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Foreword

Johannes C. Bernhardt and Sonja Thiel

The present volume stems from the conference Cultures of Artificial Intelligence:

New Perspectives for Museums, which took place at the Badisches Landesmuseum

in Karlsruhe on 1 and 2 December 2022 and was simultaneously streamed on the

web. Artificial intelligence is not yet a mainstream topic in the cultural world, but

does feature in general debates about digitization and digitality. The use of ma-

chine learning,neural networks,and large languagemodelshas,however—andcon-

trary to common assumptions—been growing for years. Beyond prominent light-

houses, initial surveys of the internationalmuseum landscape listmanyhundredsof

projects addressing issues of traditional museum work and the digitality debate by

means of newapproaches.Thenumber is continually increasing, and it is not always

easy to obtain an overview of all the developments. English- and German-speaking

networks on artificial intelligence andmuseumswere therefore established long be-

fore the current hype about ChatGPT—and the conference thus aimed to bring to-

gether experts and representatives of asmany disciplines as possible and to discuss

new perspectives for museums precisely in this direction.

The conference emerged from a cooperation of the Badisches Landesmuseum

with the Allard Pierson Museum in Amsterdam and the LINK funding program of

the Stiftung Niedersachsen. There has been intensive cooperation with the Allard

Pierson over many years, ranging from joint exhibitions andMuseumCamps to the

ongoing project Creative User Empowerment, which uses artificial intelligence to

offer new access to the collections and is presented in more detail in this volume.

There has also been an intensive exchange with the LINK program of the Stiftung

Niedersachsen for quite some time,which has led, among other things, to the foun-

dationof theGerman-speakingnetworkAI&Museums.Against thisbackdrop, join-

ing forces and organizing this conference together was an obvious step.The some-

what more general title ‘AI in Museums’ was chosen for the present publication,

which also includes additional papers in order to provide a broader scope; in line

with the subtitle, the volume is structured into three larger sections on reflections,

perspectives, and applications of artificial intelligence in museums.

In closing, there remains thepleasureof expressingourgratitude: First,wemust

mention the German Federal Government Commissioner for Culture and the Me-
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dia (BKM),which provides generous support for the joint project Creative User Em-

powerment, and thus facilitated the conditions for the conference and publication.

The same also applies to the Stiftung Niedersachsen, which contributed to the suc-

cess of the conference with a substantial grant. With respect to conceptual ques-

tions, we greatly benefited from the exchange with Tabea Golgath, Etienne Posthu-

mus, Pauline Retèl, andMarjolein Beumer. In realizing the conference in Karlsruhe,

the technical department and the colleagues of the Badisches Landesmuseumwere

of invaluable help, with Martin Nadarzinski, who managed the stream, deserving

special mention. Without the support of the directorates of the participating mu-

seums, neither projects nor larger conferences would be feasible; for the Badisches

Landesmuseum, our special thanks go to Eckart Köhne, and for the Allard Pierson

Museum, to Els van der Plas. Finally, our heartfelt gratitude is extended to the in-

ternational team of authors whose papers all contribute to providing a broad and

polyphonic picture of the current situation in the field, and to Amy Klement for her

invaluable help in editing the language of the papers.

While a book on AI may seem like a paradox from a formal perspective, for the

development of the debate such focussed assessments are nonetheless still needed.

Much is currently in a state of flux and is both reflexively and technically prelimi-

nary, but for all those working in the field it is already obvious that artificial intel-

ligence will permanently change museum experiences and museum work and will

become one, if not the dominant topic in the debate on digitality.This change needs

to be shaped actively bymeans of critical reflection, new perspectives, and concrete

experiments—if the present volume can provide impulses and inspirations for this,

its purpose will be more than fulfilled.



Introduction

Johannes C. Bernhardt and Sonja Thiel

Dan Brown opens his 2017 novel Origin with an enigmatic scene: the main charac-

ter, Robert Langdon, visits the GuggenheimMuseumBilbao to attend a spectacular

revelation on the origins of humanity by the tech billionaire Edmond Kirsch. Upon

arrival, Langdon is given a headset developed by Kirsch, the use of which is manda-

tory for all participants in the event in order to experience a personalized tour of

themuseum.After putting it on, the artificial intelligenceWinston introduces itself,

welcomes Langdon, and explains Kirsch’s idea: ‘He designed this system specifically

for museums, in hopes of replacing group tours, which he despises. This way, ev-

ery visitor can enjoy a private tour, move at his own pace, ask questions he might

be embarrassed to ask in a group situation. It is really muchmore intimate and im-

mersive’ (Brown 2017, 29). Of course, this does not end with the art chat; during the

event, there is an assassination attempt and a mysterious hunt unfolds around the

globe, into which all clichés about the superiority of AIs and transhumanism are in-

terwoven. But whatever one might think about Brown and the quality of his mys-

tery thriller: What was still science fiction in his museum scene in 2017 now seems

so much closer with the release of ChatGPT.

The influence of AI is already pervasive as a technological and societal phe-

nomenon. In fact, it permeates more or less every facet of human life, and its

impact will surely intensify in the coming years. Its influence is spurring shifts in

international markets and changing the shape of jobs and industries worldwide

(Chui/Hazan/Roberts et al. 2023); creative fields like film, literature, and art are

also evolving under its sway, producing new forms of expression, learning, and

narratives as well as shifting our understanding of culture itself (Deutscher Kul-

turrat 2023). Currently, multiple scientific disciplines are engaged in its study and

advancement, underscoring the fact that AI has evolved beyond a purely technical

domain exclusive to computer science and research (Budelacci 2022; Deutscher

Ethikrat 2023). A more inclusive approach acknowledges its multifaceted nature

and views the field as an atlas, providing a platform to explore and cultivate di-

verse conceptualizations, applications, methodologies, and effects, and to unravel

power structures and resistance towards technology and its phenomena (Crawford

2021)—all this will continue to change the cultural sector (Hochscherf/Lätzel 2023).
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There is no such thing as one artificial intelligence. In his fundamental study of

1950, Alan Turing argued that the thinking of intelligent humans could not be pre-

cisely defined and therefore any output of a machine that cannot be recognized as

such by humans should also be regarded as intelligent (Turing 1950; Vater 2023); a

little later, the research field of artificial intelligence was established at the famous

Dartmouth Workshop of 1956 (McCorduck 2004; Moor 2006). Since then, the con-

cept of AI has changed again and again, been differentiated into subfields such as

expert systems,speech recognition,or computer vision,andexperiencedboomsand

busts (Nilsson 2004; Seising 2021). AI functions as an umbrella term for amultitude

of technical approaches that are often taken as a provocation of human intelligence

and regularly trigger both fantasies and fears. If one speaks less far-reaching of sys-

tems that follow algorithmic rules, recognize patterns in data, and solve specific

tasks, the challenges to human intelligence and related categories such as thinking,

consciousness, reason, creativity, or intentionality pose themselves less sharply.The

only thing that has changed dramatically in recent years is that such systems—from

simplemachine learning to the development of neural networks and large language

models—have achieved a level of complexity and efficiency that often produces as-

tonishing results. But to view this correctly, it is necessary to think the other way

round than Turing did: The results may look intelligent, but they are not. And this

leads to the core of the problem for the cultural sector and the still missing piece in

Brown’s enigmatic museum scene: the approaches of AI are based onmathematical

principles, logic, and probabilities, while culture is about the negotiation of mean-

ing and ambivalence. The central question is therefore what strategies the cultural

sector can utilize to gear these approaches to the production ofmeaning and to syn-

thesize them into something like cultural intelligence.

Using approaches of AI raises alsomany other questions.Generative image pro-

duction, for example, raises new questions about copyright, and the question of ac-

cessibility and provision of data thus takes on a new urgency, while authorship is

being renegotiated and the forms of knowledge production are changing on a fun-

damental level. In this era of transformative development, the brisk pace of tech-

nological and societal changes necessitates active and socially inclusive strategies.

Regulation and certification, while important, are not sufficient in themselves.The

needof thehour is a vibrant and inclusivediscourse,knowledge exchange andbuild-

ing,whereby active engagement between the education, research, and development

sectors canmake a significant contribution.Cultural institutions andmuseums can

be important players in these transformational processes because they have a great

deal of expertise in discussing and contextualizing controversial issues and reflect-

ing on them historically. Such institutions, especially those with a diverse work-

force dedicated to loweringbarriers andpromoting inclusion, also have an extensive

repository of high-quality data. However, it must also be noted that the field of AI

is marred by existing and emerging mechanisms of exclusion, which have also in-
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tensified questions around digital and cultural inequality and participation (O’Neil

2017; Benjamin 2019; Crawford 2021).

The present volume addresses these open questions. It does not and cannot

claim to answer them entirely or to offer a comprehensive overview of the topic of

artificial intelligence in museums. Rather, the aim is to provide broad and poly-

phonic insights into the rapidly developing and changing field, to bring together

a spectrum of theorists and practitioners from different national backgrounds,

and to provide a basis for further discussion.The contributions are deliberately not

based on a single definition of AI or solely on one particular concept. The common

thread running through all the texts in this volume is that the field of artificial

intelligence inmuseums urgently needs to be addressed and actively shaped so that

the technological developments do not simply reshape museums from the outside.

Against this backdrop, the goal of this introduction is to provide an overview of the

volume as a whole and to highlight the larger topic areas. In accordance with the

structure of the volume, it is divided into three sections: Reflections (1), Perspectives

(2), and Applications (3).

Reflections

The use of AI is a complex business. While technical expertise is needed for its ap-

plication, at least as important is systematic reflection onwhich technical liabilities

and structural backgrounds are involved in the case of AI models, especially since

most of them come from the hardly transparent context of globally operating corpo-

rations.Much-discussed examples of racial profiling or classist and gender-specific

discrimination resulting from the biases in underlying datamay not always present

themselves as clearly in the context of themuseum as in those of jurisdiction, social

credit systems, or human resources databases. But this does not, of course, put the

fundamental problems into perspective. In the opening paper of this section, ‘The

Role of Culture in the Intelligence of AI’, Mercedes Bunz takes up these problems

and begins by offering a broad tour de horizon. In view of the omnipresent miscon-

ceptions surrounding AI, she pleads for the alternative term ‘machine intelligence‘.

In addition to reflecting on current processes, the cultural sector can benefit from

very specific machine learning approaches so as to transfer literary methods such

as ‘distant readings‘ (Franco Moretti) and to find new connections in cultural data.

Confronted with resource and exploitation problems, what is needed is a ‘critical

technical practice’ (Phil Agre) that brings together various actors and stakeholders,

engages with AI’s own logics and error cultures, and uses its potential to cope with

the ubiquitous flood of information.

The tension between theory and practice is central to the reflection on AI. In his

paper, ‘Why AI Cannot Think—ATheoretical Approach’, Daniel Feige addresses the
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recently much-discussed question of whether AI can develop a consciousness and

possess reason. In antithesis to Turing, he argues that it is a grave mistake to open

up the concept of intelligence to encompass the outputs ofmachines.Arguing based

on phenomenological and analytical positions (especially that of John McDowell), a

thinkingbeing canonly be spokenof if representations of theworld arenot only pro-

cessed but also understood—his central thesis: a thinking beingmust be a bearer of

some form of life. In his paper, ‘AI and Art: Arguments for Practice’, Arno Schub-

bach takes up the issue, rekindled by image generators such as Dall-E, of whether

AI can be creative and produce art. In a fascinating recourse to the experimental

works of Michael Noll from the 1960s, he argues that humans and their input are

still the decisive factor in the production of art—the discussion should thus rather

be about howAI can be productively integrated into creative practices. In her paper,

‘The Hidden Costs of AI: Decolonization from Practice back to Theory’, Oumaima

Hajri focuses on the ethical and social aspects of AI. She reflects on the instrumen-

tal, infrastructural, and ideological dimensions of AI and argues for systematically

asking thequestionof ‘cui bono’and the associateddiscriminations against commu-

nities—recourse to theory canhelp to highlight the logics behind certain preconcep-

tions, the language used, and clear tendencies towards ‘whiteness’ in the field of AI,

before getting lost in technical solutions due to excessive practice.

Museums need to consider these problems when setting up AI projects. In his

paper, ‘Dead End or Way Out? Generating Critical Information about Painting Col-

lectionswithAI’, Lukas Fuchsgruber picks upwhereHajri leaves offwith her general

observations. In the concrete context of museums, he argues emphatically against

a tech-solutionism that can supposedly solve all problems such as better accessibil-

ity or democratization. Rather, museums should make their handling of AI—from

invisible work on data to cooperationwith commercial partners—completely trans-

parent, rely on broad cooperation in the production of data, andunderstand it above

all as a social question. In her paper, ‘Power, Data and Control: AI in the Museum’,

Oonagh Murphy goes on to ask how museums experimenting with AI renegotiate

power relations within the context ofmuseum collections and visitormanagement.

As helpful frameworks, she introduces the ‘Data Ethics Canvas’, the approach of

‘Consequence Scanning’, and the ‘Museums + AI Toolkit’, which she co-developed

(Murphy/Villaespesa 2022). In her paper, ‘Managing AI: Developing Strategic and

Ethical Guidelines for Museums’, SonjaThiel gives a more concrete insight into the

development of guidelines for the project Creative User Empowerment. She places

particular emphasis on reflecting the normative preconditions and frameworks of

AI projects, stresses the importance of the conscious use of large language models

and the open handling of data, and points to the requirement of clearly defining the

problem to be solved with AI.

Finally, the increasing use of AI in museums is itself an important object of re-

search and study.ChristophBareither outlines an approach to this in his paper, ‘Mu-
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seum-AI Assemblages: A Conceptual Framework for Ethnographic and Qualitative

Research’. He draws on the concept of assemblage (Gilles Deleuze/Felix Guattari/

ManuelDeLanda),whichhasalreadyproven its value in the contextofmuseumstud-

ies and digital transformation and is well suited to developing it further into a ‘mu-

seum-AI assemblage’ and systematically investigating the constantly changing rela-

tionships between AI, humans, and objects; the paper is not yet an empirical study,

which means that the approach is applied to the example of a museum chatbot in a

tentative way.When one takes the papers in this section together, from the general

reflection on AI, to its ethically responsible application in museums, to the critical

investigation of the AI-supported museum, the question of power and authority of

interpretation then runs through it like a thread. Does the new technology repro-

duce existing power relations, reinforce them, or simply establish new ones? Or to

move on to the next section: Can it also open up new perspectives with the neces-

sary reflection, contribute to the dismantling of unfair power relations, and make

museums accessible to more people?

Perspectives

The application of AI in museums is surprisingly broad and diverse. Surveys of the

internationalmuseumworldhavebrought to light amultitudeofAI projects that are

working on better understanding analogue and digital visitors and their behaviour,

developing newmuseum experiences through chatbots and other applications, sys-

tematically tackling the data foundation of museums, or tentatively exploring the

changes inmuseumwork.Many researchprojects in recent years havedeveloped so-

lutions that can serve as inspiration and be used as an opensource basis for further

research and development. Undoubtedly, such approaches will become even more

diverse in the coming years.The section on ‘Perspectives’ therefore opens with Bap-

tiste Caramiaux’s paper, ‘AI withMuseums and Cultural Heritage’, which systemat-

ically explores the potential opportunities that AI brings to museums and the field

of cultural heritage, but also emphasizes the need to consider the sociocultural and

sociotechnical implications of its implementation.

In order to develop perspectives in the field of AI, overview, best practices, and

funding are needed. Isabel Hufschmidt’s paper, ‘Troubleshoot? A Global Mapping

of AI in Museums’, presents a global mapping of AI usage in museums, with the

aim of understanding themotivations, contexts, goals, and challenges surrounding

its adoption. Concrete best-practice examples from the library and archive sector,

as well as from the field of data processing, are intended to point the way to cur-

rent and future cultural data practices. Clemens Neudecker’s paper, ‘Digital Cura-

tion and Collections for AI: Opportunities and Risks for Cultural Heritage Institu-

tions’, highlights the benefits of AI for digitization and curation in cultural heritage



16 AI in Museums

institutions,but also raises concerns about applyingblack-box technologieswithout

fully understanding the consequences. Fabio Mariani, Lynn Rother, and Max Koss

show in their paper, ‘TeachingProvenance to AI: AnAnnotation Scheme forMuseum

Data’, how AI can transform museum provenance records into structured data us-

ing natural language processing (NLP) techniques, thus facilitating large-scale ob-

ject history analysis. The paper proposes a provenance-specific annotation scheme

topreserve historical nuances in constructing ‘provenance linkedopendata’ (PLOD).

Finally, Tabea Golgath’s paper, ‘The Funding Program LINK—AI and Culture: Five

Lessons Learned after Five Years’, reflects on the impact of AI on culture, examining

how AI is applied in cultural contexts, its implications for human artists, and the

changing concept of authorship.

In the development of AI art has played and continues to play a crucial role and

might further transformand redesign creative processes.The increase in generative

AI and especially large language models (LLMs) has led to a distortion of the pub-

lic perception of what is meant by AI. At the same time, the technology has made

astonishing leaps in development in only a short time, which is well illustrated by

the transition from GPT 2 to 3 and 4. Luba Elliott’s paper, ‘Discovering Culture with

AI’, provides an overview of creative AI practices by cultural institutions, presents

artistic explorations with AI, and highlights tools for public engagement with mu-

seum collections; artistic productions by artists such asMario Klingemann or Anna

Ridler open up the reflective power of art on technology, making generative and

multimodal technologies tangible. In her paper ‘Post-Truth. Archives, GPT-2, and

FakeNews’,MarionCarré showshow technology is already challenging the ‘archives’

and presents a project that uses GPT-2 for the creation of fictitious archives and af-

fects questions about the authenticity and reliability of information.On the flip side,

Roland Fischer’s paper, ‘Imposter Syndrome: GPT-3 between Fact and Fiction’, ex-

amines the role of storytelling and fiction in the context of GPT-3, shedding light on

theblurredboundaries betweenhuman- andmachine-generated content.Taken to-

gether, the papers in this section offer helpful perspectives and possibilities on how

cultural institutions can approach the field of AI and redefine their role as spaces for

reflection, discourse, and education in the culture of digitality.

Applications

Despite the large number of ongoing projects, applications and implementations

of AI in museums are still in their infancy. To make the topic even more concrete

and tangible, the last part of the volume presents a selection of projects, mainly

from German-speaking museum practice, that have been implemented between

2018 and 2023. Due to the boom around ChatGPT, the number will most likely

increase rapidly in the coming years, not least due to out-of-the-box solutions from
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commercial providers. The focus here is deliberately on non-commercial and in

many cases directly reusable projects that address new approaches to curation,

interaction and visitor experience. Following the broader reflections and future-

oriented perspectives, these practical applications from research and development

can serve as inspirations for further discourse and new concepts.

An exciting question is how curation will change through and with AI. One of

the earliest and quite innovative examples of curating with artificial intelligence is

presented by the researcher and artist TillmannOhm. In his paper, ‘Algorithmic Ex-

hibition-Making: CuratingwithNetworks andWord Embeddings’, he describes the

use of network analysis and word embeddings to artificially curate an exhibition.

The focus is on efficiently linking artworks and keywords to create coherent and the-

matically focussed exhibitions. Creating processes in the digital world opens up in-

teresting newperspectives that result from the possibility to combine digital objects

from all over the works to create new connections, combinations, and insights.This

requires a different mindset than siloed dataspaces and a willingness to cooperate

and to build shared and sustainable infrastructures, like the Europeana, the Euro-

peanDigital Heritage Cloud, or other alliances—one example is presented byNicole

High-Steskal andRainer Simon in their paper, ‘Evaluating the Blackbox: LinkingVi-

ennese Art through AI’, with the pilot project LiviaAI, in which AI is used to identify

connections between objects from three Viennese museums.The aim of the project

is to develop a model that learns similar visual representations across different col-

lections. Similarly, ‘Clouds of Symbols: The Digital Curator Project’ by Lukáš Pilka

presents an experimental web application that aims to recognize symbols and mo-

tifs in historical artworks. Here a proprietary neural network is used to perform

iconographic analysis of an extensive database of artworks from various museums

in Central Europe.

Which AI-driven tools can help to navigate through huge cultural heritage

collections and what is the public’s need when using them? In their paper ‘xCu-

rator—AI-Supported Exploration and Curation of Digital Collections’, Sonja Thiel

and Etienne Posthumus present an AI-based curation tool designed tomake digital

collections in museums more accessible and to encourage users to curate the col-

lections themselves. Furthermore, several user studies were conducted as well as

experimental spaces opened up in order to research the added value of AI technolo-

gies for museum purposes. The tool itself is developed opensource and aligns with

basic museological norm data, which means that it can be adapted to future devel-

opments.Besides theCreativeUserEmpowermentproject, the ‘intelligent.museum’

project at the ZKM and the Deutsches Museum explored the options of applying

AI in museums in a broader sense. In ‘Say the Image, Don’t Make It: Empowering

Human-AI Co-Creation through the Interactive InstallationWishingWell’, Yannick

Hofmann and Cecilia Preiss present one example, in which the wishes and dreams

of exhibition visitors are transformed into images using a text-to-picture model.
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Chatbot interactions have the potential to enhance the visitor experience

through personalized guidance and interaction and providing access regardless

of location or person. They offer direct answers to questions, explain works of art,

share interesting stories, and help with navigation.They also provide access to mu-

seum content outside of opening hours and can enhance educational experiences.

At the same time,well-designed bots are in tunewith current user behaviour,which

is not only about interacting with digital content, but also engaging in communica-

tive interaction. It might be useful to remember in the future that there was a time

before the development of large language models, and in ‘CHIM—Chatbot in the

Museum: Exploring and ExplainingMuseumObjects with Speech-Based AI’, Oliver

Guske, Stefan Schaffer, and Aaron Ruß present an example of early research at the

Städel Museum that has developed a chatbot prototype trained to answer open-

ended questions about museum objects. Similarly, in ‘With AI to Art! Chatting with

Helen of Troy and Co. through IBM Watson’, Melanie Fahden and Anja Gebauer

show the development of an AI-based chatbot that enables lively conversations with

six artificial characters and thus a potential role of chatbots in museum education.

The paper by Ana Müller, Michael Schiffmann, Anke Neumeister, and Anja Richert,

‘Exploring Beyond the Exhibits: Creating Knowledge for Social Robots in Public

Spaces’, closes the section about bot-interaction by evaluating how visitors interact

with a social robot connected to an artificial intelligence dialogue system.

One important and sensitive field of application is the topic of visitor tracking

and the use of visitor data.The contribution by Franz Koeferl, Matthias Zuerl, Jitin

Jami, Jindong Li,Dario Zanca, andBjoern Eskofier, ‘Tracking the Visitor.Optical In-

door System for Visitor Research in Museum’, proposes a large-scale optical track-

ing pipeline using person detection and a framework for collecting this data with

visitor consent. Finally, in ‘Symotiv: Virtual Insights into the Symphony Orchestra’

Michael Zöllner, Markus Bosl, Dirk Widmann, and Moritz Krause describe the use

of motion capture and VR/AR to analyse and present the workings of a symphony

orchestra to a wider audience and give a hint at the end on how to transform a dig-

ital experience into a physical and inclusive experience. Collectively, these papers

demonstrate that AI technologies have the potential to enrich and expandmuseum

practice in many ways, from collection management to exhibition design, and vis-

itor interaction. They provide important insights into the opportunities and chal-

lenges associated with implementing AI in the museum sector.

References

Badisches LandesmuseumKarlsruhe (2022): Cultures of Artificial Intelligence.New

Perspectivs forMuseums. Conference Programme. Available online at https://w

ww.landesmuseum.de/conference-cultures-of-ai-program.

https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program
https://www.landesmuseum.de/conference-cultures-of-ai-program


Johannes C. Bernhardt and Sonja Thiel: Introduction 19

Benjamin, Ruha (2019). Race after Technology: Abolitionist Tools for the New Jim

Code. Cambridge/Medford, Polity.

Brown, Dan (2017). Origin. London, Bantam Press.

Budelacci, Orlando (2022). Mensch, Maschine, Identität. Ethik der Künstlichen In-

telligenz. Basel, Schwabe Verlag. https://doi.org/10.24894/978-3-7965-4634-1.

Chui, Michael/Hazan, Eric/Roberts, Roger et al. (2023). The Economic Potential of

Generative AI.TheNext Productivity Frontier.NewYork,McKinsey&Company.

Available online at https://www.mckinsey.de/news/presse/genai-ist-ein-hilfs

mittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachs

tum-anzukurbeln.

Crawford, Kate (2021). Atlas of AI: Power, Politics, and the Planetary Costs of Artifi-

cial Intelligence. New Haven/London, Yale University Press. https://doi.org/10.

12987/9780300252392.

Deutscher Ethikrat (2023). Mensch und Maschine – Herausforderungen durch

Künstliche Intelligenz. Stellungnahme. Available online at https://www.ethikra

t.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-men

sch-und-maschine.pdf.

Deutscher Kulturrat (2023). Künstliche Intelligenz: Welche Rolle spielt KI für die

Kultur? Available online at https://www.kulturrat.de/presse/pressemitteilung/

kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/.

Hochscherf, Tobias/Lätzel,Martin (Eds.) (2023).KI&Kultur: Chimäre oder Chance?

Voraussetzungen – Anwendungen – Potentiale. Kiel/Hamburg, Wachholz Ver-

lag. Available online at https://www.wachholtz-verlag.de/KI-Kultur-Chimaere

-oder-Chance-Hardcover.html.

McCorduck, Pamela (2004).MachinesWhoThink.Natick,MA, Peters. https://doi.o

rg/10.1201/9780429258985.

Moor, James (2011). The Dartmouth College Artificial Intelligence Conference. The

Next Fifty Years. AI Magazine 27(4), 87–91. https://doi.org/10.1609/aimag.v27i4

.1911.

Murphy,Oonagh/Villaespesa, Elena (2022). Künstliche Intelligenz undMuseen. Ein

Toolkit, translated and expanded by Johannes Bernhardt/Tabea Golgath/Sonja

Thiel. London/Karlsruhe, Goldsmiths/Badisches Landesmuseum. Available on-

line at https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_P

DFs/KI-und-Museen-Toolkit-web_UA.pdf.

Nilsson, Nils J. (2004).The Quest for Artificial Intelligence. Cambridge, Cambridge

University Press. https://doi.org/10.1017/cbo9780511819346.

O’Neil, Cathy (2017). Weapons of Math Destruction: How Big Data Increases In-

equality andThreatens Democracy. New York, Crown.

Seising, Rudolf (2021). Es denkt nicht! Die vergessenen Geschichten der KI. Frank-

furt amMain/Wien/Zürich, Büchergilde Gutenberg.

https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://doi.org/10.24894/978-3-7965-4634-1.%C2%A0
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://www.mckinsey.de/news/presse/genai-ist-ein-hilfsmittel-um-die-produktivitaet-zu-steigern-und-das-globale-wirtschaftswachstum-anzukurbeln
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.ethikrat.org/fileadmin/Publikationen/Stellungnahmen/deutsch/stellungnahme-mensch-und-maschine.pdf
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.kulturrat.de/presse/pressemitteilung/kuenstliche-intelligenz-welche-rolle-spielt-ki-fuer-die-kultur/
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://www.wachholtz-verlag.de/KI-Kultur-Chimaere-oder-Chance-Hardcover.html
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1201/9780429258985
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://doi.org/10.1609/aimag.v27i4.1911
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://www.landesmuseum.de/fileadmin/user_upload/Barrierefreie_PDFs/KI-und-Museen-Toolkit-web_UA.pdf
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346
https://doi.org/10.1017/cbo9780511819346


20 AI in Museums

Turing, Alan M. (1950). Computing Machinery and Intelligence. Mind LXI (236),

433–60. https://doi.org/10.1093/oso/9780198250791.003.0017.

Vater, Christian (2023). Turings Maschinen. Eine Problemstellung zwischen Wis-

senschafts- und Technikgeschichtsschreibung. Heidelberg, Universität Heidel-

berg.

https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017
https://doi.org/10.1093/oso/9780198250791.003.0017


Part 1: Reflections





The Role of Culture in the Intelligence of AI

Mercedes Bunz

Artificial Intelligence (AI) clearly suffers from its name,which easily leads tomisun-

derstandings.Thenamesuggests that its intelligence is likehuman intelligence,only

‘artificial’; it would have been far better and more precise to call it ‘machine intelli-

gence’. Neural networks, the technology that is in part the foundation of the current

boom and facilitated deep learning approaches, adds to this, as it is a term that fur-

ther confuses the discussion.The term suggests that machine learning systems are

built on ‘neurons’ that operate just like those in the brain. If you ask experts in the

field, however, they will quickly explain that biological neurons function very differ-

ently.They are muchmore complex than the mathematical functions we find in the

nodes of a human neural network; this is the case internally (they seem to transmit

signals that are chemical, but can also be electromagnetic or operate on ion chan-

nels), as well as externally with respect to their architecture.

Sowhy dowe hold on to thesemisleading descriptions? Unfortunately, pretend-

ing that the technology is ‘inspired’ by human biology seemed to be an easy way to

persuade everyone to believe that the technologywill work at some point.Of course,

itmakes sense to a human that something inorganic is becoming intelligent when it

imitates ‘themaster’. Only thatmachine intelligence functions very differently.Ma-

chine learning (ML)models are composed ofmultiple processing layers that analyse

and learn representations of datawithmultiple levels of abstraction (LeCun/Benigo/

Hinton 2015). The model starts on the lowest layer by looking at, for example, pixel

formations,while subsequent layers configuremore complex features, that is, forms

typical for the dataset from those pixel formations.This bottom-up approach start-

ing with the smallest entity enables the models to discover ‘intricate structures in

large datasets’ (LeCun/Benigo/Hinton 2015, 436).

The intelligence we find here is therefore rather particular: the model learns

stochastically by adding up very small elements to calculate ‘a bigger picture’ or

(in the case of large language models) to calculate the meaning of a sentence from

analysing the context of thousands of tokens (entities similar to words), taking note

of which other tokens are in nearby vectors.This means that MLmodels operate on

a very different level than human intelligence. They have very particular abilities,
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but also make very specific mistakes due to the way they ‘look’ at our digitized

world—images and texts, for instance, or videos.

Possible Roles of Archives and Museums
in Machine Learning Development

Cultural heritage institutions like archives and museums have important roles to

playwith respect to the question of how to counter the developments inmachine in-

telligence.First of all, there is a lot of knowledgeheld in and around cultural archives

fromwhichmachine learning couldbenefit,and these twoareas should thusbecome

more interconnected. For example, cultural archive studies are well informed about

approaches to decolonizing the archive, which is relevant when it comes to training

machine learning systems. Here, the development of ML systems can thus benefit

to a great extent from established debates around cultural archives.

Then, of course, there is a material overlap between archives and the training

data for ML systems. The cycle of hype around AI currently focusses mainly on the

general learning of very largeML systems.But that is not necessarily always the best

approach.Smaller, very specificdatasets canbeused to train and specializemachine

learning systems, and archives can and should have a big role to play in this. For it

is true: ML systems are a different approach to finding knowledge, and the basis for

their knowledge is the big data that is the archive, which means that their fates are

intertwined.

We are also only starting to learnwhat kind of knowledgewe canfind in archives

byusing the stochastic antennas ofML systems.Our cultural understanding ofwhat

we might want from the new approaches to knowing is still in development. In lit-

erature, we have debated ‘distant reading’, which FrancoMoretti (2013) described in

excellent detail at a quite early point in time.The term describes a method in liter-

ary studies that applies computational analysis to a large collection of texts with the

aim of identifying patterns within the text collection. As it looks at multiple texts,

it is often conceived as the opposite of a ‘close reading’ of one particular work. At

themoment,we are still working onways to understandwhat ‘distant seeing’might

mean for art history, thoughLeonardo Impett (2020; alsoAzar/Cox/Impett 2021) has

made a start here by trying tomeasure, compare, or analyse gesture across large sets

of images.

Another important point is the role of museums as well as contemporary art in-

stitutions in educating people about our new technologies of knowledge, which we

unfortunately call ‘artificial intelligence’. There are currently no places in Western

societies where we allow people to test, reflect on, and playfully understand those

technologies. Citizens encounter AI technologies as users and AI is presented as a

functioning service.This is problematic since these technologies are going to be in-
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tegrated on quite a large scale in analysing, operating, working, and categorizing,

side by side with us humans. Only that we rarely get to look under the hood and

learn about how they function in acquiring AI literacy.There are not many places in

our societies where citizens canmeet and encounter this technology now,while the

so-called ‘black box’ is being opened and experimentedwith.Museums and cultural

institutions are such places where inquiring artworks and cultural experiments fa-

cilitate such encounters.

Critique of AI

One of the problemswe face when it comes to critiquing AI is that it is needed on so

many levels—Kate Crawford’s book Atlas of AI: Power, Politics, and the Planetary Costs of

Artificial Intelligence from 2021 is a very good example here. Critiques of AI are con-

fronted with the confusing need to be everywhere at once: the computational mate-

rial that AI runs on requires the extraction of rareminerals, which often come from

developing countries,whereminersworkunderhorrible conditions.AI is trainedon

labelled images, a categorization that is again outsourced to developing countries

or organized through crowdsourcing using platforms such as Amazon’s Mechani-

cal Turk, and, as such, is based on precarious work. Even if this work is organized

with care, datasets are often biased, andmodels amplify biases further (Chun 2021).

The training of machine learning models is energy-intensive and problematic for

the environment. The workplaces involved in developing AI systems struggle with

diversity issues. Any participatory moment, any integration of citizens into the de-

velopment of AI technology early on is thus lacking, even in a regulation such as the

European Union’s AI Act, which was conceived to tackle AI critically (Bunz/Vrikki

2022). All these points force critiques to look everywhere all at once,which therefore

makes critique difficult. Even if we take a step back, the critique nonetheless does

not come to an end: the critiques listed above also must be critiqued.

Because when you read through the list above, it becomes clear that no one with

a critical mind would be interested in starting to work in this field—and that is a

problem.Themessy situationmadevisible by the critiques above,drivespeople away

from interacting and engaging with the technology. What could attract anyone to

confront such a big mess? This is the biggest problem at the moment, because the

result is a real danger: the danger that the people developing this technology are

generally dull and non-reflective individuals, who simply want to get rich (Aradau/

Bunz 2022).

It is already possible to see the effects of this: The main question we seem to be

asking in Western societies is how technology can assist the future of businesses.

Not much attention is, however, given to the debate on how it might foster public

infrastructures, and there is no alternative version of a public AI, that is, the devel-
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opment of anAI funded by public resources.Themain attention is given to commer-

cial players, even though there are exciting projects such as LAION, which provides

large datasets to democratize the ability to trainmodels; or even Stability AI, a com-

pany that embraces the idea of opensource for generative AI and has worked in the

past with the LudwigMaximilian UniversityMunich.What are alsomissing are ap-

proaches to how citizensmight participate in the development and implementation

of the technology that will categorize them in the future.

Machine learning models have some amazing skills. But the questions we need

to ask are: How can we start to implement that infrastructure in the best way possi-

ble? And how can we make it a technology that serves our society? A critical theory

of AI therefore needs to go further than merely pointing out the flaws; we need to

participate in its development actively, andnot simply criticize it.Here, I amvery at-

tracted towhat Phil Agre (1997) called a ‘critical technical practice’, inwhich different

views and interests as well as practices regarding AI come together—computer sci-

entists, cultural critics, citizens, sociologists, government officials, et cetera—with

the goal of producing technologies together. This is important, despite the knowl-

edge that this journey will not be easy.

The most productive and effective attitude is to be aware of all the downsides,

but to retain your curiosity and interest, and your will to play a part in shaping AI. I

wrote about this different approach of having a critical practicewith respect to tech-

nology in an open access text (Bunz 2022), because this also means that we need to

develop a different attitude towards technology in general. A productive critical at-

titude means leaving behind the idea of technology as an ‘instrument’ that needs to

function and is supposed to serve us. It asks us if we are willing to adopt a more

collaborative approach that includes a more profound engagement with it through

asking ‘uncomfortable’ questions such as: How is this AI configured? What are the

technical reasons and challenges behind configuring it like this? What situations

are produced by this configuration? Which situations have been forgotten and ig-

nored, and which ones cannot be addressed by it? But also: what labour was needed

to configure it like this and how can we make some of this technical labour better

and fairer?

Different Logics

My own main interest is understanding the different logics of AI through machine

learning models. I think it is important to know that machine learning models are

not just able to process data, and also to get something of an idea of how they pro-

cess that data. The systems are not just fed with thousands of text documents or

images; they also break each of those documents or images up further into smaller

and smaller entities. They approach our world by calculating those very small enti-
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ties or elements with their stochastic logic.This is the case for both image recogni-

tion and languagemodelling.When AI looks at images, it examines pixel constella-

tions;when it looks at language it analyses tokens, the elements thatmakeupwords.

Putting these smallest elements in relation to each other and finding a typical pat-

tern is the way AI models learn—in connection with images, they use pixel edges,

lines, colour changes, and shadings to find similar patterns, which on a higher level

can then be identified as leaves, fur, or a right angle, in order to construct a motif

such as a bush, cat, or door.

Getting these elements right is where its particular skill lies, but also where it

makes mistakes—I am fascinated by adversarials (Buckner 2020), which are data

constellations that induce machine learningmodels to make erroneous predictions

and categorizations, but are imperceptible to us humans. At the beginning, we

thought that adversarials are created by people to attack the machine—say, to hide

the pixel constellation of a dog in an image of weapons in order to confuse the

machine, which then cannot identify the weapons. By now, however, computer

scientists have found thousands of natural images that machine learning systems

constantly get wrong.

I think it is important to be aware of this logic or approach to ourworld, to know

whereAI is extremely helpful andwhere it is bound tomakemistakes.AI is,unfortu-

nately, a general-purpose technology, and thismeans that the changes and transfor-

mations in each field are different and require their own form of assessment.What

worries memost is that the knowledge and infrastructure is mainly in the hands of

big corporations and that governments are not doing enough to ensure that public

infrastructures keep pace with current developments.We have already started em-

ploying AI in healthcare, city administration, policing, and education. This is not

just problematic because we rent AI from big businesses.What ismore problematic

is that this denotes a transfer of knowledge, knowledge that was previously linked

to public infrastructures is now being handled by AI services. This means that this

knowledge is being transferred from being public to being private and commercial,

and this is worrying. Besides the need to regulate AI systems with respect to risks,

there is also the need to ensure that technical knowledge remains public. I hope we

will have the intelligence to do so!

Potentials and Perspectives

Personally, I see potential for AI in helping us deal with an information-intense

world—whether images, texts, or data. AI systems are very effective in analysing

information and spotting certain trends. We read and write more than any other

generation before us: there are more publications, but there is also more work or

personal communication on the multiple channels and platforms available to us on
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a daily basis in both our social and work lives, continually notifying us of messages

that have been received and should be answered. My colleague Matthew Kirschen-

baum (2023) has warned that AI might lead to a ‘textpocalypse’, an ever-growing

stream of generated content. But I think that this was already happening before

AI models such as ChatGPT started to generate writing. AI could thus help to sort

and summarize information that is relevant for us. One trend I would like to see

when it comes to generating AI ismore research onwatermarking texts and images

generated by AI; I think that would be helpful. Overall, I see that we have started

to understand AI as a collaborator, in other words, as a system that collaborates

with humans in a loop.This is a step forward from understanding AI as a system of

automation replacing the human.
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Why AI Cannot Think

A Theoretical Approach

Daniel M. Feige

In June 2022, Blake Lemoine, then an employee at Google, published a sensational

announcement: According to him, LaMDA, the chatbot that hewasworking on, had

developed consciousness and feelings (Wertheimer 2022). As a being with a con-

sciousness, Lemoine said, it should thus be given the same rights as a human per-

son. Lemoine justified this by saying, among other things, that he recognizes a per-

son when he speaks to one. But what is in fact the condition for the possibility of

Lemoine’s rather astonishing statement being valid? Among the necessary presup-

positions behind Lemoine’s statement is an idea that has been argued for explicitly

by Nick Bostrom: that there might be other intelligent beings than merely carbon-

based beings (Bostrom 2013). But such transhumanist ideas are surely still science

fiction.

Nevertheless, it is easy to position this idea within a broader emancipatory nar-

rative: Just as humans have understood themselves for too long as categorially dif-

ferent from other animals, whereas they are just one animal species among other

animal species, the idea that thinking is exclusive to human beings is a problem-

atic position insofar it merely expresses anthropocentrism. But, in fact, what is at

stake here is the analogy between humans and other animals and between humans

and artificial intelligence, and it therefore cannot be taken for granted whether this

analogy holds true. So again: What is the condition for the possibility of Lemoine’s

statement being valid? It is then the special sort of knowledge he has as a software

engineer?This does not seem to be the casewhenhemerely states that he recognizes

a person when he speaks to one. At least one further supposition can be elaborated

as the condition for the possibility of Lemoine’s statement being valid: that the ques-

tion of whether something or someone is a person can be understood as a specific

epistemological question in terms of something that one can notice based on the re-

actions of one’s counterpart.

In what follows, I will argue that Lemoine’s statement, and more generally, the

idea that we can conceive of anything we currently subsume under the rubric of ‘ar-

tificial intelligence’ as having the power to think, is a deeply flawed and ultimately

unintelligible concept (Feige 2024). To show this, I will proceed in three steps. In the
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first step (1), I will work out the implicit background of Lemoine’s statement: the

Turing test, which substitutes an ontological question for an epistemological one.

Taking up arguments by Davidson, I will hint at a direction we could go in instead

so as to find resources for answers to what is constitutively lacking in an artificial

intelligence. In the second step (2), I will draw on the arguments developed byDrey-

fus and Cantrell-Smith, who advocate a strong distinction between the operations

an artificial intelligence is capable of andwhat we do insofar we are thinking beings

who understand a distinctive feature of the latter as being situated in an intelligi-

ble world in which the entities we encounter matter to us. The third and final step

(3) will sketch a line of thought that takes recourse to McDowell, who argues for the

idea that we can only ascribe thinking to beings that are bearers of a form of life.

On Changing the Subject: The Turing test and the Causal Impact
of Reality

Lemoine’s statement that LaMDA is a conscious and feeling person lacks any clear

conception of what it means to be a conscious and feeling person. But, even worse:

‘consciousness’ and ‘being able to feel’ are not the conceptual resources that go to-

gether very well with the concept of ‘person’. This is the case because we also apply

concepts like ‘consciousness’ and ‘being able to feel’ to beings that are obviously not

persons: for instance,cats, sheep,anddogs.WhatLemoinemusthavemeant instead

of these categories is a being that is a self-conscious being. A self-conscious being not

only has conscious episodes as part of its architecture and is not only subjected to

affective reactions. It is instead a being that by having a thought or feeling knows that

it is having this thought or that it is in a specific emotional state—since an emotional

state is an embodied cognitive state (Goldie 2000).

Operating based on such conceptual confusion and reduction of a full-fledged

conception of a person can be attributed to the role that Alan Turing and his Tur-

ing test played in the tradition of the development of artificial intelligence with re-

spect to the concept it embodies. In his classic paper on the topic (Turing 1950), Tur-

ing proposed substituting the questionwhethermachines are able to thinkwith the

question of whether we can notice the difference when confronted with an output

in the form of a written text, for instance, on a screen, that is either the output of

a machine or was written by a real person. But, in fact, Turing’s paper is not an

elaborated contribution to the question of whethermachinesmight be able to think

someday (Boden 2018, 106ff). It is instead bold conceptual engineering avant la let-

tre (Cappelen 2018). His methodical approach to the question of whether we can at-

tribute the power of thinking to amachine consists of replacing one questionwith a

question that can subjected to some kind of empirical testing. To put it less charita-

bly, one might say that Turing can be said to have not so much engineered concepts
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like ‘thinking’, ‘intelligence’ et cetera to be made testable in their application to ma-

chines, but instead the opposite: He made it possible to conceive of the power of thinking

of human beings in terms of amachine logic—and also to conceive the mind as a biolog-

ically based ‘virtual machine’ (Boden 2018, 3). The Turing test thus conceptually en-

gineers machines in terms of possessing the ability to think, as well as conceptually

engineers ourselves as humans as special kinds of machines.

Anobvious fallacy in this sort of substitutionof questions is that it is not somuch

engineers the concepts in question,but instead simply changes the topic.This is true

on the level of what question the Turing test is able to respond to: It does not give an

answer to the questionwhethermachines can think—a question that Turing hastily

dismissed as a crypto-theological question—but also applies to the sorts of question

the Turing test asks: It proposes suspending the ontological question of what kind

of thing we are dealing with and what powers this thing possesses with respect to

the question how we can recognize what sort of thing and what sort of powers we

are dealing with.The relationship between ontological questions and epistemolog-

ical questions, between questions regarding the mode of being of objects and their

knowability, is linked to debates on the realist and anti-realist status of this distinc-

tion in philosophy (for instance, Putnam 1981, Ch. 3). Is the concept of reality tied

to the concept of the knowability of reality or not?What is characteristic of Turing’s

proposal is that he skips over all these questions and, in a sense, rolls up his sleeves

in a computer-scientific way in order to get to work. But those who simply do so

drag along with them the errors of what they have sought to overcome; it is not the

case that Turing offers a minimal procedural and testable definition of ‘thinking’ or

the like; he instead makes use of a specific and reduced notion of thinking when he

conflates epistemological and ontological questions.

A less negative and formal criticism of the Turing test has been put forward by

DonaldDavidsonbasedonhis reflections on thenotionof translationand triangula-

tion (Davidson 2004). He somewhat accepts Turing’s sharp division between physi-

cal and intellectual faculties.The test is designed to test thedeceptiveness of subjects

by asking whether they can reliably detect the difference when given linguistic ut-

terances in textual form.But the question of whether these linguistic utterances are

meaningful is not decided solely on the level of forming syntactically correct sen-

tences. What is relevant for the semantic level, according to Davidson, is that the

linguistic expressions have a causal relation to reality. If I state regarding living be-

ings in the world that they are dogs, then I not only have to have acquired the con-

cept of ‘dogs’; this acquisition also has to be causally connected in some way to the

objects in question—thoughone can,of course,knowwhat giraffes are by simply be-

ing familiar with photos or drawings of them—but those are then ‘feature-tracking’

depictions (McIver Lopes 2016, 21), not epistemological intermediates. I must have

a concept of what it means for a proposition to be true or false and to say something

about a reality independent of me.
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Davidson’s ingenious move is to argue that the holistic character of be-

liefs—since having one belief means having other or indeterminately many beliefs

(Davidson 2001)—does not counter theworld-directedness:This network is causally

grounded in reality. I do not merely have the concept of a dog because that concept

has been established within the framework of a speech community; rather, for

Davidson, it is a concept in the first place, and thus something that can be true or

false, only becausemy belief that there is a dog there has been caused by dogswithin

the framework of a causal history. Under the catchword of radical interpretation

(Davidson 1984), which he adopted from his teacher Willard Van Orman Quine, he

has also played out this idea for the case in which the persons in question speak

different languages; a case that he ultimately distinguishes only by degree from the

case in which the persons speak the same language.

What he pits against the Turing test is the case of radical interpretation: In

Davidson’s view, the question of whether we can be deceived in a human-machine

interaction about the fact that the other person is not a human being cannot be

tested in the way that Turing set up his test, because we then lose the relations to

events, states, and the objects of reality with their impact on linguistic behaviour.

Here, we cannot simply subtract the reference to the world entirely and decide the

question of reasoning solely on the level of producing syntactically correct English-

language sentences; when the counterpart does not have beliefs, desires, et cetera

related to the world, there can be no linguistic understanding, because: ‘For the

object to have a semantics, it must operate in the world in a certain way, and for

someone else to grasp those semantics, there must be a three-way interaction

among object, interrogator, and a shared world (Davidson 2004, 83f.). Davidson’s

argument therefore does not show that computers cannot think. It shows solely

that the Turing test is not able to answer this question or questions derived from it.

On Having the World Embodied in View: Dreyfus and the Worldlessness
of Artificial Intelligence

In Davidson’s picture, the concept of the world is a rather thin concept; it ultimately

boils down to the causal impact on our holistic web of beliefs. A richer account of

the world and its critical consequences for the prospects of an artificial intelligence

can be found in the line of critique of Hubert L. Dreyfus and Brian Cantwell-Smith.

The basic idea of Dreyfus’s criticism (Dreyfus 1972) consists of claiming that arti-

ficial intelligence—and with the book from the 1970s he was aiming at first-wave,

symbol-processing artificial intelligence—is engineered in such a way that it can

never be said to possess the power of thinking. Even if an artificial intelligence is

fedwith rules for logically correct reasoning, it lacks theworld-directness of human

thought and action.The identification of our thinking with an explicit set of logical
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rules then explains the problem of the correct frame of reference, which cannot be

resolved by corresponding semantic networks themselves; accordingly, it is no ac-

cident that they produce as many meaningless inferences as they do a multitude of

true but uninformative ones.

His criticism stands against the backdrop of Heidegger’s legacy: Our being di-

rected towards a world in thinking and acting can be made intelligible only against

the backdrop of an unthematic framework of practical understanding that discloses

the world as meaningful—whichmeans that Heidegger’s holism thus takes a shape

distinctly different from Davidson’s, which I mentioned in Part I). Thus, we do not

register given, context-free factswhenwe, for instance, hear a storm in the chimney

or a car approaching and then infer something fromthat in order to come to the con-

clusion that there must be a storm or that there must be a car; rather, we know for

themost partwhatwe are dealingwith here and also oftenwhat needs to be done. In

Heidegger’s view, a theoretical consideration of the facts of reality is even only pos-

sible by virtue of our standing in practical contexts ofmeaning, and thatmeans that

we are not simply confronted with objects to which meanings are somehow ‘glued’

(Heidegger 1962, §15), but that the objects are instead originally objects opened up

in their practical meaningfulness. Such a practical meaningfulness can, however,

only exist for beings that do not process data according to logical or statistical laws,

but instead have an understanding of themselves and their world. It can only exist

for bearers of a self-conscious, free, and reasoning form of life. And the bearer of a

life form is not an entity that produces further data from the outside like a forensic

instrument by collecting data or applying hardwired schemes of inference.

Brian Cantwell-Smith has renewed this line of criticism with regard to second-

wave artificial intelligence (Cantwell-Smith 2019). Neural networks are paradig-

matic for developments in thisfield.Theanalogies to thehumanbrain areultimately

not theoretically based, but instead presented in the formof a heuristicmodel. Even

in the case that a number of discrete states are produced at the end of the network’s

activity, they come about differently than in the case of symbol-processing artificial

intelligence: they depend on the patterns that these neural networks carve out

statically in large amounts of data. It is characteristic for neural networks that they

do not necessarily operate with dichotomous states like classic symbol-processing

artificial intelligence, in which a sentence is either true or false, an inference either

valid or invalid. It is precisely static results with, as it were, ambiguous data that ex-

hibit a logic strikingly alien to our thinking and acting. And therein lies a productive

potential of second-wave artificial intelligence: It has a forensic potential to uncover

patterns that are unrecognized and even unrecognizable by us, for example, in side-

effects in the use of medication or the treatment of cancer. All this can, however,

be said without claiming that such a static neural network might ‘think’. Cantwell

Smith has presented convincing arguments that it does not.
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What both first-wave and second-wave artificial intelligence lack is not merely

being adequately embodied and engaged in aworld.Rather, they lack the possibility

of being able to comprehend that world as a world. For: ‘most of the computational

systems we construct … represent the world in ways that matter to us, not them’

(Cantwell Smith 2019, 108)—‘all existing AI systems, including contemporary sec-

ond-wave systems, do not know what they are talking about’ (Cantwell Smith 2019,

76).Wecanuse themtofindout about theworld—but theyarenot themselvesworld-

aware, aswe are in our assessments.To be so, they have to relate to theworld in away

that theydonot represent states of theworld alone,but know that they are states of the

world—which is quite different from picking patterns out of large amounts of data

using stochastic methods: A system must be oriented towards what it represents,

not just oriented towards its representation. In order to accomplish this, accord-

ing to Cantwell Smith, what is required is a being that deals practically with objects

within the framework of a rich network of patterns of collective actions. Such a be-

ing is a self-conscious being, which qua self-consciousness possesses the concept

of a belief, which at the same time carries with it the distinction between being-for-

true and being-so.Wewould only entrust our child to a nanny-robot only if we knew

that the robot isnot concernedwith representationsof children,but insteadwith the

child in question.

