their ver-
sions over time is an impossible task since websites are constantly updated,
content is added or deleted without notice and it is impossible to archive all
versions (Briigger, 2018).

As completeness of the collection is impossible to achieve in archiving the
German web, the DNB is confronted for the first time in its history with the
question of how to define selection criteria (DNB, 2016) and to justify them
(Altenhoner & Schrimpf, 2014). A key aspect of the collection mandate of the
DNB is to collect “without judging content” (Deutsche Nationalbibliothek
[DNB], 2017, p. 11) which does not conform with the idea of a content-related
selection process. However, it can be interpreted that the selection criteria
should be as neutral and consensual as possible and well justified. Guiding
principles are the terms “exemplary diversity” and “cultural heritage.” How
these principles are to be interpreted must be reviewed permanently, also
with the participation of different social groups. The meaning of these prin-
ciples cannot be definitively fixed. In view of transnationally oriented media
such as the web, the limitation of the collection mandate to an individual
nation also requires a new, differentiated interpretation.

1.2. Scope and Structure of the Paper

The motivation for this article is the DNB’s need to massively increase its
web archiving activities. Before proposing our guiding principles, we pro-
vide a closer reflection on the challenges of archiving the web regarding con-
tent selection and technology in section two. Section three then addresses
social media as a special case of web archiving. In section four, we introduce
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our approach for operationalising the guiding principles of relevance and
diversity in four dimensions. The section is completed by the technological
requirements to address the challenges of the advanced web technology as
well as to support a (semi-)automated selection process, complemented by
aspects of transparency to be considered in the selection process. Finally, in
section five, recommendations for further steps to operationalise the con-
cept of relevance and diversity and how to cope with the abundance of the
German web are given.

When full archiving is not possible, decisions about selection processes should
be the starting point for building and expanding a web archive. Therefore,
this paper focuses on the discussion about how to define processes for decid-
ing what should be archived. Based on these measures could be identified
and applied to enable the selection process. It is obvious that a broad expan-
sion of a web archive bears technological challenges for the whole life cycle of
web archiving as well as organisational and financial issues, but these must
be addressed in a later step after first having defined content related selec-
tion criteria. The technological, organisational and financial limitations that
will occur when implementing the collection concept will have an impact
on the scale, but not on the basic content selection decisions. Hence, in this
paper, technological issues are only discussed in the context of enabling the
suggested selection criteria while the full operationalisation to address these
issues must be discussed subsequently in a different context. The problems
and developments regarding crawling, indexing, searching and use of web
archives as well as long term preservation and legal issues (e.g., data privacy
and copyright) are out of scope of this paper.

2. Challenges in Archiving the Web

The capacity of digital technology to collect, connect and save informa-
tion seems to suggest unlimited access to knowledge and all-encompassing
archives. However, those promises of comprehensiveness distort the under-
standing of digital and furthermore new web archives and more attention
needs to be paid to the politics of selection and practicability. Scholars in
the emerging field of critical data studies have pointed out that a rhetoric
has emerged around digitalisation and datafication processes that goes far
beyond their technical capacities and forgets or even obscures the work
required to secure, maintain and care for these systems (Christin, 2020;

6 Liber Quarterly Volume 36 2026



Britta Woldering et al.

D’Ignazio & Klein, 2020; Elish & Boyd, 2017; Irani, 2015). What at first sounds
straightforward, namely digitising analogue books, storing digital publica-
tions and now also archiving websites, involves its own and very specific
“infra-political processes”, as Thylstrup (2018) emphasises in Politics of Mass
Digitization. Thylstrup et al. (2021) bring critical debates around big data into
dialogue with archival theories, emphasising that it is not the supposed sense
of certainty but the limitations and uncertainties that must be considered and
examined to understand and think through the newly emerging regimes of
cultural memory.

Building on the post-structuralist theories of the archive in the mid-20th
century — including the critical positions developed in response from femi-
nist, queer and post-colonial perspectives (Best, 2018; Butler, 2009; Hartman,
1997) — cultural studies has been discussing an archival turn, which is now
receiving renewed scholarly attention in relation to digital transformations.
In classical cultural studies theories, such as those of Foucault (1970) and
Derrida and Prenowitz (1995), archives have been described as the places in
which the order of knowledge is formed since ancient times. Archives pro-
vide the foundations and infrastructures of what can be researched, remem-
bered or known and thus also shape what is not considered important, not
collected and potentially forgotten. This must be taken into account by the
institutions and practitioners responsible for these new archives, both in
terms of diversity and relevance of content and the technical conditions of
selecting, crawling and preserving.

