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Kurzfassung

Die Initiativen der letzten Jahre, institutionelle Sammlungen von Digitalisaten von Ob-
jekten des kulturellen Erbes und dazugehérende Metadaten der Offentlichkeit zuginglich
zu machen, treffen auf stetig gréfer werdende Online-Sammlungen von nutzergenerierten
Inhalten. Viele Aspekte der verdffentlichten Kulturerbedaten, wie zum Beispiel Bezie-
hungen zwischen Personen, kénnen als Netzwerke aufgefasst und abgebildet werden. Ihre
Analyse und Visualisierung kann fiir verschiedene Szenarien von Nutzen sein, von der
Navigation durch Online-Kunstsammlungen hin zu der Erforschung von strukturellen
Aspekten der Netzwerke selbst. Der Vergleich der Inhalte von institutionell gepflegten
mit nutzergenerierten Datensammlungen stellt hier ein besonders interessantes Szenario
fiir den Einsatz visueller und anderer analytischer Methoden dar.

Geleitet von diesen Entwicklungen, ist das Ziel der vorliegenden Arbeit die Erforschung
von Datensétzen iiber Personennetzwerke aus dem Bereich Kunstgeschichte. Motiviert von
historischen Beispielen, kunstgeschichtliche Entwicklungen in visueller, diagrammatischer
Form darzustellen, folgt die Arbeit den Fragestellungen, 1) ob und wie datengetriebene
Netzwerkvisualisierungen die Kontextualisierung von Kunstwerken in virtuellen Préasenta-
tionen unterstiitzen, 2) ob die Betrachtung der Gesamtheit der in einer Datensammlung
gespeicherten, individuellen historischen Personenbeziehungen kunsthistorische Narrative
erkennen ldsst und welche das sind sowie, 3) ob und wie solche Narrative sich zwischen
verschiedenen Datensammlungen unterscheiden. Die Integration von Informationen tiber
Personenbeziechungen aus einer bestehenden institutionellen Datensammlung, der Getty
Union List of Artist Names (ULAN), mit Daten tiber Kunstwerke aus der Web Gallery of
Art (WGA) ermoglicht die Erzeugung einer virtuellen 3D Galerieumgebung, deren Grund-
riss auf einem automatischen Netzwerk-Layout basiert. Die Evaluation mit Experten
zeigt, dass der Zugang eine interessante und neuartige Moglichkeit der Erkundung von
Kunstgeschichte im digitalen Raum bietet. Die allgemeine Analyse des ULAN Personen-
netzwerkes zeigt das Vorhandensein einer zusammenhéngenden und mehrere Jahrhunderte
umfassenden, chronologischen Struktur, deren Vielzahl an abgebildeten historischen In-
teraktionen in groflem Mafstab ein Narrativ ergibt, dass sich zu einem gewissen Grad
mit entsprechenden wissenschaftlichen Sichten deckt. Der Vergleich mit dhnlichen In-
halten aus Wikipedia Biographien zeigt eine bedeutende Ubereinstimmung beziiglich
der dort abgebildeten Personenbeziehungen, sowie strukturelle Gemeinsamkeiten und
Unterschiede zwischen dem ULAN Netzwerk und entsprechenden Hyperlink-Netzwerken
in verschiedenen Wikipedia Sprachversionen. Deren separater Vergleich untereinander
zeigt wiederum klare individuelle Préferenzen fiir die der jeweiligen Sprache kulturell
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nahestehenden Biographien auf, legt gleichzeitig jedoch auch grundsitzliche Ubereinstim-
mung hinsichtlich der fundamentalen Entwicklungen westlicher Kunst nahe. Wikidata
wird als alternative Moglichkeit zur Identifikation kunsthistorisch relevanter Biographien
und anderer Wikipedia Artikel vorgestellt, demonstriert anhand der Analyse, Verarbei-
tung und Visualisierung eines bi-partiten Netzwerkes von Biographien und Artikeln iiber
Kunst- und Architekturstile. Abschlieend wird eine weitere Methode der Identifikation
von bereichsspezifischen Biographien in Wikidata vorgestellt, die auf der Analyse und
dem Clustering von gleichzeitig zugeordneten Berufen in Wikidata Personendatensétzen
beruht. Dies wird anhand eines weiteren Kiinstlernetzwerkes sowie der Visualisierung
von Personennetzwerken anderer Berufsgruppen demonstriert.

Die wichtigsten Beitrage dieser Arbeit umfassen verschiedene Aspekte. Einerseits wird
demonstriert, dass ausreichend grofle Netzwerke von Personen aus der Kunstgeschichte
sowohl in professionell kuratierten als auch in nutzergenerierten Datensammlungen eine
zusammenhéngende und chronologische “bottom-up” Struktur aufweisen, deren visuelle
Darstellung wesentliche Entwicklungen in der Kunstgeschichte aufzeigt und zum Teil mit
entsprechenden wissenschaftlichen Visualisierungen in historischen Diagrammen {iberein-
stimmt. Dies zeigt auch, dass individuelle Beitrdge von den verschiedenen Datensétzen
sich gegenseitig erginzen, wodurch ihre Kombination zu einer globaleren Sicht auf die
Kunstgeschichte fiihrt. Andererseits werden auch iiber die Unterstiitzung der kontextuali-
sierten Priasentation von Artefakten hinausgehende Vorteile demonstriert, die aus der
Integration von verschiedenen, aber miteinander in Zusammenhang stehenden Kulturerbe-
Datensétzen entstehen kénnen. Implizite Information, die aus einer Datenquelle extrahiert
wurde, kann beispielsweise als Referenz fiir die Identifikation von fehlender Information in
einer anderen Datenquelle genutzt werden. Die Integration von professionell kuratierten
mit ahnlichen, nutzergenerierten Datensammlungen stellt wiederum ein Beispiel dar,
bei dem die umfassenden Metadaten der professionell kuratierten Datenquelle dazu
genutzt werden, die nutzergenerierte Datensammlung quantitativ zu analysieren sowie
mit ihr zu vergleichen. Schliefllich werden neue Wege demonstriert, wie bereichsspezifische
Personengruppen in allgemeinen Datensammlungen von Personendatensétzen identifi-
ziert werden konnen. Methodologische Beitrdge bestehen aus einem Rahmenwerk fiir die
Integration und Analyse des Netzwerkes von Wikipedia Biographien anhand von ULAN
Personenattributen, verschiedenen Techniken zur Filterung von Wikipedia Netzwerken
flir die Offenlegung der darin potentiell eingebetteten chronologischen Struktur, sowie
zusitzlichen Methoden fiir die Extraktion aggregierter Netzwerke von Nationalitdten und
Berufen.
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Abstract

Recent initiatives to open institutional repositories of digitized cultural heritage artifacts
and related metadata meet growing collections of related user-generated content. Many
aspects of the cultural heritage information that becomes available, such as person rela-
tionships, can be perceived and represented as networks, whose analysis and visualization
can serve a variety of scenarios, ranging from navigation across online art collections
to the study of structural aspects of the networks themselves in more research-oriented
settings. The comparison of institutional and user-generated repositories using visual
and other analytical means represents a particularly interesting scenario in this regard.