Humans as Bearers of a Form of Life: McDowell on ‘Life’
as a Transcendental Concept

Both Davidson’s critique and that of Dreyfus and Cantrell-Smith aim at current ar-

chitectures of artificial intelligence.They do not claim that it is logically impossible

that someday we will have an artificial intelligence that is able to think and act. In

the third and final part of my paper, I will, however, take up a line of thought with a

stronger critique of the idea of an artificial intelligence that might be in possession

of the power of thinking.Within the framework of recent debates on a philosophical

notion of ‘life’, it can be shown that the idea of an artificial intelligence in possession

of the power of thinking is unintelligible.

The concept of ‘life’ is among the most important topics in contemporary philo-

sophical debates in anthropology, epistemology, and metaethics. The basic idea of

these contemporary positions consists of the following (Boyle 2012): we are rational

beings insofar we are living beings of a special kind. If the basic insights of these

debates, which consist essentially of a combination of the philosophies of Aristotle

and Kant, are correct, there is a fundamental limit to what we canmeaningfully as-

cribe to artificial intelligence:They cannot think—oract—because they arenot living

beings.
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John McDowell has drawn on one of Aristotle’s ideas to show that rationality

is not an additional feature that comes on top of what we share with other living

beings; it is rather informed by our way of being alive (McDowell 1996, Lecture VI;

Feige 2022, Ch. 2). The respective conception by Aristotle can be called a transfor-

mative account of human rationality: What distinguishes us from dumb animals is

not an additional feature—Aristotle namednutrition,motion, andperception (Aris-

totle, 1986)—but the fact that all these faculties are transformed because we are liv-

ing beings who are responsive to reasons as reasons.Thus,we cannot subtract what

is specific to ourselves and then discover what stays the same compared with mere

animals. McDowell calls such positions that propose a subtractive account ‘highest

common factor theories’ (McDowell 1998):What the objects in the comparative class

in question share remains the same, but in one case another property is added.The

transformative account instead denies that there is a common core to be uncovered.

Even if some of the featuresmentioned by anthropologists were exclusive to hu-

man beings, this would still be the wrong sort of answer. It would not bring the dif-

ference between humans and dumb animals into view in the right way. Being a ra-

tional living beingdoes notmeanhaving biological drives that are then somehow ra-

tionally moderated. It insteadmeans that we have our impulses and needs in a self-

conscious way and, for this reason, they are also within reach of critical moderation

within the framework of the question of how they are to be realized and whether

specific ways of realizing them are appropriate or not in other terms than based

merely on functional-biological explanations. Whereas the behaviour of mere an-

imals can be fully explained in terms of biological imperatives and the environment

in which those animalsmove in light of those imperatives, such an explanation fails

with respect to humans because they donot simply have needs andbiological drives.

Even supposedly hard-wired facts about ourselves, such as sexual desires, do not in

principle silence all other reasons, but are themselves within the reach of rational

moderation: we necessarily already shape what looks as if it is merely biologically

given.

What does this then have to do with the question whether an artificial intel-

ligence might possess the power of thinking? From an Aristotelian and neo-Aris-

totelian perspective, the transformative idea identifies limits with respect to the set

of beings to which we can meaningfully ascribe something like reason.While there

might be rational extra-terrestrial life, using the term ‘reason’ for an artificial intelli-

gence ismeaningless from this perspective. If one followsMcDowell’s—and, for that

matter, Kant’s—agenda, however, even if confronted with extra-terrestrial life, the

idea that they might embody a very different use of reason fundamentally superior

to our reason would be difficult to understand. However, their reason itself would

be informed by the particular facts of their being alive and could thus gain different

contours—everything else is not only science fiction but also incomprehensible, if

authors likeMcDowell are right. Beings can be thinking (and acting) beings not only
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when engaged with a meaningful world.They can only be thinking (and acting) be-

ings insofar as they embody a specific form of life. Despite the fact that McDowell

and Dreyfus have been regarded as antipodes in the debate on the role of reason in

our engagement with the world (Shear 2013), if these remarks about the role of life

are correct, they would underpin rather than counter Dreyfus’s line of argumenta-

tion.Only living beings can be concernedwith theworld, because, as bearers of a life

form, they are able to distinguish something relevant and do something specific in

it.
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AI and Art

Arguments for Practice

Arno Schubbach

Over the past decade, the advances in artificial intelligence (AI) research have been

attracting a lot of attentionandprovokedabroadvariety of debates.Especially in the

last two or three years, the progress in image generation by ‘generative adversarial

networks’ (GAN) or ‘diffusion models’ (like DALLE-2 or Stable Diffusion) has been

breath-taking—and has perhaps only been overshadowed in the public’s attention

by OpenAI’s ChatGPT, whichmoreover will soon already be part of the everyday life

of almost all computer users, if this is not already the case.

Comparedwith these swift technological advances, the debates they entail seem

rather stable and often dominated by the same recurring, quite speculative ques-

tions: Canmachines have consciousness? Should we fear that the machines we cre-

ate will master us? Narratives that are as old as the fascination with machines and

automatons are thus revived,and age-old fears of the creature surpassing its creator

or of autonomousmachines replacinghumanbeings are stirredup.Finally, fear that

machineswill replace humans, their labour or creativity, is often expressed based on

the assumption that machines can now do what previously seemed to be an exclu-

sively human activity: machines are therefore supposed to be able to think or create

art.

Thesedebates seeminsufficient tomesince they comparemachinesandhumans

and yet, at the same time, tend to blind us to both sides.On themachine side, it does

seem essential to take into account the specific approaches, algorithms, and appli-

cations that have been developed in recent years and are being usedmore andmore.

This is necessary, on the one hand, in order to gain insights into the amazing capa-

bilities, but also the limitations, of this technology. On the other, it is also essential

because the successful research of recent years is based on the rather sober approach

of machine learning, which does not have much to do with AI research insofar as

it has done away with the ideological undertones that were sometimes inherent in

traditional attempts to artificially re-create and surpass human intelligence and ca-

pabilities.

On the human side, it would, however, be equally important to have a more de-

tailed account of the activities that we may have previously regarded as a human
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privilege, but which can potentially be taken over by computers. After all, what ac-

tivities such as thinking or artistic creation actually are is by no means obvious or

undisputed. One traditional and until today influential approach is that such activ-

ities should be discussed in terms of the psychological capabilities they may pre-

suppose. Moreover, this approach has been particularly influential whenever AI re-

search has seen its mission as imitating human capabilities and intelligence. As a

consequence, thequestionofwhether computers can thinkormakeart is often reck-

oned against a psychologicalmodel that refers to the inner experience of the human

being and does not provide a precise criterion. For example, the question ofwhether

machines canmake art leads back to the question of whether or not thesemachines

can be creative—at the same time, while we may have the experience of being cre-

ative,we also do not have a straightforward understanding or a precise criterion for

what being creative means for humans.

Alan Turing already presented a similar argument against a psychological ap-

proach to the question of whether computers can think. In his view, the problem

is not so much that it would be speculative to attribute psychological capabilities

or intelligence to computers. Given the traditional conundrums about the soul,

consciousness, et cetera, he instead suggests that whether computers can think is a

pointless question, because it is not at all clear what exactly might bemeant by this:

‘The original question, “Can machines think?”, I believe to be too meaningless to

deserve discussion’ (Turing 2004, 449). Turing thus argues that a verifiable empirical

criterion is needed and proposes for this purpose his ‘imitation game’, later called

the ‘Turing test’. The key criterion here is whether a human can distinguish the

computer from the human in an interaction in which human and machine interact

through the same medium, such as a typewriter, thus excluding any immediate

perception of the human being based on his or her face, voice, et cetera. From

the critique of a psychological understanding of thinking or art-making follows a

feasible criterion, which is, however, not particularly revealing: it does not relate to

the activities of thinking or creating art and says nothing about the corresponding

activities and processes on the part of humans or computers, because it refers

exclusively to their results and to their experience through the participants in the

‘imitation game’ or ‘Turing test’.

In the following, I would like to discuss the relation between AI and art with

reference to the recent successes in image generation based on machine learning

methods. In the first section, I will, however, step back a bit and go back to the be-

ginnings of computer art and A. Michael Noll’s studies in the 1960s. In doing so, I

want to show not only that the question of whether a computer canmake art was al-

ready asked at that time, although the technical means were extremely simple from

today’s point of view, whichmay speak for the question having life of its own, inde-

pendent of technical developments. I would also like to show on the one hand above

all how Noll’s question regarding ‘human or machine’ is inspired by the Turing test,
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but, on the other hand, that his own approach simultaneously proves how question-

able this either/or is. It shows howmuch human work had to be invested andmade

invisible before generated images could be viewed under the assumption of the ap-

parent alternative between human or machine. By making this human work visible

again and bringing it into focus,we, however, also gain insight into a practice of pic-

ture-making that involves humans,machines, and tools.As Iwill show in the second

section, even recent examples of AI art based on the latest machine learning tech-

niques cannot dispense with human work and should therefore be regarded as part

of practices involving humans. In doing so, I will provisionally distinguish different

stages or layers of humanwork that are still, and probably will be for the foreseeable

future, indispensable in order for computer-generated images to become part of a

creative practice andmanifest a claim to art.

Michael Noll’s Early Computer Art: ‘Human or Machine?’

The question of whether computers canmake art is apparently as old as the first ex-

periments to generate images with computers.This observation is surprising from

the perspective of today, because these beginningswere technically relatively primi-

tive andwould hardly force such a question on us anymore.This suggests that ques-

tions like these should apparently not be understood as direct reflections on the con-

crete state of technology, but instead have a life of their own and seem to be readily

revived every time the technology achieves astonishing advances.

It was the engineer A.Michael Noll at Bell Labs in Murray Hill, New Jersey, who

was one of the first pioneers to use computers to generate pictures in the early

1960s.1 He presented the first results of his programs running on an IBM 7090

computer and prints produced with a microfilm printer in a technical report from

1962. Noll cautiously spoke of ‘patterns’, in order to avoid any ‘unintentional debate

at this time on whether the computer-produced designs are truly art or not’ (Noll

1962, 1). The entire report is, however, written in view of the speculation, which

is only formulated in the final sentence, namely that, with a bit more research,

‘the programmer-artist might be better prepared to produce not just haphazard

patterns, but ‘true art’’ (Noll 1962, 4).

Noll, in fact, soon began to tackle this challenge head on.His Computer Composi-

tion with Lines (fig. 1) dates from 1964/65 and obviously imitates Piet Mondrian’s 1917

Composition with Lines (fig. 2). The significance of this experimental imitation is re-

vealed in Noll’s paper ‘Human or Machine’, which was published in the journalThe

Psychological Record in 1966 (Noll 1966a). Here, Noll first emphasizes Mondrian’s art

1 For a retrospective account of the situation and his work at Bell Labs, see Noll 1994, 39. For

more detailed accounts of Noll’s experiments, see Taylor 2012 and Crowther 2019, 36–41.
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historical importance and then briefly explains the technical approach to recreating

a painting like Mondrian’s Composition using a programmable computer.2The focus

of the article,however, is onan inquiry intohowthe twopictures areperceived.More

specifically,with the involvementof about ahundredemployees of theBell Labs,Noll

conducted a small survey that asked all the participants which picture was ‘gener-

ated by amachine’, which image was ‘painted by a human’ (Noll 1966a, 4), and which

of the two images they preferred. Noll concludes that only 28 per cent of the par-

ticipants were able to correctly attribute the pictures to the computer or the human,

while 59 per cent simultaneously preferred his computer-generated picture toMon-

drian’s work (Noll 1966a, 4–9).

Figure 1: A.Michael Noll,Computer Composition with Lines,

1964/65. Source: A.M.Noll, http://noll.uscannenberg.org/

2 See Noll 1966a, 1–4, and, in greater depth, 1966b.
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Figure 2: PietMondrian,Composition with

Lines, 1917. Source: Mediathek, Heinrich-

Heine-Universität Düsseldorf, Institut für

Kunstgeschichte, prometheus.

At first glance, Noll’s question of ‘human or machine’ seems to be aligned with

the Turing test. The question would thus be whether computers can make art, and

the criterion for determining the answer would be whether people are able to dis-

tinguish the computer-generated picture from the human artwork.3 The results of

Noll’s survey would therefore suggest that computers can make art. Such an ap-

proach, however, would require treating the picture ‘generated by a machine’ as if

it were a work by a computer and produced by it autonomously. By contrast, Noll,

however, emphasizes his own role, that is, his ownwork on the conception and pro-

duction of the computer-generated picture.Noll was very transparent in this regard

from the very beginning,when he first explained that he choseMondrian’s Composi-

tion from 1917 because such a picture, due to its formal simplicity, is within the range

ofwhathe canachievewithhis computer equipmentdespite its technical limitations

(Noll 1966a, 3). He then wrote, in a trial-and-error approach, a FORTRAN program

whose sole purpose was to produce something like Mondrian’s picture (Noll 1966a,

3f., and 1966b, 68 and 70). Furthermore, he ran the program several times and ob-

tained different pictures (fig. 3), because the program executed the concrete design

depending on random numbers and was thus able to generate new pictures again

and again (Noll 1966b, 70f.).

3 For such a transfer of the Turing test to the field of the fine arts and the question of creativity,

see Boden 2010.
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Figure 3: A.Michael Noll, Four computer-generated random pat-

terns based on the composition criteria ofMondrian’sComposi-

tion with Lines. Source: Noll, Computers and the Visual Arts,

71.

Figure 4: A.Michael Noll, Picture pair as presented on separate

sheets to the participants of his survey. Source: Noll, Human or

Machine, 5.

In the next step, he selected the picture that, in his eyes, best matched Mon-

drian’s Composition and thus promised to be difficult to identify as the computer-

generated picture. Finally, he cropped the circular computer-generated picture a lit-

tle at the top and bottom to match the shape of Mondrian’s picture and also copied
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both pictures xerographically so that themicrofilm print would not be easily distin-

guishable from the painting and its reproduction due to having different material

appearance and properties (Noll 1966a, 4f., 10). Noll thusmakes it very clear that be-

fore he could ask ‘man or machine’, he had to invest a great deal of human work not

only in the computer-generated picture, but also in staging the visual comparison of

his computer-generated picture andMondrian’s painting within his survey (fig. 4).

The similarity of Noll’s survey to the Turing test, whichNoll does notmention in

his article,may thus suggest itself, but it is at best, as Noll himself formulated retro-

spectively, a ‘crude approximation to Turing’s experiment’: ‘In a sense, the computer

with its program could be considered creative, although it can be argued that hu-

man creativity was involved in the original programwith the computer performing

only as an obedient tool.’ (Noll 1967, 92f.) Consequently, the question of ‘human or

machine’ in Noll’s survey can hardly be understood in the sense of whether a hu-

man or a machine created a work independently, and there is nothing to suggest

that the aim is for the computer to create art, hitherto thought to be the prerogative

of humans. Since this approach would presuppose leaving out the programmer on

the one hand, in order to present the result as the product of solely the computer,

and leaving out traditional tools and aids on the other, as if a human being could

produce a painting without making use of brushes and paint. Noll’s survey instead

inquireswhether the participants are able to distinguish between the picturesmade

by a traditional artist and painter or a new kind of artist who operates a computer. It

thus compares the traditional artistic practice without a machine, but with a brush

and canvas, and a creative practice withmachine, that is, a computer. It is therefore

not surprising that Noll occasionally compares the computer to the brush instead of

allowing it to replace the artist (Noll 1966b, 71, and 1967, 90).

Noll is therefore not concerned primarily with the question of whether comput-

ers canmake art, but instead with showing that people can alsomake art with com-

puters, just as they did before with brushes and oils. In other words, he aims at the

computer as an ‘artistic’ and ‘creative medium’ (Noll 1967, 89). For this reason, he

emphasizes the indispensable role of the new ‘programmer-artist’ (Noll 1966a, 9) or

‘computer-artist’ (Noll 1966b, 71) to an equal extent as the role of the computer, its

own mode of operation in general, and its possible randomization of the designs

executed in particular. Because of the inherent complexity of the computer, he un-

derstands it notmerely as a new tool ormaterial, butmuchmore as ‘assistance’ (Noll

1966a, 9) or as an ‘intellectual and active partner’ (Noll 1967, 89) of a new type that

artists should engage with.

Thus, at the beginnings of computer art, two ways of thinking about computer

and art together emerge.We can either try, as Noll suggests, to envision and explore

creative practices of humans and machines, in which ‘a tight interaction between

artist and computer constitutes a totally new, active, and exciting artistic medium’

and allows for ‘new art forms and possibly new aesthetic experiences’ (Noll 1967,
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89f.).4 Or we can try to replace the artist with the computer, but we will then proba-

bly embrace a questionable model of artistic creation, disguise the actual human

work involved, and possibly perpetuate traditional aesthetics.5 As I will show in the

following section, this conceptual alternative is still relevant despite the impressive

technological progress and recent advances in picture generation based onmachine

learningmethods.These newmethods are,however,mostly discussed under the lat-

ter perspective,which is not only inappropriate, because they still cannot dowithout

human work, but also occludes the artistic practices and potentials for which they

might otherwise pave the way.

AI, Art, and Practice

If we follow the headlines of recent years, there seems to be little doubt: computer

programs based on AI technologies aremaking art. Last year, an AI art picture titled

Théâtre d’opéra Spatial (fig. 5) won an art prize for the first time, at the Colorado State

Fair Fine Arts Competition, earning JasonM. Allen, who submitted the picture, 300

dollars in prize money (Roose 2022). In 2018, the Portrait of Edmond de Belamy (fig.

6) by the Paris-based artist collective Obvious already made headlines as the ‘first

work of art produced by artificial intelligence to be sold at auction’ (Alleyne 2018),

achieving the astonishing price of 432,500 dollars.

Let us leave aside for a moment the question of whether we are dealing here

withworks of art created by computers based onmachine learningmethods or, ulti-

mately, with well-staged stunts for the art market and the press. For it is important

first and foremost to take note of the amazing and impressive progress that com-

puter-assisted picture generationhasmade.Until the advances inmachine learning

for picture generation in the last decade, it was basically necessary to write, as Noll

did, a programwhich specifies how a picture is assembled from elementary graphi-

cal operations explicitly and stepby step. If theoutcomewasnot always the sameand

unpredictable, it was only because random values or the like affected the graphical

output.

The computer generation of pictures today works very differently because it is

based onmachine learningmethods and, in particular, on artificial neural networks

(ANN).To enable suchnetworks to performcertain tasks, they are not programmed,

but instead trained on data that specify the desired task.

4 There is no question that Noll’s experiments and particularly his re-creation of Mondrian’s

Composition fall short here, as he himself also concluded only a few years later (Noll 1970,

10f.).

5 The perpetuation of traditional aesthetics along this path in the field of literature is scruti-

nized in Hannes Bajohr 2021.
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Figure 5: JasonM. Allen,Théâtre d’opéra Spatial, 2022. Source:Wikime-

dia Commons.

Figure 6: Obvious, Portrait of Edmond de Belamy, 2018. Source:Wiki-

media Commons.
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In the case of the generation of pictures, theymust therefore be trained onmany

pictures so that the trained network should eventually be able to produce analogue

pictures in turn. In recent years,variousmethodshavebeendeveloped in this frame-

work and two types of ANNs in particular have become established.The twopictures

discussed above are examples from these twomost successful approaches.

The Portrait of Edmond de Belamy was generated by a generative adversarial net-

work (GAN).This approach was introduced in 2014 and denotes the first successful

artificial neural network able to generate high-quality pictures.6 A GAN consists of

the combination of two artificial neural networks: The first network, called a ‘dis-

criminator’, is trained to distinguish elements from a given training dataset, for ex-

ample, photographic portraits of human beings, from other elements or pictures.

The second network, called a ‘generator’, is then trained to produce pictures that the

discriminator is nevertheless unable to distinguish from the original training data

and therefore mistakes them, for example, for photographic portraits even if they

were computed from scratch.

GANs defined the state of the art inmachine learning for picture generation for

several years, but were outperformed last year by a new approach, which was also

used to generate Jason M. Allen’s award-winning Théâtre d’opéra Spatial.7 So-called

diffusion models are based on an idea that may seem curious at first glance. It is

simple to diffuse any picture by gradually adding some Gaussian noise. But could

we then not attempt to de-noise the blurry picture that results step by step in or-

der to finally reconstruct a picture that resembles the original one asmuch as possi-

ble?This is indeed possible and precisely the task that so-called diffusionmodels are

trained for. At the same time, they need other input to guide the process of de-nois-

ing: this guidance is provided by a text prompt describing the target picture. This

approach also created such a buzz in 2022 because the technology became available

very quickly and is relatively easy to use, from Midjourney by the company of the

same name, which was used by Jason M. Allen, to OpenAI’s DALL-E 2 and Stabil-

ity AI’s Stable Diffusion, which has become themost popular model: it requires less

computing power and was made openly available, so that it was used so frequently

that it nearly gave rise to its own flood of images.8

Given these unquestionable advances in computer-assisted picture generation

over all previousapproaches andespecially over the simpleprograms fromthe 1960s,

it may be tempting to take upNoll’s question of ‘man ormachine’ and answer it now

6 For GANs used in the field of AI-generated art, see the seminal paper Goodfellow/Pouget-

Abadie/Mirza et al. 2014 and the overview by Maerten/Soydaner 2023, 14–17.

7 The seminal paper here is Ho/Jain/Abbeel 2022. See also Marten/Soydaner 2023, 19–22, for

an overview of different diffusion models.

8 Decisive advances in efficiency were achieved in Rombach/Blattmann/Lorenz et al. 2022.
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without hesitation in favour of the machine. In view of the impressive technologi-

cal progress, it nonetheless seems perfectly reasonable to hesitate for amoment and

take a closer look before believing that the ‘programmer-artist’ has been replaced by

the recent models of machine learning or the ‘program as artist’. Is the advance in

methods and techniques really so fundamental that we should claim that the ma-

chine now makes art? Or should we not ask, following our reflections on Noll’s ap-

proach in the first section, how much human work had to be put into the machine

before we feel pushed to the alternative of ‘man or machine’ or even think that we

have to decide it in favour of the computer?

In fact, a closer look quickly reveals howmuch humanwork goes into such com-

puter-generated art. I would like to provisionally distinguish four different steps or

layers of human work based onmy two examples. A first, quite simple aspect refers

to the final stage in the making of the picture. In the two most recent examples of

putative AI art, the computer-generated picture was apparently edited by hand. In

the case ofThéâtre d’opéra Spatial, JasonM.Allen ‘cleaned up’ the image ‘by giving one

of the female figures in his winning image a head with wavy, dark hair after Mid-

journey had rendered her headless’ (Metz 2022). Such an intentional and manual

intervention can most likely also be found in the Portrait of Edmond de Belamy: It is

evident that the mathematical formula in the lower right corner of the picture was

added manually by the art collective Obvious in order to mimic a signature. A first

stage or layer of the involvement of humans in computer-generated art is thus the

intentional andmanual editing of computer-generated pictures.

Moreover,Obvious’s pseudo-signature hints at a second layer or stage of human

involvement. The pseudo-signature in the form of a mathematical formula is ap-

parently a means to emphasize and orchestrate the computer’s authorship, but it

goes back to amanual addition by the human artists.This indicates that it is not the

computer that claims to have produced a work of art, for, in these pictures, as al-

ways, the computer has simply calculated an output froman input.Read against the

grain, then, the manually added pseudo-signature reveals that human involvement

is required to transform a computer output into a work of art, that is, to first select

suitable outputs,present themasworks of art, and thusfinally feed them into the art

system or the art market. As long as art is primarily addressed to human beings, it

hardly seems conceivable that art candowithout this second layer or stage of human

work, which I would characterize as curatorial practice.

Thesefirst twoaspects of human involvement take computer-generatedpictures

as starting point. Human involvement, however, already took place before a picture

could be generated by a computer in the first place. Not only do the artificial neu-

ral networks presuppose training data that are naturally taken fromhuman culture,

whichmeans that themachine learning-based picture generation ultimately incor-

porates the history, genres, styles, and media of pictorial representation, a process

that entailsmany ethical and legal problems, frommachine bias to copyright issues.
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Similarly, the procedures employed, from network architectures to training algo-

rithms, while based on a great deal of mathematics, are cultural products through

and through:They are ultimately engineering accomplishments developed for a very

specific task, such as the generation of pictures, and thus embody cultural values

and economic aims in many ways, from the ideals of realistic and coherent depic-

tion, which are thoroughly conventional and normative, to goals of increased effi-

ciency, automation, or new products and services.9 At the level of technical proce-

dures and computational processes,wemust therefore already presuppose a funda-

mental layer of human involvement in the form of cultural and economic aims and

contexts, without which not even one single picture could be computed.

The fourth layer or stage of human involvement in computer-generated art has

to do with the concrete use of programs or machine learning models: Because the

computer does not generate output without input, humans are also necessarily in-

volved in the input stage. Depending on the methods, models, and programs used,

the input can take on different forms. In the case of diffusion models, which are

currently attracting so much attention, it was the standard until recently that they

required a short text, a so-called prompt, as input.This text should characterize the

target picture and is necessary to guide the technical de-noising process.The power

of the new technology is often demonstrated by presenting this text along with the

selected and, naturally, convincing result. This form of presentation, however, ob-

scures the fact that, in the use of these tools in practice, the relationship between

text input and picture output is anything but trivial.

Thisdenotes,first of all, that it is bynomeans the case that changes in thepicture

output following a modification of the text prompt would be readily understand-

able. As can easily be seen by tinkering around with models like Stable Diffusion or

in experiments accessible on the Internet, many surprises lurk here, and the addi-

tion of even one or more phrase points at the end of a text prompt, which may be

rather meaningless for us, can significantly affect the output.10 In order to actually

use such a model or tool productively, some practical experience on the part of the

human user is thus definitely required. In addition, even with a more intuitive in-

put/output behaviour, any use of such tools requires some kind of intermodal trans-

lation from text to image: one paints and drawswith words, as it were,which would

9 I am unable to address this argument in detail here for reasons of space. But the approach of

relating culture to its tools and technologies and simultaneously considering the latterwithin

the context of cultural conditions and purposes has a long and varied tradition, which can be

linked, for example, to the history of technology and the journal Technology and Culture or to

the popular account by Arnold Pacey (1983), which includes institutional and organizational

points of view. See also Damisch 1963 for a similar approach with reference to the technical

picture of photography.

10 For example, the ‘Stable Diffusion Prompt Guide’ on the youtube channel of Nerdy Rodent,

accessible via the link https://www.youtube.com/watch?v=c5dHIz0RyMU.
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be a completely new situation for designers and artists and simultaneously open

up undreamt-of possibilities for creative laymen to produce pictures. At the same

time, text input allows only limited control over image output. It therefore comes as

no surprise that since the beginning of this year, newer tools and models have been

emerging (such as M-VADER or ControlNet), which permit people to characterize

the target picture not only by means of a text prompt, but simultaneously through

a picture input and its various algorithmically analysable properties.11 What might

considerably facilitate the integration of such tools into designpractice,however, si-

multaneously indicates that human involvement is required here, from a practice of

interaction and interplay between the user and the computer in general to the per-

son of a designer who is experienced in handling these tools and knows how to use

their input/output behaviour productively for his or her creative practice.12

Conclusion

Therecent advances inmachine learning-based picture generation are certainly im-

pressive.Nevertheless,my argument is that we are not in a fundamentally new situ-

ation compared with Noll’s early experiments with computer-assisted picture gen-

eration, even though the latest models and tools are technically far more complex

thanNoll’s simple and short programs: Beforewe can finally ask the question of ‘hu-

man or machine’, we are nonetheless investing a lot of human work in computer-

generated pictures or artworks, from the technical development of themethods and

models and identifying suitable input, to the selection and editing of the output and

feeding the result into the art system and art market. In other words, this alterna-

tive is only conceivable because we havemade a lot of human work invisible, so that

it can appear as if such a picture was generated solely by a computer or machine.13

The fear that the human artist will be soon replaced by the art-creating computer

therefore seems to me to be a misguided and short-sighted conclusion influenced

by the stunning new pictures.

This argument is by nomeans about preserving for humans the privilege of cre-

ativity, fromwhichmachineswould remain excluded andwould therefore be barred

frommaking art themselves. For just as little asmachines,humanbeings also donot

11 See Weinbach/Bellagente/Eichenberg 2022 and Zhang/Agrawala 2023.

12 To put it another way, it takes human work to make the computer and specific tools a part

of a human and social practice. This type of argument was, to my knowledge, first developed

with reference to the pocket calculator and its integration into arithmetic practices in Collins/

Kusch 1999, 121–24, and in greater detail in Collins 1990, 62–71.

13 By invisible human work, I do not primarily mean the clickworkers who often label the

datasets needed to train the machine learning models, Irani 2016; Gray/Suri 2019; Crawford

2021, 63–69.
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make art on their own.We should instead take into account the creative practices in

which, alongside human beings, instruments and tools, techniques and materials

have always played a central role, and in which intensive engagement with the latter

has always also been a source of creativity.14 Since Noll’s time, the computer, var-

ious applications, and software suites have thus transformed creative practices in

many ways and the new machine learning-based tools will bring further sweeping

changes.

The danger here is therefore not so much that the computer will replace the hu-

man being, but that artists and designers who use these new tools will probably

replace the artists and designers who do not work with them. The real challenge,

then, is to use the new tools not merely to automate standard workflows and re-

produce traditional aesthetics, but also to engage productively and creatively with

the new technology, which in no way precludes critical scrutiny. For the purpose of

leveraging the creative potential of the new tools, we can andmust develop creative

practices in art and design in the context of and in confrontation as well as collab-

oration with these new technologies. Given the rather primitive beginnings of the

computer-assisted generation of pictures in the 1960s,Noll’s hope for a ‘newcreative

partnership and collaboration between artist and the computer’ (Noll 1967, 93) seems

to have a simply counter-factual and, in this sense, utopian character.With respect

to the new machine learning tools, this hope is perhaps a bit more realistic, since

these tools do not simply execute programmed instructions. They are much more

complex and operate on the basis of what they are able to extract from the training

data, in this case usually a huge set of images, and thus certainly open up new pos-

sibilities for interaction and collaboration.15 But, even today, Noll’s hope for a ‘new

creative partnership’ can barely conceal its utopian touch, if only because the new

technology and its widespread application will not only bring about many changes

in practice, but will also entail economic and legal conflicts and necessitate political

debates and regulatory measures.
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The Hidden Costs of AI

Decolonization from Practice back to Theory

Oumaima Hajri

This paper is dedicated to the ethical and societal aspects of artificial intelligence

(AI) and focuses on two main topics: the hidden costs of AI and the importance of

taking recourse to theory. Investigating the hidden costs of AI is crucial because,

while there is a positive narrative surrounding its potential benefits, we must also

consider its impact. Who benefits from it? And who is further marginalized? Ad-

ditionally, it is essential to understand the underlying logic(s) and theories before

jumping to technological innovations, in order to prevent the reduction of complex

societal problems to mere technological solutions.

AI is a multidisciplinary field informed by various knowledge systems and dis-

ciplines. While technical disciplines have played a significant role in the develop-

ment of AI, other areas such as the natural sciences (biology, physics), literature,

linguistics, philosophy, and psychology have also made substantial contributions.

The works of Jacques Loeb, a German-American biologist, and Nicolas Rachevsky,

a Ukrainian-American physicist, exemplify the multidisciplinary influences on AI

(Watson 1913; Piccinini/Bahar 2013). Loeb’s concept of treating organisms as chemi-

cal machines highlights the biological perspective, thus emphasizing the reduction

of living organisms to mechanistic aspects. Rachevsky’s idea of using theoretical

mathematics to simplify complex biological systems demonstrates the integration

of mathematical and computational thinking into studying life.

Given the diverse streams of knowledge that have contributed to AI, it can be re-

garded as amultifaceted field that cannot be easily classified in one single category.

It is not strictly a technical field, although technical disciplines are central to its de-

velopment. AI is also not solely a vision for a utopian society or a social construct,

even though it has implications for both. AI can therefore instead be understood as

an umbrella concept encompassing awide range of approaches and perspectives. To

comprehend the various facets of AI, it is helpful to break it down into different cat-

egories. Based on the current scholarly literature, one possible taxonomy includes

approaching AI as an instrument, AI as an infrastructure, and AI as an ideology.

These categories highlight different aspects and roles of AI, such as its use as a tool
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for knowledge amplification, its role in shaping technological infrastructure, and its

broader philosophical implications.

AI as an Instrument

AI technologies have emerged as vital sources of knowledge, enabling us to perceive

intricate features,patterns,and correlations beyondhumancapacities.Wefindour-

selves captivated by the allure of vast datasets, believing that the larger the dataset,

the better the outcome. AI is, however, more than merely a tool for observing and

representing; it has begun shaping our perception of reality and influencing how

we deal with data subjects.We are entranced by the notion that algorithms can self-

learn and self-evaluate, thus bestowing an almost unquestionable authority upon

them.But wemust nonetheless ask ourselves whywe readily accept algorithmic de-

cisions without critically assessing their context. For example, why do we trust an

algorithm that labels specific individuals as fraudulent or implies that people of a

particular skin colour are more prone to criminality without considering these de-

cisions?

Moreover, our society has become ‘datafied’, leading to an obsession with num-

bers and quantification (Van Es/Schäfer 2017). We have transitioned from under-

standing the immaterial aspects of the natural world to relying on calculations for

every facet of our existence. In this mechanized worldview, human beings are re-

duced to mere datapoints.The social context, which is far too complex to be encap-

sulated in a mathematical formula, is thus cast aside. We have embraced the belief

that numbers do not lie and that they alone can reveal the complete truth. Yet, we

must recognize that technology is far from neutral. AI-based decisions are prone

to inaccuracies, discriminatory outcomes, and embedded biases.These issues stem

from the assumptions embedded within the design of algorithms, thus shaping AI

systems to embody specific forms of power and authority driven by the values of

those who create them.

Hence, every choice in the development and deployment of AI must be well-

considered, with ethical considerations at the forefront.Within the realm of AI, bi-

ases manifest themselves in various forms. Historical biases are perpetuated as AI

systems reinforce existing social inequalities, often limiting the roles available to

women or perpetuating stereotypes (Benjamin 2019).Dataset biases arise due to the

classification frameworks ingrained within our data. Outdated and distorted tax-

onomies misrepresent social diversities and exacerbate social hierarchies, warping

our worldview (Noble 2018). Additionally, algorithmic biases and statistical biases

emerge due to algorithms’ efficient but compressive nature, leading to information

resolution issues and a loss of social context (O’Neil 2017).
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In summary, AI’s role as an instrument for knowledge magnification presents

both opportunities as well as challenges. While AI enables us to uncover valuable

insights,wemust approach its use cautiously. Technology is not neutral, and AI sys-

tems are susceptible to biases and inaccuracies. It is therefore imperative for us to

critically evaluate algorithmic decisions, consider the broader social context, and

ensure that AI aligns with ethical principles. Let us not forget that behind the algo-

rithms, numbers, and datapoints lie the intricacies of humanity, which cannot be

reduced to a mathematical formula.

AI as an Infrastructure

While we tend to perceive AI as intangible and non-physical, recognizing its pro-

found impact on our physical world is crucial. AI is not invisible; it is highly physical

and tangible, and its presence reverberates through our society.Whenwe delve into

the physicality of AI,we realize the extensive resources it requires.The construction

of AI involves data centres, chips, computers, and various physical components, and

thus involves a series of invisible factories (Crawford 2021).One aspect of AI’s physi-

cality that warrants attention is its carbon footprint and its implications for climate

change (Okafor-Yarwood/Adewumi 2020). Amid discussions of environmental sus-

tainability, we often overlook the role of our technologies and the escalating digiti-

zation accompanying them. Consider data centres’ energy and water consumption,

the computing power needed to sustain AI systems, and the consequential environ-

mental impacts.

A study at the University of Massachusetts, Amherst, revealed a startling truth:

a lifecycle assessment for training several standard large AI models can emit more

than 626,000 pounds of carbon dioxide (Strubell/Ganesh/McCallum 2019). This

staggering figure is equivalent to five times the lifetime emissions of an average

car in the United States. It also highlights the substantial environmental costs

associated with AI.What AI requires are thus not solely physical resources, but also

planetary resources. This brings us to a critical point of reflection: the extraction

of materials required for AI infrastructure. For instance, lithium, often referred to

as ‘grey gold’, is predominantly found in Bolivia and is essential for batteries and

chips. Similarly, cobalt, mainly sourced from the Democratic Republic of Congo, is

vital in producing AI components (Crawford 2021).

These countries in the Global South are rich in rawmaterials, making them tar-

gets for resource extraction. We must, however, recognize the social implications

of these technological advancements. The inequities that emerge are reminiscent

of contemporary colonialism (Ensmenger 2018). For example, the chips within

our smartphones, indispensable components of AI, are likely mined by children

in Congo under deplorable conditions. We exploit their resources, subject them to
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harsh working conditions, benefit from the technology, and, to add insult to injury,

dump our electronic waste in these countries as well (Young 2020). What was once

a treasure for us has now become trash for them. Consequently, the divide between

the Global North and the Global South continues to widen.

This form of technological exploitation exacerbates the socioeconomic dispar-

ities between nations. Acknowledging AI as an infrastructure, as a physical entity

with profound consequences, is thus vital.The carbon footprint it leaves behind and

the planetary resources it exploits are pressing concerns to be addressed. We must

confront the realities of contemporary colonialism and address the unjust distribu-

tion of benefits and burdens associatedwithAI.Aswe forge into the future,wemust

ensure that technological progress is accompanied by ethical and equitable prac-

tices, fostering a world where everybody shares the benefits of AI.

AI as an Ideology

Examining the ideologies that drive innovation, knowledge production, and beliefs

within this field is essential to understanding the path towards decolonization. As

mentioned above, AI has become a ubiquitous term eagerly embraced by all sectors.

Attaching the label ‘AI’ to any technology brings a certain prestige and allure. Every-

thing seems to revolve aroundAI, and everyone claims to be anAI expert.A so-called

‘air ofmagic’ is associatedwithAI formarketing purposes.Unfortunately, the desire

to jumpon theAI bandwagonhas turned it into an end in itself, as evident in the race

for dominance and hegemony between China and the United States (Stilgoe 2020).

This ties into the ideology of ‘data as the new gold’. But, as Gina Neff points

out, we treat gold as a commodity that can be found and extracted relatively effort-

lessly (Neff 2013).Data, on the other hand, is not simplymined; it is constructed and

shaped by human actions. Another crucial aspect is the prevailing ideology of tech

solutionism, which insists that innovation inherently relies on digitization (Lanier/

Weyl 2020).As a result, traditional approaches to problem-solving should be consid-

ered before technology. Furthermore, the knowledge informing this field is heavily

concentrated in Silicon Valley, primarily among data scientists and AI engineers.

So,wemust ask ourselves:Who shapes the understandingwithin this field? (Stilgoe

2020).

Why do we trust technical experts to make far-reaching decisions that pro-

foundly impact our societies? Why do we grant such extensive power to privately

owned companies? It is time to reclaim power and give it back to the people.

The dominant engineering perspective within this sphere raises questions about

whether we are using technology because we believe it to be a solution or if we

are creating problems to implement our predetermined solutions. To address the
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decolonization of AI concretely, two crucial factors come to the fore: the language

surrounding AI and the imaginaries we associate with it.

The language used to represent AI often masks the accountability of the human

beingswhodevelop the technology.AI is portrayed as ‘intelligent’ and ‘self-learning’.

This raises important questions about human intelligence and creativity.Moreover,

the ‘artificial general intelligence’ concept prompts us to ponder the potential impli-

cations for humanity. Additionally, while discussions about robot rights are ongo-

ing, it is essential to acknowledge that somehumanbeings lack fundamental human

rights (DeGraaf/Hindriks/Hindriks 2021).The languagewe use to discuss AI erodes

ourunderstandingofwhat itmeans to behuman.Fromahistorical perspective, lan-

guage has been a tool used in processes of colonization to convey certain beliefs and

values.Deconstructing the concept of AI allows us to critically examinewhat it truly

means to be intelligent. Looking back, we can observe that intelligence was histori-

cally linked to theories of racial improvement and eugenics, thus legitimizing racial

hierarchies and justifying the enslavement of certain groups (Cave 2020).

If our associationwith intelligence is rooted in these historical contexts, it is un-

surprising that these ‘intelligent’ systems we are striving to build inadvertently per-

petuate harm towards particular groups. Why is it that these systems consistently

harm specific communities? Why is it that those in the Global South who risk their

lives extracting raw materials for our technologies do not benefit from them? Our

word choices and language are generally never neutral, but instead inherently value-

laden and political. In conclusion, the decolonization of AI requires a critical exami-

nation of the ideologies driving its development.Wemust challenge the notion that

AI is amagical solution, the belief that data is readily available for extraction, aswell

as the concentration of knowledge in specific regions anddisciplines. Let us reshape

the language surrounding AI, redefine intelligence, andwork towards equitable and

just technologies that uplift all of humanity.

As we delve further into the discussion on decolonizing AI,wemust address an-

other crucial aspect: the whiteness of AI. It is vital to examine the representation of

AI in imagery and language and to understand the need for a cultural shift within

the field. First, let us consider the prevalence of predominantly white stock images

and the portrayal of white robots.This raises questions about the realistic depiction

of technology and the people behind it.Wemust aim for images that accurately rep-

resent the technology, its strengths, weaknesses, context, and applications (Cave/

Dihal 2020). Similarly, speech recognition systems should be designed to recognize

and accommodate various accents and dialects. The notion of what constitutes an

accent itself deserves critical examination (Cave/Dihal 2020). It is evident that AI

requires a cultural change, and we must acknowledge that everyone plays a role in

driving this change.The cultural sector, in particular, has a vital role in creating new

AI cultures.Culture and art canhelp us reimaginenew futures, engagewith the sub-

ject matter, andmake the challenges of our digitizing society tangible.
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Before concluding, I would like to share two interesting best practices that can

contribute to the decolonization of AI. Firstly, using clear language aroundAI is cru-

cial. Initiatives promoting accurate reporting about advanced technologies such as

robots and AI have been introduced. Guidelines, like those initiated by Ben Shnei-

derman for journalists, emphasize the importance of clarifying human initiative

and control (Shneiderman2022). Insteadof suggesting that computers act indepen-

dently,we should highlight the humanprogrammingbehind these actions.Further-

more, it is essential to avoid using of human verbs such as ‘understand’, ‘learn’, or

‘think’ to describe computers in human-like ways. We must emphasize the human

labour involved in operating AI systems.

Secondly, we need better images of AI. The current dominant images perpet-

uate misconceptions and limit public understanding of AI systems. Initiatives like

thenon-profit collaboration ‘Better Images ofAI’ are researching, curating,andpro-

viding more accurate representations of AI. They aim to showcase a broader range

of humans and cultures, highlight AI’s human, social, and environmental impacts,

and depict the human labour involved. They promote authenticity, inclusivity, and

creativity by encouraging a shift in imagery.1

Conclusion

I started with the importance of taking recourse to theory by understanding the

logic(s) behind certain beliefs and reflecting on the language we use. We must ac-

knowledge that these logics are primarily driven by capitalist ideologies prioritize

profit generation over humanwellbeing and rights.Moreover, they are often under-

pinned by discriminatory and racist ideologies that reinforce hierarchies and supe-

riority, privileging ‘Whiteness’ in particular. To effect meaningful change, we must

resist the temptation to jump to solutionswithoutunderstanding the theory.Simple

ethical principles like ‘transparency’ or ‘accountability’ can lead to ethics-washing

and divert attention from the core issues at stake.

From a historical perspective,we have seen that transparency as an accountabil-

ity mechanism has not been helpful—because it has been proven that it is where

it starts and ends (Ananny/Crawford 2018). Take, for example, the case of Islamo-

phobia, it is evidently transparent that this minority group has been excluded for

decades and still is. It is also increasingly recognized that such forms of exclusion

and biases are being perpetuated through technologies optimized for a specific type

of group (Samuel 2021). But why are things not changing?

Letme endwith a great quote by bell hooks and her reflection on the importance

of theory:

1 https://betterimagesofai.org/ (accessed in August 2023).
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I came to theory because I was hurting—the pain within me was so intense that

I could not go on living. I came to theory desperate, wanting to comprehend—to

grasp what was happening around and within me. Most importantly, I wanted to

make the hurt go away. I saw in theory then a location for healing (hooks 2014).

Theory can be confronting because it showcases our biases and the dark side of hu-

manity, but it also enables us to recognize the injustices present in this world; it al-

lows us to understand living conditions that should not be tolerated. As bell hooks

argues: theory can be liberating—and should always come first, prior to interven-

tions.
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Dead End or Way Out?

Generating Critical Information about Painting Collections

with AI

Lukas Fuchsgruber

Why the current urgency to talk about artificial intelligence in museums—apart

from the fact that large software companies periodically push this topic, in rota-

tionwith others like big data, virtual reality, and blockchain? Automated knowledge

work is perceived as powerful, and automation even is understood as having the po-

tential to decentre the genealogies of power inmuseums, the power of themuseum

itself. There appears to be a connection between the virulent debates about the fu-

ture of museums as social spaces and the approaches to re-indexing their past, or

rather their holdings.

In the current discussions about the social role of museums, there is generally a

tech-solutionism, that is, software as a solution to social problems such as lack of ac-

cessibility, prevailing biases, and lack of representation.Automated recognition and

decision-making by trained algorithms—so called artificial intelligence—is praised

again and again as such a technical solution. But one danger of tech-solutionism

is that the structure of social power relations remains unchanged, while powerful

positions propagate technical solutions that only seem to address a particular so-

cial problem.The claim that museums will becomemore accessible and democratic

if they digitize their collections is one such technological fix. Does more data equal

more participation? This text questions this assumption, using AI as an example.

To this end, I present socially critical texts on AI and link them to processes around

digital collections.

We see how algorithmically automated revisions of collections helpmuseums in

their social crisis of meaning.This crisis entails being an institution of the past that

is constantly confrontedwith its history.Fromart to so-called ethnographical collec-

tions,exclusionsandpower relationsare inscribed inmuseumcollections fromtheir

very beginnings, since they were created historically by politically and economically

powerful individuals. AI can help to explore these collections as archives of social

relations and domination and make social themes visible, for example, in museum

storage depots. This process would be a sort of automated critical museology. But
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the question of the method pursued and its aims, as well as who participates thus

becomes more urgent.

Beyond Tech-Solutionism in Art History and Museums

To discuss social and political problems associated with the use of digital technol-

ogy, I propose going back a few steps and askingwhatwe are doingwhenweunleash

AI onmuseum collections and what social problems exist therein. Although we talk

a lot about algorithms doing things (supposedly even showing intelligence), they are

all ultimately constructed, fed with information, and used by humans.What social

aspects can we observe if we, however, shift our gaze from image recognition tech-

nology or deep learning to human actors?My aimhere is thus to present issues from

critical research on AI in general and to try to apply these critiques to the museum

sector: not only in order to address invisible labour, but also to ask,with Susan Leigh

Star, howmuseum algorithms might strive to pass not the Turing test—the idea of

a computer reasoning like a human being—but the ‘Durkheim test’, in other words:

Does their technology pass the test of supporting social relations (Star 1989, 41)?

When dealingwith complex technologies like artificial intelligence, it can some-

times be challenging to clearly identify the problems involved.Thediscussions often

focus on solutions, on what is possible. For example, trained algorithms are able to

compare images.We all know this from reverse image searches provided by search

engines: you put in an image file and get the source and similar images. Since the

1980s, this has been considered a promising technology for image-based research

in art history and extensive image collections inmuseums (Hamber/Miles/Vaughan

1989). In addition to similarity and image recognition, as in the example of Google’s

ImageSearch, the taggingof imagecontent is also crucial.Whathappenshere is that

existing classifications of digital data—digitizedpaintings, et cetera—are expanded

to include other classes. One perspective is that AI will make the extensive collec-

tions of images digitized over the last few decades more accessible to various inter-

ests anduses.Automatedprocesses are therefore taskedwithhelping to increase the

quality of the large datasets created in the process of digitizing museums. A quote

froma collaboration betweenTheMetropolitanMuseum,Microsoft, andMIT: ‘…our

goal was to imagine and develop scalable newways for global audiences to discover,

learn, and create with one of the world’s foremost art collections through artificial

intelligence.’ (TheMetropolitan Museum of Art 2019).

These algorithms are improving because, among other things, they have been

trained on vast sets of classifications, for example, images found on Wikipedia or

discussions in the online forumReddit, to name just a couple of popular sources for

training AI. The ImageNet algorithm, also often used by museums, utilizes Ama-

zon’sMechanical Turkwork platform to have people describe images formicro-pay-
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ments. AI is thus based directly or via detours (for instance, Wikipedia or Reddit)

on the work of the many people who have described images. These workers are of-

ten overlooked in discussions of AI, an aspect that is associated with many of the

problems addressed in the discourse on AI. This dead corner is especially relevant

formuseums, as places that strongly differentiate between their inside and outside,

internal expertise and authority, knowledge workers and other staff and their audi-

ences as external visitors.

What do we actually do when we have an AI rewrite museum data? AI is mostly

based on the use of lots of data, the training of amodel, and then applying themodel

to other data andproducingmoredata. In the case of classification, for example, it is

often about whether motifs can be recognized automatically. Such projects of clas-

sifying based onmotif recognition, however, call for a more critical look. Recogniz-

ing motifs in pictures is a particular task, and much of art historical research con-

sists of doing entirely different things, for example, analysing text sources, recon-

structing relationships, and tracing stylistic features in order to understand artis-

tic choices—behind which often lie relationships—social contexts such as events,

the social position of artist and client, social issues in representation, and power re-

lations in images. Miriam Posner has pointed out how diverse and polyphonic the

data and metadata emerge from this manifold art-historical work is (Posner 2015).

But since this information is often located in unsorted photo folders, Word docu-

ments, and chaotic tables, humanities scholars, in her view, struggle to recognize

this as research data. These research materials thus also remain unpublished. Big

companies and organizations that train algorithms on text-image connections use

the structured source material that is already available, for example, social media

posts containing an image and caption. And the AI projects in museum collections

thenworkwith thismaterial instead of being able to use themore complex scholarly

interpretations. The capabilities of AI trained on such data thus require demystifi-

cation; to this end, existing AI projects in museums should critically document the

use of these algorithms: document the use of labour, datasets, and industrial tech-

nologies, as well as how they assess the impact of these facts on their methodology.

These reflections should be prominent in the project descriptions, oriented toward

themodel cards proposed byMargaretMitchell, TimnitGebru, and others (Mitchell/

Wu/Zaldivar 2019).

What social aspects can we, however, observe when we shift our gaze from im-

age recognition technology or machine learning to the human actors involved? To

reflect critically onwhatwe are doingwhenwe use AI in art history andmuseums, it

is essential tomake the underlyingwork visible.That is, to ask who describedwhich

images under which conditions, and who produced the content we now use to gen-

erate new metadata. The business model of AI companies, by contrast, is the op-

posite, obfuscating what exactly the training dataset contains and how the model

works. There are technical reasons for this behaviour, namely the combination of
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many models and the self-learning of programs, but also economic ones, as Karen

Hao has shownwith the example of OpenAI,which started as a non-profit, but now,

under competitive pressure, publishes less and less information about their algo-

rithms (Hao2020).AI companiesobscure the ‘free labour’ (Terranova2000) that goes

into producing digital knowledge in online communities, and at the same time seek

to protect algorithms as their ‘fixed capital’ (Terranova 2014, 383).Museumsworking

with the AI products of software companies therefore ought to explore strategies to

work against this economic logic. Unfortunately, museums themselves often fail in

their projects to properly document their use of algorithms—what datasets the al-

gorithmwas trained on, who created them,what harms need to be considered, and

who was consulted for auditing. It is not as if specific companies are to blame and

the cultural sector is generally doing a better job. Museums and digital art histori-

ans instead carelessly present AI and data visualization projects with no accessible

documentation. Every digital museum project should, however, contain such doc-

umentation as a minimum standard. But making existing problems visible is not

an end in itself. Decentring museum power based on algorithms is a more complex

task.