2.1. Challenges Regarding Content

The DNB'’s mission is to archive everything that was published in Germany,
in German language and about Germany. With traditional publications these
could be matched to selection criteria that would work in a setting of formal
publishing cultures. However, on the web, publishing does not follow for-
mal and standardised procedures. Therefore, a new selection strategy needs
to be defined that takes into account content-related criteria. Regarding print
media the DNB applies formal criteria like a minimum circulation figure or
a minimum volume to decide whether a publication is ingested in the collec-
tion. In the case of web archiving the selection criteria cannot be determined
purely formally as the characteristics of the web as media differs signifi-
cantly from print media as is shown in the list below, hence criteria must be
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defined content-related. The selection must be based not only on the mission
of archive libraries to preserve cultural heritage for the long term, but also on
the current user demand. The question of expectations of future generations
can only be answered hypothetically. These selection criteria must be justi-
fied, made transparent and be revisited regularly.

The digital public sphere has characteristics that make the systematic descrip-
tion and selection of web offers for archiving difficult. This results in a num-
ber of challenges for the DNB:

*  Web offers and their characteristics: The unknown totality of web offers
makes a representative selection impossible. There is no continuous
recording of all offerings as in the case of press and broadcasting, for
which complete directories are available.

e Unit of selection: It is not easy to determine how to delimit the units
to be collected. External content can be embedded on a website.
Providers (organisations, individuals) can operate a large number
of accounts on different digital platforms at the same time (multi-
channel communication). The discursive context is also of interest,
i.e. the connection of a large number of contributions in networks on
social media (e.g. through links or hashtags) or in discussion forums
(threads). Topics are dealt with in many places on the web. They
spread across the boundaries of platforms (spill-over). National bor-
ders are also frequently crossed.

o (Categories: Formats of publication continue to develop or are only
vaguely defined. Predefined formats or genres would help to system-
atise the digital offerings (e.g. Kampes, 2021).

o Continuous production: The web is not a completed, stable publi-
cation like a newspaper edition; continuous updates of different
parts of the web that partly appear in frequent intervals need to be
handled.

e Variability: Offers are not uniform for the whole audience as in mass
media, but are personalised to individual users. Generative Al pro-
vides individual responses on demand based on external content,
lacking transparency with regard to the origin of the data used and
the production process. In addition, the presentation varies depend-
ing on the used technical device.

®  Usage data: There is a lack of valid data on the different uses of digital
offers. Platforms are only willing to share data to a limited extent.
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*  Multimedia: Elements such as text, photos, graphics, videos, audio,
and animation must be archived together.

Overall, the digital public sphere is a comprehensive, less structured repre-
sentation of society as a whole, containing various modes of access to the
world (knowledge, entertainment, culture, advertising and other forms of
persuasive communication, everyday communication).

A further basic part of the definition of selection criteria is the decision
whether basically everything on the (national) web may be collected or if cer-
tain categories of content must be excluded. This question is mainly relevant
for dealing with potentially illegal content. This could be, for example, vio-
lence, hate speech and online harassment, or sexual content — depending on
respective legal frameworks that are in place. It can be argued that everything
on the web can be regarded as published, hence is part of the collection man-
date. As legality of the content cannot be examined in detail before archiving,
the DNB applies the common rule that it takes down illegal content and
excludes it from being indexed, if appropriate, as soon as the DNB is noti-
fied of illegal content in its web archive. Generally, everything on the German
web is seen as part of the historical tradition and worth to be archived.

2.2. Technological Challenges

Defining selection criteria for a national web archive is first of all content-
related, but technological aspects are closely interlinked to content-related
decisions, e.g. the appraisal of the relevance of a website or how to deal with
personalisation and the dynamics of websites or the use of focused crawlers.