In light of these developments, the main goal of this work is to explore datasets about
person-to-person networks in the context of art history. Motivated by historical examples
to represent developments in the arts in visual, diagrammatic form, it seeks to explore
1) if and how data-driven network visualizations can support the contextualization of
artworks in virtual presentations, 2) if and which large-scale art history narratives are
embedded in extensive network data and 3) if and how they differ across multiple datasets.
Social relationship data between person records provided by an existing institutional
dataset, the Getty Union List of Artist Names (ULAN), are integrated with data about
artworks taken from the Web Gallery of Art (WGA) in order to create a virtual 3D
art gallery environment using an automatic network layout as floor plan. Evaluation
with domain experts shows that the approach provides an interesting and novel way to
explore art history in the digital realm. An overall analysis of the ULAN person-to-person
network reveals a contiguous chronological structure spanning multiple centuries, whose
multitude of historical interactions yields a large-scale narrative that correlates with
related scholarly views to a certain extent. The comparison with similar content derived
from Wikipedia biographies reveals significant overlap regarding the featured person-to-
person relationships as well as structural commonalities and differences between the ULAN
network and corresponding hyperlink networks in various Wikipedia language versions,
whose separate comparison reveals cultural self-focus bias regarding the coverage of art
history biographies but also basic agreement on the fundamental developments in Western
art. Wikidata is introduced as an alternative means to identify biographies and other
Wikipedia articles relevant to the domain of art history, demonstrated by the analysis,
processing and visualization of a bi-partite network of articles about persons and art
and architecture styles. Clustering co-occurring occupations in Wikidata persons records
is eventually introduced as additional approach to identify domain-specific biographies,

X1
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demonstrated by the example of an additional artist network and the visualization of
networks from other domains.

The main contributions of this work address different aspects. One the one hand, it
demonstrates that large-scale biographical networks extracted from both professional
as well as crowd-sourced datasets possess a bottom-up contiguous and chronological
structure whose visualization reveals major developments across art history, which partly
correspond with related scholarly views expressed in historical diagrams. This also
reveals that the individual contributions of the different datasets complement each other
in a way that their combination yields a more global view on the history of art. On
the other hand it demonstrates the benefit of integrating different but related cultural
heritage datasets beyond the goal of contextualized presentation of artifacts, such as
using implicit information extracted from one data source as reference data for the
identification of missing information in another. The integration of professionally curated
datasets with similar, crowd-sourced data provides another showcase in this regard,
demonstrating how rich metadata present in the professionally curated resource can be
used to quantitatively study and compare the structure of its crowd-sourced counterpart.
Last but not least, this work demonstrates new ways to identify domain-specific groups
of persons in general-purpose collections of person records. Methodological contributions
include the framework to integrate and analyze the network of Wikipedia biographies
with ULAN person attributes, different techniques to filter the Wikipedia networks for
uncovering their chronological structure and additional methods to extract aggregate
networks of nationalities and occupations.


https://www.tuwien.at/bibliothek

Contents

Die approbierte gedruckte Originalversion dieser Dissertation ist an der TU Wien Bibliothek verfugbar.

The approved original version of this doctoral thesis is available in print at TU Wien Bibliothek.

thele

(]
lio
nowledge

b

i
r

Kurzfassung ix
Abstract xi
Contents xiii
1 Introduction 1
1.1 Digital cultural heritage . . . . . . . . .. ... ... ... ... 1
1.2 Problem statement . . . . . . ... ..o oo 10
1.2.1 Research questions . . . . . . . . .. ... ... ... ... ... 11

1.3 Methodological approach . . . . . . . . .. ... oo 12
1.3.1 Initial assumptions . . . . . . . . ... 12

1.3.2 Design Science Research framework . . . .. ... ... .. .... 13

1.4 Main contributions . . . . . . ... Lo 15
1.5 Structure of thiswork . . . . . .. .. . oL oo 17
Networks and Art History 21
2.1 Historical examples . . . . . . . ... L 21
2.1.1 Genealogies of artists and styles . . . ... ... ... ... .. .. 22

2.1.2 Examples from other domains . . . . . . ... ... ... ... ... 29

2.2 Art History networks in the realm of the digital . . . . . .. ... ... .. 32
2.2.1 Basic definitions . . . .. ... L oo 32

2.2.2  Presentation of arts and related developments/collection access . . 35

2.2.3  Art history education and research . . . . . . ... ... ... ... 42

2.3 Summary and motivation . . . . . ... .. L 46
Combining Person Networks and Collection Data 49
3.1 A 3D virtual art museum based on a historical social network . . . . . . . 49
3.2 Data sources and initial data processing . . . . .. .. .. ... ... ... 52
3.3 Design iterations . . . . . . ... L L 53
3.3.1 Proofofconcept . .. .. .. ... ... 53

3.3.2 Redesign . .. ... . 55

3.3.3 Portrait relationships . . . . .. ... o 0oL 61

3.4 Evaluation . . . . . . . .. .. 63
xiii


https://www.tuwien.at/bibliothek

Die approbierte gedruckte Originalversion dieser Dissertation ist an der TU Wien Bibliothek verfugbar.

The approved original version of this doctoral thesis is available in print at TU Wien Bibliothek.

thele

(]
lio
nowledge

b

i
r

3.4.1 Userevaluation . . . . .. .. .. . L oL Lo
3.4.2 Additional expert feedback . . . . ... ... 0oL
3.5 Quantitative analysis of portrait relationships . . . . . .. .. .. .. ...
3.6 SUMMATY . . . . . . o e e

Analysis of the Getty Union List of Artist Names

4.1 Data retrieval & preparation . . . . . .. ...

4.2 Attributes of ULAN biographies . . . . . ... ... ... ... ......

4.3 Analysis of the ULAN network . . . .. . ... ... ... ... ...,
4.3.1 Network structure . . . . .. .. ... Lo oo
4.3.2 Artist rankings . . . . ... L
4.3.3 The giant component of the ULAN network . . . . . .. ... ...