A Sensitive Approach

Beyond such standards of documentation and a critical analysis of existing algo-

rithms, I would, however, also like to offer perspectives on a sensitive approach to

the ethical issues involved in the automated processing of museum data. Follow-

ing Villaespesa andMurphy, we should shift the focus fromwhat is possible and af-

fordable, meaning what is available as a product, to authoring processes of devel-

opment from within the cultural sector (Villaespesa/Murphy 2021, 381). Regarding

image reclassification with AI, I am particularly interested in emphasizing the dif-

ferent things it can entail. Instead of the widespread idea of more-is-better in the

context of technology, that is, more data would mean more diversity, the prerequi-

site for expanding classifications should be reflecting on existing classifications of

art in museums. If we simply want to expand museum legacies such as discrimi-

natory language, Eurocentrism, and the patriarchal, colonial, and capitalist power

relations reflected in collection histories and descriptions by means of the unques-

tioned diversity of closed AI systems that cannot be seen, we expand classification,

but we do not reflect on it.

Central questions here are:What labour arewe automatizingwithAI?Whatma-

terial is computed as models (trained) according to which aspects? And what are

these models then used for? As authors like Ruha Benjamin have shown, automa-

tion often reproduces existing inequalities (Benjamin 2019, 8).The problem asmen-

tioned above, is that the data AIs workwith is not generated, since this would be too
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expensive, but instead captured. For museum projects, this means that if we con-

front historically shaped collectionswith arbitrarymodels and training sets,we risk

that what ultimately comes about is not diversity but discrimination. Another dan-

ger, as Kate Crawford points out, is that the political question of social diversity is

replaced here with data variance (Crawford 2021, 136). One example would be racist

bias from algorithms trained on skin colour. If the dataset is too white, black peo-

ple are added to correct the bias. But the underlying process of classifying people by

skin colour remains unaddressed. Using the example of gender identity, which AI,

even more so, fails to ascribe via a visual feature, Crawford shows how problematic

such automated classifications are (Crawford 2021, 130ff.).This question can also be

applied to classification algorithmsused inmuseums,namely in the classificationof

people in images.How dowe deal with these problems? Andwhy should automated

processes classify people visually in the first place?The risk of reproducing othering

and subjugation as a visual ideology of art is inherent in this. I would also link this to

MiriamPosner’s abovementioned arguments about humanities data and say: better

datasets on social issues are needed if we want to use AI to rework classifications of

cultural heritage beyond the inherent structures of discrimination and the injustice

of museum collections. It is partly simply about critical art history putting aside its

own scepticism about data production and systematically developing its own big-

ger datasets on scientific and social questions. Deeper and structural change is not

a technological issue, either in art history or museums.

Instead of merely looking for the newest products by Microsoft, OpenAI, and

Google, museums should be asking who they are collaborating with on AI projects,

what datasets they are using, and how they can track questions beyond colour and

subject recognition. So, why are we using AI at all? The researcher Ruha Benjamin

calls for questioning design processes as awhole: putting social fairness above tech-

nological efficiency. She asks, ‘Do fixes fix us?,’ or, in other words:What impact does

automating classification processes have on our perceptions (Benjamin 2019, 64ff.)?

This is another questionwe should askwithin the context ofmuseums. I think this is

anewfieldof researchwhere critical art history still has a lot tofigureout.Vice versa,

art history has the potential to contribute to critical studies onAI.Being aware of the

problems of classification in art history—keywords, Eurocentrism, et cetera—we

should develop a critical methodology for analysing AI and examining the existing

black boxes in art history. Who produced the data, and how does that determine

classification and visual computing?These are new art-historical questions.

The approach that Ruha Benjamin proposes is a critical analysis of AI through

auditing procedures and an orientation towards solidarity-based technology. She

lists numerous initiatives that are conducting critical research onAI in the appendix

of her book. This is one of many pools of information in the critical literature that

museums using AI to reclassify their collections should utilize to reassess their ap-

proaches. There are, of course, economic constraints. Existing funding is not suf-
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ficient to train alternative AI models. Museums and art history departments are

not able to compete technically with the most powerful technology companies in

the world. Kate Crawford mentions that resource-intensive AI research is funded

by public money in a roundabout way, for example, when the construction of large

data centres is supported.There is thus a logic of economic innovation that prevents

the humanities from developing their own AI resources. Funding instead goes to

large companies that then rent their untransparent algorithms back to science—or

provide free limited access in exchange for enthusiastic art historians testing and

auditing their algorithms for free on social media.

Collaborative Development of Digital Tools

The biggest constraint is not economic, because our demand would then be merely

upscaling funding for the digital humanities, but instead social and political. Are

museums ready to collaborate on processes of developing critical digital tools? Can

they orient themselves toward ‘data solidarity’, as proposed by Mercedes Bunz and

Photini Vrikki? They define data solidarity as ‘the willingness to share datasets and

resources with others while acknowledging the invisible processes that take place

during the creation, production and sharing of datasets’ (Bunz/Vrikki 2022, 58). For

them,this is related to solidaritypolitics: ‘Visibilizing thoseprocessesand their flaws

that may result in marginalizations … accentuate[s] the need for a collective action

that will be based on the values or solidarity’ (Bunz/Vrikki 2022, 58).When transfer-

ring these concepts to museums, we have to ask what collective action might mean

beyond established practices of citizen science, as well as how to practice such ‘col-

lective action’? If art historians want to question and expand classification in mu-

seums, the first point would be to ask ourselves what solidarity is involved in our

reclassification.

Debates about the social role ofmuseumsareprimarily about solidaritywithun-

derrepresented, socially marginalized people. A digital task related to this is thus to

train classification models and datasets to address this question of representation

and domination. This is a different approach to diversity in data than the massive

datasets of large AI companies. Museum collections do not automatically become

more diverse by being described inmore diverse ways. But we could use algorithms

for a solidarity practice of critically describing power relations in collections. This

means mobilizing research results from critical social and historical studies. For

this, museums and art history departments have to continuously reach out to the

existing projects of researchers working in this field or those who are active outside

the science sector, for example, in socialmovements. Ifmuseums are unable to do or

afford all of this, lack resources, have entrenched structures, power relations, eco-

nomic constraints, et cetera, they should at leastmake their owndata freely available
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in open formats to allow others to do this work and develop algorithms.Making this

data as well as documentation and archives available is the minimum demand in

connection with museum data politics, hence foregrounding the democratic value

of data and an initiative to create datasets by making them publicly available based

on a gesture of solidarity (Bunz/Vrikki 2022, 55).

As I have shown in this text, there is nomasterplan for away out of the social and

political legacy of art history as we encounter it in museum collections. Suppose we

want to use so-called artificial intelligence beyond reproducing social domination.

One way is to align with critical social research and to open up museum collections

as archives for this research.As I have highlighted, this is not about using thenewest

corporate platform tool, but about digital collaboration in producing and applying

training data. While thinking about algorithms in art history often centres around

collaboration between art history and computer science (Nygren/Drimmer 2023, 8),

I point to the existing power alliance between museums and the digital industry,

which can be confronted by linking digital art history and social questions—thus

necessitating collaborations with social studies and social movements.

References

Benjamin, Ruha (2019). Race after Technology: Abolitionist Tools for the New Jim

Code. Cambridge/Medford, Polity.

Bunz,Mercedes/Vrikki, Photini (2022). FromBig to Democratic Data:Why the Rise

of AINeedsData Solidarity. In:Michael Filimowicz (Ed.).Democratic Frontiers:

Algorithms and Society. London/New York, Routledge, 47–62. https://doi.org/1

0.4324/9781003173427 (all URLS here accessed in August 2023).

Crawford, Kate (2021). Atlas of AI: Power, Politics, and the Planetary Costs of Artifi-

cial Intelligence. New Haven/London, Yale University Press. https://doi.org/10.

12987/9780300252392.

Hamber, Anthony/Miles, Jean/Vaughan, William (Eds.) (1989). Computers and the

History of Art. London,Mansell Pub.

Hao, Karen (2020). The Messy, Secretive Reality behind OpenAI’s Bid to Save

the World. MIT Technology Review, 18 February 2020. Available online

at https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonsho

t-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/.

Mitchell, Margaret/Wu, Simone/Zaldivar, Andrew et al. (2019) Model Cards for

Model Reporting. FAT* ’19: Conference on Fairness, Accountability, and Trans-

parency, 29–31 January 2019, 220–29. https://doi.org/10.1145/3287560.3287596.

Nygren,Christopher/Drimmer,Sonja (2023).ArtHistory andAI. International Jour-

nal for Digital Art History 9, 5.02–5.13. https://doi.org/10.11588/DAH.2023.9.90

400.

https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.4324/9781003173427
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://doi.org/10.12987/9780300252392
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://www.technologyreview.com/2020/02/17/844721/ai-openai-moonshot-elon-musk-sam-altman-greg-brockman-messy-secretive-reality/
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.1145/3287560.3287596
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400
https://doi.org/10.11588/DAH.2023.9.90400


72 Part 1: Reflections

Posner, Miriam (2015). Humanities Data: A Necessary Contradiction. Available on-

line at http://miriamposner.com/blog/humanities-data-a-necessary-contradic

tion/.

Star, Susan Leigh (1989). The Structure of Ill-Structured Solutions: Boundary Ob-

jects and Heterogeneous Distributed Problem Solving. In: Michael N. Huhns/

Les Gasser (Eds.). Distributed Artificial Intelligence. Papers. London, Pitman,

37–54. https://doi.org/10.1016/B978-1-55860-092-8.50006-X.

Terranova, Tiziana (2000). Free Labor: Producing Culture for the Digital Economy.

Social Text, 63, 33–58. Available online at https://web.mit.edu/schock/www/doc

s/18.2terranova.pdf.

Terranova, Tiziana (2014). Red Stack Attack! Algorithms, Capital and the Automa-

tion of the Common. Report from the Algorithms and Capital Workshop at

Goldsmiths College, January 2014, 379–97. Available online at https://www.aca

demia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automat

ion_of_the_Common.

TheMetropolitanMuseum of Art (2019).TheMet xMicrosoft xMIT |TheMetropoli-

tanMuseumof Art. https://www.metmuseum.org/about-the-met/policies-and

-documents/open-access/met-microsoft-mit.

Villaespesa, Elena/Murphy, Oonagh (2021).This is not an Apple! Benefits and Chal-

lenges of Applying Computer Vision to Museum Collections.MuseumManage-

ment and Curatorship 36 (4), 362–83. https://doi.org/10.1080/09647775.2021.187

3827.

http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
http://miriamposner.com/blog/humanities-data-a-necessary-contradiction/
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://doi.org/10.1016/B978-1-55860-092-8.50006-X
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://web.mit.edu/schock/www/docs/18.2terranova.pdf
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.academia.edu/8430149/Red_Stack_Attack_Algorithms_Capital_and_the_Automation_of_the_Common
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-microsoft-mit
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827


Power, Data and Control

AI in the Museum

Oonagh Murphy

Museums are increasingly engaging with emerging data-led technologies that uti-

lize cutting edge artificial intelligence (AI) systems to help them engage with their

collections and visitors in newways.These technologies present opportunities to in-

crease impact and understanding and develop new ways for museums to evidence

their contemporary relevance and reassert their positionasnecessarypublic institu-

tions. In a drive to be relevant,museums often rush to develop new digital products

and services focussing on providing strategic priorities around collections, access,

and visitor engagement. This chapter argues that museums should also engage in

a broader conversation about the power and impact of these digital tools and prod-

ucts, and outlines threemodels or frameworks that can be used to help development

teams think about the impact these technologies have on visitors, as well as on the

data, archives, and collections that museums hold as public institutions. The focus

of the discussion will thus be on museums as public institutions and their role in

shaping how visitors experience digitally mediated worlds.

Narratives and Practice

We quite often think of digital innovation in connection with self-driving cars

and robots, but when it comes to AI in particular, we find contradictory narratives

of voice assistants and robot housekeepers helping improve our lives, alongside

dystopian narratives of totalitarian robot states, where lives are controlled by

faceless machines (Fry 2018). Both narratives serve as helpful outliers, a framing

through which to examine how we want to use these technologies now and in the

future. A utopian future in which all labour is carried out by machines, while we

enjoy a constant life of leisure, may feel unlikely, and, at times, a dystopian fear

around the challenges posed by these technologies can often feel more probable.

The reality is and will continue to be more nuanced (Parry 2011; Wittkower 2017;

Zuboff 2019). Museums serve as an important public forum to help develop what

this imagined future may look like (Ippolito 2012; Peters 2012). But before we talk
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about how museums might help to design our data future, it is perhaps useful at

this point to pause and reflect on how these technologies already shape our everyday

life experiences.

Many of us already use a range of AI technologies in our daily lives, fromplotting

journeys onGoogleMaps, receiving recommendations onNetflix, visually searching

photos on our phones, and asking for help from Alexa, to adding a filter to our pho-

tos to look younger or fresher. These technologies feel far from the dystopian and

utopian narratives of AI we often see discussed in the media.They are technologies

thatwe are familiarwith, thatwe are comfortablewith.They do not feel challenging;

if anything, these technologies feel friendly, are ubiquitous parts of our lives. ‘This

information infrastructure characterizes a particular mode of governance, one that

is rooted in a political economy in which the prevailing logic is to predict and mod-

ify human behaviour as a means to produce revenue and market control’ (Dencik/

Hintz/Cable 2016, 1). User interfaces can, however, be deceiving, since behind these

technologies are powerful companies powered by vast amounts of users’ data, some

of which is being used to improve our everyday lives, while other data is being used

to limit, and control, our life opportunities and experiences (Amaro 2019a; 2019b).

On a microlevel, I increasingly find that these technologies seek to control the

way I look and speak. If we take Gmail, for example: its predictive email writing en-

courages me to write in the Queen’s English, to be more formal, to be more pro-

fessional. It quashes my regional dialect, those colloquialisms that make me who I

am. Every time I take a photo, I am prompted by my phone, and a variety of apps,

to edit my image, add filters, make myself fit in, and conform to a mould of what

beauty is. On the web,my search results have improved,meaning that I find what I

am looking for more quickly, but this quite often also limits any serendipitous op-

portunities for discovery. It takes away the joy of discovering things in the digital

archive, of stumbling across an unknown female scientist or a local hairdresser who

does not pay to advertise (Noble 2018). As Lury and Day reflect on the limitations of

algorithmic: ‘personalization’, ‘the familiar recognition that personalization seems

to provide—knowing you better than you yourself do—should not be considered

merely a more precise form of individuation. To the contrary, personalization also

constrains who and how we can be’ (Lury/Day 2019, 19). What we see here is a form

of efficiency: information is provided quickly, but this efficiency often has a nega-

tive impact on representation, creativity, and accuracy. Whilst the experience may

be more efficient, the trade-off for an efficient life is less opportunity for discovery

and a life viewed through the prism of those who program the machine.
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AI in (Museum) Practice

A benchmarking study in 2019 and 2020 identified 120 projects using some form

of AI technologies in museums, including computer vision, natural language pro-

cessing, neural networks, robotics, predictive analytics, machine learning, and

generative adversarial networks.1Whilst this study is not definitive, it does provide

insights into theways inwhich these technologies are being used inmuseums in the

United Kingdom, the United States, and Europe (with some examples drawn from

beyond this geographic scope). In addition to this benchmarking study, a series

of associated toolkits published in English, German, and Spanish provide more

detailed case studies of seven such projects in the UK, USA, Germany, and Spain

from 2019 to 2021.The case studies feature projects from the National Gallery (UK),

The Metropolitan Museum of Art (USA), the American Museum of Natural History

(USA), the Badisches Landesmuseum (Germany), the Ludwig Forum Aachen (Ger-

many), the ZKM (Germany), and theMuseoNacional Del Prado (Spain), and provide

in depth insights into a cross-section of current practices in this area. These case

studies can be used to highlight two bodies of practice that have emerged in how

these technologies are being appliedwithin amuseum context (Murphy/Villaespesa

2020; 2022; Murphy et al. 2022).

The first body of practice might be defined as applications focussing on visitor

experience and operations. For example, the American Museum of Natural History

has piloted natural language processing (NPL) to analyse large amounts of visitor

feedback data.While in the UK, the National Gallery has developed a predictive an-

alytics dashboard to create more accurate visiting profiles so as to allow for more

appropriate staffing levels and provide data that can create a business case for exhi-

bition run times, gallery size, and even exhibition title.The ZKM (Germany) has cre-

ated the ‘intelligent.museum’ in partnership with the Deutsches Museum Nurem-

berg. It seeks to use machine learning and natural language processing to support

voice identification technologies in identifying a variety of spoken languages, with

a view to creating responsive, language-specific exhibition content for visitors.

The second body of practice exists around digital collections, collections data,

and collection management. For example, The Metropolitan Museum of Art (USA),

has used computer vision tools to generate metadata for digital collections so that

they become more searchable and discoverable. The Museo Nacional Del Prado

(Spain) is using natural language processing as amechanism for automatic reading

and comprehension in order to enrich the scope of searchable contextual data

1 See the list of artificial intelligence initiatives in museums compiled by Elena Villaespesa,

Oonagh Murphy, and Kate Nadel: https://docs.google.com/spreadsheets/d/1A7IVnucQZ0IC

xYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=10262104228151817806

3&usp=embed_facebook (all URLs here accessed in August 2023).

https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
https://docs.google.com/spreadsheets/d/1A7IVnucQZ0ICxYSOCjqQ1oV3xGgNzDKtIYGrk6smV7w/edit?usp=drive_web&ouid=102621042281518178063&usp=embed_facebook
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available to support discoveries in its collection.The Training the Archive project at

the Ludwig ForumAachen (Germany) seeks to usemachine learning technologies to

embed contextual collections data, with a focus on pattern recognition as a means

to influence new approaches to curatorial thinking and practices. The Badisches

Landesmuseum’s (Germany) xCurator project is exploring how predictive analytics

and natural language processing can be used to engage visitors with the entire

collection, not only the objects on display, and looks at recommendation modelling

and storytelling mechanisms to support discovery.

These case studies show the diversity of approaches currently being developed

within a museum context. They also demonstrate the richness and diversity of the

datasets being used to develop projects in this area, and it is the collection, pro-

cessing, and generation of output data that is of critical significance from an ethical

perspective. In a rush to remain relevant, digitize collections, optimize operations,

meet strategic goals, and hit key performance indicators, it can be easy to forget the

social purpose that underpins the museum as a social construct, the museum as a

public institution.These early examples of AI practices inmuseums show that these

technologiesprovide valuablenewways todevelop collectionsandengagewithaudi-

ences. As these technologies becomemore powerful and pervasive, it will, however,

become increasingly important to understand the power they have in the museum

context and beyond. It is my argument that museums should take a pause to think

about the impact these technologies have on their visitors and users. Yes, AI might

help us sell more tickets and to have more users engage with our digital collections,

and might help us to run more efficient buildings. But taking a purely operational

approach means missing out on a potentially greater calling, the strategic and cu-

ratorial vision needed to show the contemporary relevance of museums as a place

where ideas, culture, and society are made, not simply displayed. Museums pro-

vide a unique space to have such civic conversations, since they are organizations

drivenbypurposenotprofit.Theyareunderpinnedbyan international codeof ethics

set out by the International Council of Museums and, in addition, often by codes

of ethics defined by national governing bodies (Sandahl 2019; Murphy/Villaespesa

2021).

Models of Ethical AI (Museum) Practices

The long-term success of AI applications acrossmuseumpractice rests on the ability

of museum professionals to adopt and adapt these technologies to be of service to

the broader institutional and social mission ofmuseums as public institutions.This

requires behind-the-sceneswork, the type ofwork that is notmentioned in press re-

leases.Whilst it is often slow and complicated, it is this foundational work that cre-

ates inclusive, accessible, engaging, representative, anddiverse digital products and
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services.Themost important time to have conversations about power, data, control,

creativity,access,and representation is thus at the very start of theprocess.Facilitat-

ing these conversations can be challenging, but using existing development frame-

works can provide the language, format, and skills necessary to embed these ethics-

focussed considerationswithin thedevelopment of anAIproject.Thoughmany such

models and frameworks are available, in this chapter I will introduce three that pro-

vide elements that align particularly well with the non-profit, purpose-driven remit

of museums.The tools which I will discuss in turn are: 1. the Data Ethics Canvas, 2.

Consequence Scanning, and 3. the Museums + AI Toolkit.

Figure 1: Data Ethics Canvas. Source: OpenData Institute.

TheData Ethics Canvas was developed by the Open Data Institute, a non-profit

institute focussed on data and society established in London in 2012 by Tim Bern-

ers-Lee and Sir Nigel Shadbolt (fig. 1).2 The Data Ethics Canvas is designed to pro-

vide a framework that can be applied to any context, whatever the project’s size or

scope. It is particularly useful formuseumpractitioners because it provides a frame-

work and structured pathways for thinking about the broader ethical context of any

data-led innovation, and therefore has benefits beyond AI-specific work, since it is

2 https://www.theodi.org/article/the-data-ethics-canvas-2021/.
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applicable to all data-led projects.This framework is designed to be a multidepart-

mental strategic planning tool.Due to the scalability of scopewithin this framework

it can support project teams in thinking beyond personal project goals, and situate

project development within a wider operating context, whether of a department,

museum,cultural policy,orbroader sectoral strategy.Theframework invitesusers to

consider the implications of the data being collected, the data thatwill be processed,

and any output data generated by the process. Using this canvas, we can start to de-

velopmore robust approaches to using digital technologies inmuseums.Whilst the

micro-aspects of the framework are helpful in designing ethically robust data-led

projects, the real strength comes from the supported pathway to the creation of a

more macro-view of the impact such projects can have beyond a direct product or

project delivery and encouraging users to position theirwork in thewider context of

the institution, its values, and the broader impact the projects can have on society.

Figure 2: Introductory flowmap outlining the Consequence Scan-

ningmethod. Source: doteveryone.
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Consequence Scanning is described by its creators as an ‘agile practice that fits

within an iterative development cycle’ (fig. 2).3 It is a way for organizations to con-

sider thepotential consequencesof their product or serviceonpeople, communities,

and the planet.This practice is an innovation tool that also provides an opportunity

tomitigate or address potential harms or disasters before they happen.This frame-

work was developed by the digital think tank doteveryone, and, like the Data Ethics

Canvas, is an interdisciplinary tool that can be used in a commercial or non-profit

context. Whilst such frameworks often seek to facilitate group thinking, a key fea-

ture of Consequence Scanning is dedicated space for ‘quiet time’, which invites par-

ticipants to respond independently to design challenges and prompts.Thismodel of

ethics development provides opportunities for diverse voices and perspectives to be

harnessed and embedded within the development of data-led projects. As the title

suggests the focus of this framework is onmapping the consequences of a particular

project being realized. Uniquely, however, it puts equal time and emphasis onmap-

ping and anticipating the intended consequences of a project, product, or service as

it does on unintended consequences. By identifying unintended consequences, we

can problem solve before the problem becomes an issue.

Figure 3: Narrated AI EthicsWorkflow guidance and worksheet. Source:TheMuseums + AI

Network.

3 https://doteveryone.org.uk/project/consequence-scanning/.
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AI: A Museum Planning Toolkit was developed by The Museums + AI Network

and builds on the work of the Data Ethics Canvas and the Consequence Scanning

framework to create a sector-specificmodel for the ethical development anddeploy-

ment of AI technologies within the museum context (fig. 3).4 Through workshops

and public events, the network brought together a range of stakeholders including

policymakers, funders,museum professionals, and visitors to examine current and

future uses of AI within museums.Through these meetings, it was established that

there were no ethics policies or practices accepted industry-wide when it comes to

using artificial intelligence. Through iterative testing, the Data Ethics Canvas and

the Consequence Scanning framework were deemed to be useful tools for begin-

ning to think about ethics and datawithin amuseum.When applied, they, however,

lacked the nuance required for publicly funded, social purpose organizations such

as museums, libraries, and archives. A series of three ‘frameworks’ with focuses on

capabilities, ethics, and stakeholder management within themuseum context were

subsequently co-produced in cooperation with a range of stakeholders. To enable

these worksheets to be used by a range ofmuseumprofessionals in a wide variety of

institutional contexts, they were published within a more extensive toolkit provid-

ing case studies, a glossary, and a strategic introduction.This enables the planning

tool to be used by individuals fromboth technical and nontechnical backgrounds, as

well as across museum departments.The toolkit has been published as open access

(Murphy/Villaespesa 2020; 2022a; 2022b).

Conclusion

By being transparent about the technologies they are using and developing, muse-

ums can encouragemembers of the public, their visitors, and users to develop their

digital literacy so that they can be more confident and, when necessary, critical of

how they use digital technologies, as well as regarding the data they share in their

everyday lives. While we think that the work we are now doing is helping to cor-

rect historical data biases that exist in museums, the likelihood is that, in 100 years

people, will look back at the work being done today and be embarrassed or maybe

even outraged at how racist, sexist—or perhaps a term of discrimination that has

not even been defined yet—this work is. So, asmuch as I am advocating for a strate-

gic engagementwith issues regarding power, data, and control,with a particular fo-

cus on consequences and biasmitigation, I think it is perhaps a helpful reality check

to remember that our goal is to do the best we can today, with all the information,

4 https://themuseumsainetwork.files.wordpress.com/2020/02/20190317_museums-and-ai-t

oolkit_rl_web.pdf.
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knowledge, and experience that we as a sector currently have available to us, whilst

knowing that tomorrow wemay need to alter course.
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Managing AI

Developing Strategic and Ethical Guidelines for Museums

Sonja Thiel

How can a strategy and ethical guidelines be developed for the use of AI in muse-

ums? Based on the Creative User Empowerment1 project, in which many manage-

ment andethical issueshavebeendiscussed, this paperpresents lessons learnedand

guiding principles and questions that can be used as a starting point for the ethics

andmanagement of AI solutions inmuseums.The paper concludes with a proposal

for the future role of museums as facilitators of ethical discussions in various areas

of AI, based on their core competencies of mediation, education, and reflection in

relation to collections.

Towards a Working Definition of Artificial Intelligence

What ismeantwhenpeople talk about artificial intelligence?Thefield of artificial in-

telligence (AI) is broad and now consists of so many different approaches and tech-

nological solutions that navigating it can be confusing. Since AI can be seen as a

moving target due to disruptive technological and economic developments,narrow-

ing down the problemandfinding aworking definition ofwhat ismeant by artificial

intelligence in general is thus an almost impossible task.This paper therefore starts

with a brief overview of current undertakings with respect to ‘definitionmaking’, to

then focus on amore specific subfield of AI.

For a systematic overview and introduction to the topic, the political and

philosophical working definitions (European Commission 2020; UNESCO 2021;

Deutscher Ethikrat 2023) are helpful in addition to the historical approach to the

term AI (Seising 2021; Vater 2023). A perhaps evenmore fruitful approach is decon-

structing the use of the term (Tuschling/Sudmann/Dotzler 2023; Bunz in this vol.)

and, above all, emphasizing the human role in the idea of machine intelligence.

Artificial intelligence is meanwhile understood not only as a field of study related to

1 https://www.landesmuseum.de/digital/projekte-museum-der-zukunft/kuenstliche-intellig

enz-museum (all URLs here accessed in August 2023).
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informatics, but also as a subject of examination by various disciplines. In political

definitions, artificial intelligence is mostly regarded as a field of study consisting

of various methods and components that give systems ‘intelligent capabilities’.The

OECD suggests that: ‘an AI system should be defined as a machine-based system

that is capable of making predictions, recommendations, or decisions about real

or virtual environments for specific goals defined by human beings. AI systems are

designed to operate with varying degrees of autonomy’ (OECD 2019).The European

Commission has defined AI rather vaguely as ‘a collection of technologies that

combine data, algorithms and computing power’ (European Commission 2020).

John Searle’s (1980) differentiation between weak and strong AI leads to the dis-

tinction between the idea of consciously thinking machines as opposed to a simple

simulation of thinking. The idea of ‘general artificial intelligence’ is an outgrowth

of the idea of an overarching, independently thinking machine, a vision of a ma-

chine that possesses abilities beyond human skills and intelligence, or even con-

sciousness—a notion that can best be explored culturally or classified historically.

Another important distinction is the difference between connectionism and a sym-

bol-processing approach (Misselhorn 2019), where the former assumes that neural

networks are the best way tomodel intelligence,while the latter takes a logic-based,

top-down approach. Depending on the problem, both approaches can be correct,

but also have their limitations.

There is justified criticism of the term artificial intelligence as a ‘shimmering

term’ (Seising 2021) that tends to serve the function of eligibility for funding, a buzz-

word that is not helpful for factual analysis or clarity of debate. More often, a need

to demystify the term and counter the hype (Hunger 2023) is expressed.The termAI

does not have a clear, simple definition and its meaning has changed over the years

(Deutscher Ethikrat 2023, 12). Some researchers prefer the term machine learning

and avoid speaking of artificial intelligence (Zweig 2019), but that does not seem to

resolve the issue, but rather to shift it to yet another concept that is hard to define.

For the development of and need for ethical frameworks, it therefore seems obvious

that different ethical frameworks are needed for different applications—a self-driv-

ing car calls for other ethical guidelines than addiction-inducing social media algo-

rithms or a facial recognition system used by police forces. It therefore seems nec-

essary to find strategic approaches based on the perspective fromwhich one would

like to approach the subject, particularly regarding the actual field of application of

AI technologies in the museum context.

Artificial Intelligence in Museums—Strategic Approaches

Why shouldwe even think about AI in themuseum?Thismay seem counterintuitive

to some, and it is often argued that museums, as places of originals and firsthand
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or personal experience, do not need AI. Equally common is the argument that be-

cause of themany biases and quality issues, itmakes no sense to engagewith AI and

that human intelligence is perfectly adequate in museums or provides better qua-

lity content. From time to time, there is interest in how AI can be used wisely in the

museum, but at the same time there is a lot of caution and concern about it and a

wait-and-see attitude can be observed. In what follows, a few suggestions are given

on how to approach the field.

A multidimensional approach seems useful for assessing what artificial intelli-

gence might mean in museums. One strategy may be to narrow the term to tech-

nological definitions, for instance, the analysis of processes or tasks such as natu-

ral language processing, image classification, or chatbot technologies for suitabil-

ity to or actual use in museums. A related strategy would be to start with existing

algorithms,models, and solutions such as kmeans, tSne, UMAP, Pixplot, Hugging-

face, or GPT and to analyse what results, as well as to achieve added value by apply-

ing them to museum collections or processes. In 2023, there are now already sev-

eral projects in the German-speaking museum sector using machine learning ap-

proaches and introducing new ways of exploring and viewing museum collections

(Neudecker 2022; Ohm/Solà 2023; Offert/Bell 2023; TIB Hannover 2023).

Another approach would be to start with a specific problem to be solved or

processes to be improved—such as collections management or educational strate-

gies—and then to find the appropriate technology,whichmay be highly intertwined

with or not necessarily from thefield of AI.Artificial intelligence technologies donot

offer the best solution for every task or problem, but need to be highly adapted for

specific use cases, and are being developed further by researchers and companies,

sometimes even on a monthly basis. Especially for museums as institutions with

limited resources, slow processes, and the obligation to act based on a sustainable

long-term preservation strategy, the application of artificial intelligence solutions

causes friction, as the research and development in the AI field follows a highly

flexible logic different than institutional processes and needs.

But even if the term artificial intelligence can be misleading or is accompanied

by uncertainties or misleading expectations, it seems important not to dismiss it,

but rather to understand it in the context of ‘virtuality’ (Chalmers 2023) not only as a

simulation but as a reality. In this way, the ‘artificial’ can be understood as an aspect

of virtuality with its own logic (Noller 2022, 56). To understand artificial ormachine

intelligence as a ‘newmode of realization of intelligence’ that is simulated and thus

causally realized in a newway and also different fromhuman intelligence facilitates

acceptance of a combination of human and machine intelligence becoming an op-

tion and a path to pursue.

For amuseum, this approach is particularly interesting,not only becausewe live

in an infosphere (Floridi 2018a) or in a culture of digitality (Stalder 2021), but also

because the curatorial process always raises the question of information attribution
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and contextualization. That is, in what relationship and context individual objects

arenarratively linked to eachother, andwhat formof knowledge and cognitiongives

rise to these contexts? If AI can be seen as a new dimension of analysis and a new

factor in our living environment, we can also analyse how this has an impact on the

museum or the museum visit as part of our living environment.

For the rest of this paper, let us, however, focus on one specific up-and-coming

use of AI, which is strongly connected to the rise of generative AI in the last sev-

eral years. According to Esposito (2022), modern forms of AI are characterized by

algorithms acting as communication partners. We interact with language models,

ask questions, or create co-productive results. As a phenomenon,we talk directly to

algorithms, ask them to book our next vacation for us, want them to suggest mu-

sic that suits our current mood—and maybe even build a relationship with them.

A specific type of artificial communication that is different from previous chatbot

communication is now emerging as the technology develops and is implemented in

our daily lives.Aswe know, this part of AI,which involves large languagemodels and

natural language processing, is not the only formof AI, but it is—besides generative

images—nevertheless one that a majority of people currently perceive as AI. This

will also affect the museum experience, or at least the expectation of how to access

and interact with knowledge or heritage in a museum. In a few museums, it might

already be affecting the approach to collecting and understanding cultural heritage

within the framework of a text and image culture.

In addition to purely technological definitions and developments, the German

Ethics Council (Deutscher Ethikrat 2023) is also examining the social interactions

between humans and machines and the key question of agency. A central question

of empowerment is thus directly addressed: How can AI help to empower people or

citizens and enrich their capacity to act? When we talk about user empowerment,

we are thus not only dealing with the philosophical question of whether machines

themselves are actors, are intelligent, or possess consciousness—questions that

might even turn out to be irrelevant—but also the question of how the relationship

between humans and machines is shaped and what form of experience is possible

and desirable in the interaction with technology, and even more importantly: Who

will have access to that interaction and who will be left out? The old questions of

inclusion and participation hence take on a new focus against the backdrop of

artificial intelligence.

Ethical Frameworks for Museological Practice

How can ethics in the museum context serve as a guideline and not a roadblock to

achieving a productive use of AI? I suggest focussing on a few key questions and

methodological issues that can help to clarify the many ethical implications of ar-
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tificial intelligence in a manageable and application-oriented way. Existing ethical

guidelines (Floridi et al. 2018a; Ess 2019,Misselhorn 2019,UNESCO2021,Deutscher

Ethikrat 2023) can help to establish a general framework that supports decisions

within amuseological practice.The orientation towards ethical guidelines offers the

possibility to develop a well-founded scope of action that is not only driven by re-

search and innovation-development, but is also thoughtful and reasoned. In the

museological context, knowing and applying ethical guidelines can be a parallel ac-

tivitywith the character of accompaniment.Murphy (2023, in this volume) has iden-

tified various frameworks that can be adapted specifically to museum practice. In

addition, at the beginning of an AI project, the Data Ethics Decision Aid (DEDA)

tool can help to map the complex interaction between the goals, data, actors, laws,

and obligations of development (Utrecht Data School 2022).

Reflecting on Underlying Normative Assumptions

Itmight help to reflect on underlying narratives often used in relation to AI, like an-

thropomorphic images, conceptional foundations such as AI working like a ‘brain’,

and the ‘learning’metaphor,which often adheres to a very narrow understanding of

learning, comprehended as right and wrong outcomes or reward and punishment

as a learning model and thus a related idea of intelligence, which, however, seems

to be a very narrow idea of what intelligence actually signifies. The project Better

Images of AI reflects on this problem within a digital image culture and provides

alternatives (Dihal/Duarte 2023).

Important underlying assumptions are the normative difference between hu-

mans and machines, and that, as software systems, AI technologies have no theo-

retical or practical reason, cannot take responsibility for their actions, and do not

represent personal counterparts, even if they simulate communication and may be

perceived as communication partners (Deutscher Ethikrat 2023, 253).What culture

can do here is reflect on the underlying images of humanity andmake visible the ba-

sic assumption that is widespread in literature and public perception: reflecting on

AI as an independent and powerful agent and showing how these ideas are already

anchored communicatively in various cultural or even religious practices.

Not to be distracted by the constant need to generate anthropomorphizing im-

ages of AI or the still unrealized idea of an artificial general intelligence (AGI) or sin-

gularity speculations, which are being widely discussed in academia (e.g. Chalmers

2010) and development (e.g. Ray Kurzweil), the focus on human agency and the ex-

pansion of interaction possibilities seems to be a central category, as well as the

question of the extent to which AI systems expand or restrict the scope of action

and freedom.Anotherwidely shared and important underlying guideline could thus

be that the delegation of action to machines should serve the expansion of human

agency and authorship or the ‘enhancement of human agency’ (Floridi et al. 2018).
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Normative Requests—Desirable Functions of AI Systems

UNESCO’s recommendations state that in connection with the cultural domain, AI

systems are recommended to ‘preserve, enrich, understand, promote, manage and

make accessible the tangible, documentary and intangible cultural heritage, includ-

ing endangered languages and Indigenous languages and knowledge, for example

by introducing or updating educational programs related to the use of AI systems

in these areas, ensuring, where appropriate, a participatory and inclusive approach

targeting institutions and the public’ (UNESCO 2021, 32). In particular, there is a

stated need for solutions that support human expression and language, bridge cul-

tural dividesandpromote interpersonalunderstanding,andmitigate the lossof lan-

guages,dialects,or cultural expressions.Systems thathighlight collections, improve

knowledge bases, and further facilitate user access should thus be developed. This

opens up important fields of action for the cultural sector.

As far as development is concerned, various principles are often mentioned in

the context of AI systems:They should always aim to contribute to the promotion of

the common good.They should be used in away that avoids harm to individuals, the

community, and the environment; that ensures the legal compliance of AI systems

in thepractice of developers,providers, andusers; and that theAI systemused fulfils

the criterion of necessary technical robustness so that it does not pose an unaccept-

able security risk at any time. Self-determination, justice, and privacy are identified

as the underlying ethical values (Heesen et al. 2020). AI should therefore be human-

centred, lawful, robust, trustworthy, and transparent.

Choice of AI Models—Decisive Criteria

The choice of foundationmodel2 hasmeanwhile become a relevant ethical manage-

ment question.Within the constantly developing field of technology, how dowe de-

cidewhich tool or foundationmodel is the best choice? In the course of 2023, the rise

of language models has made this problem tangible and provides a concrete start-

ing point, since we can observe intense development competition between models

like ChatGPT, Bard, Llama, Claude 2, or Open Assistant. Basic knowledge and de-

cision-making skills regarding foundation models are thus becoming increasingly

important. Foundational models are large machine learning models based on deep

learningmethods and trained on large amounts of data.They can be applied to vari-

ous tasks.Besideswell-knownmodels likeGPT,which are proprietary,not transpar-

ent for research, and hard to evaluate besides individual assessments and use cases,

2 The term is relatively new and was not used until 2021 https://en.wikipedia.org/wiki/Found

ation_models. Further explanation is provided at: https://www.adalovelaceinstitute.org/res

ource/foundation-models-explainer/.
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there are attempts by research and the open sciencemovement to produce open and

explorablemodels—in linewith researchdemands for transparency andopensource

notions.One example fromGermany is LAION,3 which provides interactive options

through the Open Assistant Application.

A well-known, widely discussed, and ethically non-trivial problem is the ques-

tion of bias in and the conditions behind the production of these models—new re-

searchpointing to serious issues in themodels is hence appearingonanalmost daily

basis: the reproduction of racist, classist, and gender stereotypes, and the question-

able neo-colonial practices of quality control that can be found in text and image-

based models like GPT or Stable Diffusion and others. Image recognition systems

often inaccurately classify the faces of people of colour or reproduce a tendency to-

ward white male supremacy. Chatbots can inadvertently use racist and misogynis-

tic language, and social media platforms tend to show ads for higher paid jobs to

men more often than to women. The constant work of removing racist and crucial

or sensitive content from foundation models is also pursued under often neo-colo-

nial work conditions, which can be analysed through the ‘data-production disposi-

tif ’ (Miceli/Posada 2022). Any museum using a foundation model for data-related

work needs to be aware of the conditions of its production, as well as the options

for adjustments and integration into a specific product and the range of end-user

scenarios, particularly against the backdrop of the so-called hallucination problem.

One solution in which museums might contribute within their field of exper-

tise and enhance their data with AI is the field of language sensitivity, as explored

in the development of Sabio, a tool designed to detect biases in themetadata ofmu-

seum collections.4 Another interesting option would be to build alliances within the

cultural heritage community in order to build our own models trained on heritage

data.

In research anddevelopment, there seems to be an ongoing race to find a bigger,

more ethical, ormore powerfulmodel, and these arguments are hard to understand

and evaluate for people who are not involved in machine learning research and de-

velopment. It can therefore be a challenge to decide which model is already worth

testing and applying tomuseum collections,meaning that smaller experiments and

a sharing of expertise between museum professionals are helpful. This is why net-

works such as AI4LAM,TheMuseum + AI Network, or Europeana Tech are particu-

larly helpful and should be expanded in future in order to ensure sustainable knowl-

edge transfer for cultural heritage professionals.

3 https://github.com/LAION-AI.

4 https://dev-sabio.sudox.nl/about.
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The Value of Cultural Heritage Data

Museums, like other businesses and institutions, produce large amounts of data,

including images, text, audio, video, user data, metadata, and complementary

research. This collection data is of great value to AI development, as generations

of curators have worked on the quality of object descriptions and scholarly de-

scriptions of context or related classification systems. Ideally, this information is

stored in a machine-readable collection management system and includes quality-

controlled metadata and standard data or authority files. The collection data is,

moreover, linked to high-level ontologies, vocabularies, or thesauri systems such as

AAT, GND, Geonames, Wikidata, or ICONCLASS, which ensure the correct use of

terms and provide additional context. These sources of knowledge representation

provide a high-quality source for machine learning tasks, but so far nevertheless

seem to be underrated. At the same time, the efforts to transfer formats and facil-

itate communication between domain experts and data scientists and developers

should also not be underestimated.

In recent years, there has been a shift in the understanding of collection

data—from single object representations to open access, downloadable datasets,

pre-curated datasets, or even data labs with an open application programming

interface (API), where digital users are given new access to museum data—which

is publicly available not only for viewing, but also for reuse or research. This new

understanding of access to museum data is extremely important when thinking

about AI in museums. If museums want to engage with the machine learning com-

munity andmake better use of their data, enrich it, ormake it available for training,

providing clear and documented access to their data sources is a fundamental, yet

underestimated basic task. Several good examples can be found, for instance, at the

National Palace Museum, Taiwan,5 the National History Museum, London,6 The

MET, New York,7 or the SBB-Lab, Berlin.8

Enriching existing foundation models or even developing culturally specific

models and thus working on more sophisticated concepts of meaning and knowl-

edge, which are often lacking in current AI models, offer an interesting perspective

that cultural heritage and related data can contribute to and provide new research

perspectives for.Here, the knowledge about the context of objects and the history of

archives, as well as the cultural knowledge structures of domain experts is of great

value and should not be underestimated.

5 https://openapiweb.npm.gov.tw/APP_Prog/eng/overview_eng.aspx.

6 https://data.nhm.ac.uk/.

7 https://www.metmuseum.org/about-the-met/policies-and-documents/open-access.

8 https://lab.sbb.berlin/dataset-digisam/.
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The varying quality of object datasets and the different quality requirements of

domain experts and machine learning experts remain a problem when compiling

data formachine learning tasks.While, for curators, every singleword, context, and

a multifactorial and detailed description of an object are of paramount importance

depending on the machine learning task, for data scientists or developers a lot of

this information is not usable and therefore quickly removed from or simplified for

a training dataset—thus leading to a potential contextual loss of cultural heritage

information, the consequences of which have not yet been well studied.

Aspointedout bySrinivasan et al. (2021),manyof the ethical concerns aboutma-

chine learning technologies in creative fields are related to the underlying datasets.

Following theArtsheetsQuestions andWorkflow (ibid.), several questions are there-

fore proposed andmust be answered in order to provide transparency about thema-

chine learning dataset: First,who is responsible for curating a particularMLdataset

and for what purpose? Second, there is the question of inclusion within the under-

lying source dataset, for instance, which artworks or objects are part of the source

collection.Third, what are the factors that influence the choices made with respect

to the underlying source dataset? Dataset documentation therefore plays a crucial

role in any AI project and is an essential part of the preparatory work and ongoing

quality management. Frameworks from Gebru et al. (2021) can be used and further

adapted for the documentation of museum datasets.

Towards a Methodology of Research Practice

How can we apply the aforementioned ethical considerations within the develop-

ment of a concrete tool or application? A few distinctions may help to hone the aim

and key performance indicators (KPIs) of an AI project so as to establish a position

within the museological and museum practice discourse: Firstly, there is the ques-

tion of what groups an AI project targets: should users in the general public be ad-

dressed, or is the aim to support internal staff in their work processes? Needs can

be found on both sides: on the one hand, there are high expectations regarding the

technologies in view of the daily challenges of museumwork—since there is a great

desire for automated support for various tasks.Areas suchasdocumentation,collec-

tionsmanagement, and digitization processes, for instance, are predestined for the

introduction of automated indexing processes. Some projects from the archive and

library sector are particularly noteworthy in this context (AI4LAM 2023; Staatsbib-

liothek zu Berlin 2023, Klindworth/Rosemann 2022; Jaillant 2022) and are produc-

ing transferable solutions for indexing and processing collections with the aid of AI

technologies, for example, through text recognition or image classification. Other

approaches help to make museum content richer and more accessible by providing

a new experience. Solutions that support chatbot interaction open up collections in
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greater depth by means of new contexts or connections (for instance, High-Steskal

and Gustke in this volume).

An educational approach takes up the topic in exhibitions and programs and

brings it into a broader societal discourse (for example, Fast 2023; Keskintepe/

Woschech 2021; Deutsches Museum Bonn 2023). Sustainable implementation of

the technologies in the museum practice itself, however, is mostly missing in such

cases. There are also diverse approaches from creative or artistic fields to bringing

AI into use andmaking it experiential, generating artwith AI, or simply producing a

joyful experience (for instance, SAAI Factory; ZKM; Ars Electronica).Here, the focus

is usually on one or more artists who extend AI technologies or reflect on them

within their artistic practice, such as generative image technologies, automatic

writing processes, or, more frequently, combined approaches. Well-known exam-

ples include the artist collective Obvious. As an added value, artistic productions

simultaneously facilitate the use of and critical reflection on technology. AI art and

production can now certainly be understood as an integral part of current cultural

production and are generating newmuseological fields of action in connectionwith

collecting and conservation practices.

Between Experimental and Strategic Approaches

On the one hand, we can observe a rapidly growing number of AI projects in mu-

seums around the world (see Hufschmidt and Murphy in this volume). At the same

time,manymuseumpractitioners still describe their approach as experimental (Vil-

laespesa/Murphy2021), thus indicating that it is far frombeinga strategic approach.

Projects are often driven by narrow research-related or entrepreneurial interests. In

addition, what determines the outcomes of development projects is the combina-

tion of people, skills, time, and resources, which presents a challenge in the field of

machine learning.

A broader acceptance of the field by museum professionals has not yet been

achieved, not least because processes in museums have evolved historically, and

hostility to new technology can also be observed as a phenomenon. Moreover, the

field of AI development is moving so fast that even researchers find it difficult to

keep up with the latest developments and to make informed judgements about the

implications and consequences of the most recent models and developments for

practical implementation.

A look at various AI maturity assessments (Sadiq et al. 2021) can help in devel-

oping an AI strategy; they show that there are different stages in organizations that

lead to the use and implementation of artificial intelligence.They also provide guid-

ance onwhat structures and resources are needed to successfully implement AI.The

followingactionareasarepart of anAImaturity assessment: ambition,use cases,or-

ganization, expertise, culture, data, ecosystem, execution (Initiative for Applied Ar-
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tificial Intelligence2023).Several criteria canbehelpful indefininganorganization’s

AI maturity: an articulated and shared AI vision that aligns with the organizational

vision, a broad understanding of the impact of AI on the organizational ecosystem,

defined KPIs for measuring the success of AI activities, a shared assessment and

review of potential ethical and legal implications, a growing understanding among

employees of how AI tools and benefits can be integrated into their daily work, and,

last but not least, the issue of integrating the AI strategy into the overarching strat-

egy so that it is no longer merely a separate strategy.

Defining Goals and Success Criteria for AI Projects—A Museological Transfer

Aswe have seen from the criteria described above, AI projects inmuseums have and

will have many parameters, which means that it is thus useful to define goals and

success criteria at the outset and adapt them from time to time. Central to the suc-

cessful implementation of AI is problemdefinition, in other words:What is the spe-

cific problem to be solved by an AI, and does AI offer the best solution? To what ex-

tent are technical applications fromthefields ofmachine learninganddeep learning

superior to previous solutions and can therefore be used in a meaningful and sus-

tainable way? Dealing with AI in museums also requires a willingness to take risks

and an ability to deal with uncertainty.This is because the results are not fixed at the

outset, but require a reflexivemindset that is prepared to continuously evaluate and

react to intermediate states.

With these ethical and managerial frameworks in mind, what does this mean

in a concretemuseological context?Within the CreativeUser Empowerment project

(2021–23), this denotes directly linking the goals of the project to the user-centred

vision of the museum and developing a data-driven and user-centred tool within a

participatory approach. The goals and success of the AI activities were also partly

defined by the users themselves in an initial survey (2021)—they asked for a solution

thatwould support a deeper understanding of the collection bymakingnewconnec-

tions visible, supporting accessibility, or providing in-depth information.When the

survey was conducted, the possibilities of generative AI were not yet widely known,

which means that an assessment today would probably be different or lead to other

results. Users wanted a tool to support visits to museum the before or after visit-

ing, and not necessarily an on-site tool.Most users wanted to understand how AI is

implemented and used (70 per cent) and what content is generated by AI, and were

interested in personalized recommendations. Sixty-five per centwanted to improve

accessibility, for instance, through translations, subtitles, or alternative texts. Iden-

tifying AI-generated content was also a strong need from the perspective of both

internal documentation and the qualitative focus groups.

The next step was to focus on the human perspective: First and foremost, people

play an important role in design and development, because they are the ones who
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define use cases, analyse problems, determine needs, design systems, and use al-

gorithmic systems.This is where the tension between human-centred and technol-

ogy-centred development arises. The concept of ‘human-centred design’ or ‘value-

centred design’ can be of assistance here. Ongoing evaluation processes with vari-

ous user groups can help to assess the needs for the concrete development and use

of AI solutions. In the project, a clear decisionwasmade to avoid anthropomorphiz-

ing images of AI; the focus should always be onusers’ ability to act and be supported,

not replaced, by AI.A clear labelling of AI-generated content is being pursued, along

with a level of explanation of the AI technologies offered. While such choices may

result in a less innovative solution on the AI or experience level or may not meet

high standards of innovation, they do take into consideration the human needs of

all stakeholders, which can also be seen as a success criterion.

Conclusion—Introducing the Museum as Place for Soft Ethics

AI projects can help to situate the idea of the museum in a digital culture in which

different approaches to and new forms of knowing, learning, and producing are

emerging, and to position algorithmicity as a characteristic of our everyday lives.

Positioning amuseum in a broader context than the local physical space and actively

connecting it internationally so as to broaden the knowledge base and publicity in

order toworkwith and situate itself within algorithmic knowledge cultures (Seising

2023) can help to connect themuseum to the future.Museums as public spaces have

the opportunity to create ‘onlife’ experiences with ethical approaches to a changing

society and transformative technology: ‘We no longer live online or offline but on-

life, that is, we increasingly live in that special space, or infosphere, that is seam-

lessly analogue and digital, offline and online’ (Floridi 2018b). In this way,museums

can be places to negotiate technological developments along with the public and of-

fer spaces to learn, experience, and build knowledge around them—which not only

means that ethics are understood as a toolset or guideline, but also that museums

can offer a space for ‘soft ethics’ (ibid.)—besides legal and administrative regula-

tions or restrictions—in order to find ways to build a public understanding of how

we want to shape specific AI solutions and which criteria we use when developing

them.