The web has seen a dramatic alteration since the first initiatives for web
archiving, specifically the foundation of the Internet Archive in 1996.
Consequently, Laursen and Meldrup-Dalum recognised in 2017 that “the
archive separates itself increasingly from the live web the archive tries to
preserve”. Essential reasons for the divergence between the live web and the
archived web are, on the one hand, the development of the web structure
and the role of links as well as the continuous dynamisation and personali-
sation of the web. Both characteristics immediately affect the performances
and modes of operation of classic web crawlers, whose selection strategies
are only to a limited extent applicable to today’s web.
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Hyperlinks were the central element of the Hypertext Markup Language
(HTML) and interlinked all available information in the World Wide Web
(Berners-Lee, 1999). Web crawlers typically follow this paradigm and traverse
hyperlinks to find potentially relevant websites. However, the role of hyper-
links has seen several developments (Helmond, 2019). Initially only being
utilised as navigational elements, their distribution was soon used as an indi-
cator of a website’s importance with the PageRank algorithm developed in
1996 as a famous example. Since then, new types of hyperlinks, such as deep
links and app links (Helmond, 2019), dynamic links and asynchronous trig-
gered links, have been established. Social media have introduced platform-
specific link characteristics like the usage of URL shorteners as well as the
focus on intra-website links (e.g., retweets) have led to further fragmentation
of the web (Helmond, 2019; Lee et al., 2009). Consequently, the paradigm that
each URL uniquely identifies a page on the web, initially only queried via the
GET method,? has been softened up.

On top of the link structure, new web technologies have made web archiving
more complex. The advent of CSS, Javascript and client-side executed scripts
(Ajax) had already been identified as a major challenge to web archiving in
2012 which called for new web page processing in indexing methodologies
(Gyllstrom et al., 2012) and JavaScript had been responsible for 33.2% more
missing resources in 2012 than in 2005 (Brunelle et al., 2016). Nowadays,
websites are typically built in a modular way, consisting of several files and
relying on complex server-side processes and user interaction which require
server-side preservation strategies for preservation of their contents (Bocyte
& de Vos, 2018).

Web crawlers have only partially been adapted to these changes of the web
structure. Focused crawling techniques aim to identify web pages related to a
topic of interest, but they require the identification of topic-relevant web pages,
which has become increasingly inefficient and noisy as the complexity of the
web has grown (Aggarwal, 2019). While Google’s web crawler has allowed
the use of POST requests since 2021,* there remains an open question of which
requests are suitable for web archiving. Also, the web archive should reflect the
structure of the web since users want to conduct analyses of the granularity of
single websites and the structure of the web in general (Holzmann & Nejdl,
2021). Hence, new web crawlers need to drift away from the original concepts
of the web and instead find new solutions that enable them to extract and store
as complete information as possible from the contents of web pages.
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Due to the personalisation of the web, two users can see different versions of
the same web page at the same time.* Kelly et al. (2013) have identified differ-
ent cases potentially leading to such a situation, including different website
layouts (e.g., mobile vs desktop mode) and local website content based on
the user’s IP address or GPS position (e.g., local news and weather forecasts).
Exceptional cases of personalisation are advertisements and social media:
recommendations for posts and products or displayed trends can be tailored
to user groups, and different user groups might be shown different content
via microtargeting for political influence (Ribeiro et al., 2019).

To deal with personalised content, web crawlers can either attempt to disable
any personalised information, e.g., by declaring themselves as bots in the
request header, or by taking the role of different personae to retrieve differ-
ent views from the same website. In the former case, the challenge lies in the
definition of user profiles and the identification of websites that actually offer
a relevant diversity in information regarding personalisation. When viewing
a snapshot in a web archive, users should get access to metadata specifying
which personalisation is behind the respective stored snapshots (Kelly et al.,
2013).

2.3. Resource Limitations

Limited resources are one of the main reasons why the web cannot be
archived in its entirety. Lee et al. (2009) define three dimensions of resource
requirements when creating web archives:

® Scalability: the number of web pages that a crawler can proceed —
specifically, if the time and resource usage of the web crawler scales
linearly with the number of pages to be crawled.

e Performance: the speed at which the crawler discovers the web.

* Resource usage: the CPU and RAM consumption during crawling.
In addition, the disk space is a major requirement: the Wayback
Machine of the Internet Archive consumed 57 PetaByte® in December
2021.