4.4 Visualizing the ULAN giant component . . . . . . ... ... ... ....

4.5 Summary ... e e

Art History on Wikipedia through the Lens of the ULAN
5.1 Wikipedia as alternative data source to the ULAN . . . .. ... ... ..
5.2 Wikipediaresearch . . . . . . . . ... L
5.2.1 Assessment of quality and coverage . . . . . . ... ... ... ...
5.2.2  Analyses of the Wikipedia hyperlink network . . . ... ... ...
5.2.3 Comparison of Wikipedia language versions . . . . . . .. .. ...
5.2.4 Wikipedia and art history . . . . . ... ... ... ... ...
5.2.5 Summary and motivation . . . . ... ... ... .. ... ...
5.3 Dataretrieval . . . . . ... L o
5.3.1 Mappings between ULAN and Wikipedia . . . .. ... ... ...
5.3.2 Completeness of the ULAN-Wikipedia mapping via Wikidata . . .
5.3.3 Extraction of Wikipedia page links . . . . . . ... ... ... ...
5.3.4 Data infrastructure used for analysis . . . . . ... .. .. ... ..
5.4 Coverage of ULAN records in Wikipedia languages . . . . . . .. ... ..
5.4.1 Coverage of nationalities across languages . . . . . . . .. ... ..
5.4.2 Coverage of roles across languages . . . . . . ... ... ... ...
5.5 Analysis of the network of ULAN biographies in Wikipedia . . . .. . ..
5.5.1 Connected components . . . . . ... ... ... .. ... ...,
5.5.2  Overlap between the ULAN and the Wikipedia networks . . . . .
5.5.3  Analyzing the Wikipedia network via ULAN person attributes
5.5.4  Degree distribution in the Wikipedia person-to-person network . .
5.5.5  Rank comparisons with ULAN centralities and scholarly rankings .
5.6 Visualization of the ULAN-mapped Wikipedia network . . . . . . . .. ..
5.6.1 Filtering the network by birth date difference . . . . . . . . . . ..
5.6.2 Visualizing international interactions across time . . . . . . .. ..
5.6.3 Visualization of contributions from individual Wikipedia editions .
5.7 Network of aggregated links between nationalities . . . . . . . .. ... ..
5.7.1 Deriving a relative measure for nation-to-nation ties . . . . . . . .
5.8 Summary . . . o. ... e e e

160
168


https://www.tuwien.at/bibliothek

Die approbierte gedruckte Originalversion dieser Dissertation ist an der TU Wien Bibliothek verfugbar.

The approved original version of this doctoral thesis is available in print at TU Wien Bibliothek.

M Sibliothek,
Your knowledge hub

6 Art History on Wikipedia beyond the ULAN 195

6.1 Network of biographies and articles about art styles in Wikipedia . . . . . 196
6.1.1 Data retrieval & analysis . . . . . .. ... ... L. 198

6.1.2 Visualization of the person-style network . . . .. ... ... ... 203

6.1.3 Bi-partite projections . . . . ... ... L Lo 212

6.1.4 Summary . . . . ... 220

6.2 Identifying domain specific persons via co-occurring occupations in Wikidata222
6.2.1 Data retrieval and filtering . . . . . .. ... ... ... 0. 223

6.2.2 Partitioned network of occupation co-occurrencess . . . . . .. .. 224

6.2.3 Wikipedia artist network identified via grouped art occupations . . 230

6.2.4 Network visualizations of other domain specific person groups . . . 238

6.2.5 Summary . . ... e 242

7 Conclusion 245
7.1 Addressing the research questions . . . . . . ... ... ... ... ... 245
7.2 Final discussion & outlook . . . . . . . . .. ... 249
List of Figures 252
List of Tables 255
A Tables 259
A1 Artist rankings . . . ... ..o 259

B Supplementary Materials 265
Bibliography 267


https://www.tuwien.at/bibliothek

“Jayloljqig UsIpn NL e uud ul sjgejreAe si sisay) [2Jo1oop Siyl Jo uoisian [eulblio panoidde ay | < any a8pajmoun Jnoa
“regBnyian 3ayloljqig UsIpn NL Jop ue Isi uoirelassiq Jasalp uoisianeulblo apponipab ausiqoidde aig v_ﬂ_-_u.o__n__m


https://www.tuwien.at/bibliothek

Die approbierte gedruckte Originalversion dieser Dissertation ist an der TU Wien Bibliothek verfugbar.

The approved original version of this doctoral thesis is available in print at TU Wien Bibliothek.

thele

(]
lio
nowledge

b

i
r

CHAPTER

Introduction

1.1 Digital cultural heritage

In recent years, cultural heritage related datasets have increasingly been made available
to the public, including both catalog metadata as well as digitized content. A number
of reasons stand behind this development. As pointed out by Terras in [Terras, 2015],
activities surrounding the open access movement in academia have been one driving
factor, leading to initiatives such as OpenGLAM! (GLAM standing for galleries, libraries,
archives and museums) which actively encourage cultural heritage institutions to open
up their digitized collections to the public. The aim has been to foster content access and
reuse in both academic research as well as in commercial settings such as the creative-
industries, paralleled by legislative efforts e.g. by the European Commission, whose PSI
directive? was established to lower the access barrier to publicly owned data collections
in order to drive innovation. European considerations and activities regarding the role of
digital cultural heritage in the context of the PSI, but also the vision of providing central
access to Europe’s diverse cultural heritage, were outlined in a report by the European
Commission [Niggemann et al., 2011]. Europeana?, the portal to Europe’s digitized
cultural heritage, is one of the premier outcomes in this regard, currently offering access
to more than 58 Million? digitized cultural heritage items from about 4,000 institutions
including artworks, books and other media. As a rare occasion at least in the context of
the digital realm, these European endeavors also caused effects on the other side of the
Atlantic ocean, where the Digital Public Library of America® (DPLA) represents an effort
similar to Europeana, aggregating content from an increasing number of U.S. cultural

1
2

https://openglam.org/, retrieved Sept., 8, 2020
https://ec.europa.eu/digital-single-market/en/european-legislation-reuse-
public-sector-information, retrieved Sept., 8%, 2020

https://www.europeana.eu/, retrieved Sept., 8%, 2020
https://pro.europeana.eu/about-us/mission, retrieved Sept., 81, 2020

5 nttps://dp.la/, retrieved Sept., 8", 2020
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heritage institutions. In contrast to Europeana, DPLA was initially based on a private
initiative, described by Darnton in [Darnton, 2013], suggesting that the drive towards
opening up collections also stems from the institutions themselves to some extent, not
necessarily imposed on them via legislation.