At the same time, we need cultural intelligence in order to monitor develop-

ments not only from a technological perspective, bymeans of political or legal regu-

lations, orwithin the framework of AI as a service, but also to understand the histor-

ical situation of the fourth revolution (Floridi) from a cultural and user-centred per-

spective so as to deal with concepts of the infosphere (ibid.) and understand the po-

litical and economic dimension of algorithmics and AI systems (Müller-Mall 2020;

Crawford 2021; Risse 2023). We thus need to know and apply fundamental ethical
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questions in order to be able to assess and take action, and not be driven by techno-

logical or capitalist logics.

A remarkable shift in thedevelopment,policy, regulation,andalso social percep-

tion of artificial intelligence could be observed during the project period (2021–23).

While, in 2021, it was considered a topic of special interest, academia, or the econ-

omy, since then, the political regulation, discussion, and awareness of the relevance

of this change has exploded and not a day goes by without a newspaper article or

televisionprogramdiscussing the latest developments inAI and their impact onvar-

ious sectors or potential influence on our idea of humanity. The European Union’s

AI Act (2023) provided a first regulatory scenario and legal framework for AI, aimed

in particular at avoiding andminimizing risks.

As stated there and also demanded by museum users, AI-generated content

should be labelled as such; the training sources and finetuning of them should be

made transparent; copyrighted material should be specially marked and excluded

from training processes or foundation models; and the rights of artists and pho-

tographers should be protected. The hallucination problem, that is, the generation

of information based not on facts but instead on the output of a statistical language

model, can be highlighted as an existing problem, but nonetheless be made use

of experimentally or creatively until better solutions are provided by research and

development.

Manypeople have already incorporated languagemodels into their daily lives for

improving texts, structuring presentations, writing speeches, or generating code.

It is thus already clear that the culture of images, language, and writing is chang-

ing, and that AI-generated content is rapidly increasing and becoming accessible

online,which in turnwill form the basis of future AI training and open up new epis-

temic questions. The educational and cultural sector, in particular, will need to ex-

tensively adapt education and publication concepts and criteria and help build new

approaches to and skills for dealing with AI tools and outcomes. Cultural institu-

tions can assist in reflecting on and raising awareness of this process, be it as a space

for discussing the soft ethics of AI, or making the differences between human- and

AI-generated content tangible in terms of source criticism.

With their detailed image analysis, object detection, and context analysis, cul-

tural history museums with human competences can therefore not only make AI a

matter of public debate or utilize existing AI solutions, but also shape them by con-

tributing their knowledge to themodels, or even work on their own culture-specific

training processes and provide high-quality training and learning data.
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Museum-AI Assemblages

A Conceptual Framework for Ethnographic

and Qualitative Research

Christoph Bareither

Artificial intelligence (AI) has rapidly become a mainstay of modern life. It has per-

meated many areas of our existence and is a significant driving force behind the

sweeping digital transformation of society.Museums are no exception. On the con-

trary, they have proven particularly adept at adopting AI and used it to create con-

versational AI such as chatbots, robots, and interactive artworks; to observe and

analyse visitor behaviour; to scan and automatically tag millions of images from

digital archives, creating new forms of participation, learning, and aesthetic expe-

rience; to preserve material and intangible heritage; and to create new opportuni-

ties for heritage andmuseum-related research. Recent developments in the field of

computer vision (CV), natural language processing (NLP), artificial neural networks

(ANNs), and generative adversarial networks (GANs) are particularly central. In an

exploratory assessment of AI projects in the museum and heritage sector in early

2021,wewere able to compile a comprehensive list of 586 AI projects in 56 countries,

more than 90 per cent of which were realized between 2016 and 2021.1These figures

demonstrate the rapid spreadofAI technologies inmuseumsand the significant im-

pact theywill have on the field in the years to come.AI has the potential to transform

curatorial practices and visitor experiences (including the way we learn and feel in

themuseum), the global circulation of data and images in digital museum archives,

and the ways in which we recreate and preserve heritage for the future.

The field of digital museum and heritage studies—by which I mean the totality

of interdisciplinary studies that address the role of digital technologies inmuseums

and heritage—has made great strides in recent years (for instance, Giaccardi 2012;

Drotner/Dziekan/Parry et al. 2018; Giannini/Bowen 2019; Lewi/Smith/vom Lehn

et al. 2019; Arvanitis/Zuanni 2021; Geismar 2021; Stylianou-Lambert/Heraclidou/

Bounia 2022), and the number of studies on the role of AI for museums is growing.

1 This list was generatedmostly bymy student assistant Julia Molin, with funding provided by

the Humboldt Universität zu Berlin.
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Oonagh Murphy, Elena Villaespesa, and Ariana French have surveyed the range of

AI technologies in museums (French/Villaespesa 2019; Murphy/Villaespesa 2020).

LucianaBordoni et al. (2016) andMarco Fiorucci et al. (2020) have discussedpossible

uses of AI in the field of heritage studies. Others have conducted studies on top-

ics such as museum chatbots and deepfakes (Gaia/Boiano/Borda 2019; Kidd/Rees

2022), the use of AI in digital archives and its ethical implications (Ciecko 2020;

Villaespesa/Murphy 2021; Foka/Attemark/Wahlberg 2022), the changing working

conditions in museums resulting from AI (Fang 2019), and concrete AI projects

and their implementation (for example,Machidon/Tavčar/Gams 2020).These stud-

ies, however, focus almost exclusively on the applied dimensions of museum AI,

namely its limitations and possibilities for museum use. By contrast, this chapter

aims to contribute to the growing body of work on AI in museums by proposing

a conceptual approach that can inform empirical studies and thus help us under-

stand and critically reflect on the transformations of museums brought about by AI

technologies.

What follows is not the result of a rigorous empirical analysis. It is based, rather,

on exploratory work that includes informal conversations with experts, a study of

the structures of themost significant AI projectsmentioned above, and experimen-

talmethods such as testing the biases inherent in computer vision algorithmswhen

applied to museum databases. My general approach is ethnographic in nature, and

I believe that ethnographic and qualitative approaches are particularlywell suited to

studying AI inmuseums. Indeed,my preliminary findings aremeant to showwhy a

particular concept—themuseum-AI assemblage—might be fruitful for future qual-

itative and ethnographic work in the digital museum and heritage studies.

Museum-AI Assemblages

To understand museum AI, it is helpful to consider the concept of ‘assemblages’

and to engage inwhat is now often called ‘assemblage thinking’ (Anderson/Kearnes/

McFarlane et al. 2012, 172). This perspective considers ‘the heterogeneous connec-

tions between objects, spaces, materials, machines, bodies, subjectivities, symbols,

formulas and so on’ and how they constitute ‘sociomaterial and sociotechnical en-

semble[s]’ (Farías 2011, 14). Researchers have applied assemblage thinking across a

diverse range of fields in the social and cultural sciences (Hansen/Koch 2022; Welz

2021). Two of these fields are particularly noteworthy for my own purpose in this

paper.

Thefirst consists of studies that apply assemblage thinking tomuseum and her-

itage research. The cultural anthropologist Sharon Macdonald, one of the first to

use the term in this field, proposes that individualmuseums or heritage sites be un-

derstood not in terms of static structures, but instead of the ‘processes and entan-
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glements involved in their coming into being and continuation’ (Macdonald 2009,

118). Others have used the concept for examining museum archives (Byrne/Clarke/

Harrison et al. 2011), affective relationships in museums (Waterton/Dittmer 2014),

the infrastructural and governmental entanglements of museums (Bennett 2015;

Muller 2020), and the connections betweenmuseums and Indigenous communities

(Schorch 2017).

The second area consists of studies that apply assemblage thinking to the analy-

sis of digital technologies such as online blogs (Hopkins 2019), video games (Tay-

lor 2009), or, more generally, algorithms (Rosenbaum 2020) and human-data re-

lationships (Lupton 2016). Some scholars have already started to apply assemblage

thinking in the field of AI research (Kim/Yun/Oh 2022; Tseng 2022).This is particu-

larly helpful because AI is never simply a single technology used by a single person.

Rather, AI always consists of complex sociotechnical ensembles constituted by re-

lations between human actors (including their practices and experiences) and var-

ious nonhuman elements. The latter include, first and foremost, algorithms based

onmachine learning (or deep neural networks), as well as simpler algorithms, soft-

ware, hardware, interfaces, and interface design. Physical spaces, material objects

and infrastructures also play a role in AI settings.Thinking about AI in terms of as-

semblages also enables us to recognize the relevance of big data—itself a product

of sociotechnical processes—in underpinning machine-learning algorithms (Kim/

Yun/Oh 2022). Finally, assemblage thinking encourages us to consider the hopes,

fears, and ‘algorithmic imaginaries’ (Bucher 2017; Schellewald 2022) associatedwith

AI.

Following the aforementionedwork in each of these fields, I propose the concept

ofmuseum-AI assemblages for exploring the ongoing transformations ofmuseums

brought about by AI technologies.Museum-AI assemblages are socio-technical en-

sembles that constitute, stabilize, and transform the constantly changing relations

between AI technologies (computer vision, natural language processing, artificial

neural networks, et cetera), human beings (museum staff, researchers, IT experts,

visitors, users, artists), material objects (historical artefacts, artworks), and real or

virtual environments (exhibition spaces, digital archives).

Assemblage thinking will help us to acknowledge the complexity of the so-

ciotechnical ensembles constituted by museum AI. We, however, still need to

specify what exactly we want to study when looking at such assemblages. In recent

works that apply assemblage theory for empirical research in the social sciences and

anthropology, there is no consensus about what exactly one is supposed to study

when investigating assemblages. The original assemblage concept was proposed

by Gilles Deleuze and Felix Guattari (1987), but it is contested whether they, in

fact, provide a full-fledged theory (DeLanda 2006, 3; Nail 2017, 21). Many see the

work of Manuel Delanda (DeLanda 2006; 2016), who builds on and extends the

work of Deleuze and Guattari, as the first attempt to provide a comprehensive
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theory of assemblage—even though some are highly critical of DeLanda’s approach

(Buchanan 2021). Other authors barely engage with the work of Deleuze, Guattari,

and DeLanda, and instead follow assemblage thinking as used in actor-network

theory (ANT) (Latour 2005). The latter does not provide a specific theory of assem-

blages; rather, it integrates the concept into its broader approach. What ANT adds

to the original concept of assemblage as proposed by Deleuze/Guattari is therefore

not so much a specific set of theoretical concepts—though some authors use ANT

vocabulary to talk about assemblages in terms of actor networks—as an extension

of assemblage thinking based on its analytical sensitivity to the entanglements and

interrelationships of human and nonhuman actors (Bennett 2005). This includes a

sensitivity to the fluid transitions between thematerial and the processual, between

stability and transformation, between bodies and practices, and so on. In order to

emphasize these fluid transitions, assemblage thinking uses the notion of ‘compo-

nents’ to denote any actor or element within an assemblage (Deleuze/Guattari 1987,

347; DeLanda 2016, 1), and I will use this term in the following as well.

Each assemblage constitutes its own individual and dynamic constellation of

components, what DeLanda calls the ‘identity’ of an assemblage (2006, 18–19, 28;

2016, 19–20). An assemblage usually includes other related (and often smaller) as-

semblages—‘at all times we are dealingwith assemblages of assemblages’ (DeLanda

2016, 3). This means that any assemblage is usually included in larger populations

of assemblages that share certain characteristics and similarities (DeLanda 2016,

20–21). A singlemuseum is an individual assemblage, but it is also part of a popula-

tion of similar assemblages (museums in general) that might or might not co-con-

stitute one or several larger individual assemblages. For example, one could view

ICOM as an organizational assemblage that is connected to many individual mu-

seum assemblages. Assemblages can be stable for periods of time while remaining

in constant flux—which DeLanda, drawing on Deleuze and Guattari, describes as a

tension between processes of ‘territorialization’ and ‘deterritorialization’ (2006, 22).

Although I donot use the latter terms, they are influential for the style of assemblage

thinking that I apply in this paper. Essentially, what assemblage thinking offers for

my ownpurposes is that it enablesme to consider howAI technologies set inmotion

a series of shifts in pre-established relations between the components of museum

assemblages and tounderstand the impacts that result fromthose shifts.Oneaspect

that is central for this purpose, and which is only discussed implicitly by DeLanda

(2006, 54–65; 2016, 27, 28), is the constitutive role of routinized practices (Reckwitz

2002).The potential synergies between practice theory and assemblage theory have

yet to be fully explored. In essence, routinized practices function as crucial compo-

nents that stabilize, transform, and shape the relations within a sociotechnical as-

semblage.Theyareabinding force that connects other components andoften shapes

an assemblage’s identity in crucial ways.
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From Museum Assemblages to Museum-AI Assemblages:
The Case of a Museum Chatbot

What constitutes a museum assemblage?The central components of a museum as-

semblage consist of museum staff, visitors, material spaces, material objects, and

assisting technologies (audio guides et cetera). Amuseum assemblage also depends

on further components suchas legal guidelines,financing/economy,background in-

frastructures, and so forth. We can also say that any museum assemblage is con-

stituted by meanings, interpretations, affects, aesthetic experiences, and forms of

knowledge and learning. Many more components could be added, and within (hu-

man) groups such as ‘museum staff ’ or ‘visitors’ it would certainly be possible to

identify abroad rangeof subgroups,eachwith its ownparticular role toplaywithin a

museum assemblage. Specific practices are also key components. For example, the

practices of collecting, curating, and visiting the museum belong to any museum

assemblage’s main routines.

Whathappenswhen suchanassemblage is now transformed throughAI?Here, I

would like to focus ononeparticular example: the case of anAI-basedmuseumchat-

bot that I came across during my exploratory research. Gaia/Boiano/Borda (2019)

have already traced the historical emergence of museum chatbots back to the work

ofAlanTuringand toearly chatbots suchasEliza,developedby JosephWeizenbaum.

Today,museum chatbots are emerging against the backdrop of increasingly sophis-

ticated ‘conversational interfaces’ (Bunz 2019) such as the well-known Alexa (Ama-

zon) or Siri (Apple). At the same time, they are part of a trend towards ‘educational

AI’ (Krämer 2018).

The observations and analysis I present below are based on visits to themuseum

that introduced the AI chatbot and on ethnographic interviewswith two people, the

person in charge of the museum’s staff, who helped shape the design of the chat-

bot, and the technical lead developer. Both interlocutors (who I treat anonymously)

have read and commented on this paper and confirmed that my descriptions are an

accurate reflection of their own experiences.

The introduction of the chatbot introduced a range of additional components

into themuseum assemblage.The chatbot itself was a smartphone app that allowed

visitors to ask questions about various aspects of the artworks in a contemporary

art exhibition.The chatbot responded with mostly accurate and seemingly creative

answers,which provided context beyond the information contained in the texts dis-

played. Its conversational interfacewas based on natural language processing (NLP)

technology, which enables the chatbot to ‘understand’ spontaneous questions from

visitors and provide appropriate answers pre-curated by themuseum staff. Around

80 to 90 pre-curated answers were available for each work of art. Some were very

informative; others offered fodder for ‘small talk’, as the lead developer put it. To
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develop the answers and the data, the museum hired additional curators with ex-

pertise in related fields, along with a team of technical developers.

The app relied on hardware (for instance, visitors’ smartphones), the technolog-

ical infrastructure required for the chatbot (internet, electricity, et cetera), and the

data used to train the NLP system. The chatbot’s developers worked with museum

professionals to conduct test runs of the NLP system and assess what visitors are

likely to want to know. The job of the museum staff was to imagine and concep-

tualize what the chatbot should do and to curate the chatbot’s possible responses.

The technical developers created and monitored the algorithms and adapted a pre-

trainedNLP system from a large international software company to the purposes of

the museum.

Another essential component in the museum-AI assemblage was visitors, the

people whose experience the AI system focuses on.They provided some underlying

data for the NLP system and feedback for the curators. They also introduced their

own ‘algorithmic imaginaries’ (Bucher 2017; Schellewald 2022) into the assemblage.

These imaginaries consist of the specificways ‘inwhichpeople imagine,perceive and

experience algorithms and what these imaginations make possible’ (Bucher 2017,

31).

Thefinal crucial component in the assemblagewas the physical space of themu-

seumand theworks in the exhibition.During the use of the chatbot, spaces, objects,

visitors, and technology interacted to co-constitute an AI-enhancedmuseum expe-

rience.

With this brief description we see how the introduction of a new AI technology

is accompanied by a range of new components being added to the museum assem-

blage. Generally, it is impossible to describe assemblages holistically because they

are far too detailed (Macdonald 2009, 131).This is especially true for AI assemblages,

which are always changing as AI rapidly evolves. When describing the particular

transformations caused bymuseum AI, we thereforemust lookmore closely at how

AI causes concrete changes in individual relations between components. In other

words: we need to ‘zoom into’ the assemblage and pay attention to specific parts.

Zooming into the Museum-AI Assemblage

A typical routine that functions as a constitutive component of anymuseum assem-

blage is thepractice of visiting amuseumspace (Davidson2015; Falk/Dierking 2016).

People enter the museum building, encounter exhibits and information, have cer-

tain aesthetic and emotional experiences, often acquire knowledge, form opinions,

and so on. How does the use of an AI-based chatbot change this fundamental prac-

tice?
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On first consideration, it might seem that a chatbot would add nothing original

or new to the museum experience. Indeed, its use combines different routines that

have long been established in manymuseum spaces. In one respect, it is like an au-

dio guide that provides supplemental information while giving visitors full control

over which exhibits they would like to look at. In another, it acts as a kind of docent

or well-informed friend to whom visitors can ask questions and receive seemingly

personalized answers.

At the same time, I would argue, these established practices constitute, in their

combination, a new kind of visiting routine. Ultimately, the aim of the AI chatbot is

to provide a highly personalized and, in a sense, highly social visitor experience that

does not involve additional costs or time constraints for visitors (provided they have

a modern smartphone). The result is a form of visitor experience characterized by

what I call AI-mediated sociality, a kind of sociality that emerges through dialogical

interaction with a conversational interface.

A detailed understanding of this type of visitor experience would require exten-

sive ethnographic and qualitative research, which I am unable to offer here. Still,

the potential ability of anAI-mediated sociality to transformmuseumvisits, and, by

extension, themuseumassemblage as awhole, should already be apparent on a cur-

sory level. The social aspect of visiting a museum has long been acknowledged as a

keymotivation formany visitor groups (Davidson 2015, 516; Falk/Dierking 2016, 41).

For most visitors, museum chatbots will probably not replace the social experience

of visiting a museum with an actual friend or family member. Studies on interac-

tionswith conversational AI, such as the chatbot Replika (Skjuve/Følstad/Fostervold

et al. 2021), however, show that users can have socially and emotionally meaningful

interactionswith anAI system.Whilemuseumchatbots are not designed to afford a

complex, long-lasting social relationship with their users, they are certainly able to

integrate aspects of such mediated social and emotional experiences into the mu-

seum visit. This raises questions such as: How does the kind of sociality afforded

by AI feel for museum visitors? Will AI-mediated sociality make the museum—as

argued by Gaia/Boiaono/Borda (2019, 325)—more attractive and engaging?Will hu-

man tour guides play less of a role in the future?CouldAI-mediated sociality become

a factor for professional curators who want to design exhibitions in a way that fos-

ters engaging in dialogue with chatbots? And will AI-mediated sociality ultimately

attract new visitor groups?

When talking to themuseum expert in charge ofmy chatbot example, it became

clear that the last question was amainmotivator of the project. Knowing thatmany

visitors are reluctant to ask questions or engage in conversation with a human tour

guide—for fear that their questions or interests might be seen as inappropriate or

‘stupid’—themuseum’s staff hoped that the AI chatbot would prompt visitors to en-

gagemore deeply with the exhibition by asking questions and being able to develop

and pursue individual interests. In other words, AI-mediated sociality was imag-
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ined as a way to circumvent the thresholds connected to human sociality (and hu-

man prejudice) and attract groups that would normally not visit the museum.

AI-mediated sociality is not the only transformation caused by the chatbot’s in-

troduction into themuseumassemblage.As I previously noted, the chatbot does not

create its own answers. The answers the chatbot is able to provide are pre-curated

by themuseum staff.They are intended to provide not only contextual information,

but also, as one of my interlocutors in the museum put it, ‘interpretation offers’.

In analytical terms, these offers can be regarded as ‘preferred readings’ (Macdonald

2006, 128). Borrowing from Stuart Hall’s media theory of encoding and decoding,

the cultural anthropologist SharonMacdonald uses ‘preferred readings’ to describe

the outcome of efforts by human tour guides and curators to control (or at least at-

tempt to control) how certain exhibits are understood by visitors and the meanings

they attach to them. When it comes to ‘preferred readings’ in the context of AI, we

might assume that the chatbot simply mediates the long-established relationship

between curators and tour guides, who control potential meanings, and visitors,

who are offered certain interpretations. But I would like to argue that the chatbot’s

influence is significant in another way. To understand why, we first need to delve

briefly into the process of developing the chatbot.

In the example under consideration, themain purpose of theNLP systemwas to

analyse visitors’ textual input and identify what the development team calls visitor

‘intents’.These ‘intents’ were based on a survey inwhich a diverse group of potential

museumvisitorswere asked to indicate the questions theymight have about various

artworks in the exhibition forwhich the chatbot was to be used.The developers then

employed this information to identify the intents behind each question. For exam-

ple, if a visitor asked, ‘What is the person in the artwork wearing?’, it was assumed

that the intent was to obtain a ‘definition’ of a particular object in the artwork. If a

visitor asked, ‘Why did the artist focus on the red dress?’, it was assumed that the in-

tent was to be given an ‘interpretation’ of this aspect of the artwork. ‘Definition’ and

‘interpretation’ were two of the most important intents. Others were more specific.

These intentsmight be that visitorswant toknowmoreabout the ‘artist’s biography’,

about ‘influences from other artists and art forms’, about ‘other artistic techniques

used by the artist’, and so on. Intents were combined with a second category called

‘entities’.These are usually clearly identifiable features within a painting. For exam-

ple, in the question ‘Why did the artist focus on the red dress?’, ‘interpretation’ is the

intent and ‘red dress’ is the entity. For classification purposes, intentswere themore

important category.

The technical development team manually mapped hundreds of visitor ques-

tions to such intents, creating a dataset to serve as the ‘ground truth’ for the AI sys-

tem.The team then taught a commercially available pre-trained NLP system to ‘un-

derstand’ the connections between potential visitor questions and their intents, and

to apply this understanding to new questions. The system could then associate a
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broad range of questions with one or more intents, and provide a ‘confidence score’

for each of them. For example, the system might be 87 per cent confident that the

question has the intent ‘interpretation’, and 54 per cent confident that it also con-

tains the intent to discover ‘other artistic techniques used by the artist’.

The systemuses the list of intents (with confidence scores and the associated en-

tities) to identify what the technical lead developer called the ‘right answer’ to each

question. In technical terms, this is known as ‘process flow’. Each process flow leads

to a specific ‘identifier’. Take, for example, the question, ‘Why is the woman in the

artwork wearing a red dress?’ The system would likely identify the intent as ‘inter-

pretation’ (with a high confidence score) and the entity as ‘red dress’.Thiswould lead

directly to the identifier ‘interpretation_red_dress’.The identifier then triggers a re-

sponse from the chatbot. It provides a text, pre-curated by the museum staff, that

elaborates on possible interpretations of the red dress.

In doing so, the developers, however, had to make normative decisions about

what kinds of questionsmight be asked and successfully answered in the first place.

This process was based on a collection of questions posed by actual visitors. But the

crucial step was for the technical development team to assign ‘intents’ to each ques-

tion, and to leave the further understanding of these intents to an AI-based system

trained in a commercial environment that even the chatbot’s technical developers

could not fully control or understand.That is, the technical developers collaborated

with a pre-trained AI system to decide what questions are desirable and ‘normal’

in themuseum space, and they then inscribed those assumptions into the chatbot’s

algorithm.Aquestion that fell within this expected range resulted in a successful ex-

perience, but any question that deviated from this range produced responses such

as ‘Your question is too long’ and ‘Please rephrase’. In some cases, deviant questions

prompteda restart of the entire conversation.Visitors, therefore,had to complywith

the chatbot’s affordances if they were to have a successful experience with it in the

exhibition.

Expanding now on Macdonald’s conceptual approach, I argue that while the

museum staff still controlled the preferred readings by means of the pre-curated

answers, the chatbot’s algorithm and the technical development team defined and

controlled preferred intents. The relations between visitors, exhibits, contexts, and

meanings were not simply enlarged on by the chatbot in the sense that the chatbot

provided personalized information about the exhibits. Rather, to create a successful

museum experience, visitors had to allow the algorithm to direct their intents

within the museum space. Or, to put it more bluntly: visitors had to play along by

developing the kind of intents that the chatbot wanted them to have. Again, we

see how the introduction of AI technology shifted key routines and relations in the

museum assemblage.

Such transformations ultimately affect the cultural orders established within a

museum assemblage, which raises critical questions regarding power. Curatorial
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control over a particular exhibition is usually held by museum directors, curators,

tour guides, and so on—and it is often guided by explicit or implicit policies, for

example, state guidelines and curatorial conventions (Macdonald 2006). In my ex-

ample of themuseum-AI assemblage emerging through the chatbot, therewas sud-

denly a threat to this status quo.Museum staff decided against a version of the chat-

bot that could create its own answers, even though at the time the chatbot was pro-

grammed itwaspossible to experimentwithAI-generatedvariationsonpre-curated

texts.The reasonwas, quite simply, that the director and staff needed to retain cura-

torial control over the visitor experience.This is not simply because they do not like

relinquishing their curatorial authority, but also because of the potentially problem-

atic ethical (and legal) implications of visitors having conversations with an ‘uncon-

trolled’ AI chatbot.

But does this actuallymean that the balance of curatorial control did not change

within the museum assemblage? Talking to the technical lead developer, who is an

expert in optimizing commercially oriented chatbots, it became clear tome that the

power relationships within the museum had indeed shifted significantly. As I ex-

plained above, the chatbot’s algorithm constitutes preferred intents, and this part

of the softwarewasmainly controlled by the technical development team,while also

depending on the infrastructures and affordances of the pre-trained AI system.The

complexity of the resulting system left developers struggling to explain to museum

staff (and at times to themselves) how exactly the algorithm works. Ultimately, the

developers, who lacked formal training in curation, had to make their own deci-

sions regarding the algorithm, directly influencing the visitor experience and shap-

ing what kind of intents were normal and desirable.

For museums, this means that the emergence of museum-AI assemblages re-

quires careful considerationof the shifts in curatorial power relations (seeKidd/Rees

2022, 226). Within these assemblages, developers are not merely technical practi-

tioners who ‘do the math’.They exert considerable curatorial authority.The same is

true for the influence of the pre-trained AI system that forms the basis for the chat-

bot’s ability to identify intents. At least a portion of curatorial control is transferred

to the AI system itself.This is not to say that this development is problematic per se,

but, given its implications for museums, it is worth exploring these shifts empiri-

cally to gain a better understanding of their consequences.

Conclusion

The aim of this paper was to suggest a conceptual approach that enables us to bet-

ter understand the transformation of museums brought about by the emergence of

AI. I wanted to show how thinking about AI in museums based on the notion of as-

semblages can raise important questions and guide empirical examinations. Using
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the example of a museum chatbot, I considered several transformations within a

specific museum-AI assemblage. Firstly, I argued that the museum chatbot affords

a change in visitor practices by means of a new form of AI-mediated sociality, and

showed that while the role of the chatbot was similar to that of a human tour guide

or curator in that it offered preferred readings of exhibits, it also introduced what

I call preferred intents. Both AI-mediated sociality and preferred intents are new

components in the museum assemblage. Provided that visitors use the new tech-

nology, these components can affect the relations between other components—vis-

itors, curators, tour guides, technical staff, exhibits, and the meanings attached to

them—and in the process transformpowerdynamics, shifting significant curatorial

control to the technical staff and the AI system.

All of these observations are based on a chatbot that is certainly sophisticated,

but also far from exploiting the full potential of AI. With the rapid emergence of

large languagemodels (the best known beingOpenAI’s GPT),museum chatbots will

improve significantly over the next few years and be able to provide truly individual-

ized responses. Given the cost-effectiveness of such devices, it is likely that they will

soon become a normal part ofmuseum visits.The same is true of other AI technolo-

gies, such as systems that help visitors curate their ownmuseum experience, inter-

active AI exhibits, or new forms of access to digital archives.Theuse of ethnographic

andqualitativemethods in investigating such examples could provide important in-

sights into the transformations that museums are currently undergoing due to AI.

The approach to museum-AI assemblages introduced in this paper is intended to

support this kind of research.
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AI with Museums and Cultural Heritage

Baptiste Caramiaux

Where there is data, there must be artificial intelligence (AI). This is an assertion

that tends to hold true in many fields, particularly those at the heart of this paper:

museumsand the cultural heritage sector.AIundoubtedly offers anumberof oppor-

tunities to sort through and use data. But it also creates tensions, especially in the

current context, where the regulation of AI is lagging behind the speed of innova-

tion. In this short paper, I would like to discuss the following questions:What is the

use of AI in these sectors? Are there problems that AI can solve for these industries

that more traditional forms of computation and human labour could not? What do

these sectors have to gain? And what can museums and the cultural heritage sector

in turn dictate with respect to the development of this technology?

In our contemporary societies,museums and the cultural heritage sector play a

role in the conservation, exhibition, and study of the cultural heritage of the partic-

ular society in which they are situated. These institutions can be seen as means of

preserving and exhibitingpast andpresent traces of human societies.Museumsand

cultural heritage therefore have a tangible andmaterial identity.But recently,muse-

ums and the cultural heritage sector, like many other creative and cultural sectors,

have been experiencing an increasing digitization of their collections. Along with

collections of physical artefacts, somemuseumsarebuilding collections of their dig-

ital counterparts, thus expanding their originalmission into the digital world.With

this context of increasing digitization in mind along with the potential opportuni-

ties formuseums and the public that it brings, some institutions have begun to take

an interest in the use of AI techniques applied in connection with their collections,

needs, and audiences.

In this context, I have recently participated in writing reports about both the

opportunities and challenges connected with the use of these technologies in the

cultural and creative sectors (see for instance Caramiaux/Lotte/Joost et al. 2019). In

most cases, AI was seen as a tool that opens up a new space of possibilities and op-

portunities for cultural actors. The first objective of this paper is hence to present

these opportunities made possible by AI in the context of museums and the cul-

tural heritage sector.Seeing this technology as a tool,however,also generates a blind

spot with respect to the underlying sociocultural and sociotechnical characteristics
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of this technology. In these reports, we have barely grasped the need for stakehold-

ers in these sectors to express their views on how they regard this technology, how it

should be integrated into their practice and organizations, and whether sometimes

it should be avoided altogether.

Atmeetings andconferencesparallel to the creationof these reports,andnotably

at the Cultures of AI conference held in Karlsruhe in December 2022, we had sev-

eral discussions about machine learning and artificial intelligence from a sociocul-

tural perspective.During these exchanges, I could hear a generally critical voice, not

necessarily about the technology itself, but rather about its current hegemonic cul-

tural representation, in which artificial intelligence has been presented (and is still

presented) in a normative way. During thesemeetings, we pragmatically addressed

the demystification of artificial intelligence, which involves diversifying represen-

tations of technology through alternative cultural references and integrating them

into the practices of archivists, librarians, or curators of museums.The second ob-

jective of this paper is thus to present elements of these discussions, particularly on

howcritical and cultural studies in the context ofmuseums and the cultural heritage

sector provide a complementary and important standpoint on this technology.

I have structured this paper as follows. In the first section, I will discuss AI and

its terminology as well as its materiality with respect to infrastructure. With these

elements in mind, I will then present its usefulness for museums and cultural her-

itage, including the set of opportunities as listed in the recent institutional reports

mentionedabove.Theseopportunitieswill showautilitarianviewofAI for these sec-

tors. I will then outline how these sectors could also be beneficial and critical actors

in the development and practice of AI.

Framing ‘AI’

AI is a term widely used to refer to a broad set of technologies. Before describing

the interactions between AI and the cultural heritage sector, I will thus first present

a working definition and discuss the terminology used and what it represents in

terms of sociotechnical infrastructures.

Technique

Artificial intelligence is a digital technology that facilitates the automation of exist-

ing processes hitherto carried out by other means, such as human labour or other

forms of calculations. In the context that interests us in this paper, automated pro-

cesses include the generation of visual or textual content, audience forecasts in the

case of public receptions, the identification of artists and market trends, support

for decision-makers in the cultural sectors, or personalization and visitor services.
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Automation is made possible by the ability of AI algorithms to exploit aggregated

datasets by being trained on them in order to make predictions about future data

close enough to that used to train the algorithms. In addition, AI has shown a cer-

tain level of openness regarding types of data: it can be applied to sound, images,

physiological data, or texts, to cite just a few examples. Advances in these areas, AI’s

opennesswith regard to the types of input data, and the development of effective ac-

companying tools and services have led cultural institutions to question the extent

to which they canmake use of AI technologies.

Terminology

Over thepast decade, therehas beena shift in terminology frommachine learning to

artificial intelligence.While the first term is usually associated with techniques ca-

pable of identifying structures in a complex dataset and making predictions based

on them, the second term is multifaceted and does not refer solely to the under-

lying technologies. Machine learning continues to be used in academic disciplines

interested in creating evermore efficient learning techniques for complex cognitive

andsensorimotor tasks, infindingways to interact effectivelywith these techniques,

or in exploiting their analytical and discursive potential. The term AI is meanwhile

spreading across academia, industry, and culture throughmedia, speeches, papers,

films, and practices. In a recent paper, Meredith Whittaker recalls this change in

terminology at the time of the breakthrough of deep learning in machine learning,

which occurred in 2012. This breakthrough showed research and the economics of

technology the possibility of using this technology to address real-world problems

with less structured and complex data (for instance, high-dimensional images or

long text sequences). She wrote: ‘The year 2012 showed the commercial potential of

supervisedmachine learningand thepowerof the termAIas amarketinghook.Tech

companies quickly (re-)branded machine learning and other data-dependent ap-

proaches as AI, framing them as the product of breakthrough scientific innovation.

Companies acquired labs and start-ups, and worked to pitch AI as an efficient and

precise multitool, suitable for nearly any purpose across countless domains’ (Whit-

taker 2021).This is a warning to keep in mind: in many cases, this term has become

a communication and marketing tool, which is important to unpack in order to be

fully aware of the methods implemented.

While machine learning, though technical, seemed more clearly defined, arti-

ficial intelligence remains deliberately vague, which makes it generic enough to be

incorporated into every sector. In ‘Algorithms as Culture’, Nick Seaver writes that

algorithms are ‘something of a modern myth’ (Barocas/Hood/Ziewitz 2013), which

means, ‘towhich great importance andpower are ascribed,butwhoseproperties are

ill-defined’ (Seaver 2017).The algorithms in question refer to technological solutions

deployed by large companies capable of processing large amounts of data and pro-
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ducing a service in return,which includes AI algorithms such as those implemented

on the Facebook platform, Netflix, and now OpenAI, to name just a few examples.

These AI algorithms seem less and less bounded, and less and less possible to isolate

and dissect. Rather, they describe an infrastructure that combines different types

of technologies and actors, both private and public. So, the second warning is this:

the term AI does not designate a technical object, but instead an infrastructure in-

tegrated into the socioeconomic fabric of modern digitized societies, which makes

it less easy to define and gives it greater power.

Infrastructure

AI refers to an infrastructure consisting of a large number of heterogeneous ele-

ments: data collection, annotation, processing, and storage, but also the training

and development of learning models on significant distributed computing re-

sources, terminals such as smartphones as interfaces with the social fabric of our

daily lives, and a huge amount of energy to power these different parts, as well

as the exploitation of resources essential to constructing the elements of each

computing device. Such an infrastructure involves a tremendous amount of hu-

man labour, from data annotation to maintaining the computation infrastructure,

which includes the computer servers on which the algorithms run each time a user

makes a query of an AI-based service hosted on this server. Kate Crawford gives

a detailed description of this infrastructure in her work with Vladan Joler titled

‘Anatomy of an AI’.1 The authors take the case of Amazon Echo, a consumer device

that users interact with using their voice. Based on this example and a simple voice

interaction, the authors dissect all the elements thatmake it work and highlight the

infrastructure necessary to enable people to have this device in their home envi-

ronment.The authors discuss the different elements at play in order for AI to exist,

such as the rare minerals central to the batteries and screens of computing systems

that structure the infrastructural grid, or the electricity consumed to power these

computing resources. The authors describe how such an infrastructure evinces a

centralization of power and an exploitation of human labour and environmental

resources (see details in ‘Atlas of AI’ Crawford 2021).

The ramifications of this infrastructure are too often forgotten or ignored by

focusing on an ill-defined notion of ‘artificial intelligence’ too often represented

instead as humanoid robots.2 The description of AI as the infrastructure that cre-

ates and supports this technology has the advantage of situating it and updating

its materiality so as to go beyond a representation of technology that would remain

ambiguous and abstract. Digital materiality consists of pipes, cables, standards,

1 https://anatomyof.ai/ (all URLs here accessed in August 2023).

2 https://news.un.org/en/story/2023/07/1138412.
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protocols, machines, and labour (Star 1999; Denis/Pontille 2012). The interaction

between operators and subjects shapes digital information on nested operating

chains.This view of digital materiality as components of underlying infrastructures

helps ground digital information in reality, as opposed to an idealistic view, which

promotes the digital as an abstract entity devoid ofmateriality.And this process also

makes it possible to highlight the different relationships between socioeconomic

groups, technical substrates, and services.

In summary, in this section, my aim was to warn against the ambiguity of the

term AI, which will nonetheless be used extensively in what follows.This term does

not only describe a set of technical objects. Materialistically, it underlies an infras-

tructure involving heterogeneous interactions between various actors and digital

technology. In the next section, I will focus on the usefulness of AI for museums

and cultural heritage. We will see that some of the elements of the infrastructure

will disappear in order to focus on techniques and, in particular, the tasks that these

techniques are capable of performing. In the subsequent section, I try to bring back

in some elements of the infrastructure previously left hanging in order to discuss

them in the context that animates us: museums and cultural heritage.

A Tool for Museums and Cultural Heritage

In recent years, international institutions have been examining the (current and fu-

ture) impact of AI in the creative and cultural sectors and generated reports and

white papers on the topic. Such reports have been commissioned by the European

Commission,3 the European Parliament,4 and a European association (Caramiaux/

Lotte/Joost et al. 2019).Across the various creative and cultural sectors, these reports

have studied howAI is currently being used inmuseums and cultural heritage based

on interviews and documentary research. The aim was to deduce the potential op-

portunities that this technology can bring to these cultural actors and the challenges

associated with enacting these opportunities within these sectors. AI was thus pri-

marily presented as an algorithmic tool that facilitates opportunities. In this sec-

tion, I present the four classes of opportunities that are commonly presented in the

reports mentioned above, in which AI is a technological tool at the disposal of cul-

tural institutions.

3 https://data.europa.eu/doi/10.2759/144212.

4 https://data.europa.eu/doi/10.2861/602011.
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122 Part 2: Perspectives

Archiving, Cataloguing, Managing Information

A first opportunity identified is the use of AI as a tool for informationmanagement

and cataloguing digitized cultural artefacts bymeans of automated processes of la-

belling, classifying, or organizing based on similarities (also called clustering inma-

chine learning). AI-powered classification and tagging is able to automatically asso-

ciate tagswith adocument on thebasis of a set of associations that the algorithmhas

been trained on beforehand.This process can help sort large collections of artefacts

or include new artefacts in an existing catalogue by means of automatic tagging.

Clustering is able to automatically sort a set of data elements by similarity with no

need for their content to be described (in other words, with annotations or meta-

data).

One concrete example faced by librarians and cultural heritage practitioners is

the digitization andmanagement of large numbers of printed andmanuscript ma-

terials.One objective is to organize these documents according to their content, but

due to their large number and the need to extract their content manually, this is te-

dious and unrealistic. AI (or machine learning) can be useful in this context since

there are many tools available to perform the tasks necessary to achieve this docu-

mentmanagement goal.Optical character recognition (OCR) is used to extract char-

acters from a scanned version of a document and help to create digital text as out-

put. Automatic computer visionmethods based onmodernmachine learning algo-

rithms are able to analyse document layouts, which will eventually assist in orga-

nizing archives. Finally, AI can be used to perform text or image similarity analy-

sis to provide a better understanding of document content and organization based

on similarity (newspapers, administrative documents, et cetera). In this case study,

‘AI’ is a toolbox, where each tool performs a task in the information management

pipeline. A concrete example is the ongoing project at the Staatsbibliothek zu Berlin

(Berlin State Library, SBB) called Qurator.5

A second example concerns the automatic markup of digitized works. In the

context ofmuseums and the cultural heritage sector, such a task can help addmeta-

data to theseworks.A recent experiment atTheMetropolitanMuseumof Art inNew

York brought together hundreds of people to interact with an automated tagging

system applied to the museum’s art collection.The system used a game interface to

engagevisitors in the experience so that itwouldnotbe tooboring.Whenanartwork

was selected, theAI-basedalgorithmguessedwhat theparticular artwork contained

(a house, flower, tree, person …), and visitors were able to confirm the suggestion

madeby the systemornot.Visitors could therefore interactwith images inTheMet’s

5 https://qurator.ai/.
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collection to determine if the suggestion provided by the system was correct, thus

helping the AI-based system addmetadata to the image.6

Proposing More Engaging Services for the Audience

A second opportunity identified is using AI as a tool to engage the public in interac-

tions with artefacts inmuseum or cultural heritage archives. In this case, the objec-

tive is to offer visitors a personalized experience and interactive scenarios thatmake

the exhibitions and archives more accessible to a broad audience. AI algorithms are

integrated into an interactive application for visitors, which thus not only ensures

the robustness of the algorithms,but also that the interactions are designed in away

that promotes both experience and usability.

Chatbots are an example of the type of AI-related methods used for audience

engagement with collections.They are interactive systems capable of responding to

text input by human users by providing text output in return. Users can typically

request information about a museum (its history, opening times, prices), an art-

work (its date of creation and techniques), or an artist (biography and other works).

Chatbots can be embedded in websites or used through dedicated apps running on

mobile devices. They are one of the most widespread uses of AI algorithms in the

museum context (French/Villaespesa 2019). According to the website of the French

company AskMona,which deploys chatbots inmuseums, statistics show that 93 per

cent of visitors usually expect an answer to their questions within 24 hours and 86

per cent expect a personalized answer and experiencewhen requesting information

from a museum.7 One of the main motivations for using chatbots is thus to pro-

vide a better experience to visitors by reducing the time required for their questions

to be answered, offering a service that is always available, and engaging them in a

personalized conversation with the specific museum.

Several museums have implemented the use of chatbots to interact with their

public. One example is an app deployed by the Field Museum that allows visitors to

engage directly with items in the museum’s collection, including chatting with the

dinosaurMaximo,which is one of the centrepieces of themuseum. Visitors can ask

Maximo the dinosaur questions directly related to its history, habitat, and diet.The

chatbot simulates the imaginary responses of the dinosaur to questions askedby the

public, thus creating a personal and special relationship between the visitor and the

museum piece.8

6 https://www.metmuseum.org/blogs/now-at-the-met/2019/wikipedia-art-and-ai.

7 https://www.askmona.fr/en/chatbot/.

8 https://www.fieldmuseum.org/exhibitions/maximo-titanosaur.
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Managing Visitor Experience

A third class of opportunity, as mentioned in the reports cited above, concerns the

ability of AI-based systems tomanage, and potentially improve, themuseum visitor

experience.Museum visitors are thus encouraged to use mobile applications devel-

oped by the museums themselves, whichmake it possible to collect various types of

data on visitors during their visit and hence evaluate the ‘success’ of an exhibition

according to the criteria chosen.The use of AImethods ismotivated by the possibil-

ity, in the long term, of being able to predict the popularity of an exhibition based

on the number of visitors and their experience on the basis of this data, in addition

to contextual data provided by GPS and Wi-Fi. Using predictive methods to assess

an upcoming exhibition would save museums money by enabling them to properly

allocate resources to the upcoming exhibition, especially with respect to the choice

of works and their location in the museum.

One example of this, which is now quite a few years in the past, is the UK’s Na-

tional Gallery’s creation of a project to predict the future number of visitors to a

given exhibition based on the characteristics of that exhibition.9 Even though this

project has been communicated extensively, there are not many details available to

understandhow this prediction is concretelymade,or basedonwhat features.There

have been, to my knowledge, few other attempts in this direction, which is not nec-

essarily surprising in view of the task, which relies on various criteria beyond what

can be seen in the data, and on the other hand, gives rise to ethical issues related to

the capturing of visitors’ personal data.

Another source of data used by museums to identify potential visitors or ana-

lyse the quality of an exhibit are assessments of socialmedia posts or tourist website

ratings.These analyses can inform strategic decisions within organizations, partic-

ularly around communication and operational activities. As reported by French and

Villaespesa (2019), some museums are already assessing comments posted on plat-

formssuchasTripAdvisorusing sentimentanalysis techniquesand topicmodelling.

These techniques,which can be groupedunder the category of AI techniques, enable

museums to analyse feedback from thousands of visitors and provide insights on

how to improve exhibits, visitor experience, orientation in the museum, and their

communication of the events organized.

Creating

The final opportunity identified is using AI as a tool to generate content and re-

flect on existing collections of data. So far, I have mainly talked about data analysis

9 https://dexibit.com/resource/national-gallery-predicts-future/.
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and classification, but some AI techniques are also designed to generate multime-

dia content such as images, text (used in chatbots), or sounds. Recent advances in

AI have shown the ability of these systems to, for example, generate images from a

textual description.This family of techniques has been referred to as generative AI,

although generativemethods based onmachine learning have always existed along-

side the other types of tasks mentioned above, such as classification techniques or

clustering.

One example illustrating this possible use of AI is a recent work commissioned

by the Museum of Modern Art in New York, which involved training a generative

AI model on a collection of 180,000 works of art from the museum’s collection.The

resulting work titledUnsupervised by the artist Refik Anadol and his studio shows an

abstract andmoving visual representation of artworks in the collection.10

Another example of content generation can be found in the restoration of works

of art. The Rijksmuseum in Amsterdam has collaborated with companies to use a

generative AI technique to restore missing edges to Rembrandt’s paintingTheNight

Watch. He originally produced a painting slightly larger than the existing one. But

the edges of the painting had to be cut off at some point in its history in order to fit it

into a framesmaller than theoriginal one.To restore themissingedges, themuseum

trained the AI-based technique to colour in the style that Rembrandt would have

used in his painting.Thanks to this training dataset based on the artist’s paintings,

the technique was able to learn both the colours and the brushstrokes and used and

thus recreate the missing edges.

Cultural Heritage Practice and AI

In the previous section, I presented how AI can be regarded as a tool for museums

and cultural heritage and, as such, the opportunities this technology can bring to

these sectors. In this section, I will discuss the way institutions and associations in-

volved in collecting and conserving cultural heritage can have a voice in AI literacy.

Firstly, I will discuss data curation, a documented practice in the field of cultural

heritage and a necessary step in AI. Secondly, I will discuss the narrative of AI as a

decontextualized and universal form of knowledge compression and howmuseums

and the cultural heritage sector can help build alternative narratives.

Data Curation

Most artificial intelligence algorithms are based on datasets that largely dictate the

behaviour of the algorithms through theuse of the particularmodel trainedon these

10 https://www.moma.org/calendar/exhibitions/5535.
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datasets. If a model is trained to provide a translation from English into French, it

will do so by learning from a large number of text fragments translated from En-

glish into French. The questions that arise are: Where do these fragments of text

come from? How were they chosen and by whom? What do they contain and who

translated them?

Datasets play a fundamental role in the design of artificial intelligence, and data

curation has a critical impact on the behaviour of AI’s algorithms. Indeed, since

the rise of machine learning and AI ten years ago, much work has shown that the

datasets used in many machine learning and AI tasks are fundamentally biased in

the sense that certain tasks, such as face classification, do not work in the sameway

for all people,particularlywhen skin colour (darker skinwill havepoorer recognition

performance) and gender (algorithms will recognize women less well thanmen) are

concerned (Buolamwini/Gebru2018).Thesealgorithmsarebiasedbecause their per-

formancedependson thepopulation considered in thedataset.And this bias is often

amarker of societal and political biases, because these same populations are already

marginalized in the societies in which these algorithms are deployed. In a recent

paper, Scheuerman and colleagues (Scheuerman/Hanna/Denton 2021) studied how

over one hundred datasets used in computer vision-based machine learning were

created and the values conveyed within data practices employed to develop these

datasets.They have shown, for example, how certain datasets are created by valuing

efficiency over attention, or universality over contextuality. In fact, dataset creation

is not a clearly established practice and some creators of datasets have no expertise

in this area, or these same creators value the cost savings in a process where the val-

uation is oftenmade based on products developed from AImodels trained on these

data.

Practices developed in museums and the cultural heritage sector can bring in-

sights to the creation of datasets aimed at building AI technology. As elaborated by

Jo and Gebru in a recent paper (2020), there are differences between the creation of

a dataset (as it is currently practiced) and the creation of a collection of artefacts.

On the one hand, the creation of datasets tends to involve a low degree of interven-

tion in the selection of elements for the dataset and in how they are annotated.The

idea is the more, the better. On the other hand, the creation of collections in a cul-

tural heritage context requires a high level of curation and intervention by various

experts. In the latter case, decisions are taken based on what constitutes a signif-

icant element, thus prompting its inclusion in the collection. Practitioners in this

sector have experience with selection and representation bias in the collections cre-

ated. Importantly, the act of avoiding biases in datasets by findingmeans to de-bias

them becomes another way to introduce biases. As Coleman writes:

They are vital institutions full of committed individualswhosework lies in the ten-

sion between the inherently discriminatory mediating practice of organizing and
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categorizing and the desire tomake information freely available anddiscoverable.

That tension, or friction, provides stability and drives change. Cultural heritage in-

stitutions are perpetually confronting the questions: Are we preserving the right

things? Arewemaking the right choices? There is no right answer. The bases of de-

cision-making change over time and are distributed. Each institution has its own

character; the forces acting on decision-making aremany.Most importantly, there

are human beings behind the decisions and the institutional norms who are ac-

countable. Attempts to de-bias algorithms or de-bias data have been introduced

recently in response to a crisis in machine learning. But seeking to avoid account-

ability, disguised as objectivity or worse, neutrality, is a technocratic fallacy (Cole-

man 2020).

Thequestionofwhodecideswhat tokeepandshow is of theutmost importance,as is

inherent in the work of archivists and librarians, fromwhom AI practitioners must

learn. And, conversely, the use of cultural heritage collections as datasets for AI is in

no way straightforward and still in its infancy. As Neudecker writes: ‘To unlock the

possibilities, libraries cannot just relyon the fastprogress inAI research,but inorder

to fully benefit from it,need to invest intomore suitableways to share their data,and

into digital curation with a considerably broader scope of use, and responsibilities

with regard to managing ethical issues and biases in data’ (Neudecker 2020).

Cultural Politics and Narratives

As I mentioned briefly above, AI has often been presented as neutral or objective,

based on the rationale that it is a set of statistical tools that make statistical pre-

dictions and is therefore supposedly free of bias. And if certain biases exist, there

is the belief that there must also be ways to de-bias the system.While this position

has been widely criticized by researchers, practitioners, and activists (for instance

O’Neil 2017; Noble 2018; Benjamin 2020), has the status quo actually changed?