While we do not yet have exact ways to measure the size of the German
web, some data may help to illustrate the potential dimensions: Figure 1 is
based on the analysis of the content of .de snapshots in the Internet Archive
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Fig. 1: Number of snapshots of .de URLs in the Internet Archive per file type between
November 1994 and September 2013. The application data type contains file formats such as
PDF and JSON.

Image: /rApplication: 53,297,817

417,525,373 V4
Others: 35,022,420

N\ Audio: 1,212,263

\_Video: 32,653
Text: 4,871,570,472

between 1994 and 2013 performed by Holzmann et al. (2016), and highlights
the challenges regarding the size of the German web offers with more than
5 billion snapshots until 2013 including 400 million images. Both numbers
undoubtedly have increased substantially in recent years.

3. Online Platforms and Social Media

Finally, for preserving the web and our digital heritage, archival institutions
also need to consider activities that are happening within a variety of online
platforms. In the context of the web being shaped through platformisation,
platforms are viewed as “(re-)programmable digital infrastructures that
facilitate and shape personalised interactions among end-users and comple-
mentors, organised through the systematic collection, algorithmic processing,
monetisation, and circulation of data” (Poell et al., 2019, p. 3). Online plat-
forms exist for various domains and purposes, including notably e-commerce
or entertainment. Also, a broad category of online platforms is social media.
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Over the years, social media platforms have grown into a viable part of the
web. They are not only being used by individuals, but also by numerous offi-
cial actors and institutions, such as media, politicians and government agen-
cies, cultural institutions, NGOs, or celebrities. Such platforms used both for
personal and professional communication settings are of particular interest,
contribute significantly to the information that can be found on the web, and
thus are also relevant from a web archiving perspective. Their relevance for
today’s web landscape is not just due to size but also comes from the unique
quality of their content. With their multifaceted contributions from different
user communities they represent important cultural and even historical arte-
facts: For example, they carry the native traces of several protest movements
such as the Arab Spring (Harlow & Johnson, 2011) or the Occupy Wall Street
(DeLuca et al., 2012) movement, and have been used to raise awareness to
societal challenges at large scale, for example with the #metoo hashtag point-
ing out sexual harassment.

Archiving from web platforms, however, comes with its own additional chal-
lenges for the web archiving community (Vlassenroot et al., 2021). The col-
laboration between the Library of Congress (LoC) in the U.S. and Twitter Inc.
has been the only attempt so far to professionally preserve a social media
platform in its entirety — and it did not lead to the desired success. The deci-
sion by the LoC to shift to selective collection (Library of Congress, 2017) is
linked to some of the more general challenges that web archivists have to
face for preserving social media platform content, e.g., capturing multimedia
content shared through social media and handling outgoing links to other
websites or other platform content.

Furthermore, platforms are not stable and the entire platform context may
change over time. In the case of Twitter, the takeover by Elon Musk has led
to numerous changes of how the platform operates including changes of the
platform brand from Twitter to X. This has affected the platform’s user com-
munity and how users interact on and with the platform. It has also heav-
ily reduced the options for accessing data from the platform. The availability
of APIs for accessing online platforms is frequently changing, with the clo-
sure of the previous Facebook API in 2018° being another impactful event for
everyone aiming at collecting and preserving platform data. Partly closures
of APIs as access points have inspired implementing alternative approaches
such as web scraping, but these are also often technically restricted by the
platforms. There is ongoing work to find new solutions for enabling data
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access (e.g., at the Social Media Archive SOMAR)” and work on new models
for making online platform data accessible for research while also respecting
data protection regulations (European Digital Media Observatory (EDMO),
2022). Overall, the question of what can be accessed and thus archived from
online platforms has to reflect different technical challenges, but also legal
constraints (including the ones imposed by platforms through their terms of
services) and ethical considerations (for example around collecting sensitive
information from vulnerable groups).

Various efforts to collect and preserve social media content exist, at national
libraries (Vlassenroot et al., 2021) as well as in academia ranging from indi-
vidual researchers to academic institutions interested in social media content
as research data (Weller & Kinder-Kurlanda, 2016). Therefore, the selection
processes are often influenced by specific current research interests, rather
than by specific preservation strategies and long-term perspectives.