Different traditions in CH institutions

Such shifts in institutional policies can be seen as a reaction to a general necessity to
redefine cultural heritage institutions’ roles in an increasingly digitized and networked
world. As discussed by Trant in [Trant, 2009a], however, different types of CH institutions
have very different traditions regarding their collections, related audiences and users,
and thus very different starting points in this regard. One main distinction is due to
the nature of collection items, usually being unique in museums and archives but not
in libraries (besides specialized ones dedicated to rare books and manuscripts). Due
to this distinction, museums usually present their collections to the public in a highly
curated, narrative manner and libraries are in turn more specialized in offering means of
efficient access to their whole collection, already having a long tradition of data sharing
and public online access. Faced with the transition to the digital and especially to the
Web, the differences between these institutions become more blurred, Trant identified a
number of common challenges for them. Besides issues regarding digitization and digital
collections management, this also includes questions regarding the presentation and use
of the resulting digital resources. The latter is arguably a bigger challenge to museums
and archives, since by offering online access to their full collection, they would in some
way have to give up their monopoly on choosing the narrative within which their items
are usually presented. On the other hand, this allows third parties to use these previously
unavailable resources to identify new creative uses for them.

Museums in the realm of the virtual

MacDonalds and Alsford already in 1991 suggested to conceive the mission of museums
as rather being information providers instead of mere custodians of physical artifact
collections, with the aim of ultimately becoming "[...] 'information utilities’ [...] available
in every home." [MacDonald and Alsford, 1991]. The emergence of the World Wide Web
in the early 1990’s accelerated related developments and museums started to explore
the new medium in a number of different ways and for different purposes. This on the
one hand included means to support the visit at the actual "brick and mortar" museum,
ranging from simple "how to find us" pages to complex visitor engagement during pre-,
on- and post-visit, in later years increasingly also via social media platforms. On the
other hand, there was an increasing tendency towards opening up online access to the
museum collections by providing searching and/or browsing facilities via the museum
Website, built on top of internal collection databases. Providing broad categories for the
different approaches, Schweibenz in [Schweibenz, 2004] referred to online sites supporting
the physical visit as the "brochure museum', while online means to explore the collections
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1.1. Digital cultural heritage

were distinguished between the "content museum" and 'learning museum'. Content
museums are object-oriented and to a large extent directly reflect the organization of the
underlying collection database, they are thus more targeted at users who know what they
are looking for. The philosophy of the learning museum is in turn to present the artifacts
in a more context-oriented way, targeted at users who are not necessarily familiar with the
content, supporting them via different points of access and by didactically enhancing the
online visit via links to additional information. The exploration of previously unknown
content can also be referred to as "exploratory search", outlined by White and Roth in
[White and Roth, 2009] as alternative to traditional "query-response" means of searching
online content. According to the authors, exploratory search consists of two main
activities "exploratory browsing" and "focused searching" which occur in sequence, users
are expected to gradually move from browsing to searching with increasing knowledge
about the search domain. This view blends well with Schweibenz’ notion of the content
and the learning museum, where the former is associated with focused searching and the
latter with exploratory browsing.

Browsing was defined by Kwasnik in [Kwasnik, 1992] as "movement in connected
space", where the notion of "connected space" encompasses a variety of virtual settings
such as pages connected via hyperlinks, image sequences in a digital library or pathways in
a virtual world. Such diverse means for exploratory browsing through museum collections
are fundamental to the idea of the "virtual museum', an essentially non-physical space
populated by digital surrogates of cultural heritage artifacts whose arrangement can, in
contrast to real world museums, in principle be constantly rearranged and reconfigured.
A virtual museum should ideally be both a content as well as a learning museum, offering
direct but also context based access to the virtual objects. As far as surrogates to the
actual objects are concerned, the idea of a virtual museum already emerged before the
onset of electronic media, mainly through the invention and proliferation of photography.
Famous examples for the use of this medium as means to transcend physical arrangements
of museum artifacts are the 63 panels of Aby Warburg’s "Mnemosyne Atlas", discussed by
Zollner in [Zollner, 2010], and André Malraux’s "Musée Imaginaire", the "Museum without
walls" [Malraux, 1949]. Even more than their analog predecessors, digital virtual museums
enable to completely leave behind the constraints of the physical world®, allowing to
arrange a potentially unlimited collection of digitized surrogates in a wide variety of
settings in which virtual visitors can choose their own paths across the provided content.

According to Huhtamo in [Huhtamo, 2002], pioneering approaches to virtual museums
in the early 1990’s were strongly driven by the then emerging Hypertext paradigm,
although at that time mainly published in form of CD-Roms. While only few of these
approaches sought to provide 3D-simulations of physical premises, the majority presented
carefully narrated presentations of collection highlights. Around the year 2000, increasing
bandwidth and technological means finally led museums to experiment with means
to providing access to their collections online, Cameron in [Cameron, 2003] described
different generations of related attempts. While the first steps in this direction were still
very much based on presentations of digital surrogates of museum objects in relatively

5 Besides physical limitations to computing power, memory, storage and bandwidth
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fixed sequences using "traditional museum devices such as object labels, images and
didactic text panels [...]" [Cameron, 2003], later approaches already acknowledged that
users might want to explore collections according to individual pathways between the
featured objects via metadata connections which were sometimes also directly rendered
as semantic map on the user screen, supporting navigation.

2D browser based environments were soon also accompanied by 3D approaches such
as virtual walkthroughs e.g. using Quicktime VR or VRML. While the former usually
provided virtual walkthroughs through existing exhibition spaces, the latter also opened
up possibilities to create purely virtual environments. 3D multi user environments such
as Second Life, described by Hazan in [Hazan, 2010}, extended the available possibilities
by providing the opportunity for mutual interaction between virtual visitors, such as for
example on the — now disbanded — Dresden gallery island” offering a full 3D replica of
the historical building and its complete image gallery.

Another recent development is the application of methods from information visual-
ization to exploring cultural heritage collections online, with the aim of providing Web
visitors with means to encounter new content in serendipitous ways. Such views on
information seeking behavior call for new frameworks for understanding user needs in
this regard, such as the concept of the "Information Flaneur" sketched by Dork et al. in
[Dork et al., 2011]. With this concept, the authors sought to turn the search scenario
from a "deficiency-oriented" approach, characterized by rather negative notions such as
"search problems" and "knowledge gaps" towards a more positive view on information
seeking based on curiosity and open mindedness.