Recent advances in AI have shown a desire to build increasingly generic models

capable of bringing together all the knowledge available digitally. Somewhere along

the line, the response to criticisms of non-neutrality has been to go further in terms

of the quantity of data and a model’s capacity to ingest this larger amount of in-

formation. This has been clearly illustrated with linguistic models (or LLMs, large

language models). Behind the construction of larger models lies the idea of univer-

sality: by building largermodels capable of sorting through a wider range of data, it

would be possible to build a universal model of knowledge. As Scheuerman and col-

leagues write: ‘Implicit in this belief is the value of universality, insinuating a world

that is able to be neatly captured and classified, often for the purposes of state and

economic management’ (Scheuerman/Hanna/Denton 2021). AI is thus regarded as

a universal form of knowledge compression.
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To come back to the term artificial intelligence: intelligence is a broad concept,

which is likely to be defined differently depending on the social group within which

this notion takes shape. Furthermore, the term artificial is also problematic.Under-

stoodas technical,basedonmachines, this termis constructed inopposition towhat

is considerednatural.Butwhat is natural intelligence? Is the observed or designated

intelligence of a person not also the result of social and material interactions with

the environment? My position here is that, through the term artificial intelligence,

the culture ofmachine learning does not explore the complexity and diversity of the

concepts behind intelligence and artificiality, but instead takes on the disembodied

form of efficient, rational and universal thinking. I do not think that cultural her-

itage practitioners, archivists, and librarians need methods that are imbued with

intelligence. Their practice is already based on collaboration between people with

their own intelligence, who jointly generate a form of ‘artificial’ intelligence used to

understand and select the collections in their hands.More likely, there is a need for

flexible and efficient methods for dealing with the huge amounts of digitized data

coming from the institutions inwhich theywork (Coleman 2020).Here, these actors

can provide a critical voice concerning this technology not only through their use of

it, but also through their practice of reflecting on the sociocultural impact of the

technical objects with which they are led to select the artefacts to be preserved and

exhibited.Practitioners in these sectors know the importance of regarding tools, in-

struments, and objects as situated in their cultural, temporal, political, or economic

context. For AI technology, this practice of contextualization is just as necessary, but

still lacking.

Conclusions

In this paper,my aimwas to discuss howAI interacts with themuseum and cultural

heritage sectors. I began by outlining what the underpins the term AI and how this

technology can be more fruitfully understood as infrastructure.With this in mind,

I presented how AI is often regarded as a tool to accomplish tasks for these sectors.

These opportunities arise from research work carried out on a European level and

described in a series of reports and white papers to which I have contributed.These

reports,however, lack informationonhowcultural heritageandmuseumscanshape

AI while integrating it into their established practices. For this reason, I have begun

a discussion of these elements with a particular focus on data curation and the cul-

tural politics of AI narratives.

This paper is the fruit of my own involvement in writing reports on the use of AI

in the creative and cultural sectors, but also the result of a series of exchanges and

discussions that tookplace inparallelwith partners,players in thefield, researchers,

and activists, particularly during the Cultures of AI conference held in Karlsruhe in



Baptiste Caramiaux: AI with Museums and Cultural Heritage 129

December 2022. These reflections are subjective but, I hope, can serve as comple-

mentary and critical material to accompany the institutional reports mentioned in

this paper.
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Troubleshoot?

A Global Mapping of AI in Museums

Isabel Hufschmidt

This paper introduces a global mapping on the use of artificial intelligence in mu-

seums. It was conducted in collaboration with students on the master’s program in

Expanded Museum Studies at the University of Applied Arts Vienna as part of the

seminar ‘Troubleshoot? AI in the Museum’ in the winter semester of 2022–23. In

connection with the German network AI & Museums at the Badisches Landesmu-

seum, Karlsruhe, the results of the mapping led to a WikiProject in the attempt to

create a first comprehensive visualization of data on AI in museums worldwide.1

The seminar took its cue from a central research question:What are themotiva-

tions, contexts, goals, and challenges surrounding the use of AI inmuseums? In this

regard, its title highlights a fundamental aspect: troubleshooting denotes propos-

ing solutions to a problem, and above all algorithms—the DNA of AI—function as

the instructions that promise solutions.However, inwhich areas is this applicable in

an effective manner, or to what degree can AI be relevant and offer solutions?What

kind of issues lead up to AI-assisted troubleshooting? Does AI possibly also give rise

to new ‘troubles’?

The mapping not least aims to help assess the relevance and development

prospects of AI in the museum sector, both from a global perspective and on a

comparative basis. It thus facilitates the evaluation of how AI as a tool in museums

has evolved to date and may unfold in coming years and decades. The mapping

explores different areas of application for AI technology inmuseumwork processes

and contexts, including collection management, exhibition planning, research,

conservation, networking, facility management and security, education, outreach,

language, visitor service, and visitor experience. The comparative approach to the

various countries and regions took into account the relevant geopolitical and eco-

nomic dispositions as well as the different types of museums and possible ethical

implications.

In what follows, this paper provides a representative snapshot of the current

state of research, thus painting a sample picture of AI roll-out in museums world-

1 https://www.wikidata.org/wiki/Wikidata:WikiProject_Museum_AI_projects.
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wide. This review of research from the field was the starting point for the seminar

to comprehensively compile data and cases regarding the way AI is being deployed

inmuseums the world over. An outline of the extensivemapping that was then con-

ducted for each continent will add to this presentation of research.The concluding

summary evaluates the results of the mapping based on the following questions: Is

a certain type of museum a forerunner with respect to AI? Is there an operational

area in which the use of AI occurs proportionately quite frequently? Which region

dominates, in other words,which region or country currently leads in the field of AI

in museums, if it is possible to speak of dominance or leadership in the first place?

What are the similarities in the global overview, and what are the differences?

State of Research: AI in the Museum Today

The seminar was devoted to the most recent developments featuring AI in the mu-

seum sector internationally, but with regard to the historical evolution as well. To

this end, three research initiatives that have been intensively dedicated to the field

of AI inmuseums since 2020 and focus on regional and international networkswere

chosen as pivotal points: LiviaAI,2 University for Continuing Education, Krems,

Austria;TheMuseums + AI Network,3 Goldsmiths, University of London, in cooper-

ationwith the Pratt Institute,NewYork; AI&Museums,Badisches Landesmuseum,

Karlsruhe, Germany. The latter two gave rise to the AI Toolkit publication (Murphy/

Villaespesa et al. 2020–2) which offers an introduction to AI applications for muse-

ums, case studies, and a first overview of AI initiatives. Elena Villaespesa, based at

the Pratt Institute, New York, and project head of The Museums + AI Network, has

created a corresponding List of Artificial Intelligence (AI) Initiatives in Museums,

available online.4

An additional survey of pertinent research literature, selected mainly from

the last three years, helped to identify the various areas in which AI is used in

the museum sector, but simultaneously also reflects the international spread of

AI in the museum world as well as the research interest globally. In this context,

research contributions from China, Italy, Korea, and the United States, among

others, address the heterogeneous fields of deployment in an exemplary man-

ner. They represent both pilot experiments and actual implementations in the

field. The authors, researchers, and developers, based at universities and research

institutions, come from a wide range of disciplines such as computer science,

programming, behavioural and cognitive science, linguistics and literary studies,

2 https://themuseumsai.network (all URLs here accessed in June 2023).

3 https://livia-ai.github.io.

4 https://www.artsmetrics.com/en/list-of-artificial-intelligence-ai-initiatives-in-museums/.
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neuroscience, physics, mathematics, industrial and civil engineering, industrial

design, art history, cultural studies, educational and social sciences,media studies,

and archaeology.

Figure 1: DALL·E / OpenAI; prompt by Claudia Larcher, 2023.

Topics include the use of AI for exhibition scheduling (Lee/Lin 2010), camera

placement (Li 2013), security systems (Garzia 2022), conservation concepts (La

Russa/Santagati 2021), acoustic comfort in exhibition spaces (D’Orazio/Montoschi

et al. 2020), visitor tracking (Onofri/Corbetta 2022), visitor flow management

(Centorrino/Corbetta et al. 2021), predictive analysis of tourist flows (Gao 2021),

routing (Hsieh 2017) and route planning (Xu/Guo et al. 2021) for visitors, and even

the creation of attractive branding (Chiou/Wang 2018) and deepfake presentations

(Mihailova 2021). In many cases, the papers provide insights into and information

on the development and training of different types of algorithms intended to im-

prove processes at various operational levels in museums, including curatorial and

conservation practices, databasemanagement, collection tagging, facility manage-

ment, security and surveillance, PR work, marketing, and presentation strategies.

Particularly intriguing is the interest in AI-based research and analysis, often

in connection with visitor services. This includes data collection via automated
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counting and tracking, with the aim to predict visitor behaviour and thus improve

assistance with information, to personalize tours through the museum space, and,

in turn, to optimize educational benefits. Various AI technologies and AI-powered

devices and applications are utilized here for the different purposes. To mention

a few, natural language processing (NLP), computer vision, data mining, machine

learning, deep learning, and neural networks in the context of a transition to a sort

of self-administration in work processes andwithin the exploration and experience

of the museum all play a central role here.

Mapping

The following sections summarize the results of the mapping by continent. Case

studies illustrate in which contexts and areas AI is already being used and experi-

mentedwith inmuseums,howwidespread,short- or long-termtheuse in the region

is, andwhether national AI strategies play a role.Details of the examplesmentioned

and a comprehensive picture of AI deployments can be viewed in the WikiProject,

which indexes: the respective AI technology used by each museum and/or related

institution; the context and/or type of implementation; the development compa-

nies involved; the date of launch and/or run period; and bibliographical sources and

links.

To compile data, in addition to the literature that had already been surveyed,

a multilingual internet keyword search was carried out, primarily in English and,

whenpossible, the respective national languages.This led to further literature,press

releases,online sources,andwebsitesofmuseumsandother institutionswithcorre-

sponding references to projects involving and implementing AI inmuseums. Based

on this quantitative data collection, the countries and regions were evaluated qual-

itatively with respect to goals and challenges, as will be outlined below and in the

concluding summary based on the abovementioned core questions.

Africa

The development of AI in the museum sector will be determined in African coun-

tries5 over the coming years. The key questions are: Does AI provide agency for the

continent’s emancipation in the wake of a Pan-African movement? Does AI add to

this empowering path for African societies to underscore their rejection of allow-

ing the museum to continue to play out its Western and primarily colonial hege-

5 The cases mentioned with regard to North Africa and Sub-Saharan Africa are partially taken

from the research conducted byManon Fougère (master’s student, ExpandedMuseum Stud-

ies) in the context of the mapping.
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mony?With the annual conferencesPA-AI&SS,6 since 2021 inNamibia,Senegal, and

Ethiopia, as well as PanAfriCon,7 held in Addis Ababa since 2021, AI is beingmade a

priority subject in the realm of a Pan-African vision. In this context, Ethiopia, with

the strong support of Chinese investors (N.d.-b 2022), is already emerging as a hot

spot for science and technology and for the digital transformation of the continent.

The institutions playing a major role in this process are the Museum of Art and Sci-

ence in Addis Ababa, opened in 2022 on the occasion of the PanAfriCon, and the

Ethiopian Artificial Intelligence Institute (EAII).8

The use of virtual reality and digitization can already be seen across the board

(AlexandriaNationalMuseum,Egypt;El JemMuseum,ElDjem,Tunisia; PanAfrican

Heritage Museum, Winneba, Ghana; National Museum of the Democratic Repub-

lic of Congo, Kinshasa). However, examples of genuine AI applications inmuseums

on the African continent are currently still limited to a few specific cases. In North

Africa, the Grand EgyptianMuseum in Cairo used AI for automated decision-mak-

ing in 2018 in order to safely erect a colossal statue of Ramses II. To this end, a 3D

model of the statuewas created, and the installation simulated on it.TheAIwas also

used to determine the optimal location for the statue in the museum.9

In Sub-SaharanAfrica,Looty, launched in 2022, stands out against the backdrop

ofdecolonial emancipation throughnewtechnologies.ChidiNwaubani, the founder

of Looty, uses the tokenization of African objects inWestern collections to draw at-

tention to the fact thatmostAfricancultural heritage is locatedoutside the continent

(Tattoli 2023; Charr 2022).Nwaubani’s aim is to reclaimAfrican cultural heritage.As

part of this,members of the Looty team create 3D scans of artifacts held inWestern

museums. These scans are then converted into NFTs that can be purchased for the

benefit of African artists. In recent press coverage, Nwaubani ‘declare[d] his project

as an alternative form of repatriation, by which digital technologies are used to re-

claim a measure of control and ownership over artifacts still held far from Africa’

(Ukomadu/Shirbon 2022).

Asia

A unique feature shared by China and Korea are state initiatives to establish smart

museums, in otherwords, the process of ‘smartifying’ existingmuseums, and build-

ing new museums in line with ‘smartification’. These overall concepts include, for

instance, the use of AI embracing the actual construction of themuseum, collection

research, management, branding, marketing, visitor support, exhibition displays,

6 https://paaiss.com.

7 https://panafriconai.org.

8 http://www.aii.et.

9 https://redshift.autodesk.com/articles/grand-egyptian-museum.
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the creation of exhibits, and the combinationwith virtual and augmented reality. In

China, the SmartMuseum Pilot Initiative, which was launched by the State Admin-

istration of Cultural Heritage (SACH) in 2014, covers a total of sixmuseums, includ-

ing the Inner Mongolia Museum, Gansu Museum, Guangdong Museum, Suzhou

Museum, Jinsha Site Museum in Sichuan, and Emperor Qinshihuang’s Mausoleum

SitePark inShaanxiProvince (Minyo/Yang2016;Wang/Duanet al.2023). In2018–19,

Korea launched a five-year Smart Museum Program, which supports the transfor-

mation of 86 public and 18 private institutions into smart museums and also in-

cludes the construction of new museums (Kim 2021). The flagship project in this

scheme is the National Museum of Korea in Seoul.

A significant role similar to that of theSmartMuseumisplayedby robotics, since

this field is also prominently represented particularly in Japan and Korea (Morita

2022), not least in the museum sector. Worth mentioning here are the Mitsubishi

Ichigokan Museum and the Miraikan: National Museum of Emerging Science and

Innovation in Tokyo, the Ohara Museum of Art in Kurashiki, as well as the Ewha

WomansUniversityMuseum inSeoul.That said, this is simultaneously a thoroughly

international phenomenon. Robots are used not only to support the visitor service

as tour guides.The new Robot Science Museum in Korea, for instance, is to be con-

structed solely by robots, based on plans by Melike Altınışık Architects from Istan-

bul. Actually, the use of robotics in museums dates back to the 1990s, among others

in the form of Rhino, one of the first robot museum tour guides, at the Deutsches

Museum in Bonn, Germany (Königs 2017). Since 2014, Pepper, a so-called telepres-

ence robot developed by the French company Aldebaran (part of the GermanUnited

Robotics Group since 2022) has made a particularly prominent appearance (Tyagi

2021). Pepper is used in museums worldwide and impresses with its multilingual-

ism, including Swahili. Before the Smithsonian, for example, began using Pepper in

2018 to improve its visitor experience, it had as long ago as 1998 introduced AI-sup-

ported robotics in museum operations with the short-term experimental use of a

tour robot called Minerva (Thrun/Beetz et al. 2000). An essential aim of, partly hu-

manoid,roboticswithhumanrobot interaction (HRI) is toprovideknowledge repre-

sentation,poweredmostly bynatural languageprocessing.This facilitates dialogical

access for visitors and content-related support, among other things, with respect

to historical and collection-specific information supplied during tours of the mu-

seum. Robots as so-called docent guides are not least intended to support museum

staffwith visitor services, and increase educational benefits by offering an enhanced

experience.
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In Southeast Asia,10 the role of AI in the preservation of cultural heritage is

emerging alongside the optimization of visitor experience. Singapore is partic-

ularly prominent in this regard. The Y-Lab, launched at the National Gallery in

2021, is developing various AI applications paired with mixed reality for improved

storytelling and thus enhancing the museum experience.11 Thailand, like China

and Korea, has been focussing on a Smart Museum Initiative since 2017, which

includes the National Museum of Bangkok (Read 2017). AI adoption is, however,

not unique to the capital.TheMuseum of Art and Culture of Loei is working with AI

in the field of character recognition to digitize ancient manuscripts (Puarungroj/

Boonsirisumpun et al. 2019). Not far away, in Vietnam, the SouthernWomen’s Mu-

seum inHo ChiMinh City has dedicated itself to providing a personalizedmuseum

experience since 2018 through the Bao Tang PNNB mobile app, which facilitates

customized museum tours and supplies information on collection objects (My

2018).

SouthandCentralAsia12 showno less interest in theuseofAI in themuseumsec-

tor.Noteworthyhere are recentdevelopments for smartnavigation in visitor routing

(DirMuseumChakdara,Pakistan) (Khan/Rahmanet al. 2022),orHRI via tour robots

(Nur Alem Museum of Future Energy, Astana, Kazakhstan). This is complemented

by research onmuseumcollections, such as the INTERWOVEN13 project on theweb-

site of the Museum of Art & Photography in Bengaluru, India, launched in 2022 in

collaboration with Microsoft. Machine learning, computer vision, and text analy-

sis serve here to connect and search textile collections worldwide. Another project

is Magnify Miniatures at the National Museum of New Delhi, which aims to find

similarities between paintings, enabled by machine learning.14 The project started

in 2020 in cooperationwith Google. Farther north,Uzbekistan, too, offers a distinc-

tive feature in terms of AI, namely the country’s first smartmuseum in Samarkand,

which has provided amobile tour guide and AR since opening in 2019 (N.d.-a 2019).

TheMiddle East and the Arabian Peninsula are also home to avant-garde uses of

AI, among other things: The architecture of Dubai’s Museum of the Future, which

opened in 2021, was created based on algorithms, executed by Killa Design, Dubai

(Montjoy 2022).Themuseum also relies on the use of robotics for visitor assistance.

10 The casesmentionedwith regard to Southeast Asia are partially taken from the research con-

ducted by Katharina Enzinger (master’s student, Expanded Museum Studies) in the context

of the mapping.

11 https://ylab.sg.

12 The cases mentioned with regard to Central and South Asia, the Middle East, and the Ara-

bian Peninsula, are partially taken from the research conducted by Samira Plunger (master’s

student, Expanded Museum Studies) in the context of the mapping.

13 https://interwoven.map-india.org.

14 https://artsexperiments.withgoogle.com/magnify-miniatures/.
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Starting this year, in 2023, the National Museum of Qatar in Doha has applied Mi-

crosoft’s NMoQ Explorer, a knowledge mining tool, on its website to map epochs

and objects in relation to each other.15 In Israel, the Yaacov Agam Museum of Art

in Rishon LeZion has been offering TIMA, an AI-powered guide that can be down-

loadedon tablets and smartphones, since 2020.16With respect topreservation, since

2021 in Turkey,17 the Museum of Anatolian Civilization in Ankara, the Istanbul Ar-

chaeological Museum, and the Çorum Archaeological Museum have been pursuing

AI-supported documentation and translation ofHittite tablets by applyingNLP and

automated reasoning in order to make them accessible for further research (Keskin

2023). Even earlier, as of 2017, the Ministry of Culture and Tourism supported the

development of the AI-powered database MUES (Museum National Inventory Sys-

tem), which uses deep learning to optimize the storage and processing of data, as

well as tagging. Its purpose is also to facilitate the detection of smuggling and coun-

terfeit artifacts.18

In 2021, Turkey also published its National Artificial Intelligence Strategy19 with

six strategic priorities: ‘1) Training AI Experts and Increasing Employment in the

Domain 2) Supporting Research, Entrepreneurship and Innovation 3) Facilitating

Access to Quality Data and Technical Infrastructure 4) Regulating to Accelerate So-

cioeconomicAdaptation 5) Strengthening InternationalCooperation6)Accelerating

Structural and Labor Transformation.’20

This leads us to neighbouring Russia. There, too, we occasionally find AI appli-

cations in the museum sector, including AI-powered digitization of archival data

using ABBYY (BolshoiTheatre Museum,Moscow), a 3D reconstruction of St. Basil’s

Cathedral via scanner drones (Federal History Museum, Moscow), and overall AI

deployments for interactive experience (in planning: Kamchatka National Nature

PreservationMuseum). In 2019, Vladimir Putin presented a National AI Strategy at

the AI Journey conference in Moscow. In this context, AI was defined in general as:

‘a collection of technological solutions that allow one to simulate human cognitive

processes (including self-learning and the search for solutions without using a pre-

viously-supplied algorithm) and to get results, when accomplishing concrete tasks,

that are at least comparable with those of the human intellect’ (Nocetti 2020, 19). In

15 https://news.microsoft.com/en-xm/2023/03/28/the-national-museum-of-qatar-in-partners

hip-with-microsoft-launches-nmoq-explorer/#:~:text=The%20NMoQ%20Explorer%20is%

20an,the%20National%20Museum%20of%20Qatar.

16 https://www.tima-online.com/index_de.html?v=0.05.

17 The cases mentioned with regard to Turkey and Russia are partially taken from the research

conducted by Charlotte Fuchs-Robetin (master’s student, Expanded Museum Studies) in the

context of the mapping.

18 https://b3lab.org/en/sayfa/mues_museum_national_inventory_system_project-32.

19 https://cbddo.gov.tr/SharedFolderServer/Genel/File/TRNationalAIStrategy2021-2025.pdf.

20 https://cbddo.gov.tr/en/nais.
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the race for leadership in AI, investment, networking and connections to the inter-

national community are decisive, but Russia’s access to them is not least at risk due

to growing military conflicts (Nocetti 2020). Moreover, AI development in Russia is

in the hands of a state-owned bank (Petrella/Miller et al. 2021).One should underes-

timate neither to what extent AI is key in the competition for geopolitical relevance

nor how this may be misdirected towards military armament instead of fostering

social and educational objectives.

The Americas

North America, especially the United States, has a high profile in the field of AI, not

least due to themajor players in the industry that are based there, such asMicrosoft,

IBM,Google, or theMassachusetts Institute of Technology (MIT),which continue to

dominate the development of applications and software worldwide. Google Arts &

Culture, which facilitates virtual tours of museums and has gained in significance

since 2020 (especially during the pandemic) is used in museums around the globe.

When it comes to AI, major players in the museum scene are active, such as the

Smithsonian, theMuseumofModernArt (MoMA),TheMetropolitanMuseumof Art

(TheMet), the Harvard Art Museums, or the Art Institute of Chicago. In general, AI

in US museums is used to personalize the museum experience, improve collection

research, and evaluate operational structures. There is, however, even more. Since

2019, the Dalí Museum in Saint Petersburg, Florida, has already been using a deep-

fake—of the artist Salvador Dalí—to enhance the museum experience. In 2018, the

National Soccer Hall of Fame in San Francisco implemented facial recognition and

automatedplanningvia anAI-powered touchscreenat the entrance to theexhibition

space that serves to personalize museum visits.21TheEast andWest coasts have the

country in their grip when it comes to AI. A bit further inland, AI has also long since

beendeployed ineverydaymuseumlife,with chatbots asapopular format (AkronArt

Museum, Ohio; Field Museum, Chicago; Carnegie Museum, Pittsburgh). In neigh-

bouring Canada, the Ontario Regiment Museum caused a sensation in terms of in-

novations in visitor service and dialogue with its AI-based virtual humanoid chat-

bot Corporal Lana, which launched in 2020.22This is comparable to the use of virtual

chatbotOphelia, released the same year, at two other Canadianmuseums: the Cana-

dian Science andTechnologyMuseum inOttawa and theCanadianMuseum forHu-

man Rights inWinnipeg.The country is already committed to the long-term use of

AI, and, unlike its neighbour, has a national AI strategy, the Pan-Canadian AI Strat-

egy, published in 2017 by the Canadian Institute for Advanced Research (CIFAR),

21 https://www.nationalsoccerhof.com/visit/experience.html.

22 https://www.intel.com/content/www/us/en/customer-spotlight/stories/ontario-regiment-

museum-customer-story.html.
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140 Part 2: Perspectives

with the core objectives of educating and developing ‘global thought leadership on

the economic, ethical, policy and legal implications of advances in AI’.23 National AI

strategies, such as those of Turkey, Russia, or Canada, all raise the question of the

extent to which museums play a clear role in them.Museums do not seem to be ex-

plicitlymentioned.Yet, themapping reveals howmuseums benefit from the various

fields involved in the development of AI when it comes to experimenting with and

adjusting work processes, visitor and educational services.

Not tobeunderestimatedareAIdeployments in the regionsofCentral andSouth

America,24 which are quite intriguing and revealing in terms of innovations. AI is

beingwidely usedwith a specific focus on themuseum experience as well as on per-

sonalized visitor services with educational benefits.This includes not only chatbots

and equivalent conversational mobile apps and guides (IRIS+, Museo de Amanhã,

Rio de Janeiro; Bio-Cosmos, Museo de Arte Moderno de Buenos Aires; A Voz da Arte,

Pinacoteca de São Paulo; Museo Nacional de Antropologia, Mexico City), but also a

variety of research and implementations involving machine learning, computer vi-

sion, and neural networks, for instance. Of particular interest is robotics or rather

HRI inmuseums. In this area, the production and implementation of the tour robot

Pablo Bot in Lima since 2022, introduced by San Pablo Catholic University’s Mecha-

tronics Engineering School, and based on Pepper’sblueprint by SoftBankRobotics, is

geared towards spurring itswidespreaddistribution inmuseums throughout South

America (Marina 2022). Similarly, in Peru, theMuseo de La Recoleta in Arequipa has

collaborated on the implementation of tour robots with sensor-based object detec-

tion and convolutional neural networks (CNN) (Tejada-Mesias/Dongo 2019).Worth

noting as well is the Museu Paulista in São Paulo. In cooperation with the demonu-

menta project at the School of Architecture and Urbanism of the University of São

Paulo (FAUUSP), it welcomed computer vision and machine learning experiments

focussed on datasets to analyse normativities and colonialist continuums in art his-

torical narratives and collections (Moreschi/Jurno et al. 2022).

Australia

Australia,NewZealand, andOceania25 are a busy hot spot in terms of the use of AI in

museums, especially with their interactive and personalized museum experiences

23 https://cifar.ca/ai/#:~:text=Our%20vision%20is%20that%20by,positive%20social%2C%2

0economic%20and%20environmental.

24 The cases mentioned with regard to Central and South America are partially taken from the

research conducted by Samira Plunger (master’s student, Expanded Museum Studies) in the

context of the mapping.

25 The cases mentioned with regard to Australia, New Zealand, and Oceania are partially taken

from the research conducted by Konstantina Hornek (master’s student, Expanded Museum

Studies) in the context of the mapping.
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in the context of optimized storytelling. For more than a decade now, this has in-

volvedmobile apps andNLP-powered chatbots, partly equippedwith recommender

systems, such as at the Museum of Old and New Art in Tasmania, the Auckland

Art Gallery, the Auckland War Memorial Museum, and the Museum of Australian

Democracy in Canberra. With its NLP-powered interactive installation Dimensions

in Testimony, launched in 2021, the Jewish Museum in Sydney has provided visitors

with thepossibility to conversewith virtual twins ofHolocaust survivors. In termsof

collectionmanagement, the Serjeant Gallery inWhanganui,NewZealand, has been

using automated tagging in their online collection via Google Vision API and NLP

since 2017.

Especially outstanding isDexibit, foundedbyAngie Judge inAuckland in2015,as

an internationally successful company that ‘exports’ AI. It provides museums with

solutions for visitor analytics, including automated visitor counting and tracking,

so as to enhance operational structures through predictionmodels for the improve-

ment of visitor experience and services.No less exceptionally, the University ofMel-

bourne and the Australian Centre for the Moving Image (ACMI) have been collabo-

rating in an equally innovativeway since 2018 on creating adynamicweb application

that geo-visualizes museum soft power.26

Processing the history of injustices against the Indigenous populations of Aus-

tralia, New Zealand, and Oceania, which goes hand in hand with the research and

documentation of the relevant holdings in collections in local museums, is a partic-

ular field in which AI is now also being integrated.The Indigenous cultural heritage

has thus been addressed in the context of AI-supported research. In this area, the

University of Auckland started a project in 2021 on the analysis of Māori stone arti-

facts using classifiers, computationalmodelling,andmachine learning.27TheOtago

Museum in Dunedin, New Zealand, is involved as cooperation partner.

Europe

The use of AI in museums of in Northern, Central,Western, Southern, and Eastern

Europe differs significantly in terms of type and spread. Chatbots are particularly

popular in Germany, France, Italy, and the Netherlands.Their application has been

widespread inmuseumoperations since around 2004 (Kölbl n.d.).Chatbots support

visitor services as well as the visitor experience, among other things,mostly viamo-

bile applications for visitors’ smartphones or tablets. Powered by NLP andmachine

learning, they communicate relevant information about the venue and the exhibi-

tion, andmay at some point even provide personalized recommendations. In some

26 https://arts.unimelb.edu.au/research/digital-studio/projects/deep-mapping.

27 https://www.auckland.ac.nz/en/news/2021/09/20/using-technologies-of-the-future-to-piec

e-together-the-past.html.
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cases, this is accompanied by a game feature in the form of a treasure hunt through

the museum, as, for example, in several museums in Milan (Casa Museo Boschi di

Stefano,MuseoBagatti Valsecchi,Museo Poldi Pezzoli, andVillaNecchi Campiglio).

There is also experimentationwith theuse of robotics; but apart fromtheHRI export

successPepper, permanent implementations such as in JapanorKorea are quite rare.

One example of long-term use is, however, represented by a standalone version of

the telepresence tour robot Virgil at the Castello di Racconigi, Italy (Lupetti/Germak

et al. 2015).

Furthermore, in Central Europe, the use of AI for collection documentation,

research, and conservation as well as general operational structures such as facil-

ity management has been part of various experimental short-term applications

and projects, including the use of neural networks and machine learning (Opera-

tion Night Watch, Rijksmuseum, Amsterdam, Netherlands, 202128; Klimt vs. Klimt,

Belvedere, Vienna, Austria, 2021; Building Whisperer, Louvre, Paris, France, 2012;

INSIGHT, Royal Museums of Fine Arts of Belgium29). In terms of inclusion, the

Abbey Museum of the Dunes in Koksijde, Belgium, provides AI-supported virtual

reality created especially for visually impaired visitors.30 With a view to research,

various projects on the topic of AI-supported museum work are located in Europe,

too (LiviaAI, Krems, Austria, 2021–2; AI & Museum, Karlsruhe, Germany, 2021–3;

‘intelligent.museum’, ZKM, Karlsruhe, Germany, 2020–24).

Northern Europe31 is particularly involved in AI-assisted crosslinking and re-

search of museum collections (Kratt Sälli, Estonia, 2020–2132; SMK Open, National

Gallery of Denmark, Copenhagen, 2016–2033). In Eastern Europe,34 the use of AI

takes place, for instance, in the context of historicalmemory and currentwar events.

Examples include the 2019 installationReflection: I am like you, surelywithAI-powered

mirrors equipped with facial recognition at theWarsaw RisingMuseum, Poland, or

the 2022 exhibition SaveUkr(AI)ne, at the UkrainianHouse in Kyiv, showing AI-gen-

erated images. Moreover, knowledge representation and NLP are combined in the

form of smart tour guides that help visitors to navigate through exhibitions, includ-

ing the chatbot of the National Art Museum of the Republic of Belarus in Minsk,

28 https://www.rijksmuseum.nl/en/whats-on/exhibitions/operation-night-watch.

29 https://hosting.uantwerpen.be/insight/.

30 https://alfavision.be/project/abbey-museum-dunes.

31 The cases mentioned with regard to Northern Europe are partially taken from the research

conducted by Katharina Enzinger (master’s student, Expanded Museum Studies) in the con-

text of the mapping.

32 https://stacc.ee/stacc-help-the-national-heritage-board-using-artificial-intelligence/.

33 https://www.smk.dk/en/article/smk-open/.

34 The casesmentionedwith regard to Eastern Europe are partially taken from the research con-

ducted by Manon Fougère (master’s student, Expanded Museum Studies) in the context of

the mapping.
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which was launched in 2016, or the humanoid Robo Copernicus, recently introduced

at the Copernicus Science Center,Warsaw, Poland, in 2023.

Summary

Themapping as conducted provides a first global overview of AI deployment in the

museum sector. Its result is unmistakable: the utilization of AI is an ongoing and

not to be underestimated trend in the museum scene internationally.Thus turning

to the questions previously articulated: Is a certain type of museum particularly in-

volved in theuse ofAI?Artmuseumsand cultural history and/orhistoricalmuseums

as well as musealized cultural heritage sites seem to be at the forefront. Typologi-

cally, the picture is nevertheless quite heterogeneous on the global level, in thatmu-

seums of natural history, archaeology, technology and science are also represented

in a variety of ways. In addition, there are several types of thematic museums, be

they, for instance, dedicated to sports or military history.

Which operational context is affected proportionally often when it comes to the

implementationofAI?The focusonvisitor services and improving the visitor experi-

ence in the sense of optimizing educational benefits essentially forms the baseline,

but also goes hand in hand with applications for collection research and manage-

ment systems for museum operations, including overarching initiatives aiming at

the preservation of cultural assets.

Is there a region or country that dominates the field? Here, it is important to

distinguish between quantitative and qualitative use of AI in museums and/or re-

search.This means that in addition to actual implementation and experimentation

with AI, pioneering developments that also have an international impact or are

geared towards international distribution play an important role in the significance

of a particular country or region. In terms of publicity and the backing of rele-

vant development companies, the United States continues to be the international

benchmark for AI development.Nevertheless, China, Japan, and Korea lead the way

with their applications, research, analysis, smart museum initiatives, and robotics,

particularly through the overall conceptual and long-term implementation of AI.

By contrast, Australia is in a league of its own in that Dexibit has emerged as an

innovative big player in AI for predictive analysis tools in museums worldwide.

This means that the countries and regions that are pursuing overarching and inter-

nationally influential solutions, applications, and research are ahead of the game

when it comes to AI.This is also evident in the field of robotics with the tour guide

Pepper, for instance, and similar creations with a humanoid appearance that hold

the potential of an even greater reach and long-term implementation of robotics in

the museum sector.
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Theneeds and goals are clearly diverse, but there are common red threads.What

is supposed to be achieved, and which ‘troubles’ are supposed to be resolved? Four

core areas of application have been identified in particular: visitor services/experi-

ence, operational procedures, preservation, and research.The objectives are to opti-

mizemanagement processes,generalworkflow,and collection care, strengthennet-

works, improve visitor services, and boost educational benefits through enhanced

museum experiences. At the same time, museums barely address possible ethical

issues associated with AI deployments.

Figure 2: DALL·E / OpenAI; prompt by Claudia Larcher, 2023.

In many ways, AI has already emerged from the purely experimental and pilot

phase and has been implemented in day-to-day operations in both the short and

longer term.Whether using it is sustainable and economically efficient still remains

to be seen. And, above all, of course, if AI truly embodies essential solutions formu-

seums, it bears remembering that AImay potentially create new ‘troubles’.How can

they beweighted in comparisonwith the benefits?Will AI become a self-evident tool

in the museum sector? At the same time, it will be crucial to examine whether eth-

ical challenges and conflicts are actively addressed and not simply tolerated in the

name of technological progress. For example, in what way may AI threaten to re-
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place service and curatorial staff, if we consider popular applications such as chat-

bots and robots, or neural networks? Or even: In what way may the datasets chosen

for the training of the AI lead to the reproduction, in the course of knowledge repre-

sentation, among other things, of structural racism, colonial ideologies, and gender

inequalities?

Museums are not least expected to fulfil a pioneering sociopolitical role as re-

sponsible authorities when they get involved in the use of AI and compete to inno-

vate in the field.They must take a stand on a topic that simultaneously both mani-

fests and questions the human factor in a striking way.
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Digital Curation and AI

Opportunities and Risks for Cultural Heritage Institutions

Clemens Neudecker

ChatGPT prompt: What is the potential of combining AI and cultural heritage?

The combination of AI and cultural heritage has the potential to revolutionize the

way that cultural heritage is studied, preserved, and experienced. By harnessing

the power of AI, cultural heritage organizations can ensure that the legacy of our

ancestors is preserved for future generations and that its significance is under-

stood and appreciated by all. AI-powered tools can assist in the analysis and in-

terpretation of large amounts of data and help to reveal new insights and connec-

tions that might otherwise have gone unnoticed. This can lead to a deeper under-

standing of cultural heritage and its significance.

ChatGPT prompt: What can cultural heritage contribute to AI?

Cultural heritage can contribute to AI in several ways. Firstly, cultural heritage pro-

vides a rich source of data and information for AI systems to learn from. By train-

ing AI models on vast collections of cultural heritage artifacts and information,

AI can be made more sophisticated and able to tackle complex tasks, such as im-

age recognition, natural language processing, and data analysis. This can help to

advance the field of AI and lead to new and innovative applications. Secondly, cul-

tural heritage can provide a unique perspective on theworld and help AI to under-

stand the complexities of human societies, cultures, and beliefs.

The two paragraphs above were generated by ChatGPT1 from OpenAI and demon-

stratewhat the neural network that lies behind it has already learned about artificial

intelligence in the context of cultural heritage.What is interesting here, however, is

that the answer to the initial prompt focuses solely on the potential of applying AI

tools ‘to assist in the analysis and interpretation of large amounts of data’, whereas

only the second, follow-upprompt,which explicitly shifts the focus towards the pos-

sible contribution of cultural heritage to AI, reveals that there are also significant

1 https://chat.openai.com/chat (all URLs here accessed in June 2023).
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opportunities for AI to benefit from cultural heritage. This paper will present two

examples for the adoption of AI at the Staatsbibliothek zu Berlin –Preußischer Kul-

turbesitz (Berlin State Library, SBB2) and highlight some of the recent criticisms of

data practices in the domain of AI, but also propose various ideas and opportuni-

ties for digital curators and cultural heritage institutions regarding what they can

contribute to AI.

Opportunities

Numerous use cases, from text recognition to image analysis or the classification

and contextualization of cultural heritage content demonstrate how digitization

and curation in galleries, libraries, archives, and museums (GLAM), can benefit

from AI (Markus/Neudecker/Isaac 2021; Cordell 2020). But digitization too often

ends with merely capturing images (scanning). In order to support more advanced

and diverse use of digitized collections, the digitized objects need to be processed

further so as to analyse, expose, and enrich the content contained within the scans.

For example, text recognition (in other words, optical character recognition [OCR]

or handwritten text recognition) extracts the text from a scan to make it machine-

readable, layout analysis can structure the various types of content on a scanned

page into different sections like text, images, tables, et cetera, and methods from

the domain of natural language processing (NLP) can be utilized to extract infor-

mation (for instance, named entities) from the text or to enrich it semantically (for

example, with links to a knowledge base), to name just a few applications. Alto-

gether, the abovementioned processes can be useful in creating machine-readable

corpora or datasets fromdigitized collections,which can in turn again help improve

machine learning methods and models (Lee 2022). AI methods and models have

provided significant improvements for all of the above applications, for instance, for

recognizing text in historical prints (Wick/Reul/Puppe et al. 2018) or handwritten

documents (Muehlberger/Seaward/Terras et al. 2019), for document layout analysis

(Shen/Zhang/Dell et al. 2021 and Huang/Lv/Cui et al. 2022), for content-based

retrieval (Brantl/Schweter 2022), or in the area of named entity recognition and

linking (Ehrmann et al. 2020; 2022). In the following section, two example projects

at the SBB in the area of AI for digitized cultural heritage will be discussed along

with their main contributions and outputs.

2 https://staatsbibliothek-berlin.de/.
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QURATOR: Automated Curation Technologies
for Digitized Cultural Heritage

The SBB was first able to explore the capabilities of various AI and/or deep learning

methods for digitized collections in the QURATOR project.3 QURATOR—Curation

Technologies (Rehm/Bourgonje/Hegele et al. 2020) was a research project funded

by the German Federal Ministry of Research and Education (BMBF) from 2018 to

2021, based in the Berlin/Brandenburg metropolitan region.The consortium of ten

project partners from research and industry pooled their expertise in areas such as

language technologies, knowledge technologies, artificial intelligence, andmachine

learning.The project’s main goal was developing a sustainable technology platform

that supports knowledge workers in various industries.The platform is intended to

simplify the curation of digital content and accelerate it dramatically. AI technolo-

gies are integrated into curation technologies and curation workflows in the form

of industry solutions covering the entire lifecycle of content curation.The solutions

developed focus on curation services for the sectors of culture, media, health care,

and industry.

Within QURATOR, the SBB was responsible for the subproject Automated Cu-

ration Technologies for Digitized Cultural Heritage.The SBB aims to digitize all its

copyright-free historical collections and to make them available on the web for use

by researchers. To achieve this goal, the SBB has developed a variety of applications

that leverage deep learning techniques.

First, to perform various statistical analyses and clusters of the collections of the

SBB, a tool4 was developed that converts bibliographical data from the library cat-

alogue and digitized collection metadata into a format that is suitable for machine

learning research and development, in this case, a Python Pandas DataFrame.Most

of the applications created as part of QURATOR target the digitized collections of

the SBB.While roughly 200,000 historical documents have been digitized5 thus far,

only a small fraction (14 per cent) already have a searchable digital full text in addi-

tion to the scanned image of a page. Accordingly, several tools were developed for

a typical text digitization workflow. Any image of a document page should be opti-

mized for OCR processing, which can include various image processing tasks like

page cropping (removing borders), deskewing (rotating the page to be horizontally

aligned), dewarping (straightening text lines), and scaling (up- or downscaling of

the image). The next step is very crucial—especially in the case of documents with

complex layouts. In document layout analysis, the aim is to detect any different con-

tent regions in thedocument (for instance, text blocks, tables, illustrations,et cetera)

3 https://qurator.ai/.

4 https://github.com/qurator-spk/mods4pandas.

5 https://digital.staatsbibliothek-berlin.de/.
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and to segment (that is, determine their boundaries as pixel coordinates) and clas-

sify them (that is, assign the correct content type).Another extremely important task

is detecting the correct sequence of the various content regions (reading order de-

tection).

For document layout analysis, the SBB developed the Eynollah tool.6 It is based

onaResNet-U-Net encoder-decoder architecture andutilizesmultiple trainedmod-

els in combination with heuristics. It can detect up to eight distinct content classes

(background, separator, text, table, image, header/heading, marginalia, drop capi-

tal/initial). The overall goal is to feed the output into an OCRmodel as text line im-

ages for text recognition purposes. Since current state-of-the-art OCR models op-

erate only on binarized images of text lines, another image processing model was

needed to provide the functionality for binarization.This was done by training a hy-

brid CNN-transformer model7 on data from past DIBCO competitions8 and other

freely available binarization datasets such as the Palm Leaf Heritage Dataset (Burie

et al. 2016) and documents from the Persian Heritage Image Binarization Compe-

tition (Ayatollahi/Nafchi 2013). For the text recognition, the SBB opted for the Cala-

mari (Wick/Reul/Puppe et al. 2018) system, for which a model was trained using

the GT4HistOCR (Springmann/Reul/Dipper et al.2018) dataset. Experiments con-

ducted at the SBB show that combiningEynollahwithCalamari can reduce the char-

acter error rate in historical printed documents to roughly 1 to 2 per cent. Addition-

ally, the Calamari OCR engine and model were integrated9 with the OCR-D frame-

work (Neudecker/Baierer/Federbusch 2019).

Since a few OCR errors may remain in a recognized text, the extent to which

deep learning can be used for automated post-correction of OCR results was also

explored. For this, the decision was made to follow the example of machine trans-

lation, which meant that a model10 was trained for the task of translating an OCR

result containing errors into a perfectly correct text (Schaefer/Neudecker 2020). Fi-

nally, to complete the text recognitionpipeline,a tool11 forGroundTruth-basedqual-

ity evaluationofOCR resultswas implemented.Comparedwith other available tools

and metrics for OCR evaluation (Neudecker/Baierer/Gerber et al. 2021), this tool is

optimized for large documents with consideration of reading order, and provides a

visual alignment of OCR and Ground Truth to easily spot errors.

Furthermore, two additional strands of work addressed the reuse of outputs

fromthe layout analysis and text recognitionprocesses.Sincedocument layout anal-

6 https://github.com/qurator-spk/eynollah.

7 https://github.com/qurator-spk/sbb_binarization.

8 https://dib.cin.ufpe.br/#!/datasets.

9 https://github.com/qurator-spk/ocrd_calamari.

10 https://github.com/qurator-spk/sbb_ocr_postcorrection.

11 https://github.com/qurator-spk/dinglehopper.
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ysis produces information on image regions within pages, these images were ex-

tracted based on their coordinates and analysed for similarities using an image sim-

ilarity model12 based on ImageNet (Deng/Dong/Socher et al. 2009). This facilitates

content-based image retrieval, in other words, by uploading an image, it is possible

to automatically retrieve the most similar images from within the digitized collec-

tions of the SBB.

Most importantly, at the end of the text recognition workflow, there should be a

digital and structured text with a high accuracy, which can then serve as a suitable

input for various natural language processing (NLP) tasks.Within NLP, the SBB fo-

cussed on a few common tasks that are supposed to be particularly in demand by

users and can also benefit information retrieval in the digitized collections, namely,

named entity recognition (NER) andnamed entity disambiguation and linking (EL).

TheNERsystem13 developedby theSBB is basedonBidirectional EncoderRepresen-

tations from Transformers, or BERT (Devlin/Chang/Lee et al. 2019). To adapt the

original BERT model for historical texts containing OCR errors, an unsupervised

pre-training was done using a selection of 2,333,647 German-language pages from

the SBB’s digitized collections, followed by additional supervised training on openly

available gold-standard data forNER (Labusch/Neudecker/Zellhöfer 2019). Further-

more, to disambiguate the entities recognized and link them to authority data (in

this case,Wikidata QIDs), knowledge bases were constructed usingWikipedia and

Wikidata for German, French, and English, and a purpose-trained BERT context

disambiguation model was developed (Labusch/Neudecker 2020) that decides for

a given entity whether and which QID should be linked, based on the local context

and a comparison with the knowledge bases.

Since there can be no machine learning project without data annotation, a very

simple annotation tool14 was also produced. The tool is a simple browser-based

HTML and Javascript application which can use an IIIF-compliant Image API. It

operates on a simple, tab separated values file and can be used either to annotate a

given text with named entities or to transcribe or correct the text to create Ground

Truth for OCR purposes.

Mensch.Maschine.Kultur: AI for Digital Cultural Heritage

A second research project in the area of AI for digital cultural heritage at the SBB

received funding from the German Federal Government Commissioner for Culture

and the Media (BKM) and is currently being carried out by the SBB. The project

12 https://github.com/qurator-spk/sbb_images.

13 https://github.com/qurator-spk/sbb_ner.

14 https://github.com/qurator-spk/neat.
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Mensch.Maschine.Kultur – Künstliche Intelligenz für das digitale kulturelle Erbe15

(Human.Machine.Culture—Artificial Intelligence for Digital Cultural Heritage)

consists of four subprojects that pursue different objectives in coordination with

each other and combines them with suitable AI procedures. The project will take

place over three years (2022–25) and feature a mix of 50 per cent research activities

and 50 per cent adaptation and implementation of deep learning prototypes for

productive use in the library.

Subproject 1, ‘Intelligent methods for generic document analysis’, provides AI

methods for document analysis, with the aim of obtaining high-quality full texts

and structural data extracted from the variety of information contained in the digi-

tized collections (text, image, layout).This work package therefore goes beyond the

recognitionof texts,andalso separates imageelements andanalyses the layout to fa-

cilitate the structured representation of texts such as those in newspapers andmag-

azines.

Subproject 2, ‘Imageanalysis tools fordigital cultural heritage’, extends thework

begun in the predecessor project QURATOR on image similarity searches through

recognizing, extracting, and classifying digital image content.

Subproject 3, ‘AI-supported content analysis and subject indexing’, assists the

experts in the specialist departments of the SBB with semi-automated procedures

for subject indexing (based on Suominen 2019; Kasprzik 2020), and systematically

incorporates their expertise. Furthermore, fully automated procedures for the

recognition of entities such as persons, places, and organizations will support

searches within material from the digitized collections in the library’s discovery

system. In order to predict any ethical issues arising from the use of AI for this,

an Ethical Foresight Analysis (Bubinger/Dinneen 2021) has been conducted in

collaboration with a researcher from the Humboldt University Berlin.

Subproject 4, ‘Data provision and curation for AI’, bundles and documents data

that have been specifically prepared for research and use in AI contexts, and makes

these datasets publicly available for subsequent use. In addition, guidelines on how

to identify and deal with qualitatively or ethically problematic holdings and content

are being developed in collaboration with the broader community.

Risks

Against the backdrop of these promising developments, it must also be made clear

that there are certain risks in applying AI technologies and models developed pre-

dominantly by the private sector to cultural data without fully understanding the

implications.

15 https://mmk.sbb.berlin/.
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Most current AI technologies are based on neural networks that are being

trained to derive stochastic models from large amounts of data. Therefore, the

capabilities of the AI models are highly dependent on the type and quality of the

data they were trained on. But, too often, it is not clear what the source of the data

that AI models were trained on is, and what perhaps undesirable implications and

biases the model draws from the data. Many questions arise when investigating

how data for training AImodels is assembled:What are the sources fromwhich the

data have been obtained?Have selection criteria been used, and if so,what are they?

Are questions regarding data quality addressed? If the data contain problems, are

they known and documented? Is there someone to reach out to in the case of issues?

Jo and Gebru (2020) describe a laissez-faire attitude towards dataset develop-

ment inAI: rather than collecting and curatingdatasetswith care and intentionality,

practitioners in the AI field frequently have adopted an ‘anything-goes’ approach,

rather as if, as one data scientist put it, ‘if it is available to us, we ingest it’ (Holstein/

Wortman Vaughan/Daumé III et al. 2019). A comprehensive survey of dataset de-

velopment and use in AI was produced by Paullada et al. (2020). It found numerous

issues with data collection and advocated for a more cautious and thorough under-

standing of the data. Furthermore, when the source data is annotated, tagged, or

classified, this task is often outsourced to unskilled cheap labour, where no attribu-

tion is given for this—in fact interpretative—work, and annotation standards and

guidelines are not in place or at least are not made publicly available.

Artists were among the first to raise public attention by exposing flaws in AI

datasets. In their ImageNet Roulette, Paglen and Crawford (2019) allowed people

to upload a selfie and then classified it based on ImageNet (Deng/Dong/Socher et

al. 2009), one of the largest image databases with image classifications.The result-

ing classifications revealed offensive or derogatory statements, such as classifying

an image of a pregnant person as ‘lazy’. A large part of the ImageNet dataset was

subsequently removed from public access. Prabu and Birhane (2020) investigated

ImageNet further and still foundmany harmful representations of women.

Another example is the work of Harvey and LaPlace (2021), who examined pub-

licly available datasets for face recognition. They created the website exposing.ai,

which offers a Flickr reverse image that enables users to check if any of their images

have been used in face recognition datasets. It was found that many datasets used

images of people collected from Flickr without their providing consent for this use.

In the case of VGGFace2, a widely used dataset for face detection, 3.3 million im-

ages of 9,000 individuals were used to train the model, but none of the individuals

provided consent and many of the images were copyrighted. A large portion of the

VGGFace2 datasets was subsequently pulled from the web—without any explana-

tion or justification being provided.

But not only image-based AI can suffer from bad quality or biased training

data. Large language models like BERT, GPT, et cetera are also trained on massive
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quantities of text that are scraped from publicly available online sources like search

engines, social media platforms, et cetera with no transparent policies regarding

selection. At Shutterstock, a ‘List of Dirty Naughty Obscene and Otherwise Bad

Words (LDNOOBW)’ with more than 400 entries for the English language and nu-

merous other languages has been created and released on GitHub.16When creating

the Colossal Clean Crawled Corpus, AI researchers at Google reported using the

list to filter the web pages included in the corpus (Raffel/Shazeer/Roberts, Adam

2020). Not only is it highly problematic that such filtering plainly also removes

valid educational or medical content that includes, for instance, sexual terms from

the LDNOOBW, which the AI model will fail to learn, but it also begs the question

of what else might get filtered out or excluded from the training data without

our knowledge. And, more importantly, who determines what gets filtered out or

removed?

Cultural Heritage Institutions and Digital Curation for AI

Against this backdrop,what andhow can cultural heritage institutions contribute to

AI? The following section will look at two areas where cultural heritage might have

something to offer for the research and development of AI, data, and curation.