A selection strategy for social media archiving as part of a national web
archive will have to take several factors into consideration, including:

o Platform selection: As a first step it needs to be decided which plat-
forms should be included in archival processes. This decision might
have to be made based on practical considerations, e.g., technical fea-
sibility. It could also be informed by the size of the user community,
or the impact a platform has in a specific country.

o Content selection: Assuming that full coverage of an entire platform
is likely not feasible, additional strategies have to be found to cre-
ate subsets. This could for example be based on topics (requiring
good strategies to translate a given topical interest into a search
query on the platform), random data, person-centred or networked
approaches.

e Format selection: Finally, strategies have to be defined on how to
archive content and make it accessible. A fundamental question here
could be to decide between purely text-based formats and multime-
dia content, potentially even preserving the “look and feel” of the
platform.

Considering social media as part of a general web archiving strategy
is desirable for preserving the cultural heritage of the social web. The
sheer size of content produced on social media platforms makes selection
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strategies necessary, but this is challenging due to its very ephemeral nature.
Furthermore, access limitations as well as the need to quickly react to new
developments (new platforms, new platform features, content changes like
deletions or edits) requires very specialised setups and dedicated resources.

4. Operationalisation

In order to fulfil its collecting mission of exemplary diversity, the DNB strives
for a selection based on relevance and diversity as central criteria. There is
an obvious tension between relevance and diversity as selection criteria: rel-
evance demands strict selection and the focusing of attention on a few impor-
tant elements in a dimension. In contrast, the demand for diversity requires
the broad representation of as many topics, actors or opinions as possible,
regardless of their importance and quality. Both criteria are important for lib-
eral democracy as well as for an archive of the German web.

4.1. Relevance and Diversity

Relevance is measured in approaches of communication studies via opera-
tionalisations of visibility and influence in the public sphere (as a concept see
Schatz & Schulz, 1992). Indicators for visibility can be, for example, the usage
of offers, number of citations and mentions of actors, and the number of con-
tributions to a topic. Indicators for influence can be agenda-setting effects
and opinion power ascribed to (“leading”) media and actors like politicians
in high positions. A special approach to define the relevance of topics is the
“news value” (Galtung & Ruge, 1965).

Relevance in the public sphere can be supplemented by relevance indicators
defined from the perspective of functional subsystems of society (such as pol-
itics, economy, science, art, or sports). These subsystems have their own mea-
sures of importance. For example, prominence of scientists in public often
differs from their reputation in the science system itself. The system-specific
relevance becomes obvious through the roles of the actors in the system’s
own hierarchy (e.g., the chancellor in the political system) or the results of
internal recognition mechanisms (e.g., awards). Following Bourdieu (1985),
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the definition of relevance at the heteronomous pole of a field is oriented
toward outside influences and audience tastes, while at the autonomous pole
relevance assessment follows internal standards of quality and self-defined
societal goals of professions.

Other forms of social differentiation also have an impact on relevance assess-
ments, e.g., regions, milieus, or classes. Therefore, relevance must always be
defined in a distinct perspective. This can lead to a variety of different defini-
tions of relevance. For the purpose at hand, it is important to follow the most
consensual and stable relevance assessments possible.

Diversity as a norm means that all interests of population groups and all
manifestations of society shall be represented in the public sphere, regard-
less of the quality, visibility or influence of these interests and manifestations.
Diversity can refer to different dimensions of content, including events, top-
ics, opinions, actors, spaces, and formats. The norm of diversity has been
intensively discussed and empirically investigated in the context of media
and public sphere (e.g., Hendrickx et al., 2022; Joris et al., 2020; Loecherbach
et al., 2020; Napoli, 1999) to which the DNB can refer.

The operationalisation of diversity as well as of relevance depends on sev-
eral normative decisions. In the first step, dimensions of diversity must be
defined for both sides: for society’s representation and preferences of audi-
ence groups. Then, in the second step, the different manifestations must be
found in one dimension, for example, forms of everyday culture in different
milieus or different opinions on a given issue. Ultimately, it is a question of
capacity, determining how much diversity can be documented and archived,
since the manually curated selection of diverse material is complex and time-
consuming. Relevance and diversity can be operationalised meticulously and
with high complexity which detracts the practical manageability and raises
many questions of detail. A compromise between a documented rationale
and practicability needs to be found.