Besides desktop based means of exploring CH content online, mobile approaches are
usually realized on handheld devices such as Smartphones or Tablet computers. Their
often present GPS functionality can be used to present cultural heritage artifacts "in
the field", outside of institutions and potentially in their historical geographical context.
There is, however, also a long tradition of handheld devices within institutions, ranging
from the well established Audioguide to multimedia guides serving as companion for
museum visitors. Augmented reality environments represent the most recent development
in the mobile domain, potentially fusing virtual with real experiences.

While developments such as the ones outlined above strongly contribute to the notion
of Schweibenz’ "learning museum", only the highest level in his categorization of different
approaches to online museum presences from [Schweibenz, 2004] was reserved to his
concept of the virtual museum. For Schweibenz, the virtual museum only becomes reality
once it leaves behind the individual institution, once it is able to provide access to the
combination of different collections, interlinked through as many contextual links as
possible. This can only happen if institutions decide to open up their collections not only
via portals on their own Website, but also via allowing direct access to (parts of) the
underlying data in a machine readable form.

™ Dresden Gallery in Second Life: https://youtu.be/YtNT-ZAH1n4, retrieved Sept. 8, 2020
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1.1. Digital cultural heritage

From portal to platform

From a collection data point of view, the presentation of museum collections via
platforms such as Second Life can be perceived as the beginning of such a paradigm shift
in online museum presences, requiring to move (parts of) the collection data outside of
the institutions own IT infrastructure to another, external platform which takes over the
task of presentation. While Second life related approaches were mainly based on manual
work in this regard, more automated procedures would call for institutions to provide
their data to the outside world via dedicated APIs. Sherratt in [Sherratt, 2013] referred
to this paradigm shift as "from portal to platform', i.e., institutions do not provide means
of discovery by themselves but rather serve as infrastructure for third parties in this
regard.

Related considerations, however, already took place much earlier, Bearman in [Bear-
man, 1995] for example anticipated a near future where broadband-connected users would
be catered by information services arranging contextualized information according to
their own requirements. He envisioned cultural heritage institutions to be a potentially
valuable source of information in this regard and even stressed that providing full ac-
cess to collections and programs would be vital for institutions to succeed in the 21"
century. As fundamental prerequisite for interlinking and combining cross-institutional
cultural heritage information, Bearman identified the need for collection and content
data standards, which had, besides in the library world, rarely been considered before
in a cross-institutional cultural heritage context. Standardized cultural heritage data
could be provided via dedicated APIs and re-used in many different ways. This vision
was challenged by the extensive heterogeneity of cultural heritage collection information,
not only between but also within institutions, where registrars, curators, scientists and
visitors usually have quite differing requirements in this regard.

Semantic Web

The idea of the Semantic Web, proposed by the WWW’s inventor Berners-Lee in
[Berners-Lee et al., 2001] as means to interlink heterogeneous sources of structured
information via existing Web infrastructure, one specific implementation proposal for
which is well known as the Linked Data approach [Berners-Lee, 2006], appeared as
the ideal solution to dealing with the present heterogeneity in cultural heritage data
collections. As discussed by Parry et al. a few years later in [Parry et al., 2008], however,
the gap between the vision and the reality of the Semantic Web remained large, the
authors stated widely different conceptions of it to be one reason in this regard, to a
large extent divided between positions calling for a monolithic, unified "hard" approach
to its realization where all stakeholders agreed on e.g. which ontologies to use as a
foundation versus a distributed "soft" conception of it being a collection of loosely
connected "islands" based on individual community or even user-generated solutions.
While it must be expected that there will never be the "one and only" Semantic Web,
the underlying ideas nevertheless keep resonating and are applied in various settings.
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One such application scenario is the semantic enrichment of collection objects with
links to contextual entities which can provide added value for searching and browsing,
described for example by Manguinhas et al. in [Manguinhas et al., 2016] in the context
of Europeana. According to this view, digital cultural heritage objects can be perceived
as being embedded within a multi-layered web of knowledge, also called "Web of Data",
in which artifacts are linked with persons, places and other physical or abstract entities,
which are themselves interlinked amongst each other and ideally also with artifacts from
other collections. One example are links from objects to concepts from a thesaurus,
the latter themselves related to each other via hierarchical, equivalence or associative
links, allowing inferential connections to related objects linked to thesaurus concepts on
different but connected positions in its hierarchy. Connections between objects and social
networks related to their socio-historical context, with links leading from artworks to
their creators who are themselves directly connected via recorded teaching or family ties
are another example which enables the contextual navigation through object collections.
While the thesaurus links may rather support semantically enhanced search e.g. via
inference on broader /narrower terms, links to a snapshot of the historical social network
behind an artifact can enhance browsing unknown collections via multiple pathways.

CH objects in context

The contextual view on cultural heritage data requires special data sources that
go beyond immediate artifact metadata and the cultural heritage domain has already
produced plenty of them. Existing in form of, amongst others, thesauri, taxonomies
or authority files, so-called Knowledge Organization Systems (KOS) mainly serve as
controlled vocabularies for annotating metadata records with consistent terminology,
such as consistent keywords for subject indexing or unique identifiers for related persons.
Well known examples from the library domain are the Library of Congress Subject
Headings® and Name Authority File?. As discussed by Zeng and Mayr in [Zeng and
Mayr, 2018], KOS play a fundamental role for the idea of Linked Data, providing a
standardized "value vocabulary" which, when commonly used, acts as the glue between
datasets published on the Web of Data. Some cultural heritage institutions identified this
as an opportunity to place their own KOS prominently there, with the aim of supporting
the evolution of this emerging data ecosystem, having the welcome side-effect of improving
their presence and visibility there. Besides pioneering contributions from the library
domain, including the previously mentioned Library of Congress authorities'® and the
"Gemeinsame Normdatei"!!, serving similar purposes for the German speaking library
world, this increasingly includes contributions from other cultural heritage domains. One
notable example in this regard are the Getty Vocabularies'? (AAT, TGN, ULAN and

8 https://www.loc.gov/aba/publications/FreeLCSH/freelcsh.html, retr. Sept. 8% 2020

% http://id.loc.gov/authorities/names.html, retrieved Sept. 8% 2020

YU yttps://id.loc.gov/, retrieved Sept. 8%, 2020

M https://www.dnb.de/EN/Professionell/Standardisierung/GND/gnd_node.html,
retrieved Sept. 8", 2020

2 nttp://www.getty.edu/research/tools/vocabularies/, retrieved Sept. 81 2020
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1.1. Digital cultural heritage

CONA), important data sources for digital collection management in the context of art
history, maintained by the Getty foundation'? in Los Angeles and used and contributed
to by numerous institutions around the world. The process and challenges of transforming
them to and publishing them as Linked Data were described by Baca and Gill in [Baca
and Gill, 2015, mentioning the importance of multi-linguality for the success of the
Semantic Web and the expected significance of publishing the Getty vocabularies there.
The authors also highlighted the internal interlinking of Getty vocabulary records, such as
present in their Arts and Architecture Thesaurus (AAT) or as associative links between
person records in the Union List of Artist Names (ULAN), representing a snapshot of
a historical network of persons relevant to art history, as outlined above, inviting for
further exploration.