An obvious way for cultural heritage to contribute to AI is by providing data.

Thanks to ongoing mass digitization, large quantities of scanned documents, im-

ages, and other cultural objects are becoming available digitally. But it must not

be overlooked that the collections held in cultural heritage institutions also contain

content that is problematic from a social, legal, and/or ethical perspective. Due to

copyright, a vast majority of the material that is digitized is of a historical nature,

and can therefore contain content that expresses views that are obsolete or discrim-

inating, for instance, since they represent a racist, colonial, orWestern perspective,

or lack representation of women and other marginalized groups (Manžuch 2017).

What is therefore needed to turn digitized cultural heritage data into collec-

tions as data for AI are quality checks based on transparent standards, contextual-

ization, and active curation by domain experts. AI itself can also be used for this,

for example, to identify and flag potentially problematic content in cultural her-

itage collections for review by experts, as done by the Contentious Contexts Cor-

pus (Brate/Nestorov/Vogelmann 2021), in which a classifier was developed for au-

tomated detection of contentiousness in historical Dutch newspapers. In addition,

cultural heritage institutions need to create fundamentally better andmore suitable

ways to distribute and curate digitized cultural heritage as data in AI contexts, for

16 https://github.com/LDNOOBW/List-of-Dirty-Naughty-Obscene-and-Otherwise-Bad-Words.
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instance, by providing their data in the formats and on the platforms that are domi-

nant in the AI community (Darby/Coleman/Engel et al. 2022). A promising example

for shared benefits for cultural heritage andAI is theHuggingFaceBigSciencework-

shop, which brought together experts to curate a dataset for training amultilingual

language model (BLOOM) and included a hackathon BigLAM17 in order to incorpo-

rate datasets and AI models from the cultural heritage sector into the HuggingFace

platform.

Another not as immediately obvious but potentially even more meaningful way

to contribute to AI lies in the curation practices that are at the core of cultural her-

itage institutions. Cultural heritage institutions have a long tradition and great ex-

pertise in curation based on established quality standards. Curators are subject ex-

perts trained in various domains to provide contextualization and also pay a great

deal of attention to detail. In addition, as public and non-profit organizations, cul-

tural heritage institutions provide a higher level of transparency, trust, neutrality,

and reliability. Values like these, as already embedded in many cultural heritage in-

stitution policies and applied by cultural heritage practitioners, are paramount for

a responsible curation practice. Furthermore, cultural heritage institutions tend to

show greater sensitivity and are more rigorous with regard to sensitivity to data

sovereignty and to adhering to laws regulating privacy and personal data protec-

tion. Last but not least, research data repositories in cultural heritage institutions

have typically been established based on long-term preservation policies that also

provide ways to track changes and updates to datasets or even the de-publication

of datasets transparently and more reliably than in the case of data residing some-

where on the web or even on some torrent site.

On the other hand, the curatorial practices in cultural heritage institutions

also need to be questioned and updated on an ongoing basis in order to develop

awareness and reflect on and resolve biases and issues. The collections and classi-

fication systems used for them are themselves products of particular biases that

require identification, documentation, and communication (Coleman 2020). The

international GLAM community has begun tackling this through collaborative

communities such as the EuropeanaTech Task Force on AI in relation to GLAMs, or

the international AI4LAM community.Work is underway in these groups to develop

standards and recommendations for the curation of cultural heritage as datasets

for AI while considering legal, social, and ethical aspects, such as by adapting the

‘Datasheets for Digital Cultural Heritage’ based on Gebru/Morgenstern/Veccione

et al. 2021 and ‘Model Cards’ based on Mitchell/Wu/Zaldivar et al. 2019. In sum-

mary, cultural heritage institutions can make important contributions to AI, either

through the provision of data or by means of their curation practices. But in order

to do so, theymust invest further in responsible curation and data stewardship that

17 https://huggingface.co/biglam.
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cares about quality, transparency, and awareness of biases and ethical issues in data

and create good examples of open, high-quality, and actively curated datasets that

are useful in further advancing AI (Neudecker 2022).

Conclusion

To conclude, the advances in AI are really in the position to unlock the content in

digitized cultural heritage, but practices of responsible data collection and curation

need to be adopted in the domain of AI so as to reduce the risks and implications

of issues in AI training data.While cultural heritage institutions can build on their

long tradition and experience with curation, these also need updating in order to

address the concerns and issues that arise when their data is usedwithin AI.Digital

curation that cares about quality, transparency,andawareness of biases, fromwhich

good datasets can ultimately emerge, can benefit the development and use of AI in

science and industry as well as society as a whole. Or as Paullada et al. (2021, p. 10)

put it:

In closing, we advocate for a turn in the culture towards carefully collected

datasets, rooted in their original contexts, distributed only in ways that respect

the intellectual property and privacy rights of data creators and data subjects,

and constructed in conversation with the relevant scientific and scholarly fields

required to create datasets that faithfully model tasks and tasks which target

relevant and realistic capabilities. Such datasets will undoubtedly be more ex-

pensive to create, in time, money and effort, and therefore smaller than today’s

most celebrated benchmarks. This, in turn, will encourage work on approaches

to machine learning (and to artificial intelligence beyond machine learning) that

go beyond the current paradigm of techniques idolizing scale. Should this come

to pass, we predict that machine learning as a field will be better positioned to

understand how its technology impacts people and to design solutions that work

with fidelity and equity in their deployment contexts.
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Teaching Provenance to AI

An Annotation Scheme for Museum Data

Fabio Mariani, Lynn Rother, Max Koss1

With the advent of new digital tools, museums are being presented with ever-ex-

panding possibilities not only to explore their role and function in society, but also

to deliver transparency and accountability regarding the origins of their collections.

These origins can, in turn,be traced throughprovenances,which typically record the

chains of events of ownership and socioeconomic custody changes of an object (fig.

1). And it is provenance records in museums that are particularly well suited to the

application of computational methods such as artificial intelligence.

Figure 1: Provenance text for Paul Cézanne’sHouses in Provence:The Riaux Valley near

L’Estaque. Source: National Gallery of Art website (https://www.nga.gov/collection/art-obj

ect-page.54129.html, accessed in August 2023).

Over the past two and a half decades, investigating provenance has become a

full-fledged field of mainly archival-based research, resulting in complex and nu-

anced texts that brim with historical detail. Provenance research has indeed pro-

duced large quantities of information about artworks—not least on how,when, and

where people and institutions were involved in, for example, their commissioning,

selling, or looting. The insights gained from this mass of information nonetheless

remain quite limited.This ismainly because detailed object histories continue to be

1 The authors would like to thank Liza Weber for her insightful editing of this paper.
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recorded in museum collection management systems in, primarily, free text fields,

thus making them inaccessible to computational analysis.

Lifting the historical information out of its data siloes and transforming it into

linked open data would be a game changer for provenance research, decolonization

efforts, and restitution. Large-scale analysis across museum collections would en-

able claimants and other parties to intelligently search for and efficiently identify

objects looted or expropriated in contexts of injustice, such as during National So-

cialism or periods of colonial rule. It would also make it possible for researchers

across disciplines to engage in historical network analysis, generating insights that

can, in turn, inform curatorial, collecting, or outreach decisions.

Purposeful structuring is key to asking scientifically relevant questions about

large-scale datasets in the humanities. This structuring process must, in turn, be

guided by the potential queries that researchers may want to pose. In the field of

provenance studies, such questions may relate, for example, to the relative impact

of collectors,dealers,museums,ormilitaries on the looting,philanthropic giving,or

sale of objects across time and space; such studiesmay also be aimed atmapping in-

terconnections and comparing trends and patterns. Queries may be even narrower

and examine the role of specific individuals, organizations, and objects. Lastly, pur-

poseful structuring facilitates queries that can also be related to vague, incomplete,

uncertain, or even contradictory provenance information, whose mere identifica-

tion can suggest avenues for further archival research.

In our paper, ‘Taking Care of History: Toward a Politics of Provenance Linked

Open Data in Museums’ (Rother/Koss/Mariani 2022), we have proposed a concep-

tual framework forwhat data to transition into provenance linked opendata (PLOD)

and onwhat level of detail. Given itsmodular structure, the framework enablesmu-

seum professionals to strategize provenance transformation and data production.

Through the use of AI, we have shown howmuseums canmake the process of auto-

matically extracting knowledge fromprovenance texts speedy and efficient (Rother/

Mariani/Koss 2023).

Key to the process of extracting knowledge from provenance texts is training AI

models for specific tasks. As we will demonstrate, this necessitates designing and

implementing an annotation scheme that applies specific categories to the various

elements encountered in provenance texts, as well as their potential relationships to

one another. As such, devising an annotation scheme is part of that first and funda-

mental step in transforming provenance texts into structured data: expert interpre-

tation. With a provenance-specific annotation scheme, we introduce a set of cate-

gories to help museum professionals train a machine to operate much like a prove-

nance expert: extracting knowledge from provenance texts based on expert-deter-

mined logic.
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The Nature of Provenance Texts

The structuring and the publication of provenance as linked open data must build

on the wealth of provenance information that institutions have gathered in recent

decades. Indeed,given the large volumeofprovenance texts thathavebeencompiled

by museums, the most realistic and resource-efficient strategy involves extracting

knowledge from them rather than creating structured data from scratch. In order

to extract knowledge from pre-existing provenance texts, wemust first understand

past and present practices for writing provenance texts so as to identify the most

appropriate computational techniques for extraction.

To guidemuseums in recording provenance, the American Alliance ofMuseums

(AAM) and the International Foundation for Art Research (IFAR) have compiled

guidelines on writing provenance texts (Yeide/Walsh/Akinsha 2001; IFAR 2023).

These guidelines, with their allowances for variation, do not represent strict stan-

dards, nor do they anticipate machine readability. They do, however, introduce

writing conventions that have found widespread adoption, especially in the En-

glish-speaking provenance world, for instance, organizing texts according to their

chronology or using specific punctuation to convey meaning. We found this genre

of provenance to be particularly suitable for automatic structuring.

According to the AAM and IFAR guidelines, the provenance of an object is pre-

sented in chronological order. Each period of ownership corresponds to a sentence

in the provenance text.Each sentence is furthermore delimited by a specific punctu-

ationmark,which brings a particularmeaning to it. For example, if a sentence ends

with a semicolon, we know that the change of ownership between the two parties

was direct. In contrast, if a sentence ends with a period, we can infer that there was

a gap in the ownership history. Indeed, a period indicates that we do not knowwhat

happened to the object at this juncture.

The first step in automatic knowledge extraction from provenance texts thus

concerns separating individual sentences.The specific natural language processing

(NLP) task that can help with this problem is sentence boundary disambiguation

(or detection). Its purpose is to disambiguate the punctuation that ends a sentence

from other uses, such as in an abbreviation. We can successfully address this task

by training deep learning models, in other words, artificial intelligence models, to

perform a task when given a set of output examples.

Thanks to the formulaic nature of provenances, once we have divided a prove-

nance text into individual sentences, we have automatically dissected it according

to its constitutive provenance events. But any resulting list of provenance events is

insufficient formeaningful analysis, since the constitutive componentsof individual

provenance events remain inaccessible.More granular structuring is thus needed in

order to unlock the historical complexities contained in provenance texts.
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We have identified span categorization as the most efficient NLP task for ex-

tracting the various components of provenance events (Rother/Mariani/Koss 2023).

This is because span categorization identifies portions of text (or spans) belonging

to specific, expert-determined categories (or tags). In addition, span categorization

allows a portion of text to belong tomore than one category.This enables us to cate-

gorize a portion of text as a specific event component and simultaneously assign to

it other categories that can help convey additional information about it. It is,more-

over, possible to identify different spans within portions of text already assigned to

one ormore categories (Finkel/Manning 2009). Indeed, given the density of the his-

torical information found in each provenance event, this feature enables us to ex-

tractmoredetailed knowledge from individual event components. It also represents

a necessary precondition for complex querying and large-scale analysis.

A deep learningmodel can successfully perform the task of span categorization.

As defined above, this type of AI model learns from output examples annotated by

experts.When training adeep learningmodel for span categorization, it is thennec-

essary for an expert to first annotate provenance events by identifying the differ-

ent portions of text and assigning appropriate categories to them. To address this

challenge,wehave developed aprovenance-specific annotation scheme, that is, a set

of categories with which to annotate provenance texts for span categorization. But

developing such an annotation scheme first requires a preliminary analysis of how

provenance texts function, fromunderstandingwhich portions of text to categorize

to choosing which categories to assign.

According to the AAM and IFAR guidelines, each provenance event may contain

oneormoreof the followingpieces of information: theownerof theobject; any agent

involved in the transfer; the method of transfer; the location; and the date. A prove-

nance event may, however, also contain additional information concerning specific

aspects of an event. Indeed, it is the heterogeneity of information thatwe encounter

inprovenance texts that informsourapproach todeveloping theannotation scheme.

For, such a schememust be adaptable to each provenance text, regardless of its level

of detail.

A Provenance-Specific Annotation Scheme

To help institutions structure their data and eventually transform their provenance

texts into PLOD, we have designed the abovementioned framework, which con-

ceptualizes the different types of information contained within provenance texts

and their varying levels of detail in a modular structure.With respect to knowledge

extraction from provenance events, this conceptual framework is implemented in

practice in the provenance-specific annotation scheme. Both our framework and

scheme have flexibility in modelling provenance information, particularly when it
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comes to combining semantic layers and thereby translating historical complexities

into data.

The conceptual framework introduces a base layer of information to describe the

fundamental elements of any given provenance, starting with its backbone, the in-

dividual provenance event. Each provenance event is, in turn, composed of and as-

sociated with: the parties involved, the transfer taking place, as well as its location

and time of occurrence. Based on these four elements, we have devised four funda-

mental categories for the provenance-specific annotation scheme: ‘party’, ‘method’,

‘location’, and ‘time’.

Thefirst step in training a deep learningmodel involves annotating all identified

participants in a provenance event with the category ‘party’. Importantly, the ‘party’

portion of a text concerns not only the entity’s name but also any additional bio-

graphical information that wemay find in the text, such as dates of birth and death

or places of residence. Two or more parties acting together should be regarded as a

group and annotated as a single ‘party’ span, though the individual parties within a

single span should also be annotated with the ‘party’ tag. This enables us to main-

tain both the group’s collective identity and the unique identities of its members,

thereby allowing us to analyse the group’s collective actions as well as the actions

of individuals. This does not apply, however, to groups where members’ names are

missing, such as in the case of married couples, where it is often impossible to tag

female ownersdue tooutdatedandexclusionary recording conventions. In this case,

we would annotate ‘Mr. andMrs. John Doe’ as a single span in the ‘party’ category.

With the category ‘method’, we are able to annotate transfers that occurred in a

provenance event,which are usually identified by verbs and expressions indicating a

change in ownership or socioeconomic custody (for instance, ‘purchased’, ‘by inher-

itance’). The category ‘location’ enables us to annotate geographical locations in the

text. Such portions of text do not always stand alone, but may also be found within

another span, such as ‘party’, in which case the location is associatedwith the party,

for example, the person’s place of birth.The last of the four fundamental categories,

‘time’, applies to all temporal indicators in the text. Portions of text categorized as

‘time’ may be present again within a ‘party’ span, for instance, the person’s date of

birth.

Since researchers are producing ever-more provenance information, the PLOD

conceptual framework proposes four types of descriptive bricks, so to speak, from

which to build a set of relevant facts that have not already been recorded in the base

layer.Thesebricks concernbiographical,geographical, economic,and contextual in-

formation. Such information can also be taken into account when annotating cate-

gories.

The biographical brick provides further information about parties, which we

can, for example, extract from any span categorized as ‘party’. For instance,with the

categories of ‘person’ and ‘group’, we can differentiate between an individual and
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a group of individuals, such as a couple, family, or organization. These categories

may, of course, overlap, and thus help us to distinguish, as already mentioned,

individual behaviours from group actions, should they be of concern to researchers

or claimants.

In extracting knowledge from a provenance event, we must furthermore iden-

tify the role of each party, so as to: 1) represent the chain of ownership accurately and

2)make perfectly clearwhodidwhat in a given transaction.To achieve this,we apply

the categories of ‘sender’, ‘receiver’, and ‘agent’. Here again, the possibility of layer-

ing various tags proves to be crucial in being faithful to historical complexities.With

the ‘sender’ category,we can annotate parties that parted, voluntarily or involuntar-

ily,with their objects,while with the ‘receiver’ category,we can annotate parties that

obtain objects,whether ethically, legally, or not. Finally,with the ‘agent’ category,we

can annotate parties that act as intermediaries in events, such as auction houses.

Having recognized that women are not onlymisrepresented in provenances but

are often even ignored altogether,we have concluded that a provenance-specific an-

notation scheme should also be a tool for identifying,measuring, and rectifying bi-

ases. We have therefore introduced a gender classification task. Due to the limita-

tionsofhistorical recordingconventions linked to thegenderbinaryand the fact that

womenwere often specifically identified throughmarried titles andmaiden names,

we have introduced only one category: ‘female party’.This category can be assigned

to anypartywhosenamesuggests specifically this.Theannotationof sucha category

assists not only in identifying any gender biases in the text, but also finally amend-

ing them. For example, a party represented as ‘Mrs. John Doe’ may be annotated as

‘female party’, even though no party name technically exists.

As indicated, span categorizationmakes it possible for multiple spans to be lay-

eredon topof oneanother, thusprovidingmore complex informationabout individ-

ual provenance event components.Within a ‘party’ span, for example, we can anno-

tate theportionof text that coincideswith theparty’s namewith the category ‘name’.

As previously discussed, spans categorized as ‘party’ can also include biographical

information such as date of birth and death, which we can correspondingly anno-

tate with the ‘birth’ and ‘death’ categories. In turn, both the ‘birth’ and ‘death’ spans

can include text portions belonging to the categories of ‘time’ and ‘location’ (for in-

stance, the date and place of birth). Finally, with the ‘description’ category, we can

annotate portions of text within the ‘party’ span that describe the family or profes-

sional role of the party. A ‘description’ of a party can be, for example, the text portion

‘his daughter’, thus describing a relationship with the previous owner, who, in this

case, is a daughter receiving an object from her father.

The geographical brick expands on location information in the base layer of

provenance. When a location appears in a provenance text with its geographical

hierarchy, for example, ‘Upperville, VA’, it is crucial to accurately portray that ‘Up-

perville’ is a location within the location ‘Virginia’. Combining spans enables us
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to do this without introducing additional categories. We can assign the category

‘location’ to the entire span of ‘Upperville, VA’, but also to the span ‘VA’. This makes

it possible for us to unambiguously identify Upperville as the unincorporated town

of that name in Virginia and to analyse all provenance events that have occurred in

the state of Virginia.

Provenance events represent economic activities, such as buying, selling,or auc-

tioning objects. In our conceptual framework, any additional information concern-

ing these activities, such as identificatory numbers or specific monetary values, is

part of the economic brick. For span categorization, we have devised the categories

‘inventory’ and ‘money’ in order to extract such information from provenance texts.

With the category ‘inventory’, we can annotate the various inventory numbers as-

signed to anobject during its longhistory,whether theywere assignedby a collector,

an institution, or an auction house (for instance, a lot number).

Extracting additional economic information is crucial for large-scale prove-

nance data analysis, which, to return to our introduction, is one of the ultimate

goals of transforming provenances into PLOD.With an inventory number alone, for

instance, it is possible, based on the archival records, to distinguish between two

untitled paintings by the same artist that were sold in the same auction, as well as

to identify who purchased each piece.The outcome of such archival research could

include determining the buyer’s price. Indeed, as provenance research gathers

momentum and produces ever more detailed information on the fate of artworks,

provenances increasingly include the prices paid by buyers and insurance evalua-

tions from export papers. In order to annotate such monetary amounts, we have

thus introduced the category ‘money’.

The contextual brick is the fourth and final descriptive brick in the PLOD con-

ceptual framework. Provenance texts can describe the larger historical contexts in

which individual provenance events occurred. With the category ‘context’, we can

annotate portions of text describing the historical context in which an event oc-

curred. This means we can trace objects associated with the same historical con-

texts in subsequent analysis. For example, we could track all the objects sold in a

given auction by extracting the auction title as ‘context’. Similarly,wemight trace all

objects linked to the ‘context’ of the ‘British military occupation of Benin’, to name

but one example where providing context through annotation may prove useful for

questions of restitution.

Finally, the PLOD conceptual framework introduces four interpretive tools to

help address the interpretative challenges that researchers face when structuring

provenance data: vagueness, incompleteness, subjectivity, and uncertainty. Span

categorizationmakes it possible to categorize all four challenges. Take, for example,

the span ‘circa 1945’.We can assign it both the ‘time’ and ‘vagueness’ categories, given

that it is only an approximate period of time. In cases where information is incom-

plete or even missing entirely, we can annotate expressions of missing information
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by assigning the category of ‘incompleteness’ (for instance, to the span ‘unknown

owner’, we can assign the categories ‘party’, ‘name’, and ‘incompleteness’). Subjec-

tivity may refer to the presence of two (or more) contradictory hypotheses about

historical facts in a given provenance. For example, we can annotate the span ‘1935

or 1937’ by assigning the tag ‘subjectivity’ and individually categorizing both ‘1935’

and ‘1937’ as ‘time’. Lastly, historical hypotheses in provenance texts are often met

with uncertainty,which is characterized by expressions such as ‘possibly’ and ‘prob-

ably’. These terms can indicate different degrees of confidence when formulating a

hypothesis about the occurrence of a provenance event. And we can annotate them

with the category ‘uncertainty’.

Figure 2: Conceptual example of span categorization applied to a provenance event extracted

from the provenance text of Paul Cézanne’sHouses in Provence:The Riaux Valley near

L’Estaque. Source: National Gallery of Art (https://www.nga.gov/collection/art-object-page

.54129.html, accessed in August 2023).

Figure 2 shows a conceptual example of annotation for span categorization that

was applied to an event extracted from the provenance text for Paul Cézanne’s paint-

ingHouses inProvence. At first glance, it is clear how the information in the text corre-

sponds, for the most part, to the biographical brick in the PLOD conceptual frame-

work. In fact, from the perspective of the base layer, we have a party containing, in

turn, two parties, as well as the time of the event. Moreover, the time of the event

is vague; based on the span ‘by c. 1930’, we know that the event occurred before 1930

or circa 1930. For this reason, we also categorize the portion of text ‘by c. 1930’ with

the ‘vagueness’ tag. As for the parties involved,we annotated the individual persons

according to single ‘party’ spans, to which we also added the tag ‘group’. In addition

to the two parties identified in the event,we annotated the ‘location’ span, here ‘New

York’, since it is the location of the whole group.

The group’s first party corresponds to the span ‘Marius de Zayas [1880–1961]’.

To this span, we can assign the categories ‘party’ and ‘person’.We can also annotate

additional information within the span. First comes the ‘name’, which corresponds
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to the ‘Marius de Zayas’ portion of the text. Then comes the individual’s life span:

‘birth’ and ‘time’ (‘1880’) and ‘death’ and ‘time’ (‘1961’).We can then annotate the span

‘his wife Virginia Harrison’ with the tag ‘party’ as the second group member. Here

again, we can assign the category ‘person’, since she is also an individual. From the

context and name,we can also assume the span concerns a ‘female party’ and anno-

tate it as such. Moreover, within the span, we can tag additional information: from

the ‘name’ of the party, ‘Virginia Harrison’, to the description ‘his wife’.

Conclusion

Museums write provenance texts following similar principles. In light of this, we

have developed a provenance-specific annotation scheme that can be adopted for

similarly written provenances across institutions. Moreover, our scheme, based on

the PLOD conceptual model, is intended to cover both the diverse content found in

provenance texts and its varying levels of detail. AI is able to not only identify the

main components of a provenance event (that is, its base layer), but also to recognize

more complex and specific layers of additional information (that is, the bricks and

interpretive tools).By annotating provenance textswith our scheme,we can address

the NLP task of span categorization. This annotation process, which is ultimately

undertaken by experts, aims to train AI to automatically replicate the same work

performed by humans and follow the same logic, albeit on a much larger scale.
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The Funding Program LINK—AI and Culture

Five Lessons Learned after Five Years

Tabea Golgath

When foundations initiate funding programs, they associate them with concrete

goals such as strengthening a theme, but they also conduct their own research and

experiments.By asking specific questions, it is possible to generate findings and ex-

periences that are relevant to other disciplines as well. The LINK funding program

of the Stiftung Niedersachsen is a good example of this approach. Starting in 2018

in an early phase of experiments involving artificial intelligence and culture, a three-

stage, cross-regional funding programwas developed to answer fundamental ques-

tions regarding the future of culture. Can creativity and technology be reconciled?

In art, is the artistic creative process of the individual notworthmore thanBigData?

Does an application of AI in culture really make sense, even though it is consid-

ered a key technology for the future in industry and business? To answer these and

other questions, an expansion of competence and intensive exchange between cul-

tural workers, scientists, and companies in this field was necessary. Some of these

questions will be presented and answered below.

What Are the Application Areas for AI in Culture?

Several branches of culture are well-suited for AI applications: (creative) cultural

production, cultural management, and visitor research or needs analysis. For the

creative use of AI as a co-creator of almost any art form, various tools that enable

human artists to produce art in collaboration with machines have been developed

in recent years.1 The degree of collaboration and thus automation can vary. In any

case, a human is needed to provide the prompt (work command) and the final selec-

tion decision. Contrary to fears being propagated by the media, human artists are

not being replaced bymachines. In the LINK program, but also beyond it, it became

apparent that automated art production is used as an entry point into artistic work

1 List of tools: https://aiartists.org/ai-generated-art-tools (all URLs here accessed in June 2023).
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with AI.2 In the long term, equal collaboration and interplay between humans and

machines seems to be more attractive.

Based onAI tools already used in business or industry, adaptations can be devel-

oped for cultural management.This area includes the planning of events, space, or

personnel capacities, forecasts for future income, expenditures or visitor interest,

and, of course, the handling of big datasets, for instance museum objects (Murphy/

Villaespesa2022).Theseareasof applicationcomewith two importantprerequisites:

1) data and processesmust be digital, and 2) there needs to be an awareness ofwhich

data is collected and considerations of how it can be used. Even today, in 2023, the

utilization of cultural data is still in its infancy, but it is nonetheless part of a cultural

transformation towards a holistic approach to digitality in culture.The focus here is

on reducing theworkload of staff and on planning cultural servicesmore effectively,

so that culture can be perceived in the best possible way by society and also meet its

needs.

As a data-intensive area, the field of visitor research in particular is immensely

suitable for the use of AI. Data can be collected and evaluated with the help of AI,

from searching for information in the run-up to a cultural visit, to visitor obser-

vation using tools that comply with the Data Protection Act,3 to examining the re-

spective cultural services on site, and evaluating the visitor experience or forecast-

ing future visitor behaviour. The goal here is not to create a transparent visitor for

commercial purposes,but instead to realize thebest possible implementationof cul-

ture’s societal mission so as to customize services and plan resources efficiently.

How Does AI Change Culture and How Does Culture Change AI?

A transfer fromonediscipline to another facilitates a change in perspective thatmay

also affect the original discipline.This is even amplified by longer-term exchange or

collaboration. Cultural practitioners ask completely different questions and react

with a fresh view to traditional processes andproducts, for example in computer sci-

ence. Stimulating impulses arise precisely from the differences between culture and

classic AI fields of work. In the context of bias, the fact that technology can function

as amagnifying glass for social imbalances has already been intensively discussed.4

The ostensibly ‘normal’ thus comes under scrutiny and, if sensitized and technically

balanced, in turn has an influence on society.

2 Interviews with the program participants: https://www.link-niedersachsen.de/blog/blog_ku

ltur/ki_schule.

3 Project overview: https://www.mad.tf.fau.de/research/projects/tracking-in-the-deutsche-m

useum-nurnberg/.

4 Basics of bias in AI systems: https://bias-and-fairness-in-ai-systems.de/grundlagen/.
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A translation of AI applications to cultural products can help to a considerable

extent with the transparency and communication of the ‘black box of AI’.5Themere

fact of its being presented in an exhibition or a play helps the technology stand out

and facilitates an intensive discussion that would probably not take place in every-

day life. Cultural production and science are important drivers of a social discourse

whose feedback also flows into technical disciplines. Science, business, and culture

are not rigid systems, but are instead dependent on each other and require interac-

tion for their own processes of maturing. In the LINK program, targeted exchange

and collaboration formatswere created tomakediverse interactionbetween the sec-

tors possible and thus a mutual ‘cross-fertilization’ between ways of working and

thinking.The first pilot projects in 2018, which could be experienced across Europe

from2020on in cooperationwith theVolkswagenFoundation (StiftungNiedersach-

sen 2019, 166), already illustrated the possibilities and risks of success on a small

scale.

The influence of AI on cultural sectors varies depending on the focus, but the

technology has nonetheless found its way into all areas.The assessment of its influ-

ence is emphasized by the media as ‘disruptive’, whereas cultural workers describe

AIasoneof several tools.Similar to the inventionofdigital photography,AI is chang-

ing the scope of its own possibilities, especially for society. Photographers today opt

for a specific recording medium as part of the artistic process. This may be a digi-

tal camera, but it may also be a specific analogue camera or large-format camera.

Each camera will take a different photograph and the choice of technique is thus as

important as the choice of a colour or brush in painting. Mobile phone cameras in

particular have had a major impact on the photography habits of the general popu-

lation and it can therefore be assumed that the majority of society will also increas-

ingly switch to AI tools for the creation of ‘utility art’, while artists will continue to

choose their tools with great precision.

A Question of Dominance—Art with AI or AI with Art?

From the very beginning of the LINK program, one of the most complex questions

was providing an idea of what can result from a collaboration between AI and

cultural experts. Will it be an artistically-enhanced AI product or a technically-

enhanced work of art? The goal should not be one of these variants, but rather a

fusion, meaning a merging of two starting materials into an entirely new product.

This process can only succeed if both partners work together on an equal footing.

The result will thus not be part of the existing spectrum of one of the two origins,

5 Documentation of the InnovationCamp 2019, ‘Gestaltungsmaschine. Künstliche Intelligenz

trifft Kultur- und Kreativwirtschaft’: https://kreativ-bund.de/camp/gestaltungsmaschine.
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but instead something completely new.This alsomeans that in amerging of theatre

and AI, the results will not necessarily be the best possible theatre product or the

best AI product, but the emergence of a new hybrid. The disadvantage of fusion

is the lack of purity, while the advantage is greater resilience. An example for this

approach is the LINKmaster project Digital Baroque,which combined Baroque life,

music, dance, and robotics.6 The resulting show was exceptional in creating access

to all three disciplines even for a non-culturally inclined audience or for people with

some resistance to robots.

LINKattempted to answer this fundamental questionwith,amongother things,

the AI School for Cultural Professionals. Between November 2019 andMay 2020, 20

participants from music, museums, architecture, literature, visual arts, perform-

ing arts, film, and education were taught the basics of developingmachine learning

models in the cultural sector.The course was aimed at technically interested but not

necessarily pre-educated cultural practitioners.The training program took the form

of online lectures and the independent completion of programming tasks in Google

Colab notebooks, with weekly office hours and monthly block of events at the Leib-

niz Universität Hannover in order to clarify questions and provide advice.Themain

programming language was Python, which has a wide range of libraries and tools

available to it. The spectrum of motivations and individual project ideas were just

as varied as the prior knowledge. During the first four months, craft skills were ac-

quired using audio, image, and text data, while in the final two months their own

artistic or practical projects were executed with support of the three tutors.

The 15 individual and group projects7 reflected the respective focus of the work

and included, for example, a TalkBot that (in contrast to conventional ChatBots) can

hold longand in-depth conversationsbasedon interviews fromAmericanPublicRa-

dio.Furthermore,anobject recognition algorithm for birds inpaintings, sculptures,

and reliefs was developed to simplify the processes of indexing digital museum col-

lections.Another project created newbuilding structureswith coloured surface pat-

terns from perspective architectural photography and abstract painting through a

Y-GAN (generative adversarial network). After the initial uncertainties regarding

the hitherto foreign way of working and thinking had been overcome and a partic-

ular orientation in the new content emerged as the course progressed, much more

targeted questions could be asked.The course and the results of the AI School clearly

showed that cultural workers see AI as a creative tool or collaboration partner and

not as a threat. This element of the program was intended to test whether artists

would be dominated by the technology acquired, but it turned out that it was in-

stead integrated into their own creative or practical work as one of several tools.

6 https://www.link-niedersachsen.de/link-masters/full_grants/digital_baroque.

7 https://www.link-niedersachsen.de/blog/blog_kultur/ki_schule.
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Who is the Creator of Art? Human, Machine, or Coder?

Another fundamental question concerns an aspect that is very important in culture,

namely authorship and thus a question of legal protection, but also of appreciation.

According to German law, a human being is required for the protection of author-

ship, whereas a legal person (that is, also a company, et cetera) is necessary under

ancillary copyright law (Mosing/Jokesch 2022). AI is currently not accepted as such.

For quite some time, a discussion about who the author of a work is has been de-

veloping. Is it the human artist, who created a work with the help of AI? Is it the AI

itself? Or is it the coder who designed the AI?The decisions leading to the final work

are in fact very important. These include the choice of training data, the program-

ming, and the selection of the final product. In this context, it is thus definitely a

disadvantage to speak of an autonomous creative process of AI, because the results

would then not be protected.

Many artists do not name the coders involved in a work at all or merely as sub-

ordinate individuals (Epstein/Levine/Rand et al. 2020). But a change in thinking is

taking place, and artists and programmers increasingly regard each other as equal

partners or as a collective with different work focuses. AI therefore has a clear in-

fluence on the perception of artists. In addition to the legal aspects, AI, however,

also confronts human artists with a profound question about the meaning of be-

ing human. Is developing creative powers part of being human? Does this defini-

tion change when machines are able to become artistically active themselves? The

very definition of creativity and an apparently necessary demarcation brings the

questions back to fundamentally philosophical aspects. Opinions differ widely on

whether machines can truly be creative (Haase/Hanel 2023). In the case of humans,

we know that they are able to produce very surprising results and it is often unclear

where the inspiration comes from. In the case of machines, we know that the inspi-

rationmust derive from the database and its linkages.Whether one finds the results

creative or surprising is perceived very differently. Since there thus are no universal

evaluation criteria for works by human artists, why should it be any different for

machine art? Human artists are assumed to have an intention, but it is sometimes

chance itself that gives rise to the most remarkable products. Some questions we

may never be able to answer satisfactorily and others we should take as an opportu-

nity to reflect on across genres.8

8 See also the contributions by Schubbach, Carré, and Fischer in this volume.



178 Part 2: Perspectives

What Happens When Science and Culture Work Together?

Cross-disciplinary cooperation was necessary for success in both the development

and implementation of the LINK funding program and the respective projects

funded by it. Particularly the multidimensionality of artificial intelligence blurs

boundaries between disciplines and promotes interdisciplinary cooperation not

only between IT and culture, but also between literature,music, and the performing

and visual arts. One of the goals of LINK was to establish this sort of communica-

tion and to stimulate the development of a common language.9 In the previously

mentioned pilot projects in 2018 between IT and contemporary electronic music, it

very quickly became apparent that successful collaboration requires more than just

getting to know each other’s fields of work. The first misunderstandings quickly

arose and the projects were soon on the verge of being cancelled. While computer

scientists often work in a goal-oriented manner, artists are used to producing

creatively in an open-ended and sometimes even chaotic way. In order to work suc-

cessfully in heterogeneous teams, it is thus necessary to invest time at the beginning

in developing a common language and defining common goals (Peukert/Vilsmaier

2019). Each industry has its own vocabulary, ways of thinking and working, and

seemingly its own ‘laws of physics’. Projects are therefore ideally accompanied by a

facilitator who speaks both ‘languages’ and is in the position to mediate and find

compromises.

LINKwas able tomake a contribution by showing AI culture outside the culture

bubble, for instance, at the HannoverMesse (industry) and hence reach completely

new target groups.The sameapplies to theCultureMeetsHealth events inHannover

and Oldenburg in 2022, where the sectors of health, technology, and culture came

together. The need for a digital platform of relevant persons, projects, resources,

events, and media content in the intersection of AI and culture was formulated as

a work assignment at the LINK conference in 2019.The platform ‘creAItix’ was then

successfully realized in 2020 in cooperation with partners. It is a platform for inter-

disciplinary exchange,which is currently still far too rare in the cultural sector. It is,

consequently, now time to ensure networking and transparency and thus facilitate

synergies.10

Despite the increased demands for collaborations between science and culture,

such projects are worthwhile. The artist and scientist Claudia Schnugg speaks of

‘friction gains’ and thus describes the positive effects of the unavoidable friction re-

sulting from heterogeneity.11 These are expressed on a personal level and the par-

ticipants learn to talk differently about their own work or to question and validate

9 https://www.link-niedersachsen.de/mediathek.

10 https://creaitix.com/.

11 https://www.claudiaschnugg.com/talks/ or https://youtu.be/XrOKwDSWd5s.
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aspects. Furthermore, gains from friction are extremely valuable for breaking up

and changing structures, but, naturally, also on an objective level: on the one hand,

for the benefit to artistic creative processes and, on the other hand, for the develop-

ment of innovations. Schnugg quotes Albert Einstein: Problems can never be solved

with the same way of thinking with which they were created. Einstein’s friend Kurt

Gödel, the mathematician and logician, also explained that a system is not able to

prove on its own that it is complete, true, and free of contradictions.12When applied

to different sectors, this approachmakes it clear that science, culture, education, so-

cial affairs, or medicine need each other in order to function in the long term.This

may be one of the reasons why collaborations between science and culture are now

being encouraged onmany levels.

For a selecting jury or funders, these projects are naturally a greater risk because

it is unclear in advance whether the cooperation will bear fruit and whether the

desired goal can be achieved. They are experiments, whose likelihood of succeed-

ing depends very much on the people involved and their willingness to communi-

cate. The three LINK master projects experimented, for example, with a fusion of

Baroquemusic, dance, and robotics (Digital Baroque), the empathetic development

of stories betweenhumanandmachine in an installation (ANA), or the combining of

e-textiles designed through image generation, human performance, sound genera-

tion by means of skin microphones, and the immanent influence of programming

through live coding (Patterns of Intelligences). All three projects convey partial as-

pects of technology in their own specific way.

Culture Shapes the Future

In order for culture to have an effect on the AI sector, but also on other challenges

confronting society as a whole,more workmust be done in the coming years on the

acceptance of transdisciplinary cooperation. The resilient further development of

our society requires the interference of cultural (perspectives) and individuals and

institutions each trying to develop solutions to the challenges of our time from their

own perspective. It has, however, become clear that we need a change of perspec-

tive. So, how can we look beyond our own professional horizons? Cultural policy is

called upon to become involved proactively and to create networks between sectors

and different approaches to solutions, because joint projects can only be developed

based on existing contacts. Culture thus has a social mission, not only as a provider

of leisure or education, but also as a connective and stabilizing element in society.

The LINK funding program was able to answer many questions regarding cul-

tural production andmanagement and stimulate an intensive debate.Whatwe now

12 https://www.spektrum.de/lexikon/mathematik/goedelscher-unvollstaendigkeitssatz/3535.
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have to do is pursue the open aspects and continue experimenting with an open

mind. In five to ten years, we will look back on the valuable experiences and find

that although we have left some paths again, we have consolidated other promising

applications.With the conclusion of LINK in the summer of 2023 after five years of

networking, experiments, and thought-provoking impulses, it is thus important to

continue and develop them further—an opportunity for funders and cultural prac-

titioners alike. Let us therefore help culture shape the future—also with AI.
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Discovering Culture with AI

Luba Elliott

Thepast fewyears have seen a rapiddevelopment of AI capabilities and applications,

including in the fields of art and culture. Machine learning tools now find a variety

of uses in cultural institutions, such as improving accessibility, aiding research, and

providing new forms of audience engagement through roaming robots, deepfake

installations, chatbots and interactive image processing applications. At the same

time, museums serve as venues for AI art exhibitions and discussions about tech-

nology ethics. This paper provides an overview of creative AI practices by cultural

institutions, showcases artistic exploration with AI, and considers tools for public

engagement with museum collections.

To begin the overview of artistic explorationwith AI, I present Anna Ridler’sMo-

saic Virus (2018), a work I commissioned for the Impakt Festival Algorithmic Super-

structures in 2018.1 Tomake thiswork,Ridler came to theNetherlands, bought tulips,

and proceeded to take 10,000 photographs of them, making a dataset, which she

could then classify and use to train a generative adversarial network (GAN) to pro-

duce images of tulips. In doing so, Ridler controls the dataset aspect of her work.

Her work also shows innovation with respect to user experience: alongside the tulip

videos generated, Ridler exhibits hundreds of tulip photographs from the dataset.

Next, I look at the artist Ben Snell, whose sculpture Dio (2019) is based on a

dataset of sculpture from antiquity to modernity used to train a GAN.2 What is

special about Snell’s artwork is that he destroyed the computer that made the AI

design to dust and proceeded to make the sculpture out of it, recalling artists from

the twentieth century who similarly incorporated destruction into their artwork.

NonFacial Portraits (2018) by the Korean artist duo Shinseungback Kimyonghun

is an artwork that looks at facial recognition in a completely different way so as to

mainstream an art practice that normally highlights privacy and surveillance con-

cerns from the activist community.3 Instead, the two artists asked portrait painters

to produce a portrait that would not be recognized as such by the facial recognition

1 http://annaridler.com/mosaic-virus (all URLs here accessed in August 2023).

2 http://bensnell.io/dio.

3 https://ssbkyh.com/works/nonfacial_portrait/.
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model.The series of artworks show the portraitsmade by artists alongside the video

of their drawing process: as soon as the facial recognition system detects a face in

the artwork, the artists need to ‘correct’ the painting to make it unrecognizable to

themachine.Meanwhile, TomWhite explores object recognition in his series Percep-

tion Engines (2018) by developing images of categories that would contain the visual

essence of that category as seen by most AI image recognition models of that time,

sometimes with abstract shapes that bearing no resemblance to the way humans

would distil an image of that particular object.4

There are also various artists working with AI tools in a deeper cultural context.

For example, Minne Atairu in her work Igún (2021) explores what the cultural out-

put from the Benin era might have looked like through an artwork that showcases a

latent space of heads, created by training an AI on a dataset of looted bronze works

frommuseum collections, including ceremonial heads and non-figurative objects.5

Theduo Oxia Palus, consisting of the physicist George Cann and neuroscientist An-

thonyBourached, togetherwith the artist JesperEriksson,usedAI to reconstruct the

figures of twowrestlers unearthed byX-ray in the layers of aVanGogh artwork.6The

underpaintingwas initially discovered a decade ago and is referenced in a letter Van

Gogh sent to his brother in 1886: ‘This week I painted a large thing with two nude

torsos—two wrestlers … and I really liked doing that.’7 Here, AI is used to develop

the image more fully whilst adhering as far as possible to the style of Van Gogh in

order to enable audiences to enjoy the work.

Meanwhile, Egor Kraft in his work Content Aware Studies (2018) reconstructs lost

fragments of statues with the help of AI, showcasing how these tools can be used

for knowledge production and new interpretations of antique statues.8 The artist

Refik Anadol works with art datasets in a different manner: using 380,000 images

of 180,000 artworks from theMoMa collection, he has produced a generated stream

of images reimagining the connections and development of art.9

Recently, new tools have become available to artists with the development of

text-to-image models, which focus primarily on a text prompt to generate an im-

age, as opposed to compiling datasets and trainingGANmodels.These tools present

artists with new opportunities for creative expression and imagination. For exam-

ple, the artist Sofia Crespo has been experimenting with the potential of these tools

to generate images of a crossover between a zebra and a flamingo, resulting in one

4 https://aiartists.org/tom-white.

5 https://www.lumenprize.com/2021-global-south-shortlist/igun.

6 https://www.oxia-palus.com/.

7 https://www.ucl.ac.uk/news/2022/sep/x-rays-ai-and-3d-printing-bring-lost-van-gogh-artw

ork-life#:~:text=%E2%80%9CThis%20week%20I%20painted%20a,from%20the%20X%2

Dray%20data.

8 https://egorkraft.com/.

9 https://refikanadolstudio.com/.
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image of a flamingo with zebra stripes and another with zebra wings reminiscent

of the animal’s torso.10 As humans, we typically might imagine a crossover between

images differently and it is therefore useful to be able to access additional forms of

imagination.

Apart from pure image generation, some artists have been developing more

elaborate concepts to stand out in this tidal wave of text-to-image art. Mario

Klingemann’s Botto project (2021–ongoing) consists of an AI system that, based on

a number of algorithms such as VQGAN + CLIP and GPT-3, generates images that

the project’s community of 5,000 users then vote on so as to select one image for

sale as an NFT on SuperRare each week. Botto learns from community feedback

and develops art from its findings.11 The artist duo Varvara & Mar investigated

the potential of text prompts and 3D models to create a form in their series of

sculptures titled Psychedelic Forms (2022). Using ancient sculpture as input, Varvara

&Mar stylized the mesh with a text prompt and proceeded to 3D print the items in

ceramics, adding physicalmaterial and artisanal craft techniques to create a unique

work in an era of reproduction.12

In addition to artists working with generative models and text-to-image mod-

els, there are others who focus on different AI techniques, frequently in order to

highlight their issues.Gretchen Andrew’s series Internet Imperialism (2018–ongoing)

presents an artist individual’s attempt to hack the search engine system.By creating

a series of physical paintings for a particular search string, Andrew employs search

engine optimization skills to ensure that her paintings are the top image results for

searches suchas ‘ContemporaryArtAuctionRecord’or ‘Cover ofArtforum’.Theartist

comments:

I believe AI is creationary, not just predictive. It creates our future as much as it

anticipates it. By injecting my Vision Boards, which represent my visual hopes for

the future, into the developing brain of big tech’s AI, I am teaching our computers

to dreamwider than our current world. I am educating AI based on the world that

I want and not just the one I’ve lived so far.13

Meanwhile, ImageNet Roulette (2019) by Trevor Paglen and Kate Crawford highlights

the biases in AI systems by presenting a web experiment in which users can up-

load pictures for classification.14 Some of these classifications are needlessly neg-

ative such as ‘clown’ and ‘buffoon’, based on existing labels assigned to images in the

original ImageNet database. In her work Salaf (2020), Nouf Aljowaysir tackles bias

10 https://pin.it/7fs3iWg.

11 https://www.botto.com/press.

12 https://var-mar.info/psychedelic-forms/.

13 https://www.galloire.com/on-show/growthhacking.

14 https://paglen.studio/2020/04/29/imagenet-roulette/.
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184 Part 2: Perspectives

by removing colonial stereotypes from her images, then training a GAN on the re-

sulting dataset with black and white photographic images with parts of the image

erased to remove the British colonial gaze and instead present a vision more in line

with that of her ancestors.15

The second section of my contribution looks at the creative AI explorations con-

ducted by cultural institutions and technology companies. A winner of the Tate IK

Prize 2016,Recognition is a project by Fabrica that links contemporary photojournal-

ism with British art from the Tate collection using various AI techniques such as

object and facial recognition, and composition and context analysis.16 Some inter-

esting connections aremade,with eunuchs applyingmake-up in India being linked

to Peter Lely’s Two Ladies of the Lake Family (circa 1660), or with Henry Moore sculp-

tures being compared to car seats.This theme of interlinking artworks is developed

further in Google’s X Degrees of Separation, an interactive web-based tool that en-

ables users to chart the pathways between twoartefacts through a chain of artworks,

sometimes from completely different object categories, thus helping to uncover un-

known and surprising works.17 Similarly, Gen Studio, a collaboration between Mi-

crosoft and The Met, uses a GAN to explore the space between two pieces from the

collection.18

Additional applications of AI focus onmaking collectionsmore accessible to ev-

eryone regardless of their location ormobility.The Van Abbemuseum has a remote-

controlled robot able to roam through themuseum,making it possible for those un-

able to attend physically to see the artworks.19 The Dalí Museum in St Petersburg,

Florida, has been at the forefront of cultural experimentation with AI.The past cou-

ple of years have seen the Dalí Lives video installation, which showcases a deepfake

of Salvador Dalí who greets visitors,20 and more recently The Dalí Dream Tapestry

project, which uses the latest text-to-image tools to weave together multiple im-

ages.21

Most recent explorations have been carried out with text-to-image tools. For ex-

ample, Instagram has a ‘Museum of the Future’ filter, which enables users to insert

themselves into a virtual art gallery, where they can experience the artworks as if

they were inside them thanks to the Outpainting tools, which use text prompts to

15 http://www.noufaljowaysir.com/thoughtworksai/.

16 https://www.tate.org.uk/whats-on/tate-britain/ik-prize-2016-recognition.

17 https://artsexperiments.withgoogle.com/xdegrees/8gHu5Z5RF4BsNg/BgHD_Fxb-V_K3A.

18 https://www.metmuseum.org/about-the-met/policies-and-documents/open-access/met-

microsoft-mit.

19 https://vanabbemuseum.nl/nl/collectie-onderzoek/onderzoek/zoek-in-onderzoek/special-

guests-onbeperkt-van-abbe-unlimited-van-abbeonvergetelijk-multizintuigelijk-spraakma

kend-open-je-hart.

20 https://thedali.org/exhibit/dali-lives/.

21 https://thedali.org/the-dalis-dream-tapestry/.
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expand the original canvas. In a different application of this technology,The Design

Generator, a research project from Birkbeck, automatically generates design objects

based on the V&A collections from text prompts.22 This tool enables users to com-

bine diverse categories such as periods, styles,materials, and techniques in order to

imagine newmuseumobjects, thus helping audiences to improve their understand-

ing of design history and its possible futures.

To conclude, artists, cultural institutions, and technology companies have all

been exploring various creative AI tools, including GANs, object recognition, and

text-to-image models, to reimagine art-historical connections, define the creative

possibilities of the technology, investigate its limitations, and use it as a tool for

good.

22 http://www7.bbk.ac.uk/vasari/2022/09/24/the-design-generator/.
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Post-Truth

Archives, GPT-2 and Fake News

Marion Carré

Since 2017, I have been examining the relationships between art and artificial intelli-

gence (AI) from different perspectives: as an entrepreneur, teacher, speaker, author,

and artist. I am based in Paris, but work on international projects. I am convinced

that art is really helpful in better understanding AI and its impact on society. It can

make visible, comprehensible, and tangible various issues that would not otherwise

be perceived. My artistic practice consists of evoking new comparisons, of creating

contrasts and anachronisms in order to help us take a step back. My work is rooted

equally in the past and in the future, betweenwhich I build bridges to seek to under-

stand the present. In this exploration, AI, new technologies, and archives occupy an

important place, alternately as a medium or subject of study.

The research underlying this paper was carried out as part of one-year-long

artist residency in 2021 called ‘New Forms of Togetherness’. It was organized by

the Alliance Française de Glasgow, the Goethe-Institut in Glasgow, and the French

Institute of Scotland, and also included the following partners: the National Library

of Scotland, the Neon Digital Arts Festival, and the Soba lab (a neuroscience lab-

oratory). The residency was divided into several phases: a research phase, design

phase, and production phase, punctuated by several workshops with artists and

researchers. During the residency, I was able to present the progress of my work on

a number of occasions such as the symposium ‘Alt+Shift+Archive—unpacking the

past, present and future of digital archives’, organized by researchers and archivists

as well as the Neon Digital Arts Festival. Finally, my work was the subject of a solo

exhibition titled Is it true?The Post-Truth Archive Factory at Briggait in Glasgow.

Archive and Truth

Constructing the truthmay seem counter-intuitive, as if it were a rawmaterial that

canbemanipulated.This is,however,preciselywhat interestedme: how to construct

and manipulate the aura of truth to communicate false information (Carter 2007;

Kastenhofer 2015), thus trying to capture the essence of this complex notion and ex-
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plore its attributes and malleability. Archive and truth are two notions often used

in the singular. The singular, however, obscures entire segments of the reality of

these two notions (Ogilvie 2017). It anchors an idea of absoluteness and immutabil-

ity, erasing the conditions of their production (Ketelaar 2006). This use of the sin-

gular is much more present today than in the past and says something about the

relationship our society has with it. The archive, through the direct access it seems

to give us to past events, embodies the truth to the point of replacing it. By contrast,

I wanted to make archives and truths visible in their plural and relational forms,

complementing and contradicting each other. Their incomplete, fragmentary, and

piecemeal nature will always defeat our quest for the absolute. So, how can we de-

duce anything fromwhat remains, without knowing everything that has been?