4.2. Dimensions of Relevance and Diversity

Regarding relevance and diversity the following four dimensions need to be
considered.
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4.2.1. Dimension “Topics”

The first decision in the selection process for web archiving is about the top-
ics. Different from print media or broadcast, there are no established the-
matic structures or genres for online media so far (Kampes, 2021). Kampes
distinguishes online offers into information based, e-commerce, social media,
search engines and games. She analysed the elements of the titles of informa-
tion based online offers and condensed the following 23 top genres which
are defined further in her thesis: digital, sports, lifestyle, guidance, finances,
knowledge, entertainment, regional, culture, cars, health, travel, family, busi-
ness, style, games, football, career, politics, forum, news, real estate, newslet-
ter (translation by the authors).

The assumption is that information providers label their offers to be under-
stood intuitively by their users and to be found easily by search engines.
Hence, although there are no established structures or genres for online
media, a de facto structure created by search engine optimisation can be
defined. It is important to point out that the results of the analysis show a
long tail distribution, and the above mentioned 23 genres are the top ones
which are used very often while a lot more topics or genres are used much
less.

Having such top topics as starting points, they have to be explored further
regarding their subsystems, and finally with regard to relevance and diver-
sity within these subsystems.

4.2.2. Dimension “Actors”

The dimension “actors” comprises individual persons and collective actors,
such as organisations, social movements etc. Relevance can be defined by
formal positions, roles which are connected with high visibility (attention,
range, prominence), high esteem (positive rating, reputation, appreciation) or
influence (power in different aspects). This can be determined by lists, rank-
ings, statistics, experts etc.

Depending on the topic and the respective social subsystem separate
taxonomies have to be used or created. For example, in politics roles
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and positions are highly formalised which facilitates the selection pro-
cess: top institutions on state and federal state level as well as organ-
ised interest groups. In contrast, the topic lifestyle is barely formalised
and characterised by high volatility (fashions, trends) and a strong dif-
ferentiation by milieus. To approach this, several subsystems need to
be distinguished, and their taxonomies defined. They might be defined
sociologically, i.e. lifestyle distinguished by its aspiration for singularity
(Reckwitz, 2020), distinction (Bourdieu, 2001) and experience (Schulze,
1992), or by different forms of culture, e.g. popular culture. Popular cul-
ture again might be differentiated into fields like fashion, leisure activi-
ties or lifestyle products.

This shows that relevance and diversity are closely linked and that even
the relevance aspect needs diversity. To gain even more diversity besides
relevant actors, public and amateur actors should be considered. For
example, in politics, members of the public, honorary politicians, citizens’
movements or, in lifestyle, people interested in food, health, nature and
environment, all kinds of leisure activities and amateur communities in
this field. Further aspects of diversity can be included by considering socio-
demographic characteristics, e.g., age, gender, religion, level of education,
phase of life or milieu.

4.2.3. Dimension “Opinion”

For the dimension “opinion” also the aspects of relevance and diversity
apply. Opinion leaders, trendsetters, influencers in a broader sense are indi-
cators for relevance in the subsystems of the different topics and again have
to be chosen in a large variety to show the whole — or at least a large — spec-
trum of opinions.

4.2.4. Dimension “Space”
For the dimension “space”, the different spatial levels should be taken into

account, i.e. transnational, international, federal, states, regional, or local
aspects of a topic.
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4.3. Technological Requirement and Automated Assessment

Manually curating selection processes require high personal resources.
Therefore, technologies that can support or conduct the selection process will
be needed to fully implement the selection based on relevance and diversity.

4.3.1. Technological Requirements

As a first step towards this goal, a set of technological requirements for the
algorithms and tools to be created can be identified to address the challenges
and the strategies for operationalisation discussed above:

* Technical operationalisation of selection criteria that are defined
around the concepts of relevance and diversity and their
interdependencies.

e Web crawling strategies that cope with the structure of today’s
dynamic web.

¢ Consideration of personalisation of content, either by targeting at the
archival of non-personalised contents or by disclosing the identities
adopted when archiving personalised content in the metadata of the
crawl.

* Re-visit policies that define the frequency of archiving websites,
which should be adaptive with respect to the domain, topics and
type of a website.

* Rules to identify national contents that are in line with the specific
characteristics of the targeted nation. To determine websites beyond
the .de domain to be collected, subdomains, language and geo data
can be factored in as shown in strategies of other national libraries
(Vlassenroot et al., 2019).