User-generated content

Besides professionally curated, institutional KOS published as Linked Data, additional
contributions originated from the Internet users themselves. So-called user generated
content became a topic during the emergence of the Web 2.0 paradigm and is in the
meantime considered as an important source of information for cultural heritage related
online activities. Trant in [Trant, 2009b] for example described an experiment called
steve.museum, where Internet users participated in subject indexing of museum artifacts
online using their own terminology. This activity is generally referred to as social tagging
and when applied large scale, it can result in so-called folksonomies, i.e. user generated
taxonomies with potentially differing views on the particular domain compared to e.g. the
Getty AAT. As far as steve.museum was concerned in this regard, a significant "semantic
gap" between expert and non-expert terminology was identified via the observation that
about 86% of the user assigned terms were not present in existing museum documentation
for the same tagged artifacts, suggesting that folksonomies might serve as valuable entry
point for non-expert search activities.

Another community driven source of information is Wikipedia. Since its inception in
2001, the free encyclopedia has become one of the most visited sites on the Web (Alexa
Rank'4 12 as of September 2020). Due to its encyclopedic nature, its articles are usually
clearly delineated thematically, focusing on specific entities such as persons, places or
abstract concepts. Besides serving its original purpose of providing a human readable
online encyclopedia, it therefore increasingly also plays an important role as structured
knowledge base: DBpedial®, described by Auer et al. in [Auer et al., 2007] represented the
first large scale attempt to extract structured information from Wikipedia and publish it
as Linked Data. DBpedia especially focuses on data provided via so-called infoboxes, i.e.
templates reused in multiple Wikipedia pages about specific entities such as persons, with
the aim to provide structured information for common attributes such as birth/death
date and place, occupation etc. As of June 2018, DBpedia provided semantic extracts

3 Not to be mistaken with the Getty Images stock photography company
Ynttps://www.alexa.com/topsites, retrieved Sept. 8", 2020
Y https://wiki.dbpedia.org/, retrieved Sept. 8", 2020
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for about 4.58 Million entities corresponding to articles in the English Wikipedia (based
on a Wikipedia data dump from April 2016 consisting of about 5.1 Million'® articles) as
a subset of 38.3 Million entities for 125 language versions in total.

A closely related and more recent contribution is Wikidata, described by Vrandeci¢ and
Krotzsch in [Vrandeci¢ and Krotzsch, 2014]. This project aims at providing a database of
common facts, such as person birth dates, to the Wikipedia community in order to act as
central repository for the integration of such information in multilingual Wikipedia pages,
thus potentially reducing ambiguous or conflicting entries in different languages. The
process of contributing information to this knowledge base is based on a community effort
similar to the one in Wikipedia, and the present content is growing rapidly, contributed
by individuals, but increasingly also by institutions, as outlined by a dedicated project
page!”. As of June 2018'®, Wikidata contained about 49.1 Million entities, many of which
linking to corresponding Wikipedia articles in one or more languages. Recent initiatives
such as a dedicated project to represent structured information about Bulgarian Icons in
Wikidata, described by Alexiev et al. in [Alexiev et al., 2020], suggest that this open
repository will become an important source for cultural heritage research data in the
near future.

Wikipedia articles and their structured counterparts get increasingly interlinked with
other related data sources about similar entities. As discussed by Klein and Kyrios in
[Klein and Kyrios, 2013], especially the German Wikipedia community has put significant
effort into assigning authority control information to Wikipedia articles about persons.
This information has been integrated into both DBpedia and Wikidata, the latter has
moreover been continuously updated with new external authority links via tools such as
Mix'n’Match'?, resulting in an increasing integration of Wikipedia/-data articles and
records with related, to a large extent professionally curated, structured information
from other sources. Besides getting enriched with links to external entities in other data
collections, DBpedia and Wikidata increasingly got referenced from external datasets as
well. On the one hand, such as described by Oomen and Aroyo in [Oomen and Aroyo,
2011], Wikipedia links have increasingly been added to cultural heritage collection item
records to provide virtual visitors with additional contextual information from the free
encyclopedia via articles sometimes created in close cooperation between the institutions’
own cultural heritage experts and so-called "Wikipedians in residence'. On the other
hand, more and more digitized or born digital free text resources - news articles, history
textbooks, letters, etc. - have been semantically annotated with links to respective
Wikipedia articles in a process called "Wikification", described by Mihalcea and Csomai
in [Mihalcea and Csomai, 2007]. This increasing two way interlinking of structured
extracts of Wikipedia/-data content with external data sources had the effect that both
DBpedia and Wikidata have become important central hubs in the current Web of Open

Y nttps://stats.wikimedia.org/EN/TablesWikipediaEN.htm, retrieved Sept. 8", 2020

17 https://www.wikidata.org/wiki/Wikidata:WikiProject_Cultural_heritage, retrieved
Sept. 8™, 2020

¥ pnttps://www.wikidata.org/wiki/Wikidata:Statistics/en, retrieved June 26", 2018

Y yttps://tools.wmflabs.org/mix-n-match/#/, retrieved Sept. 8", 2020
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1.1. Digital cultural heritage

Data, connecting many otherwise unrelated data sources. Their growing importance also
becomes visible in their increased application for the calculation of different metrics for
various scenarios, ranging from measures of Information Quality, such as the validation
of contradictory sources of attribution of artworks described by Daquino in [Daquino,
2020], to general social indicators such as Gender Inequality, as described by Konieczny
and Klein in [Konieczny and Klein, 2018].

Besides acting as hub between data collections and providing structured facts from
Wikipedia info-boxes, DBpedia also makes available extracted hyperlinks between indi-
vidual Wikipedia articles in different language editions, thus providing machine readable
representations of the article network structures of different Wikipedia language versions.
Considering specific subsets of articles yields hyperlink networks between descriptions of
similar typed entities, which potentially provide valuable data for exploration. Consid-
ering for example the subset of Wikipedia biographies, their mutual hyperlinks on the
one hand represent a highly complex and multi-layered network of family, professional
and other types of social relationships embedded in the individual life narratives and on
the other hand, especially as far as highly influential historical persons are concerned,
networks of relationships based on the interpretation of their influence on other historical
or contemporary persons.