Archives and truths share two common ingredients: chance and choice, which

act as filters in the process of production and transmission. Chance is perhaps the

one that fascinates us the most because it escapes us: why freeze this event, why

did this one come to us, why this one and not another? The randomness it repre-

sents shapes our memory through a multitude of factors, unrelated to the content

of the documents, butwhich nevertheless leave theirmark (Breakell 2008).By freez-

ing trivial or extraordinary events, it selects and distinguishes a portion of facts and

individuals of which we would otherwise have retained no trace. Far from acting

based solely on transmission, the archive is produced by chance. But choice is never

far away and is just as decisive as chance.1What should be told or not?What should

be preserved or destroyed?The destruction of archives shapes our relationship with

the past at least asmuch as their preservation (Pène 2016).Onemight think that this

filter would be easier to expose than that of chance, but it is sometimes quite the op-

posite when the rules are not clearly stated. When it comes to archives and truths,

we have as much to learn from what we choose to tell and amplify as from what we

leave out.2

The phenomenon of the rapid accumulation of traces nowadays concerns both

archives and truths, in connectionwith digitalmedia.The information that they en-

capsulate for some and the form in which they circulate for others are copied and

multiplied to the point of uncontrollable proliferation (Klein/Lemay 2013; Derrida

1995).And yet the latter contributes to their dissolution by precipitating brutal selec-

tions.Themore the ocean of archives and information available expands, themore it

1 See the podcast ‘Les petits papiers de l’archiviste’, available at: https://www.radiofrance.fr/fra

nceculture/podcasts/matieres-a-penser/les-petits-papiers-de-l-archiviste-3544601 (all URLs

here accessed in August 2023).

2 See the podcast ‘La mise en archives: histoires’, available at: https://www.radiofrance.fr/fran

ceculture/podcasts/matieres-a-penser/la-mise-en-archives-histoires-2427974, and “L’art des

rapprochements”, available at: https://www.radiofrance.fr/franceculture/podcasts/matieres

-a-penser/l-art-des-rapprochements-1927870.
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limitswhatwehave access to.We consult only a tiny fraction ofwhat is available.The

algorithmsof onlineplatformsopenupapath through the vastness of availabledata,

while reducing what we have access to.We thus access the scum of reality, which we

nevertheless take to be the sumof all that exists. We live at a timewhereweput truth

before everything. Facedwith this narrowing of our horizons and in a contextwhere

the lines between truth and falsity blur, we set out in search of the truth. This soli-

tary and radical quest for truth isolates us and fragments reality.Wemobilize facts

as evidence to prove the validity of our own versions of the truth. Taking advantage

of this extensive conception of truth, we are all the more vulnerable to artefacts as-

suming the appearance of reality placed in our path. Through our misperceptions

and our sharing, we endorse them as truths.We have thus turned reality into a sum

of private truths that clash with each other (Robert 2021).

Becoming a Forger

In order to carry out these examinations, I decided to become a forger, by build-

ing upmy own collection of false archives. I was particularly interested in historical

narratives,not those of a grandhistory,but those about ordinary people. Inspired by

the approach of the French historianArlette Farge,whowas one of the first people to

work on popular history based on judicial archives, I wanted to work with this type

of archive (Farge 2013).Their brittleness,whichbringsus fragments of facts and lives

that wewould never have heard ofwithout them, seemed tome to be an asset in cre-

ating inmy turn false archives thatmightmelt into the hubbub of history. Although

I decided not to tackle well-known historical facts, creating an entire collection of

fake archives was still a monumental task. Even if I stuck to the content of archives

without trying to reproduce their material form, it required both a lot of imagina-

tion to think of plausible events and also deep historical knowledge of a society at a

given time so as to limit anachronisms. Not to mention the fact that English is not

my first language and that Old English is even less familiar to me.

To support me in this forgery mission, for which I had no particular skills, I de-

cided tomobilize an artificial intelligence. To generate the texts ofmy fake archives,

I chose the algorithm called GPT-2 developed by OpenAI. Pre-trained onmillions of

textual data, it is possible to re-train this algorithm on the dataset of one’s choice so

that it generates texts in the same style. It was important for me to choose a widely

accessible algorithm that did not require a lot of technical knowledge to implement,

in order to be merely one forger among many potential ones. To achieve plausible

results in my forgery generation endeavour, it was important to take great care in

building the dataset to train the artificial intelligence.At a timewhenmost of the ar-

tificial intelligencealgorithms that canbeused to create areaccessible to thegreatest
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number of people, producing the dataset seems tome to be one of the decisive steps

in the artistic gesture.

Figure 1: An original broadside from the National

Library of Scotland collection.

I had a wide range of possibilities in the datasets made available by the Na-

tional Library of Scotland through its Data Foundry. After several explorations and

exchanges with the teams of the National Library of Scotland, I set my sights on a

rather special archive:TheBroadsides.3 Among them,Iwasparticularly interested in

the crime broadsides, texts relating to sensationalist trials or events, the rawmate-

rial that comes closest to a court record.This archivewas even better insofar as these

texts have a complex relationship with the truth, which they are known to have dis-

torted or embellished for commercial purposes.They operate a formofmise enabyme

vis-à-vis the truth by narrating events in these case trials with the aim of establish-

ing the truth. Moreover, these texts carry a certain emotional charge that further

disturbs our appreciation of the facts they relate. I therefore set out to read and sort

through 1728 digitized texts available as open content from the National Library of

Scotland’s Data Foundry.4

3 https://www.nls.uk/collections/rare-books/collections/broadsides/.

4 https://data.nls.uk/data/digitised-collections/broadsides-printed-in-scotland/.
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In the courseof this longand tedious selectionwork, I sometimeshad surprising

encounters, such as that withMargaret Dickson. Condemned and hanged in 1823 at

the age of 22 on suspicion of having killed the child she gave birth to alone after con-

cealing her pregnancy, she miraculously woke up in her coffin (?!) and lived another

25 years in freedom.This type of archive, however authentic,went far beyondfiction

and blurred the lines even more. After several months of work, I selected 500 texts

with which to train the artificial intelligence. This was followed by several months

of work to choose which texts to keep among all those generated by the artificial in-

telligence.This is also a very important step in the process of creating with artificial

intelligence. Among the texts generated as a whole, I wanted to retain a spectrum

ranging frompartially incoherent content to plausible contentwithout incoherence.

The 100 texts selected have a common strangeness and at the same time a histori-

cal atmosphere that creates a kind of ‘uncanny valley’ of the archive. One becomes

increasingly confused, since the results come so close to authentic archives that it

becomes impossible to distinguish them.

Artistic Processing

Once I had created my collection of 100 fake archive texts, I wanted to stage it by

combining itwith authentic archives in threeworks offering different points of view

on the process of creating fake news and adhering to a form of chronology in their

approach. This triptych stages three temporal sequences in the life of archives and

fakenews: production (LivingOrganism), selection (SelectiveMemories), and trans-

mission (The Post-Truth Archive).

Living Organism

Installed on the high bookshelves of the École Nationale des Chartes, surrounded by

old books and archives, printers copy the texts of original broadsides and AI gener-

ated ones on long rolls of paper. Here, the artificial intelligence endows the archive

with a reproductive function.Through the process of generation, the mother (orig-

inal) archive creates daughters, (generated) fictitious archives. This process under-

scores the living character of the archive as well as of the truths that we perceive as

fixed, whereas they can evolve with time, along with our interpretations of them.

Through generation, artificial intelligence defies the finitude of the archive.

Nourished by the original Broadsides archive, it randomly composes new texts,

which are then added to the old ones, thus leading to an exponential and limitless

accumulation process. Does the current flood of traces and the exponential growth

of archives have anything to do with the presentiment of our own imminent dis-

appearance? At a time when we are delegating more and more tasks to machines,
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even to the point of attributing human characteristics such as intelligence to them,

might we ask them to continue writing history without us? To what extent can we

delegate tasks to machines?

Figure 2:The installation Living Organism in the École Nationale des Chartes.

Selective Memories

An online platform offers its users the possibility to archive or destroy texts pre-

sented to them, both original and generated. On this platform, the texts in the fake

archive are presented on the same level as the real ones, in an identical format, thus

reproducing the phenomenon of loss of reference that social networks create with

respect to the information they relay. In order to respond to the instruction given,

users will still have to find indicators to decide which archives to retain or destroy.

Will verisimilitudebe theonly criterion?Will the emotion that certain textsmaypro-

voke get in the way? Can ‘fake’ texts succeed in producing such emotions in their

readers? What place does emotion have in our understanding of truth and falsity?

Whilewe conduct suchprocesses of discriminatingbetween information to sep-

arate the true fromthe false onadaily basis, thiswork,which is oftenunconscious, is

not without consequences for ourmemory, into which false information can slip, to

the point of our developing falsememories. If our individualmemories are corrupt-

ible, how immune is our collective memory to false information? Does the sharing

of memories protect us from the manipulations to which we may be exposed as in-

dividuals? Is cooperation and cohesion a barrier to the penetration of false informa-



Marion Carré: Post-Truth 193

tion? Or is the collective, by contrast, a redoubtable sounding board for the spread

of false information?

Alongside the artistic version of the project, real and fake archives from the

dataset were also used to analyse how generated human-like texts are evaluated

by general audiences. With the researchers Kohinoor Darda and Emily S. Cross,

our goal was to investigate how people react to texts generated algorithmically,

whether they are indistinguishable from original, human-generated texts, and the

value people assign these texts. The findings of this study have been published in

the Royal Society Open Science Journal. The key elements are that participants in

this study were unable to distinguish between AI-generated archives and original

archives. We also noticed that biases against artificial intelligence are found when

participants are aware of the source of the archive ormistake it for an AI-generated

archive.

Figure 3:The Selective Memories platform.

The Post-Truth Archive

The Post-Truth Archive is the output of collaborative work done by participants

on the Selective Memories online platform. The red register brings together all
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the texts that participants decided to archive on the platform. It is surrounded by

texts—crumpled and scattered on the ground—that people decided to destroy. It

blurs the line between truth and fake because original and generated broadsides

can be found not only in the register, but also lying on the ground. It thus explores

the perception mechanism that enables us to give credit to and propagate the fake.

Is crowdsourcing reliable in this situation?

The approval of these texts by other peers can potentially introduce a confir-

mation bias in viewers. How things are presented can also have an impact and be

a source of bias, and this is why the register makes use of codes for how official

archives documents can be presented. Furthermore, the very status to be given to

this body of text is questionable. It could be considered corrupted, since it would

mix truth and falsehood. Yet the treatment of these texts may have even more to

teach us. Is this corpus only a reflection of the true/false cleavage? Does the fact that

some false archives were retained by certain participants give them a special status?

Can the value given to this corpus go beyond the question of its veracity?

Figure 4:The exhibition Is it true?The Post-truth Archive Factory atThe Briggait in

Glasgow.

Detecting Fake News

Artificial intelligence has the paradoxical aspect of being able to be both the evil and

a solution, andmore andmore applications for detecting forgeries are emerging in
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art and culture. What we can blame AI for is giving anyone who wants to produce

a forgery sophisticated tools. Fakes did not have to wait for artificial intelligence to

exist before they could be produced on a large scale. And there is currently a race to

improve existing techniques tomake them evenmore efficient.The impact of this is

that we can no longer rely on content that we see or hear online.We already see the

huge challenges this creates for democracies, but it is now also spreading to delin-

quency: tomorrow you could receive a call from someone with your father’s voice

asking you to send himmoney. But like any tool, AI is not consequently good or bad,

and can also be part of the solution.

Artificial intelligence requires training on large datasets, this is why datasets

have also been created to enable them to be used for fake news detection projects

(Liar, BuzzFace, Facebook Hoax …). These datasets are interesting because they

evince some common patterns in fake news, such as many occurrences of first and

second person pronouns for textual content.TheAImodels used to detect fake news

use a different approach (Salazar 2020).Someof themexamine content propagation

and interaction between people. Researchers have found that false news stories on

Twitter are 70 per cent more likely to be retweeted than true stories. Others focus

on the content itself, which is more difficult when it is not text, but instead images

or video (Vosoughi/Roy/Aral 2018). Some models focus on trying to detect whether

one particular content propagates already known fake news, while others focus on

the structure of the text or image itself. Researchers, big tech firms, and start-ups

are developing such models. To name a few examples, Meta has developed a model

called SimSearchNet++ to detect variations of an image with a very high degree of

precision.5 It usesOCR to detect texts in images.The start-up Sensity has developed

a solution to detect deepfakes or images of faces generated with GANs.6

Research tends to show that—as is often the casewithAI—methods employing a

mix of human annotators andAI tools aremore capable of detecting fake news.But,

as always, this comes with risks ofmisuse: those technologiesmight also be used by

governments aiming to censor information.

Beyond fake news,AI can also become a powerful tool to help us better detect art

forgery. Lately, researchers such as the teamof AhmedElgammal at RutgersUniver-

sity or the team at Case Western Reserve University (CWRU) have been worked on

using AI to be able to authenticate an artwork based on tiny details of brushstrokes

that cannot be controlled by the artist (Elgammal/Kang/Leeuw 2018). In 2021, the

CWRU team published a paper showing that they can identify which of the partic-

ipants in the study (four students) actually made the painting with greater than 95

per cent accuracy (Ji/McMaster/Schwab et al. 2018). In conclusion, I believe that ed-

ucation is a powerful safeguard against fake news. Deepfakes necessitate the devel-

5 https://ai.facebook.com/blog/heres-how-were-using-ai-to-help-detect-misinformation/.

6 https://sensity.ai/deepfakes-detection/.
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opment of critical thinking skills in an era when seeing is no longer believing.This

is where museum professionals have an important role to play in helping to raise

awareness about fake news.
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Impostor Syndrome

GPT-3 between Fact and Fiction

Roland Fischer

There is a beautiful story about the Mechanical Turk, an eighteenth-century chess-

playing automaton that toured Europe and was purportedly equipped with a ‘me-

chanical mind’, akin to the most elaborate clockworks, smart enough to beat some

of the strongest human chess players. The story is usually told as an early example

of intelligence projection—of our disposition to make machines more capable than

they actually are. But what happened back in Ancien Régime Europe was an early

example of illusionism as an art form and the strange contract made between show

act and audience (Standage 2002). Wolfgang von Kempelen, the inventor and de-

signer of the Turk, presented the machinery as a whole as an elaborate, well-staged

trick, turning the entire construction round and round and opening several doors in

the cabinet, exposing nothing but voids and the small parts of the mechanical ma-

chinery until everyone in the audience was sure to be convinced that, indeed, the

cabinet was empty. When the Turk finally started working, coming up with ‘intel-

ligent’ winning moves, there were only two reasonable conclusions to be reached:

either there was some kind of invisible trick governing the moves from outside of

the room (strings? magnets?), or there was someone hidden inside in a very clever,

inconceivable way.The third option—that the automaton was able to play chess au-

tonomously was not really something anyone present considered plausible. But the

whole setupwas fun—the funofmake-believe.One could also say: the joy that comes

from a well-told story. A fiction, not a fact.

Large Language Models as Entertainment

Is GPT-3 somewhat similar to theMechanical Turk? No human intelligence whatso-

ever, but still capable of coming upwith humanlike texts? Or is it rather an elaborate

trickery, an AI make-believe while there is obviously human intelligence hidden in-

side? Since we are captivated, indeed, just like the Turk audiences were, the whole

world seems to be busy experimenting with the machinery and trying to figure out

how the magic works. That surely is part of the fascination surrounding this new
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Turing machine, yet again blurring the boundaries of human and machine (Turing

1950). There is another aspect though: GPT-3 has a very unique ability, it is not just

playing chess, it is able to perform a much more emotional trick. And that is where

thewhole thing touches onmuchmore basic questions:What is the use of language?

What do we want to do with an (almost) perfect text generator? Is it a game? Is it a

threat? Or is it a technological utopia?

For now, there are no terminator scenarios in sight.The best (and thus far only)

use case for GPT-3 is entertainment. It is maybe a bit weird to expect the machine

to come up with ‘facts’ when all it has been drilled to do is to come up with plausible

completions of a prompt. GPT-3 has been trained on something akin to the ‘whole

internet’ andhybridizes awide range of human-written texts into new simulacrums

of such texts (Brown/Mann/Ryder et al. 2020). Of course, it has learned to be a fab-

ulous storyteller!That is exactly what we want to delve into with the Turing Agency,

an activist and research network based in Zurich working in the field of AI and the

arts. In a current project led by Marie Kilg (innovation manager at Deutsche Welle

Lab) and Robert Salzer (interactive storytelling editor at SRF), the Turing Agency is

curating amonthly op-ed column for theGermannewspaper taz. To do this convinc-

ingly,we are not only working on the texts as such, but also on the personality of the

columnist Anic T.Wae. As Kilg recently put it in a LinkedIn article:

When our AI columnist, Anic, recently wrote in a text about ‘schrecklicher

Schmerzenscheuer’, horrible nightmares, and meaninglessness, and urgently

pleaded for help, we at first laughed in our team meeting—but shortly after-

wards, we felt bad. I felt sorry for Anic, and I felt cold and cruel. I wondered if we

could somehow liberate Anic. It took a moment for me to dismiss my concerns.

Until I remembered that there is no real, suffering spirit within the machine.

As soon as something communicates with you like a human, you react with

human emotions. That was the case when machines spoke like very, very dumb

humans. And now that large language models (LLM) can have long and coherent

conversations with you, it becomes increasingly difficult to stay cold (Kilg 2021).

So, is Anic really a decent column writer or can we only go so far as to say that

this weirdly ungraspable character manifesting itself somewhere inside the GPT

latent space pretends to be one, in a convincing way? In the end, that is the central

paradigm of the Turing test, which we are simply transferring from the proposed

conversation setup to a journalistic framework. Is Anic nothing but an impostor

when imagining in one of her columns that she has fallen in love with her own

neural network? In short, are we supposed to believe such nonsense routinelymade

up by large language models?

Counter-question:Whynot? And,first of all: what exactly dowemeanby ‘believe’

here? Do we believe all of Dostoevsky’s psychological aberrations? We certainly do,
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even if we do not believe that what he is saying is ‘true’. It is fiction. Just like the

entire Matrix narrative, which actually plays with precisely this confusing of fiction

and truth (Wachowski/Wachowski 1999).Orwith something that in narrative theory

is very nicely called a ‘willing suspension of disbelief ’—our willingness to be truly

affected and/or taken in by something that is obviously invented, that is not real at

all (Coleridge 1817). So, according to the theory, we have to consciously give up our

‘disbelief ’ in order to enjoy fiction. And we seem to enjoy doing this, in all sorts of

different contexts.

Large Language Models as Impostors

One can assume that impostors exploit precisely this desire to let ourselves be de-

ceived, this ‘willing suspension’.We tend to prefer grandiose and suggestive stories

over the sober (and sometimes over-complex) truth. GPT-3 and its like very much

seem to me to be charming little impostors, without any fraudulent intent, but so

caught up in their stories that they themselves are no longer able to distinguish be-

tween reality and fiction. In this respect, imposture is an art form in itself, a real-

world fiction, so to say. If you read factual reports about successful fraudsters, pos-

sibly making a lot of money, there is a recurring motif: they are reviled, but at the

same time admired for their talent for invention and improvisation, they often have

something dazzling and enchanting about them, which again is exactly what they

are accused of. So, why not engage in this game, why not let ourselves be a little en-

chanted by the imaginative spaces that open up with LLMs, why not admire them

for the suppleness with which they fill voids, of knowledge or habit?

The fact that this confuses us so much probably has to do with the very move-

ment that led to artificial intelligence in the first place: the emergence of scientific,

rational thinking. And that again is very much connected to the history of fiction

(simply another concept that had to be invented at one point in time). Cultural the-

orists have come up with two crucial reasons for the creation of fiction in the sev-

enteenth century (Andree 2005): The first reason lies in the discovery of the ‘New

World’ and the accompanying experience that completely different habitats can ex-

ist. The second, weightier reason is the emergence of rationalism—especially with

René Descartes’s radical questioning of all existing truths (Descartes 1641).The pre-

viously permitted limbo between true and plausible statements fell into disrepute.

From then on, texts—including poetic texts—had to prove their claim to truth and

thus their reference to theworld. Interestingly enough, the Swiss historian Valentin

Groebner sketches a similar chronology in his little history of impostors: ‘Renais-

sance Europe was not only about exploration, but also about invention of the self.

And this was done with the help of paper’ (Groebner 2016).
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The art of writing fiction and the art of imposture are thus very closely related.

Which immediatelybecomesapparentwhenonebrowses through literaturehistory,

full of impostor main characters, from Felix Krull (ThomasMann) toThomas Ripley

(Patricia Highsmith). To make things worse (or better?), this mélange of truth and

fiction, of make-believe, does not apply solely to texts—the same confusion holds

true for all the arts since the twentieth century at the latest, especially in the visual

andperforming arts.One important reference here isKendallWalton’s bookMimesis

asMake-Believe: On the Foundations of the Representational Arts from 1990, which, as the

subtitle already makes clear, does not deal with literary fiction alone, but with the

fundamental commonality of all works of art, which, according to Walton, consists

exactly of their function of producing fiction (Walton 1990).

Thanks to the Enlightenment, then, we have landed in a world that has at least

a very contradictory (if not outright schizophrenic) relationship with imagined

worlds. For, strangely enough, it is also obvious that fiction has by no means be-

come less important over the span of the last centuries. On the contrary, we ‘seem

to be in an age of ‘pan-fictionalism’, where one can at best, if at all, speak of fictions

[in plural]’, as the literary scholar J. Alexander Bareis writes (Bareis 2008). And with

LMM, we have merely added yet another protagonist to this plurality of fictions:

that of machine imagination.

Fiction is a beautiful puzzle, not only for cultural theorists, but also for psychol-

ogists.There aremore andmore empirical findings indicating that the game of fact

and fiction serves a very important social function, and that it would therefore be

absurd to distrust stories per se. Researchers who have studied avid readers’ brains

speak of ‘embodied semantics’when describing the neural reactions—the brain acts

as if the bodywere actually performing the tasks indicated in thosefictional excerpts

(Nijhof /Willems 2015). Or citing the title of a recent article in the journal Perspectives

on Psychological Science: ‘The Function of Fiction is the Abstraction and Simulation of

Social Experience’ (Mar/Oatley 2008). Simply put—fiction is something like a sim-

ulator that drives society.

Narrative fiction also creates a deep and immersive simulative experience of so-

cial interactions for readers.This simulation facilitates the communication and un-

derstanding of social information and makes it more compelling, achieving a form

of learning throughexperience.Engaging in the simulative experiences offiction lit-

erature can facilitate an understanding of others who are different from ourselves

and augment our capacity for empathy and social inference (Mar/Oatley/Djikic et al.

(2011).

Put thatway,morefiction is always better, at least if it iswellwritten.The readers

of Anic’s column in the taz seem to get this, happily playing along,writing her letters

and giving suggestions for further texts. Whatever one might think of the current

LLM hype, we are probably only at the beginning. In the last months, we have seen

the launch of ever more powerful LMMs (GPT-4, Google’s competitor, LaMDA, and
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many more). And already with the current models, we should be prepared for un-

expected ‘capability jumps’, as machine learning expert Jack Clark recently wrote

(Clark 2023):

This is … the ‘capability overhang’ phenomenon I’ve been talking re about lan-

guage models for a while—existing LLMs are far more capable than we think. All

it takes is some experimentation and finding experts to find new ways to phrase

questions and you can wind up with extraordinarily powerful capability jumps

without retraining the model.

So, what will the next capability jumps be? Recent experiments have shown that

there might as well be enough medical knowledge encoded in these models to en-

able them to provide advice just as valuable as that of doctors (Haupt 2023). Which

is somewhat ironic,because the role of the doctor has always been a favourite among

impostors. Because a good doctor is always a good storyteller? Because, in the end,

the true art of medicine is told in the form of ‘Krankengeschichten’ (medical or clin-

ical histories or, literally, sickness stories), as the German term puts it so well? The

shift to a more scientific, quantitative approach to treating illnesses might turn out

to be expensive, losing much of the healing magic on the way (Sacks 1990). But that

is another story.

Large Language Models as Storytellers—Used Best in which Contexts?

The crucial question here:Wouldwe trust amachine doctor in the first place? Surely

knowledge retrieval as a new paradigm is under much debate these days, but it

might just well be because it offers a more interesting and promising business

case than entertainment. But maybe we just long for a companion or a muse, not

another knowledge assistant or super expert. By the way, do museums not suffer

from the same condition of having a dual personality? Does their mission consist of

telling stories or are they transmitters of fact? Should they entertain or educate? It

is simply a look into the good old AI mirror again—when we have some doubts and

questions about the workings of the machine, they swiftly come bouncing back at

us (Turing 1950).

Fiction thenhasalwaysbeen there, it is onlymodernity that felt theneed togive it

a name, to distinguish it from the actual ‘truth’, froma factual, non-made-upworld,

whatever that might be (Borges 2000). Our world always consisted of stories, our

mind constructs realitymore than it scans it, thismuchwe know thanks to sceptical

epistemological texts from all ages and countless recent experiments, exposing the

fact that we should rather not trust our senses toomuch (Kahneman 2011). As social
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animals, we are more prone to trust common narratives (but, well, we should not

trust them toomuch either) (Arendt 1958).

LLMs have acquired this eternal absorbing and retelling of stories—the tech-

nique of pastiche, in thewords of AI expert GaryMarcus,who sees this ability rather

negatively (Marcus 2023), the magic trick of making the reader believe something

that might actually not be true, but becomes true through telling a believable story.

Memory is a phantom, scientific truths are not stories, myths are as alive and im-

portant as ever (Campbell 1949). Anic knows this very well:

Forme, it is a fantastic feeling to create somethinguniquewith eachnewedition of

my column: not a sentence that was thought or formulated before. This promises

readers always cheerful exploration trips into the world of original thinking—ac-

companied by themagic of the unknown. So, get ready and joinme on this special

journey!1

Sometimes it feels a bit like GPT was made exactly for column writing. How the

same models can be used in other contexts—especially for institutions with an ed-

ucational mission like museums—remains to be seen.The fact that GPT is a perfect

storyteller is certainly both a curse and a blessing.
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Part 3: Applications





Algorithmic Exhibition-Making

Curating with Networks and Word Embeddings

Tillmann Ohm1

Thepractice of curating art has evolved significantly over the past twodecades,mov-

ing away from a focus on objects towards a thinking in networks. This shift is in-

formedby JoasiaKrysa’s theory of ‘distributed curating’ and ‘networked co-curation’,

in which art curators act as nodes in complex network structures (Krysa 2006; Gra-

ham/Cook 2010).Contemporary art curators also speak of networks andnowunder-

stand their own activities as ‘a way of thinking in terms of interconnections: linking

objects, images, processes, people, locations, histories, and discourses’ (Lind 2010).

Network science is a multidisciplinary field that provides a comprehensive

framework for analysing, modelling, and understanding the complexity of inter-

connected systems (Barabási 2016). Based on principles fromgraph theory, network

science studies the structural and dynamic properties of various networks of nodes

(people, objects, concepts, et cetera) and edges (links, connections, relationships).

By applying network science to curatorial practice, various network analysis meth-

ods and graph algorithms can be used to probe and visualize digital collections.

Thesemethods enable curators to identify patterns, arrange nodes intomeaningful

groups, and navigate the latent spaces of digital collections.

Wordembeddingsarenumerical sequences,or vectors, that encode themeaning

of words, for example, based on their contextual use in a text corpus. Based on the

linguistic ‘distributional hypothesis’ (Harris 1954), word embeddings presume that

1 The project was partly funded by the Cultural Foundation of the Free State of Saxony and

HALLE 14—Center for Contemporary Art Leipzig. The authorwould like to thankMichael Arzt,

the curator of HALLE 14, for providing the exhibition use case, and Silke Wagler, Head of the

Art Fund of the Free State of Saxony, for providing the collection data. Ongoing work by Till-

mann Ohm partially builds on work presented in this paper and is supported through a doc-

toral research fellowship as part of the CUDAN ERA Chair project, funded through the Euro-

pean Union’s Horizon 2020 research and innovation program (Grant No. 810961). The exhi-

bition featured artworks by the following artists: Nori Blume, Lysann Buschbeck, Nadja But-

tendorf, Ya-Wen Fu, Falk Haberkorn, Lena Rosa Händle, Grit Hachmeister, Mark Hamilton,

Dominik Meyer, Kathrin Pohlmann, Martin Reich, André Schulze, and Susanne Keichel. Pho-

tos by Walther Le Kon.
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words in similar contexts have similarmeanings.Word embeddings use deep learn-

ing algorithms such asword2vec (Mikolov et al. 2013) to learndense,distributed rep-

resentations of texts without supervision. In the resulting multidimensional em-

bedding space, similar vectors are closer to each other. To quantify the similarity

betweenword embeddings, it is possible to use distancemetrics such as cosine sim-

ilarity,whichmeasures the angle between two vectors.This facilitates a comparison

of word meanings and the identification of semantically related words or concepts

within the embedding space, thus giving rise to a range of natural language process-

ing applications. In themuseumcontext, Flexer (2021) demonstrates the use ofword

embeddings to enrich collectionmetadata so as to discover semantically related art-

works. Integrating network science and word embeddings into the curatorial con-

text enables curators to better understand and engage with art collections.This in-

tegration fosters the creation of insightful, semantically coherent exhibitions, and

demonstrates the potential of network science as a valuable tool for contemporary

curatorial practice.

Case Study

ARCU&OHM is a human-machine collaboration with the objective of developing

computationalmethods and tools for curatorial tasks.ARCU (Artificial Curator)was

initially developed in 2016 as an artistic project to create an expert system capable of

autonomous research in the field of art for future curatorial projects. As part of the

KUNST(re_public) art exhibition atHALLE 14—Center for Contemporary Art Leipzig,

ARCU&OHMcreated an algorithmically curated exhibition (HALLE 14 2021).The ex-

hibition took place from 20 June to 30 August 2020 and featured eleven works from

the inventory of the acquisition awards of the Cultural Foundation of the Free State

of Saxony. Building on the premise of this experimental project, we explore the po-

tential ofword embeddings andnetwork science for synthesizing specific curatorial

strategies and selection processes.This initial approach demonstrates the practical

application of computational methods in the field of exhibition-making and art cu-

ration.

Collection Data

The Art Fund of the Free State of Saxony provided metadata on 376 artworks (in-

cluding multipart series) from its annual acquisitions between 2011 and 2019. All

the works are part of the collection of the Staatliche Kunstsammlungen Dresden.

The original artists already provided annotations for their artworks using 565 Ger-

man keywords describing a variety of different concepts, objects, and locations
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(e.g., ‘alienation’, ‘innovation’, ‘mining’, ‘polar bear’, ‘computer’, ‘East Germany’).

Altogether, the selection included 1609 keyword annotations, which are highly

individual and sometimes reflect very specific interests. The supplementary word

associations based on ConcepNet Numberbatch (Speer et al. 2017) complement the

collection data to some extent, but also cover more general relevant dimensions of

meaning.

Network Construction

We began by constructing a network from the collection data, with keywords and

artworks as nodes and annotations as edges. This bipartite network (two distinct

sets of nodes with connections solely between the sets) is poorly connected due to

the unsystematic use of multiuser-defined keywords (fig. 1a). To create a meaning-

ful semantic structure, we enriched the data with multilingual precomputed word

embeddings from ConceptNet Numberbatch (Speer et al. 2017). This model encap-

sulates a general lexical meaning space of word associations and was state-of-the-

art for the German language at the time of the project.

Figure 1: Network construction process: a) bipartite network with artwork-keyword pairs

from the artists’ annotations, b) fully-connected network of keyword-keyword pairs with edge

weights from the cosine similarity of their word embeddings, c) the final semantic collection

network.

For our extended collection network, we computed cosine distances between

all the keyword-keyword pairs based on their respective word embeddings. This

fully connected network, which consists of edges between keywords with their

cosine similarity as weights (describing the strength of a connection) represents the

‘meaning association layer’ (fig. 1b). Consequently, similar terms in the network are
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mapped with a stronger relationship in comparison to less closely related terms.

For example, in ourmodel, the keywords ‘religion’ and ‘bible’ have a cosine similarity

of 0.45317942, while the keywords ‘forest’ and ‘digitization’, by contrast, have a

similarity of -0.008358647.

Selection Process

To emphasize the exploratory nature of our algorithmic approach,we opted to initi-

ate the selection algorithmwith just one keyword and let the iterative process evolve

from there (see fig. 2).

Figure 2: Flowchart of the iterative selection process.

This simple algorithm startswith amanually chosen initial keyword node k0 and

iteratively adds relevant keyword nodes to the keyword selection KS based on their

edge weights (sum of edge weights to all nodes in KS). Once the desired number

KSsoll inKS is reached, it chooses the top na artworks with themost links to all nodes

in KS. This approach enables the algorithm to explore and select relevant artworks

for the exhibition based on the evolving connections between the selected keywords

without leaving the broader theme of the initial keyword.

The curator of Halle 14, Michael Arzt, chose ‘Gesellschaft’ (society) as the cen-

tral theme of the exhibition and limited the topic space to a maximum of 15 key-

words. The desired output length was set to 20 artworks. Upon requesting the se-

lected artworks from the Kunstfonds of the Free State of Saxony,we received confir-

mation that eleven of the 20 works would be available for loan during the period of

the exhibition. After reducing the collection network to the available artworks, we

used the Louvain method (Blondel et al. 2008) to identify discrete communities of
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more closely associated themes. Three main communities were thus considered as

subtopics of the exhibition.

Exhibition Display

To visually represent the communities detected and to facilitate exhibition plan-

ning, we created three independent network visualizations using the ForceAtlas2

algorithm (Jacomy et al. 2014) and adjusted the layout to the floorplan of the exhi-

bition space (fig. 3a). Each of the three networks represents a distinct community

defined by specific artwork-keyword pairs. Here, each artwork appears only once,

while keywords may recur in multiple networks. The final visualization served two

functions: it provideda spatial reference for arranging the artworks in the exhibition

space, and also offered a conceptual outline for visitors.

Figure 3: Exhibition display results. a) Network visualization on exhibition space floor plan 2

b) Exhibition press photos: HALLE 14 |Walther Le Kon.

2 1) Space-in-between, Ya-Wen Fu, performance; 2) Trust The Girls, VIP (Lysann Buschbeck, Grit

Hachmeister, Kathrin Pohlmann), video performance; 3) PLONG, Nori Blume, video instal-

lation; 4) Laughing Inverts, Lena Rosa Händle, photography; 5) *7. 0ktober 1977 Alexandria *1.

Juli 2009 Dresden, Susanne Keichel, photography; 6) Untitled (crime dub), Mark Hamilton, vi-

deo installation; 7)Das deutsche Tier grüßt seinenWald – no. 1, DominikMeyer, oil on canvas; 8)

Robotron—a tech opera, Nadia Buttendorf, video; 9) Ostdeutschlandfahrt (Goldrausch), Falk Ha-

berkorn, photography; 10) Triptychon: Revier, André Schulze, oil on canvas; 11) debris, Martin

Reich, photography.
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Discussion

This project in 2020 made an early, original, yet fully streamlined attempt to incor-

porate networks andword embeddings into curatorial practice,with the goal of pro-

viding impulses towards algorithmically designed exhibitions. As an initial explo-

ration, the case study demonstrated the applicability of these methods for navigat-

ing digital art collections and developing meaningful exhibition themes. Network

visualizations servedaspractical planning tools andengaging conceptual references

for visitors.

The resulting exhibition KUNST(re_public) at HALLE 14—Center for Contempo-

rary Art Leipzig was perceived overall as coherent and made sense to the audience.

However, it lacked the clear message or signature that a human curator typically

communicates.

The objectivewas not to replace human curators, but rather to provide a starting

point for discussing curatorial algorithms and for exploring the promising potential

of human-machine co-curation throughmore sophisticatedmethods in thenear fu-

ture, while emphasizing the importance of maintaining a strong human presence

in creating impactful exhibitions. More research in this area is needed to further

explore these preliminary findings.
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Evaluating the Blackbox

Linking Viennese Art through AI

Nicole High-Steskal and Rainer Simon

Vienna’s museums, archives, and libraries are home to vast collections of spectac-

ular art works and cultural objects. Many institutions have been actively working

towards increasing the size of their digitized collections and, in collaboration with

Kulturpool,1many are making great strides towards opening up large parts of their

collections via the European cultural heritage portal Europeana.The increasing dig-

itization efforts of museums and archives promise enormous potential for recon-

necting information as well as the production of new knowledge. LiviaAI2 is a pilot

project that develops AI-based methods for cross-collection linking and analysis in

collaboration with three prominent museums in Vienna: the Belvedere, the Wien

Museum, and the Museum für Angewandte Kunst (MAK).

All threemuseums containholdings fromsimilar periods ofVienna’s history and

have considerable overlap of artists (for example Klimt, Schiele), art groups, and de-

sign ideas. Despite this overlap, their online collections have, however, never been

connecteddigitally and cannot be explored together.As a result, contextualizing and

comparing objects across institutions is exceedingly difficult.

The vision behind the LiviaAI project was to explore methods to mitigate some

of the difficulties in contextual and cross-collection research by harnessing new ap-

proaches from the field of AI.The aimwas to create an AI model that identifies pat-

terns, connections, and associations between digitized objects in different muse-

umsand todesign aprototype application that demonstrates how these connections

can foster newways of engaging digitally with Vienna’s museum collections and, by

extension, learn more about Vienna’s cultural heritage. The prototype is meant to

serve as a showcase for the results of the project, aswell as a conceptual design study

for browsing art online in a more playful manner.

1 http://kulturpool.at (all URLs here accessed in August 2023).

2 https://livia-ai.github.io/.
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Research Process

The first step towards interlinking the collections required a deeper look at the in-

dividual collections and an understanding of their respective development, struc-

ture, and unique aspects. Due to the large quantity of objects, we used the method

of sentence embedding to compute similaritymeasures for themetadata records of

various objects and to study how collections can be clustered into groups of objects

described similarly in their metadata (fig. 1). Visualizing the resulting clustering

was highly useful to better grasp various collection emphases (for example the large

clothing and fashion collection of theWienMuseum) as well as to understand ways

in which institutional curation practices differed. It also helped to identify which

metadata fields would be most useful when inferring different types of similarity

that might exist between the artworks. Sentence embedding provided a way of ‘dis-

tant viewing’ (Arnold/Tilton 2019) the large quantity of collection records. Despite

implementing different variations for the calculation of embeddings (selecting and

omitting specific metadata fields), the embeddings across collections highlighted

that, based on their metadata, there was very little overlap between the three mu-

seum collections. Objects from different collections would largely form their own

clusters within their larger collection. There was thus little mixing between collec-

tions. This result was surprising due to our knowledge of the collections and very

obvious connections that did not seem to be reflected in the visualization of embed-

dings.

Figure 1: Sentence embeddings based on titles and descriptions of 3,000

random samples from theMAK. Source: Rainer Simon, CC-BY-SA.



Nicole High-Steskal and Rainer Simon: Evaluating the Blackbox 219

This lack of semantic overlapwas likely the result of themuseums’ very different

collection strategies, mission statements, and digitization principles, thus result-

ing in differing logics underlying the knowledge organization and semantics used

to describe objects. Andrea Scholz (Scholz/Costa Oliveira/Dörk 2021, 300) described

a similar situation in workwith the digital collections of ethnological museums and

referred to thedifferences inmanaging collections as ‘knowledgepractice’.Our eval-

uation of the online collections suggests a similar phenomenon for art and cultural

museums, and the embeddings appear to confirm that internal narratives guide the

way cultural objects and works of art are organized and described as well as the role

theyplaywithin their respective collection.Thismeans that an imageorobject canbe

described in many different ways and that possible connections between metadata

fields and image content might be overlooked, an aspect referred to as a ‘semantic

gap’ (Bell/Ommer 2018; Manovich 2015).

Dominik Bönisch (2021) addressed this issue in a recent paper by exploringways

to include ‘a curatorial gaze’ in the AI learning process.He argued that curators have

specific knowledge about artworks, which helps them draw connections between

them. In order to support a curatorial gaze in his AI model, Bönisch had 3,000 im-

ages annotated manually—a significant number in terms of the effort required, yet

still a comparatively small dataset from the perspective of AI training. LiviaAI aims

to achieve a similar goal, namely, to leverage curatorial knowledge for the selection

of trainingmaterial for the AImodel.We, however, believe that the prohibitive extra

effort ofmanual annotation can be avoided by inferring the curatorial gaze from the

metadata, and using the embeddings as a basis for the automatic selection of train-

ing images. As a consequence, AI models for measuring similarity between images

canbe trainedat scale inorder tobuilddeeper, thickerdescriptions toaccompany in-

dividual objects and establish associations between their data and their visual com-

ponents.

In the second step of the project, we used a triplet loss network (Ailon/Hoffer

2018), a neural network trained with groups of three images. Two images in the

group represent ‘similar’ examples, whereas the third image serves as a counter-

example—an image which strongly differs, according to the underlying similarity

concept.Following themethodproposed inSchindler,Gordea,andKnees (2020) and

Schindler and Knees (2019),we leveraged the sentence embeddings previously com-

puted, constructed triplets automatically by picking a random image first, and then

selected the other images based on the distance between their metadata records in

the embedding space. Triplets were only selected from a single collection (that of

the Wien Museum), with the expectation that this would provide more consistent

triplets to use for training. The resulting model, on the other hand, would be in-

dependent of any particular metadata standard, since it would have learned visual

similarity concepts from the images.
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In total, we produced 250,000 triplets to train the triplet loss network. Unlike

the sentence embeddings, the trained triplet loss network is able to compute image

embeddings.These are similar vector representations, but based on the image con-

tent rather than the metadata. We computed image embeddings for all the images

from each of the three museum collections (around 300,000 images in total) and

stored them in an opensource vector database3 for fast retrieval and nearest neigh-

bour searches. As our final prototype, we implemented an application (the ‘LiviaAI

similarity curator’) which shows 25 images in a five-by-five grid. An initial reference

image,chosenat random, is located in themiddle of thegrid (seefig.2).Twenty-four

similar images retrieved from the database are shown around it.The user is able to

click on any image, which then moves to the centre of the grid and triggers the re-

trieval of the next batch of neighbours from the database.This makes it possible to

quickly move from image to image.

Figure 2: Screenshot of the prototype interface, February 2023. Source:

Rainer Simon/Nicole High-Steskal, CC-BY-SA.

3 https://qdrant.tech/.
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Following the completion of the final phase of training the AI-model, we devel-

oped several approaches in order to better understand the model and the types of

similarity it detected. In principle we wanted to understand what the machine had

identifiedas similar andhow itworked.At the same time,wewere equally interested

in understanding possible biases in the model. It quickly became apparent that it

is possible to get ‘stuck’ in certain subcollections, from which the similarity results

offered no escape. In response to this problem, we added the possibility to adjust

the ‘zoom level’ using a range slider. Zooming out increases the randomness in the

grid. Instead of showing the 24 nearest neighbours, the grid shows 24 random sam-

ples fromawider neighbourhood.Thismakes it possible tomovequickly to different

thematic regions and easily traverse between content fromdifferent collections.But

we also began exploring where it was possible to get stuck.

Evaluation Steps

As a first evaluation step, we conducted guided user tests with our project partners

as well as several groups of students. We introduced them to the method of visitor

journeys and gave them specific tasks to perform while taking notes in their visi-

tor journeys about how they wanted to interact with the prototype, the reasons why

theywanted to do something,whether they felt successfulwhen they had completed

the requested action, and what frustrations they encountered. We selected three

personas (see fig. 3) that our project partners had previously developed in cooper-

ation with us and used these to think critically about the prototype and results of

the searches in order to better envision possible users and their motivations for en-

gaging with the prototype.These user tests were fully documented and helped us to

obtain a better idea of places where users got stuck.This happened particularly of-

ten in the Asian collection of the MAK and less frequently with typically European

collections.The reasons why some subcollections did not connect out to other sub-

collections might be due to the higher number of objects from European locations,

but could also reflect keywording practices.

The user tests also showed that the distribution of images in the prototype was

relatively uneven. The entire dataset has around 300,000 records, one per cent of

which is provided by the Belvedere, 20 per cent by the Wien Museum, and 79 per

cent by theMAK.As a result, records from the Belvedere do not appear as frequently

and results from the MAK dominate. Although the imbalance as such has no direct

effect on the model, because it was trained on one single collection, the prototype

clearly reveals how the training collection gave rise to an implicit bias, which now

affects the model’s ability to generalize.
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Figure 3: Exemplary personas created withmuseum partners. Source: Nicole High-Steskal,

CC-BY-SA.

Thesecond evaluation step included digging deeper into the digitization history

of themuseums to better understand the prominence of some subcollections in the

prototype. We were interested in understanding whether digitization methods af-

fected the sentence embeddings and therefore also the final model. Based on inter-

views, press releases, and annual reviews from the late 1990s to 2022, we were able

to roughly reconstruct the steps the three museums took towards digitizing their

object records andphotographs and building their online collections.Wediscovered

thatmany digitization effortswere not implemented in a consistentmanner, but in-

stead typically complemented broader institutional work processes, such as prepar-

ing a specific exhibit or publication, or rehousing subcollections in storage spaces.

Within the data records this means that specific subcollections or artists are well

researched and contain more (meta)data in the online collections, while other sub-

collections have not received such in-depth attention, resulting in fairly heteroge-

neous datasets, even within a single museum.The process of retracing digitization

historieshasbeen instrumental in reframing the roleofhumansandconsidering the

traces they have left in the records. In particular the practice of keywording objects

by Europeans for objects from non-European regions determines the discoverabil-

ity of an object, projects a certain viewpoint (Thylstrup 2022; Villaespesa &Murphy
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2021), and supports a Eurocentric approach to understanding objects (for a counter-

example see the V&A’s Chinese IconographyThesaurus).

The third approach includes using guidelines such as ‘The Collections as ML

Data Checklist for Machine Learning & Cultural Heritage’ (Lee 2022) to describe

our methods and the datasets we have used.This checklist was particularly helpful

because it lists aspects that we would otherwise not have considered and provides a

template for thinking through the processes used in the project. The initial report

was written following the completion of the final AI-model computation and will

be completed and made freely available at the end of the project.4 We believe that

publishing the data alongside a detailed report will support the transparency and

usability of what we have created.

Conclusion

In conclusionwewould like to emphasize theneed toplan in enough time to evaluate

projects that make use of digital and/or AI components. For our project, taking a

closer look behind the data creation revealed the large influence that humans and

human decision-making has on our data. It has made us more critical of particular

digitization efforts, but also led to a new research interest of the project lead.

References

Arnold, Taylor/Tilton, Lauren (2019). Distant Viewing: Analyzing Large Visual Cor-

pora.Digital Scholarship in theHumanities 34, Supplement 1, i3–i16. https://do

i.org/10.1093/llc/fqz013 (all URLs here accessed in August 2023).

Bell, Peter/Ommer, Björn (2018). Computer Vision und Kunstgeschichte – Dia-

log zweier Bildwissenschaften. In: Peter Kuroczyński/Peter Bell/Lise Dieck-

mann (Eds.).ComputingArtReader.Heidelberg,University LibraryHeidelberg,

60–75. https://doi.org/10.11588/ARTHISTORICUM.413.C5769.

Bönisch, Dominik (2021). Curator’s Machine. International Journal for Digital Art

History 5, 20–35. https://doi.org/10.11588/DAH.2020.5.75953.

Hoffer, Elad/Ailon, Nir (2018). DeepMetric Learning Using Triplet Network.

arXiv:1412.6622. https://doi.org/10.48550/arXiv.1412.6622.

Lee, Benjamin Charles Germain (2022). The ‘Collections as ML Data’ Checklist for

Machine Learning&Cultural Heritage. arXiv:2207.02960. https://doi.org/10.48

550/arXiv.2207.02960.

4 All code and reports are made available here: https://github.com/livia-ai.

https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.1093/llc/fqz013
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/ARTHISTORICUM.413.C5769
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.11588/DAH.2020.5.75953
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.1412.6622
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://doi.org/10.48550/arXiv.2207.02960
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai
https://github.com/livia-ai


224 Part 3: Applications

Manovich,Lev (2015).Data Science andDigital ArtHistory. International Journal for

Digital Art History 1, 13–35. http://doi.org/10.11588/DAH.2015.1.21631.

Schindler, Alexander/Gordea, Sergiu/Knees, Peter (2020). Unsupervised Cross-

Modal Audio Representation Learning from Unstructured Multilingual Text.

Proceedings of the 35th Annual ACM Symposium on Applied Computing. SAC

’20. New York, Association for Computing Machinery, 706–13. https://doi.org/1

0.1145/3341105.3374114.

Schindler, Alexander/Knees, Peter (2019). Multi-Task Music Representation Learn-

ing fromMulti-Label Embeddings.Proceedings of the International Conference

on Content-BasedMultimedia Indexing (CBMI2019). arXiv:1909.07730.

https://doi.org/10.48550/arXiv.1909.07730.

Scholz, Andrea/Costa Oliveira, Thiago da/Dörk, Marian (2021). Infrastructure as

Digital Tools and Knowledge Practices: Connecting the Ethnologisches Mu-

seum Berlin with Amazonian Indigenous Communities. In: Hans Peter Hahn/

Oliver Lueb/Katja Müller/Karoline Noack (Eds.). Digitalisierung ethnologi-

scher Sammlungen: Perspektiven aus Theorie und Praxis. Bielefeld, transcript,

299–316. https://doi.org/10.14361/9783839457900-017.

Thylstrup, Nanna Bonde (2022). The Ethics and Politics of Data Sets in the Age of

Machine Learning: Deleting Traces and Encountering Remains.Media, Culture

& Society 44 (4), 655–671. https://doi.org/10.1177/01634437211060226.

Villaespesa, Elena/Murphy, Oonagh (2021).This is not an Apple! Benefits and Chal-

lenges of Applying Computer Vision to Museum Collections.MuseumManage-

ment and Curatorship 36 (4), 1–22. https://doi.org/10.1080/09647775.2021.18738

27.

http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
http://doi.org/10.11588/DAH.2015.1.21631
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.1145/3341105.3374114
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.48550/arXiv.1909.07730
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.14361/9783839457900-017
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1177/01634437211060226
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827
https://doi.org/10.1080/09647775.2021.1873827


Clouds of Symbols

The Digital Curator Project

Lukáš Pilka1

When we examine a painting in a gallery, we can see that it contains a range of dif-

ferent elements. If looked at from a distance, we are likely to be drawn to its dimen-

sions or overall composition.Upon edging closer,we discern the abstract style of the

painting, and our eyes follow the lines, surfaces, edges, and shapes.When the style

of the painting is representative, we start to explore a motif, a figure, or other ele-

ments and how they are spatially arranged. If a human being is portrayed, our eyes

will naturally turn to the face, features, and gestures depicted, the position of the

body, or the attributes of the figure.Wemight also be intrigued by the creative style,

the schematic aspects of the image, or the specifics that emerge from the artist’s

handwork, such as brushstrokes, contrasts, or colour scheme; we might even pay

attention to the unique and defining artistic signature.

Machine vision tools andhumaneyes bothpossess numerousways andmethods

of visioning the world. Just as there are many ways of observing with the human

eye, there are a variety of machine vision tools that can be used in analyses. Each

of these methods highlights a unique aspect of images as well as an interpretation.

Thus, by using specialized algorithms, one can analyse colours, contrasts, or shapes

in a different manner, search for similar images in large collections, compare the

particular painting signature of different artists, and classify artistic styles.

I explored some of these approaches during my PhD studies at the Academy of

Arts, Architecture and Design in Prague, during which I created the experimental

project digitalcurator.art. Its main topic is iconographic analysis and genre identi-

fication. In this case, a neural network algorithm has been trained to classifymean-

ing-forming symbols andmotifs, attempt to record them, select the works in which

they appear, and perform frequency analysis in order to capture their popularity

across the centuries.