* Methodologies to ensure the quality of archived websites regarding
appropriateness of the sources and the preservation of their original
contents and look and feel.

Facing this number of technological requirements, the concepts and meth-
odologies behind traditional web archiving need to be questioned as key
aspects of today’s web can no longer be reconciled with traditional methods
of web archiving: web archive content is not presented in a personalised
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way, dynamic and embedded components of web pages are often not
archived, and user interactions in the archived web are oftentimes not
possible.

4.3.2. Automated Assessment of Relevance and Diversity

Sources of information that allow the automated identification of relevant
topics include news articles (Leban et al., 2014), Wikipedia (Miz et al., 2020),
social networks (Panagiotou et al., 2016) and scientific literature (Chen, 2006).
However, automated topic identification based on these sources typically
focuses on the detection of current trends and events (i.e., related to the cri-
teria of news value as in Section 4.1), thus neglecting topics without strong
temporal focus. Further, a critical analysis by Hanada et al. (2013) on the
use of link analysis metrics such as link counts and article lengths for docu-
ment selection has revealed that such metrics are more correlated to popular-
ity than to quality and importance, hence questioning their use as unbiased
selection strategies. In contrast, an approach for an unbiased and diverse
selection of websites is the random selection of web contents, e.g., from the
DENIC list.

With the rise of Large Language Models (LLMs) in recent years, a pressing
question is whether LLMs can be used as tools to advance web archiving
and address the challenges and issues raised. To date, while the use of LLMs
for tasks such as web scraping has shown promising use cases (Padoan &
Vinciguerra, 2024), their use for web crawling has not been fully explored (Al
Galib et al., 2023). Although LLMs may struggle to identify trends and new
websites on their own, we foresee their use to navigate the web for crawl-
ing and relevance assessment purposes. LLMs have recently been used to
simulate human behaviour as demonstrated in Turing Experiments in differ-
ent settings (Aher et al., 2023). These capabilities of LLMs have been utilised
to simulate web navigation behaviour of users, targeting at solving specific
tasks such as searching for weather reports (Lai et al., 2024). Adapting these
approaches to the needs of web crawlers is a promising direction, allowing
crawlers to emulate human-like navigation. Such LLM-based web navigation
could specifically be used in focused crawling, which extracts relevant links
from web pages and automatically assesses page relevance. While doing so,
the LLM could even be prompted or fine-tuned to include the relevance and
diversity criteria in its decision.
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Arabzadeh et al. (2025) have demonstrated that LLMs can accurately assess
the relevance of items like websites or documents, showing high alignment
with human labels. However, first indications exist that LLMs may not be
neutral in their assessment. For example, Ye et al. (2025) have recently dem-
onstrated cases of LLMs’ biases involved in the judgement processes, such
as “the tendency to assign more credibility to statements made by authority
figures, regardless of actual evidence”. Better understanding these processes
is critical when applying LLMs for judging the relevance and diversity cri-
teria in the context of web archiving. Another challenge in using LLMs for
relevance assessment lies in their inherent intransparency despite the need
to make selection criteria and decisions transparent as discussed in the
following.

4.4. Establishing High-quality and Transparent Selection and Archiving
Procedures

Where archiving of the full (national) web is not possible and selection cri-
teria need to be applied by an institution, transparency about the selection
criteria that have led to the inclusion or exclusion of websites can directly
impact the perceived quality of the archive. Selection criteria directly influ-
ence the composition of the collection and therefore become an integral part
of the archive themselves. Only if selection criteria are documented and pos-
sible inappropriate content is defined, users will be able to comprehend why
specific contents are included and what might be missing. Transparency is
particularly important for sensitive topics, for example, when preparing a
topical collection on LGBTQ+ websites: users of the archive could receive
information on why certain websites were included. This can help to avoid
“blind spots” (Donig et al., 2023) and to reflect on potential biases that may
still be inherent to the collection.

Apart from transparency on selection criteria, quality-control should also
respect aspects of transparency on technical dimensions. Maemura et al.
(2018) define the following three elements of provenance or transparency cri-
teria to document a specific crawl:

* Scoping: e.g., motivation for the collection, resulting in the focus,

the seed-list, the crawl timing and configuration, inclusions and
exclusions
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® Process: How are scheduled and unscheduled events or process
anomalies handled?

o Context: legal context, institutional setting and mandate, policies and
guidelines, available resources for web archiving

Selection criteria can be presented in general for the complete crawl, or indi-
vidually for each crawled website, e.g., as part of their metadata.