Network narratives in Cultural Heritage data

Both professionally curated and user generated data collections usually provide multiple
pathways across the featured entities. As far as cultural heritage artifact collections are
concerned, such pathways can be chains of inter-object connections based on common
features between them, such as same author/creator, genre, topic, etc., but, as discussed
above, also be based on more complex relationships, such as trajectories through historical
social networks of the creators of these objects and other related persons. The hyperlinks
between Wikipedia articles as provided by DBpedia for example represent structured
extracts of parts of the "stories" present in the individual articles, in this case the explicit
connections between different entities as they occur throughout the narrated course of
events the entities are involved in. In case of biographical Wikipedia articles, the extracted
links represent inter-person relationships based on direct interaction or influence, in case
of articles about artists and artistic styles/movements, they represent the respective
affiliations as declared by the artists themselves or as ascribed to them by art historians.
The same is the case for explicit social relationships present in the Getty ULAN, resulting
from documented relationships between relevant persons which have been recorded by
art historians and related researchers.

Manovich in [Manovich, 2002| referred to the sum of all such pathways between entities
in a data collection — database in his terms — as a hyper-narrative. Taking the ULAN
person records as an example, the sum of all person relationships and all possible paths
connecting any two persons therein are the "ULAN hyper-narrative", all connections
between Wikipedia articles in a specific language version are e.g. the "English Wikipedia
hyper-narrative", only connections between artist biographies in English Wikipedia would
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be the "English Wikipedia artist hyper-narrative', etc. Cultural heritage presentation
environments using such data sources as a basis for browsing or searching thus operate
within these hyper-narratives by allowing users to choose their individual paths through
them. Visualizing such hyper-narratives as a whole could serve as a map for users to
locate their current position within the data-collection and to possibly identify interesting
regions for further discovery.

Canons

Considering that many CH data collections such as the Getty ULAN stem from a
specific scientific domain, in this case art history, it can be assumed that their respective
hyper-narratives to some extent represent large-scale "bottom-up" representations of
specific overall aspects of the underlying scientific knowledge, composed of numerous
individual "bits" such as the person relationships in the ULAN. Given the many debates
that emerged for example in art history in the second half of the 20" century, such as
Post-Colonial or Feminist studies questioning grand narratives and revealing traditions
of bias in art history research, it is also of interest to study the overall structure of such
hyper-narratives and to search for any large-scale patterns in them. Such a "distant
reading" approach, as coined by Moretti in [Moretti, 2013], could help to make visible
any specific trends or biases present in large-scale structures of cultural heritage data
collections which otherwise might remain hidden from their users.

Such an analysis could also contribute to the question to what extent existing domain
narratives "survive" the transition to the digital realm and shed light on if and how existing
canons, understood here as "a small number of normative and formative texts, places,
persons, artifacts, and myths which are meant to be actively circulated and communicated
in ever-new presentations and performances |... and have ...| passed rigorous processes of
selection [...]", defined by Assmann in [Assmann, 2008] and representing the "cultural
working memory" of a society, are also embedded in digital cultural heritage data
collections.

1.2 Problem statement

As outlined in section 1.1, cultural heritage related contextual data sources, such as the
Getty ULAN, increasingly become available online and offer various opportunities for
exploration, both with respect to their application, as well as to their analysis. Being
embedded in the VSEM?? research project, this work focuses on the art history domain
and the main aspects of the research can be outlined as follows:

1. Combining digitized CH content & metadata with contextual data about
historical networks of persons related to the arts
The emerging web of data potentially connects collections of digitized CH content,

2 https://web.archive.org/web/20191126200412/http://vsem.ec.tuwien.ac.at/,
retrieved Sept. 8", 2020
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i.e. digitized surrogates of artworks, etc. including metadata such as title, creator,
date, genre, etc. with contextual historical social network data, such as the Getty
ULAN. It is of high interest to explore the potential of the integration of these
diverse datasets, on the one hand regarding the information gain associated with
the data integration itself and on the other hand for the usability of such data
mashups in the context of virtual presentation environments for cultural heritage
data, assuming that social network data can be used as "floor plan" or overview
map to present artworks embedded in their historical context, thus providing an
"exploratory search" approach to navigating art collections.

. Analysis of historical network data for "big pictures" of cultural pro-

cesses

It can be assumed that large numbers of structured information "snippets" repre-
senting historical facts, such as individual person relationships, provide bottom-up
views on large-scale historical processes. It is thus of interest to create such views
and describe the resulting structures. Historical material, such as diagrams about
developments in art history created by scholars, could serve as reference material
in this regard.

. Comparison of different data sources for differences and commonalities

Besides the growing availability of institutional sources, increasingly comprehensive
offerings based on user generated content, such as Wikipedia, often provide infor-
mation about similar entities, such as the many multilingual Wikipedia biographies
about artists also featured in the ULAN. This provides high incentives to compare
the mutual coverage of these diverse resources, assessing the extent of information
they have in common and where they diverge. Comparing the links between entities
in the different resources offers itself as useful quantiative approach in this regard.

1.2.1 Research questions

Based on the aspects outlined above, the following research questions form the basis for
the work presented in this thesis.

e Research Question 1 (RQ1) What potential exists in integrating object-level
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metadata with related social network data for exploratory search based virtual
presentations of art history content?

e Research Question 2 (RQ2) What kind of "large-scale" historical narratives are

embedded in networks of interconnected persons related to art history?

e Research Question 3 (RQ3) How do the structures of the person-to-person

networks found in institutional and/or crowd-sourced art history data collections
differ and what do they have in common?

11
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1.3 Methodological approach

This section covers the methodological aspects of this thesis. The first subsection discusses
basic assumptions related to network data in the context of the problem statement. The
second subsection embeds the research work and its results within the Design Science
Framework.

1.3.1 Initial assumptions

As outlined in Section 1.2, the main research focus is on network data derived from
different sources related to art history. The overall assumption behind this approach is
that datasets featuring sufficiently large numbers of relationships between art historically
relevant entities, i.e. teacher/student, influential, professional or family ties between
artists, patrons and other important historical persons, but also more complex forms
such as ties between such persons and art styles, contain contiguous networks that
interconnect the involved entities across multiple centuries, resulting in structures that,
translated into visual form, represent data-driven maps of art history. Networks between
art historically relevant persons are for example expected to feature numerous parallel
but mutually interconnected chains of successively interconnected persons, merging and
branching across time like complex genealogies whose visualization would ideally represent
a seamless 'relational' narrative from the onset of the history of art throughout the
present days.

Throughout the history of the scientific domain of art history, however, there have been
shifting conceptions of what constitutes relevant developments across time. As outlined
by Hatt and Klonk in [Hatt and Klonk, 2006], there were shifting perceptions whether
individual artistic genius, overall socio-historical context, independent evolutionary-like
development or even some metaphysical entity such as Hegel’s Weltgeist determined
stylistic advance. This was reflected in a variety of approaches ranging from biographical
historiography such as Vasari’s "Lives", providing a — not always historically accurate
— genealogy of Renaissance artists and their mutual relations, over Connoisseurship,
attributing stylistic features to individual artists, to Formalism, seeking to systematically
and formally describe and track stylistic developments based on visual features only,
disregarding individual names. More recent developments starting around the second half
of the 20" century re-introduced the social aspects of art history via views on power and
exclusion, such as Marxist, Feminist or Post-Colonial approaches, which also questioned
the existence of an all-encompassing grand narrative of art history.

Since it is out of scope of this work to participate in these discussions, is is acknowledged
that person-centered views as present for example in social network settings provide only
one specific lens on developments related to the arts, but at the same time assumed that
these views nevertheless represent an important aspect amongst the many individual
factors contributing to such developments: On the one hand, social relationships provide
the societal foundation for art to happen at all, since artistic production depends on
resources which have to be provided by someone. On the other hand, specific person
relationships, such as teaching, also imply at least some stylistic connection between
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the ceuvres of the involved artists and biographical narratives of artists often mention
stylistic influence from individual artworks created by others. Moreover, it can also
be argued that the presence of a recorded relationship between two persons to some
extent correlates with their historical importance, i.e. acts as evidence for other relevant
processes. Such a notion of importance, however, is to be taken with care, since, as for
example discussed by Eisler in [Eisler, 1987], collections of artist biographies celebrating
the great achievements of their protagonists were often created in order to act as halls of
glory especially for the emerging nation states during the 19" century. It is therefore of
importance to interpret quantifiable data extracts of such information accordingly.

1.3.2 Design Science Research framework

The work presented in this thesis follows the "Design Science in Information Systems
Research" (DSR) approach as outlined by Hevner et al. in [Hevner et al., 2004]. This
research paradigm is centered around the creation and application of new and innovative
design artifacts for achieving knowledge and understanding of a problem domain. The
concept of a design artifact refers to different aspects of the overall design process,
which include constructs ("vocabulary and symbols"), models ("abstractions and rep-
resentations"), methods ("algorithms and practices") and instantiations ("implemented
and prototype systems"). The design process is characterized by its open ended nature,
centered on the iterative refinement of artifacts based on continuous assessment.

Figure 1.1 shows the DSR framework adapted to the context of this work. The problem
domain of this thesis is the growing digital cultural heritage data universe and especially
large-scale data about networks of art historically relevant entities, whose availability is a
very recent phenomenon offering many opportunities for original research. The research
undertaken in this thesis can therefore be considered exploratory, using design artifacts as
"probes" for revealing interesting and relevant aspects in the encountered data suitable for
further research. As outlined in the research questions stated in Section 1.2.1, one aspect
of the work is about studying data mashups of metadata about digitized artworks with
contextual data sources, in this case the Getty ULAN, for possible information gains and
the applicability in the context of the creation of virtual museums (RQ1), while the other
aspect is about the analysis and comparison of the content of contextual data sources
themselves, seeking to identify possible large-scale structures embedded therein (RQ2 +
RQ3). This results in a set of different artifacts which mainly fall into the "methods" and
the "instantiations" categories outlined above.

As far as RQ1 is concerned, the design artifact A1 (Figure 3.6), is an experimental
software prototype for the presentation of digitized artworks and their metadata retrieved
from the online resource "Web Gallery of Art" (WGA) combined with relevant contextual
data, in this case social network data of related persons from the Getty ULAN and
additonal information sourced from DBpedia. The prototype makes use of Semantic Web
technologies for retrieving and integrating the data sources and of network visualization
paradigms and algorithms for their presentation. It served as testbed for assessing the
possibilities arising from the combination of these complementary types of data based on
the continuous addition of experimental features, with the aim of providing an exploratory
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search environment for fine art. The most recent version of the prototype, described
in Chapter 3, is the result of a continuous assessment /refinement process where the
iterative addition of features revealed interesting insight on data level. This particularly
refers to the extraction of alternative social network information based on creator-subject
relations in portrait paintings found in the WGA, which can be considered as separate
artifact A2 (Figure 3.8) supporting the identification of information gaps in the ULAN,
motivating further research outlined in RQ2 and RQ3. Gathering the different sources
and combining them in 3D space using an adaptation of the well known "dot" graph
layout algorithm can be considered as separate method M1.

In contrast to RQ1, the research work performed in the context of RQ2 and RQ3 is of
descriptive/analytical nature and the created artifacts can be ascribed to the "methods"
and the "instantiations" categories. Network visualizations of the Getty ULAN social
network data represent design artifact A3 (Figure 4.24), revealing insight into the overall
art history narrative embedded there and motivating the comparison of the ULAN data
with related data from Wikipedia. The infrastructure for comparing these two data
sources represents a methodological framework M2, which includes the construction
of a combined dataset of ULAN person records with their respective metadata and
associative links and corresponding Wikipedia articles and their mutual hyperlinks in
various language versions, mapped via ULAN mappings in Wikidata. The latter can
be considered as an approach to select a domain-specific set of Wikipedia content via
an external data source. Additional sources such as artifact A2 and information from
scholarly literature were used as reference data for comparing the ULAN and the Wikipedia
networks. Design artifact A4 (Figure 5.19), a visualization of the network of biographical
Wikipedia articles identified via the ULAN, can be considered as the outcome of a
method M3 that involves chronological filtering of the network of inter-article hyperlinks
based on temporal features. The differences encountered between the Getty ULAN and
the Wikipedia visualizations motivated an additional comparison between the ULAN
mapped networks in individual Wikipedia language versions, one of the outputs being
artifact A5 (Figure 5.25) representing the juxtaposition of visualizations of networks
of ULAN-mapped Wikipedia biographies in several language versions. Another aspect
of the Wikipedia person-to-person networks was explored via artifact A6 (Figure 5.27),
representing a network of nationalities derived from aggregating the Wikipedia network
by the persons’ nationalities, revealing clusters of nationalities based on geographical,
cultural as well as colonial ties. The filtering approach to create artifact A6 is based on
the application of standardized Pearson residuals in two-way tables and can be considered
a separate method M4.

The outcomes of the visualizations of Wikipedia person-to-person networks motivated
further exploration: Artifact A7 (Figu