5. Conclusion and Recommendation

This paper was motivated by the German National Library’s need to extend
its web archiving activities massively and to define selection criteria which
can be supported by semi-automated processes. As collecting everything
which could be defined as the German web is impossible, the concept of
selecting an “exemplary diversity” was introduced and substantiated by the
guiding principles of relevance and diversity. Technological challenges and
requirements to support the selection process as well as in the light of the
advancement of web technology were described. Finally, the factors to be
considered for establishing a selection strategy for social media archiving as
part of a web archive were outlined.

5.1. Measures of Relevance and Diversity

A mix of curational and automatised measures and sources of information
should be taken into consideration to cater for a good coverage of relevance
and diversity. A selection of such measures is presented in Table 1, also sum-
marising the automatised measures as outlined in chapter 4.3.

5.2. Representations of Web Content in an Archive

Apart from the content-related selection process guided by such measures,
alternative representations of web content in web archives need to be dis-
cussed to bring the content of web archives closer to the original user experi-
ence. Hence, there is a need to question the following three aspects:
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Table 1: Selection of curational and automatised measures.

Curational Automatised

Relevance

Diversity

— Round tables with experts, Intelligent crawlers trained with large language
e.g. scientific associations ~ models
and organised groups of Exploit preselected types of offerings
society — News offers
— Representative population - News aggregators
surveys regarding relevant - Trend monitors
topics in society - Ranking lists
— Thematic campaigns - Wikipedia
consulting citizens — Hashtags on social media
— Citizen/user suggestion — Web tracking data/studies’
scheme — Web resources in e-publications

— Scientific topics from Google Scholar, arxiv.org, ...

Random selections from

— the DENIC list

— Crawls of websites having a German address in
their legal notice

'For example, the GESIS Panel Digital Behavioural Data Sample (https://www.gesis.org/
gesis-panel).

Web crawlers: There exists a variety of web crawlers (ranging from
command line tools such as GNU Wget® to Heritrix’ of the Internet
Archive), tools and frameworks relevant to the creation of web
archives that are explained in more detail by Vlassenroot et al. (2019).
The suitability of these tools for operationalising complex selection
criteria elaborated in this article must be examined.

Data structures: The majority of web crawlers create or process con-
tent in the WARC file format,' recognised as the standard format for
web archive content, particularly by national libraries. The expressiv-
ity of WARC archives in the context of the requirements, specifically
with respect to the metadata and transparency requirements, needs
to be assessed.

Interaction: The use of web archives rarely reflects the experiences in
the live web, due to incomplete, non-preserving website snapshots
and incomplete crawls. To bring the content of web archives closer to
the original user experience, alternative representations of web con-
tent in web archives need to be discussed.
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5.3. Next Steps

As the next steps to establish a semi-automated selection process, we envi-
sion the following activities:

The concept of relevance and diversity has to be elaborated further,
based on the genres approach developed by Kampes (2021). These
genres have to be investigated further regarding their relevant sub-
topics, actors, regional differences and sources of information and
how to evaluate these results on a regular basis. Social media should
be part of this approach, both as a source of information and as an
object to be archived.

To support the aspect of diversity, the web archiving institution
should aim to open the selection process to various groups of per-
sons to participate. In the table above possible groups and measures
for participation are listed. These are complementing each other and
should ensure that different views and aspects in the selection pro-
cess are considered.

The use of Large Language Models (LLMs) for web crawling should
be further explored, in particular focused crawling as an example
application of LLMs to extract relevant links from a web page and to
automatically assess the relevance.

Having outlined the necessary next steps towards selection criteria for
archiving the German web, we aim to elaborate them further in collaborative
projects. As future work, concrete operationalisations should be explored,
implemented and evaluated, also considering scalability and resource-effi-
ciency. Balancing out the aim for completeness against the current restric-
tions and limitations requires solutions that facilitate the necessary selection
process in a transparent and understandable way. Our concept for using
relevance and diversity as main selection criteria is the proposed way of
addressing this tension.
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Evolution of HTTP.
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