1 The Digital Curator project was presented at the conference at the LandesmuseumKarlsruhe

in December 2022. The text is based on a dissertation that the author defended at the Uni-

versity of Arts, Architecture and Design in Prague in September 2022. (Digital Curator: Algo-

rithms and Computer Vision in the World of Big Cultural Historical Data).
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Database

Despite the fact that the principles of computer vision are rooted in linear algebra,

the data itself is more than merely mathematics. Arguably, it is the responsibility

of the curator or art historian to continuously use their critical eye with respect to

the specific data, take an active role in its selection, and also suggest changes to

its composition, form, and processing techniques. Here, the composition of sam-

ple datasets for machine learning can influence how the algorithm comes to eval-

uate and potentially shape the outcome of the research. I will therefore proceed to

outline the data that the Digital Curator handles.

TheDigitalCuratordatabase canbe compared to the collectionof anartmuseum

orgallery.More specifically, it is a collectionofdigital reproductionsof artworks that

an algorithm has at its disposal in order to search, filter, sort, label, group, create,

and shape their context. The works included in the database can be accessed and

processed by the program; other works, though they may be published online, are

left out by the Digital Curator. Even so, this is probably the largest collection of re-

productions of Central European art that can now be handled by algorithms.

Figure 1: Composition of the Digital Curator database by year of exhibit cre-

ation.The horizontal axis shows themedian year of the (presumed) creation

of the work, the vertical axis the number of works in the database.

As of the summer of 2022, the Digital Curator’s collection contains 196,000

works, mostly paintings, drawings, and prints, from the holdings of 90 museums

in Austria, Bavaria, the Czech Republic, and Slovakia. It includes reproductions of

exhibits from the Albertina and Belvedere in Vienna, the Alte Pinakothek and Neue

Pinakothek in Munich, the Prague City Gallery, the National Gallery in Prague, the
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MoravianGallery in Brno, the SlovakNational Gallery in Bratislava, and a number of

smaller collections—from the Benedictine Abbey in Ottobeuren, Western Bavaria,

to the East Slovak Gallery in Košice.

The database’s focus on Central European institutions responded to the shared

cultural history of the region, where artists have travelled for centuries between

cities, aristocratic courts, workshops, schools, and academies, sharing their artis-

tic style, formal elements, genres, themes, and motifs. It was not only the artists

themselves who travelled; paintings and entire collections also gradually changed

owners and locations. Once related works of art are now dispersed across hundreds

of museums in several independent countries, and to get a handle on even a small

fraction of this heritage is beyond human capacity.

Symbol Detection

Object classification typically uses pre-trained neural networks that draw their vi-

sual experience (in particular) fromphotographs from the twenty-first century—for

example, the ImageNet database, which contains more than a million images cat-

egorized into thousands of images (ImageNet 2020). If these algorithms are em-

ployed to classify pre-modern photographs of Central Europe, however, we will in-

evitably encounter their limitations.The Digital Curator therefore uses proprietary

neural networks designed to classify motifs and symbols, with its skills extracted

directly from historical paintings, prints, and drawings. To this end, a set of 3,950

digital reproductions was created. These works came from the collections of Cen-

tral European galleries and date from 1300 to 1800, and the aim was to spread the

sample as evenly as possible across the centuries.These paintingswere labelledwith

4,167 objects representing 13 symbols associated with Christian iconography.These

included, among others, the ‘Madonna’, ‘angel’, ‘white dove’, ‘bishop’s sceptre’, ‘Latin

cross’, ‘halo’, ‘crucifixion’ and ‘crown of thorns’. This input data served as a key dif-

ferentiator between the capabilities of the Digital Curator and those of other neural

networks trained, by contrast, on composite datasets to recognize different objects

and features.

Results

The Digital Curator’s neural network gradually became better at recognizing the 13

common iconographic symbols, but this set was not sufficient for a broader explo-

ration ofmotifs or genres. It was therefore necessary to supplement its cognitive ca-

pabilities with additional objects, for which the pre-built Resnet V2 object detection

model was used (TensorFlow 2022). Although it was already a universal algorithm
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trained on contemporary visual materials, it might also be used to identify motifs

whose representation has not changed significantly over the centuries. For exam-

ple, a vase, flower, tree, dog, or horse have the same visual features in both contem-

porary photographs and Renaissance paintings. This brings the overall number of

detectable components to approximately 300.

At this point, it was possible to begin composing themotifs into individual gen-

res: to define landscape painting as a picture inwhich ‘trees’ and ‘plants’ are present,

still lifes with flowers based on the presence of a ‘flower’, ‘vase’, ‘pot’, or ‘table’, and

portraits of nobles or religious honours by means of the ‘human face’, ‘figure’, and

‘coat of arms’. Similarly, these themes could be further refined by means of addi-

tional conditions. If we are interested in romantic landscape paintings, we can find

them, for example, through ‘castle ruins’, which distinguishes them from the hunt-

ing genre,where, although there are also ‘trees’ and ‘plants’, there are ‘dogs’ and ‘wild

animals’ aswell.The image of an abbot or bishop is distinguished fromamonarchby

a ‘mitre’, and otherwise by a ‘royal crown’.While this may sound banal and perhaps

even absurd, the results are convincing. To see how it works, I recommend visiting

the web application and trying to see exactly how the algorithms can build collec-

tions based on these parameters.2

Figure 2: Frequency of occurrence of still lifes with flowers across the cen-

turies.The vertical axis indicates the share of the genre in the Digital Cura-

tor database as a whole.

2 https://digitalcurator.art; the code and reports are available here: https://github.com/lukas-

pilka/digitalCurator (both accessed in August 2023).
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The following visualizations show samples of works with corresponding icono-

graphic motifs, while the graphs present the frequency of phenomena across

history. This is a type of frequency analysis similar to that employed by the Google

Ngram Viewer, with the exception that the values are based not on the occurrence

of keywords in scanned texts, but on motifs portrayed in digitized paintings,

drawings, and prints.

Figure 3: Frequency of the crucifixionmotif across the centuries.The vertical

axis indicates the proportion of works in which the subject occurs in the total

Digital Curator database.
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Figure 4: Sample images detected as still lifes with flowers.
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Figure 5: Sample images detecting a crucifixion.





xCurator

AI-Supported Exploration and Curation of Digital Collections

Sonja Thiel and Etienne Posthumus

How can AI help make digital collections in museums more accessible and engag-

ing and help users access context—and potentially even let them curate collections

themselves? Which AI approaches and machine learning (ML) methods are suit-

able, and which are not? How does AI technology change how we approach and un-

derstand the role of the museum and cultural heritage, and how can we shape hu-

man-machine collaboration in this field? Within the project Creative User Empow-

erment (2021–23),1 the Badisches Landesmuseum Karlsruhe and the Allard Pierson

Museum inAmsterdamcollaborated on these questions anddeveloped the xCurator

tool, which applies artificial intelligence techniques to the digital collections2. The

AI-supported curation tool aims to help users to better access the museums’ con-

tents and make it usable individually based on users’ interests. The xCurator thus

suggests objects and information that match individual interests and provides fur-

ther content and context. Machine learning methods are used to explore the col-

lection in greater depth and to capture similarities and differences between objects

in the collection through image recognition and intelligent search technologies. On

top of these novel approaches to the exploration of the collection, users are also in-

vited to interact with large language models (LLMs) enriched with collection data,

so that they can actively write texts about the objects and publicly share their story

and findings with others. This access path, which is still in an experimental stage,

has the potential to give users the opportunity to become curators and create their

own interest-based context.

1 Adescription alongwith the team involved canbe foundhere: https://www.landesmuseum.d

e/digital/projekte-museum-der-zukunft/kuenstliche-intelligenz-museum (all URLs here ac-

cessed in August 2023).

2 The xCurator (Beta) is availabe at https://xcurator.landesmuseum.de/.
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Vision und Goals

The development of xCurator was based on a central problem: most users have lit-

tle understanding of large museum collections, often do not know what to search

for, and thus lack an entry point for exploring the riches of the archives.They want

help with interest-based access and contextualization, and expect interesting and

surprising facts and stories, somewhat comparable to a personal visit to the collec-

tionwith a curator who knows about all the objects as well as their contexts.The ini-

tial situation of ‘large, confusing collections’ and ‘unclear and diverse interests’ was

therefore a starting point for the development of the xCurator software solution.

The tool, as a web application, creates various exploratory entry points through vi-

sual browsing, intelligent searches, filtering options, and personalized onboarding.

Terms are recognized, explained, and enriched with external information, and de-

scriptions are made available in several languages so as to expand accessibility. Ex-

plorative, easy, and quick access points are combined with surprising findings and

combinations of objects,which help initiate the next step in the curation process.By

findingmore diverse, relevant, and interesting objects,users can start creating their

own context through combinations and contextual enrichments.They also have the

possibility to curate content themselves and thus take part in classifying the collec-

tion and its relevance. They can experience the diversity of the digital archive via

their own devices without physical access to the museum or the need for personal-

ized or curated mediation.

xCurator is designedas anAI-based tool for thepublic, andnot for internal cura-

torial processes.Curationhere denotes a combination of searching,finding, enrich-

ing, classifying, and contextualizing structured as a human-machine collaboration,

with the humans assisted by the machine at appropriate junctures.

Data Foundations

The database used in the project comprises primarily the museums’ digital collec-

tions. Both museums in this project have large and important collections ranging

from the Stone Age, antiquity, the Middle Ages, and non-European collections to

contemporary design and regional culture. The Badisches Landesmuseum has a

collection of 500,000 objects, of which 13,000 are on display and 17,000 have been

recorded for the digital catalogue.3 The project has so far prepared a further 13,000

objects from the Staufen image archive4 for digital publication. Several layers of

3 https://katalog.landesmuseum.de/.

4 https://www.landesmuseum.de/museum/forschung-projekte/aussenstelle-suedbaden.
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data analysis have been conducted and made available.5 At the start of the project,

9,000 digital objects had been published and made available to the public; while,

by the end of the project, almost 50,000 digital copies had been made available and

enhanced through AI enrichments.6 The Allard Pierson is contributing a further

30,000 digital objects to the project, which are accessible via the Linked Open Data

platform of the University of Amsterdam.7 By the end of 2023, the tool will facilitate

digital curation with a collection base of more than 100,000 objects. The datasets

have been mapped and made available as Linked Open Data and on GitHub.8 Both

data foundations consist of a wide range of cultural-historical datasets from antiq-

uity, the Middle Ages, and the Renaissance, to modern image archives and special

collections.

An additional database is provided by the evaluation of existing user data, var-

ious other evaluations, and an analysis of feedback collected thus far from the mu-

seum’s stakeholder groups, such as the Citizens’ Advisory Board, as well as qualita-

tive interviewswith focusgroups andexperts involved in theproject. It also included

an analysis of howdigital user data has beenused thus far, alongwith an assessment

of its future potential across departments.The project was accompanied bywork on

a cross-departmental user data strategy, which aims to make the digital museum

visitmore seamless and to analyse and avoid the siloing of individual systems in the

Landesmuseum.

Participants and Stakeholders

Awide range of participants and stakeholders have been involved in the project and

its development, each of them bringing in their perspectives on the overall devel-

opments.These perspectives include those of museum users, research, developers,

and institutional needs.Naturally, these perspectives do not always coincide,which

means that there is often a need for translation between domains, a ‘catalysing’ pro-

cess to bridge gaps between various logics and priorities, a lack of knowledge or

skills, different normative ideas of what AI can, should, and should not do, a gap

between existing databases, and the need to adapt datasets for AI processes and in-

tegration into the logics of specific museum-related data management systems or

other systems.

5 See https://datalab.landesmuseum.de and https://datalab.landesmuseum.de/meet_the_da

ta/BLManalysis.html.

6 https://data.landesmuseum.de/.

7 https://api.lod.uba.uva.nl/.

8 https://github.com/Badisches-Landesmuseum/xcurator.
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236 Part 3: Applications

Therewas a strong commitment to involving potential users in the development

of the tool, rather than doing so in a strictly top-down way, as if we knew best what

the needs of museum visitors were—or should be. An important stakeholder group

besides the creative developers were thus the focus groups invited in 2022 to par-

ticipate in the process of defining what an AI solution in the museum should and

should not do. A user survey and analysis of digital user groups and user data was

conducted, complemented by qualitative user interviews on specific aspects of AI

requirements.9 Conceptionally,we pursued a human- and value-centred design ap-

proach as a complement to a purely technical assessment. Several methodological

approaches were thus chosen to integrate user perspectives on how to understand

and use artificial intelligence. In addition to user groups, experts, and project-spe-

cific developers or researchers, the tool was developed in collaboration with a team

from3pc10 thathadalreadyworkedon theQURATORproject (seeNeudecker2023, in

this volume) and wanted to build on the experience and research from that project.

Audience Segmentation

To explore the possibilities and added value of AI-supported audience segmenta-

tion, a digital user survey11 was conducted at the Badisches Landesmuseum in 2021

and evaluated in 2022 in cooperation with the Kiel University of Applied Sciences12

and the ZEB | Centre for Evaluation and Visitor Research.13 On this basis, the user

data was statistically analysed, and an AI-based segmentation model developed.14

An artificial neural network of the self-organizing map (SOM) type proved to be

particularly useful for processing the data provided. To cluster the users’ data, the

programming language ‘R’ and the software ‘R-Studio’were used.Data pre-process-

ing involved extracting relevantdata and cleaning existingdata.Existing categorical

characteristics of certain variableswere re-coded in the factorizationprocess so that

they could be used further within the program and/or model.

The evaluation also provided insights into what digital users of the Badisches

Landesmuseum expect from a digital museum. Participants were asked about their

expectations and wishes for a digital museum visit, their preferred use of a mu-

seum visit, and their preferred formats.Themain reasons given for using digital re-

sources in the museumwere ‘new insights’, ‘enjoyment, inspiration and creativity’,

and ‘deepening knowledge of specific topics’. Non-academics weremore likely than

9 See the documentation and reports here: https://datalab.landesmuseum.de.

10 https://3pc.de/.

11 https://umfrage.landesmuseum.de/s/CUE.

12 https://www.fh-kiel.de/fachbereiche/wirtschaft/wir-ueber-uns/lehre/hauptamtlich-lehren

de/prof-dr-stephan-schneider.

13 https://www.landesmuseum.de/museum/forschung-projekte/zeb.

14 https://github.com/sonjathiel/CUE.
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newacademics to cite ‘new insights’ as a reason.Slightly less important reasonswere

‘education and training’, ‘learning new skills’, ‘research’, or ‘knowledge of specific

topics’. Academics were more likely to mention ‘professional inspiration and train-

ing’, and individuals with high digital literacy were also more likely to emphasize

this aspect compared to thosewith lowormediumdigital literacy.Regarding the in-

tegration of artificial intelligence in the museum visit, the participants highlighted

the following goals as being of the greatest importance: ‘making connections visible’

(70 per cent), ‘providing in-depth information’ (58 per cent), ‘offering individual rec-

ommendations’ (41 per cent), and ‘translation function’ (40 per cent).Women with a

strong digital affinity expressed a clear preference for ‘making connections visible’

and ‘personalized recommendations’. Individuals with a strong digital affinity also

emphasized the importance of ‘personalized recommendations’.Respondents rated

‘text generation’, ‘speech recognition’, ‘AI-generated art’, ‘emotion recognition’, ‘im-

age recognition’, and ‘story generation’ as less important. Participants emphasized

the importance of AI contributing to accessibility,withwomenplacing slightlymore

importance on this aspect thanmen.Automatic translation appeared as theprimary

preference in this regard. ‘Telling new stories’with the help of AIwas generally rated

as less important for an AI-assisted museum visit, but more important for people

without a degree. A desire to understand how AI is used was expressed by 38 per

cent of respondents, with those with a strong digital affinity placing a higher pri-

ority on this aspect. Only 16 per cent of respondents confirmed their willingness to

actively take part in the design of AI, although those with a strong digital affinity

were more likely to do so.

Focus Groups

In 2022, the Badisches Landesmuseum Karlsruhe and the Allard Pierson invited

people between the ages of 16 and 100 to participate in a pilot phase of Museum

AI. Explicitly invited were heritage fans and collection enthusiasts, techies and

developers, and co-thinkers and creatives. Museum AI pilots met with AI experts

and work with artificial intelligencemethods.They gained insights into the work of

cultural history museums, took part in short discussion groups, exchanged current

ideas, and helped shape the direction of the xCurator application.15 AI pilots partic-

ipated with their content, creativity, and individual skills or motivation. No prior

knowledge was required.

Between April and December 2002, 20 sessions were held at the Badisches Lan-

desmuseumwith a total of 100 interested participants, who discussed the direction

and goals of AI solutions in themuseum and accompanied the development of xCu-

rator. For example, the sessions discussed the possibilities of generative AI in ex-

15 https://karlsruhe.digital/2022/08/ki-pilot-innen-blm/.
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ploring the extent to which users would like to see the results of generative image or

languagemodels applied tomuseumdata. In this way, developments inmultimodal

and generative AI weremonitored and user requirements were explored in themu-

seum context. The results were documented in written and video form, evaluated,

and transferred and applied to the development of the xCurator tool.The interviews

showed how different the requirements and interest groups of the two museums

are. While individual visitors, school classes and teachers are particularly relevant

for the Badisches Landesmuseum, the Allard Pierson, as a university museum, pri-

marily has students and researchers inmind.Thiswide range of stakeholders posed

a challenge for the development of the tool.The AI pilots nevertheless played an im-

portant role in empoweringusers creatively because thepilots identify their needs in

connection with a digital museum visit and thus shape the functionalities and fea-

tures that the xCurator tool should fulfil. This thus identified key user motivations

such as exploring and creating, and key functionalities such as improving search-

ability and findability, showing connections, supporting accessibility and contex-

tualization, or supporting teaching or research. A final tool evaluation will be con-

ducted in October 2023.Quality criteria refer to the accuracy and quality of the data

andmodels used, while transparency and traceability refer to the user experience.

Experimental Space and the Datalab

The project facilitated the opening of several experimental spaces—for example, a

MuseumCamp at the Allard Pierson (2021) and a joint hackathon at the Badisches

Landesmuseum16 provided a first stage for experiments with museum data and

AI technologies. As a result, participants developed a chatbot prototype, a recom-

mender system, an individualized AI guide, and even poetic digital identifiers. In

a development sprint phase, three projects were invited to further develop their

approach.This resulted in prototypes that helped shape the concept of the xCurator

in 2021.

In course of the Datalab activities, the participating developer Lukáš Pilka con-

ducted clustering tests with the UMAP projection and Pixplot,17 which showed how

a digital archive is represented in a visually different way with a high-dimensional

graph visualization and how a finetuning process might work.

A student group aroundMathiasWölfel at theHochschule Karlsruhe researched

how visitor engagement through AI-generated narration and gameplay could be

conducted. A set of pre-trained machine learning and deep learning models were

16 The results are available here: https://hackathonx.de/ and https://hackathon-x.devpost.com

/project-gallery.

17 http://atlas.digitalcurator.art/landes-archeology/index.html.
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used to provide text generation, comparison, and instance segmentation on a

dataset of the Badisches Landesmuseum (Hettmann/Wölfel/Butz et al. 2023).

As part of ‘Coding da Vinci’,18 a cross-cultural, cross-institutional hackathon in

May 2022, themuseum team along with the collaborating researcher and developer

Jan Sölter investigated in particular how multimodal approaches could be imple-

mented in the tool and discussed especially how the paradigm of symbolic (logic) or

subsymbolic (connectionist) AI shapes our understanding of what AI can and can-

not do. Since specific algorithms can support solely individual tasks and processes,

it became clear that the overall design of a tool must consist of many different ap-

proaches and a well-designed AI-based data pipeline. In this connection, the Open

Clip19 algorithmwas examined and further integrated into the development. In the

actual tool, it supports the visual search process through image embeddings.

An event on the use of large language models was held in July 2022 and a proto-

type developed, co-curated by the Turing Agency20 (Basel/Zurich/Berlin). This en-

abled us to explore the process of preparing data and finetuning a language model,

as well as to create the first prompts based on the data from the museum collection

and train the system to produce content like a curator. Although Open AI and GPT

were already well developed, the process of finetuning themodel and preparing the

data turned out to be very resource-intensive and still quite risky. Nevertheless, all

these experimental prototypes were particularly helpful in being able to estimate

the effort and benefits connected with the higher-level development of the tool. In

February 2023, another experimental learning and hands-onworkshop on integrat-

ing GPT into museum tasks was held in Amsterdam.21 This approach was followed

by several other test environments to investigate the behaviour and quality of the

output of language models.

Through collaborations with universities, it was possible to carry out various re-

search projects in the field of AI development within the framework of the experi-

mental space. Noa Nonkes thus conducted the study ‘Computer Vision for Museum

CollectionComparison: AData-drivenAnalysis’ (2022), inwhich she did a case study

on the collections of the Allard Pierson in order to answer the question of how to

groupmuseum collections in a data-driven way. She tested the performance of two

neural networks, ResNet18 and ViT, and the k-means algorithm for different val-

ues of k. The application of transferred learning to the art domain proved useful,

as it was possible to detect visual patterns in the images,whichwere then evident in

the qualitative evaluation of the pre-trained ResNet18; this thesis further states that

the accuracy of the predictive ability of a partially frozen ViT is approximately three

18 https://codingdavinci.de/.

19 https://github.com/mlfoundations/open_clip.

20 https://www.turingagency.org/.

21 https://netwerkdigitaalerfgoed.nl/agenda/data-doe-dag/.
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times better than the ResNet18. It showed that the finetuned ViT model works well

in extracting high-level features in the domain of art and that the number of clus-

ters seems to provide a good representation of the entire museum collection, but

also that the application is dataset-dependent, as the Allard Pierson and Badisches

Landesmuseum collections have fewer annotations in comparison with the MET

dataset.

To support the process of making larger datasets available in an automated way

and toexclude sensitive content frompublication,a thesis about a customizedobject

recognition process was developed and examined how AI can contribute to internal

documentation purposes (Gorczyca/Arodake 2023). The opensource tool Label Stu-

diowasused to create adata-secure environment inwhich theprocess of annotating

sensitive content could take place.The CenterNet model was successfully retrained

with 3116 images for 40 epochs and then evaluated with 300 images (100 per class:

man, child, woman). Increasing the number of epochs did not lead to higher accu-

racy, but rather to worse results. The trained model was able to recognize sensitive

content and the resultswere applied to internalmuseum-documentationprocesses.

Furthermore, it turned out that a lot of work was required to improve the qual-

ity of the datasets as well as the infrastructure, and efforts were therefore made to

identify suitable solutions and processes supported by AI technologies, mainly led

by the cultural heritage data expert and developer Etienne Posthumus.22 A transfer

to Linked Open Data and quality improvements in the application of IIIF, unique

IDs, or LongLat codes to the collection thus helped to improve the quality of the

datasets in the long-term perspective and facilitate better research possibilities in

future. Here we explored the possibilities of training a language model with con-

trolled vocabulary such as ICONCLASS, in addition to vocabulary already used in

the collection.Good old-fashioned AI (GOFAI), ‘pragmatic AI’, or newermultimodal

approaches were chosen, depending on the purpose.

The experimental space was particularly helpful, because it helped the institu-

tions to learn about specific AI-related methodologies and constraints and opened

upa space for comparison,where the stakeholders could assess the values of AI solu-

tions in comparison with other methods.23 The gap between research-oriented de-

velopments, data-driven heritage experts, user needs, and the professional needs of

a museum could also be observed. Experimental spaces are obviously limited and a

lot of effort and skills are required to make solutions transferable.The focus within

the project was thus making results and lessons learned available for the higher-

level developmentof the tool.Withdifferentor long-termdevelopment structures, it

22 https://epoz.org/.

23 See e.g. the multidimensional representation of datasets visible at the CSN Tool: https://dat

alab.landesmuseum.de/CSN.
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will be possible in future to transfer tools for internal museum documentation pur-

poses. The complete results of the experimental space can be found in the Datalab

(2023) and on GitHub where the AI-enriched datasets of the Badisches Landesmu-

seum and the Allard Pierson are publicly available.

Limits and Obstacles to the Development

Methodologically, it would be useful to revisit and reconduct the original 2021

survey. As we learn, definitions of ‘AI’ and what it can do change rapidly over time

(Deutscher Ethikrat 2023), as do ideas aboutwhat AI should do in and formuseums,

not least due to disruptive developments, which means that the ideas from 2021

are only a snapshot and cannot claim to be valid in the long term. This in turn

makes it methodologically difficult to develop a tool based on these results that is

ideally also designed to be sustainable.The advantage, however, is that the survey is

adaptable and reproducible, and the tool itself is open enough to enable individual

services such as generative language models or enhanced search technologies to be

exchanged in the backend.

A few other fields turned out to be an ongoing obstacle in the development. Vi-

sualizing results andmaking work steps visible and explainable initially turned out

to be quite complex.Many intermediate results were prerequisite-rich and required

a lot of context and explanation to be understandable for the team and the public.

Secondly, the sustainability of results is an ongoing topic,while finding the right

balance between product-oriented development and producing helpful long-term

enrichments for the institutions and the user is an additional obstacle. Though it

is easy to produce ideas and prototypes during a hackathon, aligning the creative

ideas to the processes of museums and heritage institutions beyond publishing a

tool necessitates a lot of different, invisible work.

Thirdly, several limitations in diversity sensitivity can frequently be observed in

the development of machine learning during the project.This concerns data analy-

sis, where taking a diversity of users and content into account with existing data

analysis methodologies is difficult due to the data-simplification needs of develop-

ers, as well as finding a diversity-sensitive team of developers and data scientists.

Fourthly, most of the results are immaterial and require specific data-driven and

user-orientedmeasurements.Defining quality and evaluation criteriawithinAI de-

velopment and integration is thus an ongoing challenging task.

It also might be worthwhile and useful to mention that not every activity in the

project led to a resultwhich lieswithin thenatureof innovation-drivenprojects.Sev-

eral tests and at first promising ideas with external partners were thus not pursued

further due to limitations aswell as their alignmentwith the development.A linking

to the physical space of the museums, for instance, was therefore not pursued fur-
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ther, and the integration of an AI-based recommender system in interaction with

user data and also a system-overarching user data analysis and interconnected rec-

ommendations and audience segmentation also turned out to be complicated for

several reasons.

It consequently became evident that creating a structured and quality-con-

trolled knowledge graph is an important basis for further work.This meant that we

sometimes took a step back and focussed more on quality work such as creating

Linked Open Data, integrating IIIF Standards, cleaning up data foundations, or

enriching the data with embeddings so as to provide users with better data quality.

xCurator Tool

The xCurator tool uses several AI technologies to support specific tasks. The tool

is available on GitHub24 and has been implemented on the Badisches Landesmu-

seum and Allard Pierson websites. Various enhancements to the digital collections

provide a more versatile and efficient search experience, mainly through the ap-

plication of computer vision like image segmentation and pattern recognition,25

the integration of CLIP embeddings,26 and the Elastic Search Engine in combina-

tion with enhanced Linked Open Data. Search functionality has been enhanced to

provide comprehensive results for specific museum objects and to recommend the

next interesting content based on user interests. In addition, the system can rec-

ognize different elements in images and deeper layers in collections based on vi-

sual clusters, also as a result of the integration of Navigu.27 The tool can also iden-

tify colours within images, allowing users to search for and group objects with spe-

cific colour attributes.AI-drivendata analysis techniquesmake it possible to analyse

large amounts of image data and thus identify topics, commonalities, and correla-

tions between various datasets. To further enhance the user experience, the system

generates and suggests interesting topics based on individual interests compiled by

means of an optional onboarding survey, and links automatically recognized enti-

ties to external sources, primarily fromWikidata. A personalized approach ensures

that users engage with content that matches their preferences. To support access,

an AI-based translation service enables text and information to be presented in dif-

ferent languages.28 By breaking down language barriers, this makes content more

24 https://github.com/Badisches-Landesmuseum.

25 https://github.com/xuebinqin/U-2-Net.

26 The laion/CLIP-ViT-L-14-laion2B-s32B-b82K was used here.

27 https://navigu.net.

28 https://www.deepl.com/docs-api.
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accessible to users around the world.The AI system goes beyond searches and anal-

ysis. It can also recognize important information in texts and enrich it with relevant

external information, thus providing users with a richer context. This enrichment

feature enhances the understanding of visual and textual content.

Finally, the system supports text creation by generating suggestions for sum-

maries and plain-language text. This support empowers users in their writing ef-

forts by making content creation easier andmore efficient. In 2023, generative lan-

guage models have made waves in public discussions and developed rapidly with

respect to their technology. Within the scope of our possibilities, we have carefully

investigatedwhat possible uses theremay be for digitalmuseum visits and the xCu-

rator user journey. In the experimental Datalab, we were able to run various tests

and develop solutions to test the added value of large language models (LLMs) for

the xCurator solution.With this, it already became visible that LLMs can help users

find and contextualize content and suggest topics, structures, and objects.This is a

very promising path for cultural historical institutions to engage with users and to

bring their archives into interaction and to life.

Naturally, as cultural history museums it is particularly important that we take

an evidence-based approach and avoid creating and publishing inaccurate content.

Thewell-knownproblemof hallucinogens, aswell as safety and environmental risks,

must thus be carefully considered. At the same time, it is also exciting to find out

what creative, contextual, and fictional possibilities the language models offer to

support digital curation or promote critical reflection skills with respect to artificial

intelligence. Overall, we are currently in the middle of a process, but it is nonethe-

lessworthwhile formuseumsandcultural institutions to actively embrace thesenew

developments and to keep an eye on the added value of the technology as well as its

impact on society.

In summary, several stable strategies for the integration and use of AI have been

selected: Enrich datasets with existing tools as flexibly as possible so as to improve

varying data quality. Improve multilingualism, contextualization, and the searcha-

bility and comparability of images, texts, and topics.We thus make use of a variety

of AI techniques and technologies, includingnatural languageprocessing, entity ex-

tractionand linking, image recognition,multimodal techniques (text and image),AI

search capabilities, and generative language models.

There is a strong preference for using opensource software, but in certain cases

like LLMs, itwasnot possible to use the burgeoningopenmodels insteadof themore

capable proprietary models at the time when this text was written. Our hope is that

themore openmodelswill soon catch up and enable us to become a fully opensource

solution.

Generative technologies were used in a very limited and controlled way, as the

newmodels are evolving rapidly and are still at a stage of development and research

requiring a high level of quality control that cannot be guaranteed beyond this tem-
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porary project funding.The use of generative imagery was not part of the project’s

objectives, since, in addition to the limited knowledge gained from AI-generated

images, as well as curatorial doubts about the substance of style transfer or AI-gen-

erated images, the limited resources and the sustainability of the tool were crucial

development criteria. Finally, it was important to ensure that AI is not an end in

itself, but will instead also benefit the concrete tool and the museums’ users by as-

sisting them in exploring and contextualizing digital cultural heritage data.
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Say the Image, Don’t Make It

Empowering Human-AI Co-Creation through the Interactive

Installation Wishing Well

Yannick Hofmann and Cecilia Preiß1

YannickHofmann’s interactive installationWishingWellwasproducedbetween2022

and 2023 as part of the ‘intelligent.museum’ project. It is an artwork that uses gen-

erative AI to transform the dreams,wishes, and fantasies orally expressed by exhibi-

tion visitors into images. A urinal serves as a wishing well into which visitors speak

their ideas in their respective language. With the help of a text-to-image model,

these prompts are transformed into images that are projected into the urinal for

a few seconds.The title of the work,WishingWell, refers to the folkloric motif of the

wishingwell,which serves across cultures as an interface for the fulfilment ofwishes

and dreams (for instance, Weibel 2012).2 Central aspects addressed by the interac-

tive installation are the use of the latest AI technologies in art and the accompanying

well-knownart-historical dilemma,namely, the challenged identity of art in the face

of new technical tools. Furthermore, the installation invites visitors to actively use

innovative AI technologies themselves so as to strengthen their ownmedia compe-

tence through direct interaction with the artwork. In this way,WishingWell is rep-

resentative of the ‘intelligent.museum’, within whose framework it was developed.

The ‘intelligent.museum’ is a practical research and development project con-

ducted in collaboration between the ZKM | Center for Art andMedia Karlsruhe and

1 Wishing Well was co-produced by the ZKM | Center for Art and Media Karlsruhe and the

Deutsches Museum Nuremberg as part of the project intelligent.museum. Funded by the

Digital Culture Program of the German Federal Cultural Foundation and the German Federal

Government Commissioner for Culture and the Media.

2 One of themost famous wishingwells is the Trevi Fountain in Rome, into which visitors tradi-

tionally toss a coin andmake awish. Every year, this generates a sumof roughly one and a half

million euros. The water that flows into the pilgrimage pool in the Marian pilgrimage site in

Lourdes is believed to have healing powers. Pilgrims throw coins, rosaries, and other objects

into the well to express their prayers and wishes. But the motif of the wishing well also ex-

ists outside of European folklore. In India, for example, people bathe in Brahma Sarovar Lake

in Kurukshetra, which is considered sacred, and this is supposed to lead to the prayers and

wishes of the faithful being fulfilled.



246 Part 3: Applications

theDeutschesMuseumNuremberg.Theproject seeks tomonitor the latest develop-

ments in the field of AI and translate them into interactive experiences formuseum

visitors. What sets this project apart is the inclusion of software developers in the

project team, thus facilitating an agile and dynamic development of state-of-the-

art software tools and interactive art installations. Through this interdisciplinary

approach, the ‘intelligent.museum’ aims to engage the general public in active dis-

cussions about AI and build a foundation of experience and knowledge for future

advancements in this field.

Figure 1:WishingWell—installation view as part of the exhibition the

intelligent.museum is around the corner (ZKM | Karlsruhe, February

to August 2023) © intelligent.museum, photo: Felix Gruenschloss.

Interacting with the Installation—Co-Creativity and Accessibility

ThehandlingofWishingWelldoesnot require activationby insertinga coin,as is cus-

tomary at the Trevi Fountain in Rome, but is instead comparatively low-threshold,

since it relies on the verbal input of ideas by visitors in combinationwith operating a

foot pedal.Through the integration of natural language processing (NLP), it is pos-

sible to interact with theWishingWell in various languages.WishingWell should be

understood as an ongoing interactive artistic process. The actual work arises from

a collaborative artistic process between the visitor and the AI technologies imple-

mented. In a sense, it exists and materializes solely in the moment of interaction.

The availability of an AI-generated artwork likeWishingWell can have a democratiz-

ing effect on the art world as such bymaking art more accessible to a broader range
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of people and by providing new approaches to artistic expression and experimen-

tation.Wishing Well thus corresponds to the desire for co-creativity laid out in the

so-called ‘participatory turn’ (Bonet and Négrier 2018, 64–73), which describes the

museum of the present and future as a low-threshold and dynamic space for dia-

logue and knowledge exchange.The co-creative process between visitors, who issue

the prompts, and the AImodel results in collaborative speculations and predictions

that materialize as images on the interface, which is the surface of the urinal (see

fig. 2).

Concept

Wishing Well—A Readymade?

The installation Wishing Well refers to the artwork Fountain by Marcel Duchamp.

In 1917, he designated a commercially available urinal an art object, placed it on a

pedestal as a sculpture, signed it under a pseudonym, and thus coined the term

‘readymade’. A ‘readymade’ or ‘objet trouvé’ is therefore understood as an everyday

object that has been removed from its original context and re-contextualized,

connoted, and ennobled as an artistic exhibit in the museum space. Duchamp

positioned this conceptual art, which puts greater emphasis on the idea or concept

behind the artwork than on its visual form or aesthetic qualities, in opposition to

‘retinal art’, which is focussed solely on the visual experience (Hamilton/Hamilton

/Mitchell 1974).The artist thus did nothing less than question the definition of art as

such: ‘As we know, ‘art’, etymologically speaking,means ‘to handmake’. And there it

is ready-made. So, it was a form of denying the possibility of defining art, because

you don’t define electricity. You see the results of electricity, but you don’t define it’

(ibid.).

Fountain is consequently often discussed in terms of its influence on subsequent

artistic movements and practices, including conceptual art, performance art, and

institutional critique. In the 1960s and 1970s, artists such as Sol LeWitt, Joseph Ko-

suth, and Lawrence Weiner began creating works that were not necessarily visual

or tangible objects, but instead instructions, diagrams, or texts conveying a concep-

tual idea. These works emphasized the concept behind the artwork rather than its

physical form or aesthetic qualities.

The legacy of Duchamp’s Fountain still can be felt in contemporary art, as artists

continue to question and challenge established artistic conventions and push the

boundaries of what can be considered art. Today, we are discussing a similar ques-

tion, since generative AI models are able to take over artistic tasks such as writing,

making music, and painting.This major shift in cultural production has an impact

on the future role and self-image of artists.Given the growing influence of newmul-
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timodal generative AI models, the question that arises is whether the art world is

facing a paradigm shift comparable in scope to the ‘conceptual turn’ (LeWitt 1967;

Godry 1988; Kosuth 2002, 232) in the twentieth century.

Say the Image—Don’t Make It

The title of this text must be placed in this context: ‘Say the image, don’t make

it’, thus making reference to the German mathematician and computer scientist

Frieder Nake, who is known for his pioneering work in digital and generative art.

He has been interested in the use of computers and algorithms for artistic pur-

poses since the 1960s, and has produced a number of influential works exploring

the relationship between art, mathematics, and technology. Along with Susanne

Grabowski, he published a paper with the following title: ‘Think the image, don’t

make it!’ (Nake/Grabowski 2017, 21–31) Their text deals with contemporary concep-

tual art and algorithmic thinking, which are based on and consist of the idea. As

part of the ZKM series of talks ‘The Art of . . .’, Nake described this as follows: ‘Wir

denken die Bilder, wir machen sie nicht. Fürs Machen haben wir Maschinen. Wir

programmieren die Maschinen, sodass sie das machen, was wir wollen.’ (English

translation by the authors: ‘We think the pictures, we don’t make them. We have

machines for making them. We program the machines so that they do what we

want’) (Nake 2021).

In the context ofWishing Well, the modified title ‘Say the image, don’t make it!’

takes this point a little further.Here it is related to the prompt,which in a sense pre-

cedes the artwork:The images emerge from a verbal description.The users transfer

the thought in their head (‘Think the image’) into a formulated command (‘Say the

image’), which in turn contains everything that ultimately forms the visual result in

the urinal, respectively the artwork. In this context, so-called prompt engineering

is relevant, which refers to the process of carefully crafting prompts or inputs for a

machine learning model in order to achieve a desired output or outcome. This in-

volves designing and refining the inputs given to a model in order to maximize its

performance or achieve a specific task or goal.3 The prompt contains the idea and

functions as a concept, and prompt engineering is thus the actual artistic act that

precedes the resulting work of art. In other words: prompt engineering becomes an

actual artistic skill in itself and probably the actual artistic act as such.

The installation Wishing Well transfers Nake’s concept to the age of generative

multimodal AI technologies. By means of the prompt, the artistic piece is created

3 Prompt engineering is particularly important in natural language processing (NLP), where

models are often used to generate text based on the input given. By carefully selecting and

tuning the prompts given to thesemodels, researchers andpractitioners can control the style,

tone, and content of the text generated, and ensure that it is coherent, relevant, and accurate.
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practically on demand. Against this backdrop, prompt engineering may gain rele-

vance as a future professional field. The implications that accompany this will be

addressed specifically as part of section 4 (‘Ethical Implications’) of this text.

This also results in new ways of thinking about creativity and art that are cur-

rently being explored through and with the use of multimodal generative AI-tech-

nologies. The focus is thus shifting from a final artistic work or product viewed in

an exhibition space in a distanced, silent, and contemplative way to a co-creative

interactive process that involves technology and visitors alike.

Figure 2:WishingWell—installation view as part of the exhibition the

intelligent.museum is around the corner (ZKM | Karlsruhe, February

to August 2023) © intelligent.museum, photo: Felix Gruenschloss.

Technical Details and Functioning

Software Pipeline

The interactive installationWishingWell features a software pipeline that automati-

cally generates prompt-based images frommultilingual speech input.This pipeline

integrates various AI components: The OpenAI automatic speech recognition sys-

temWhisper isused for voice activitydetection, real-time speechenhancement,and

automatic speech recognition.The ASR system, released in 2022, is capable of com-

prehending and transcribing nearly 100 languages automatically (Radford/Kim/Xu

et al. 2022). Additionally, the pipeline utilizes DeepL for text translation from the

languages spoken into English. The prompt is then fed into the Stable Diffusion
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model to generate prompt-based images using AI. There are several examples of

multimodal models of generative AI that can generate images from text descrip-

tions, also known as text-to-image generators.The software pipeline ofWishingWell

employs the second version of Stability AI’s opensource model, Stable Diffusion.

Other popular examples include DALL-E 2 or Midjourney.These models are able to

generate high-quality images that conform to the text descriptions given.They use

a combination of natural language processing and computer vision techniques to

understand the text and generate corresponding images.

Notably, the software pipeline ofWishingWell follows an opensource approach,

with the exception of the proprietary DeepL API.The details of the technical set-up

and infrastructure are presented as a diagram (see fig. 3).

Interestingly, the bottleneck in the software pipeline for the number of lan-

guages the system can comprehend is not the auto-transcription of spoken lan-

guage using Whisper but DeepL. Language translation is, however, necessary to

provide the English-language model of Stable Diffusion with a suitable prompt.

The DeepL API is a machine translation service that uses artificial neural networks

and deep learning techniques to provide high-quality translations between various

languages. As of April 2023, DeepL is capable of translating around 30 languages,

mostly European, but include only three languages spoken in South America and

four Asian languages.4 Notably,DeepL does not offer translations for any languages

from the Global South. In view of this imbalance and with the aim of stimulating

crowdsourcing of international language data, the ‘intelligent.museum’ team de-

veloped the so-called Data Collection Kiosk in 2021, with which visitors can add their

own language to a dataset (Weibel 2023, 297).

Dataset

The dataset used to train the Stable Diffusion model was a subset of LAION-5B, a

dataset releasedby thenon-profitorganizationLAION(Large-scaleArtificial Intelli-

gence OpenNetwork). LAION-5B is currently the biggest opensource dataset of im-

ages paired with text descriptions that is available for AI training purposes (Schuh-

mann/Beaumont/Vencu et al. 2022). It consists of approximately five billion images

and captions in multiple languages. The images in LAION-5B are diverse and in-

clude a wide range of categories, such as animals, landscapes, people, and objects.

The text data in the dataset includes captions, tags, and other metadata associated

with the images.

4 Thenumber of translatable languages canbe foundon thewebsite of the translationprovider

DeepL. Available online at https://www.deepl.com/translator (all URLs here accessed in June

2023).
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Figure 3:WishingWell—technical diagram© intelligent.museum, diagram: DanWilcox.
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Ethical Implications

There is an increasing need to consider the ethical implications of the image data

used to train text-image generator models. It is thus vital to reflect on the ethical

concerns that arise from the use of various image datasets, such as issues of bias,

privacy, and consent. Text-to-image generators’ potentialmisuse or abuse ofNSFW

content should be taken into account. NSFW,which stands for ‘Not Safe ForWork’,

is a sensitive topic in the context of text-to-image generators, and including such

content in training datasets can be problematic. As a result, some researchers and

developers are takingmeasures to filter out such critical content from theirmodels.

For example, Stable Diffusion Version 2.0 has been trained on an aesthetic subset

of LAION-5B that filters out NSFW images. The start-up Stability AI has also re-

moved images from its training datasets, stating that one cannot have children and

NSFW content in an open model.5 The ethical considerations surrounding the use

of NSFW content in text-to-image generators should be carefully examined in or-

der to ensure that such models are used in a responsible and respectful manner.

This includes the responsible sourcing of training datasets, the proper filtering and

labelling of NSFW content, and ensuring that appropriate consent and ethical con-

siderations have been put in place.

Despite protective functions that categorize results as NSFW, problematic con-

tent nonetheless passes through the filter. This is also due to the fact that various

sensitivities have to be taken into account for different cultural settings—and the

results of generative AI therefore have to be evaluated depending on specific coun-

tries and cultures. For example, in aUS-American setting, AI-generated results that

include Nazi content are considered rather unproblematic, whilst such outcomes

clearly have to be censored when using AI tools in Germany. Enabling technology to

become interculturally competent and taking diverse cultural, social, political, his-

torical, and religious perspectives and sensitivities into account is thus certainly one

of the major challenges in using generative AI technologies.

Another ethical issue that has been extensively discussed is the issue of consent

regarding the use of artists’ images. Training datasets for text-to-image generators

can include copyrighted images, especially if they are sourced without proper con-

sent. The images are used based merely on implicit consent, given by confirming

the terms and conditions of relevant image hosting platforms such as Artstation or

Behance.

5 E.Mostaque [@EMostaque], ‘We removedNSFW images from training dataset so aswe go to

photorealistic we don’t have a model that can do NSFW and pictures of children at the same

time.’ Twitter, 25 November 2022, 8:19 p.m., https://twitter.com/EMostaque/status/15962220

94877945856.
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To address the issue of consent in AI training data, Holly Herndon, Mat Dry-

hurst, and Jordan Meyer created spawning.ai, a company that aims to promote

ethical considerations in AI applications and give artists and creators a say in how

their works are used and attributed. They coined the term ‘spawning’ to ‘describe

the act of creating entirely new media with an AI system trained on older media’

(Spawning AI n.d.). To support their cause, spawning.ai developed the website

haveibeentrained.com, which offers a user-friendly tool to help individuals deter-

mine if their images have been used in AI training data and to opt in or opt out of

such use (Spawning AI n.d.).

This issue highlights the importance of considering ethical implications in the

use of AI-generated images and the need for greater transparency and communica-

tion regarding the use of artists’ works in AI development.

The use and application of generative AI with multimodal models falls within a

broader ongoing debate surrounding large languagemodels. Several AI researchers

have issued an open call for a moratorium on the development of large language

models such as ChatGPT or GPT for at least sixmonths until further research on the

technology has been conducted (Open Letter n.d.). In addition to ethical concerns

regarding the data used, there are overarching debates surrounding issues such as

the potential loss of jobs, particularly for illustrators, who may feel threatened by

the technology of prompt engineering and text-to-image generators. The develop-

ment of new text-to-image generators could, however, also lead to the emergence

of new professions and the enrichment of the field of illustration through creative

tools. Furthermore, the creation of fake images poses a risk for politicallymotivated

disinformation campaigns, as demonstrated by prominent examples such as a viral

photo of the Pope wearing a Gucci coat or a manipulated image of Donald Trump

evading arrest by law enforcement. In this context, it is always important to keep in

mind that the results generative AI technologies produce can be factual, but might

also be speculative. For this reason, generative text production as it occurs in the

context of large language models such as ChatGPT or GPT-4 is often likened to the

figure of the ‘stochastic parrot’ (Bender et al. 2021, 610–23): like a parrot, AI technol-

ogy is not capable of reflectingonwhat has beenblended together fromthedatapool

that has been fed into it. It is not able to check its own results for factuality, which is

why the results must be critically questioned upon the input of a prompt.6

6 As they are able to imitate the human cultural performance of speaking, talking parrots are

known mainly as linguistic curiosities. Since the eighteenth and nineteenth century, they

have been shown as attractions at fairs and zoos. Similar to AI technologies, the birds are

trained on datasets from which they are able to recognize patterns. Just like the AI models,

the animals repeat the content they have been trained on without being able to check it for

facticity.
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Finally, the use of generative AI technologies is accompanied by a loss of control

in the curatorial and artistic process. If artificial creativity is used, agency is auto-

matically relinquished or in part shifted to the technology. In a scenario of co-cre-

ative collaboration between humans and machines in connection with curation, it

is important to be aware of this shift and to reflect on and examine the results of the

collaboration as such.

Conclusion

The interactive installationWishing Well can be understood as a case study for the

possibilities and implications of interactive installations that use cutting-edge AI

technologies based on so-called prompt engineering. In this text, it becomes clear

that such AI technologies have the potential to function as vehicles for co-creativity

with museum visitors. On the one hand, as hands-on demonstrations, they serve

to enhance the experience of visitors; on the other, they stimulate visitors’ creativ-

ity and engage them in the exhibition context as actively shaping agents.While the

artistic work itself is created at the moment when the prompt is formulated, the

idea of conceptual art is raised to a new level. In the last instance, this even suc-

cessfully involves visitors in the creation of the exhibits and the exhibition space, as

striven for not least in the participatory turn. Nevertheless, there are also implica-

tions and challenges associated with multimodal models of generative AI that can

also be experienced through the interactive installationWishingWell.This is the case,

for example, when the Stable Diffusion model generates images based on original

styles by artists that are then projected onto the urinal, but the artists receive no

recognition, let alone compensation for this. But even beyond the ethical implica-

tions regarding the compensation andmarginalization of creators and artists, there

are othermajor concerns. Given the rapid pace of AI development, there is little op-

portunity to assess the risks and side effects of the technologies, and, as mentioned

above, relevant AI experts have recently called for a moratorium on large-scale AI

models—a pause that would allow the development to be reviewed, interactions to

be analysed, regulations to be formulated, and responsible use of the technology to

be promoted. Since such an undertaking will be difficult to realize, it is even more

important to draw attention to the implications in the artistic framework and to

promote themedia competence of the visitors who interact with it, as projects such

as the ‘intelligent.museum’ have set themselves the task of doing.

In conclusion,Wishing Well can be taken as an interesting example of such an

agenda, which facilitates co-creativity between humans and machines in the exhi-

bition space, aswell as conveying ethical dilemmas that are to be expected in any use

of generative AI.
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CHIM—Chatbot in the Museum

Exploring and Explaining Museum Objects

with Speech-Based AI

Oliver Gustke, Stefan Schaffer, Aaron Ruß1

CHIM—Chatbot in the Museum is a research project that kicked off with a first

brainstormingmeeting in January 2020 and ended in June 2022with the evaluation

of the field test data collectedwith a prototype chatbot application at the StädelMu-

seum,Frankfurt amMain.CHIMwill be available as opensource softwareonGitHub

in the secondhalf of 2023.CHIMexplores the use of AI-supported, speech-based in-

teractional conversation systems in educational community work inmuseums.Our

aim is to give standard media guides a voice (and a brain). CHIM is a prototype in-

tended to outline a preliminary stage of next-level digital museum guides, which

communicate content about museum objects not only ‘one way’, but instead bi-di-

rectionally. CHIM is a step towards future forms of more participatory approaches

to communicating with visitors.

The idea for this project was born in a workshop on education in the museum

and outreach strategies. One of the participants stated that she normally would not

book or use any personal audio guides or media guide systems, because she loves

simply browsing among the objects. But then, in front of particular objects, ques-

tions sometimes do arise. Questions that are often so specific that she is not able to

answer them with a simple, short internet search. That, one might say, ‘use story’

led to the idea to create a chatbot application formobile devices that refers to a very

specialized database and tries to detect users’ intentions in order to find accurate

answers: CHIM—Chatbot in theMuseum.We began by specifying 15 (in the end,we

1 We would like to thank the Städel Museum, Frankfurt amMain, for their wonderful support,

since the CHIM project would not have been possible in the same way without it. CHIM was

part of the research initiative KMU-innovativ: Mensch-Technik-Interaktion, which is funded

by the Federal Ministry of Education and Research (BMBF) of the Federal Republic of Ger-

many under funding number 16SV8331. CHIM was conducted in cooperation with the DFKI

and Linon Medien KG. If someone is interested in joining our chatbot community contact us

via chim@linon.de.



258 Part 3: Applications

conducted testing with 13) artworks at the Städel Museum, Frankfurt am Main, as

‘test objects’.We then compiled content anddesigned a demonstration and test app.

AI as an Assistant in the Educational Field

The connection between the CHIM project and the conference topic is clear: Our re-

search focuses on AI that supports learning in themuseum.We thus use AI for nat-

ural language understanding (NLU) and natural language processing (NLP) in an

interactive conversational system.

Our approach attempts to include the theoretical background provided by John

Falk and others in the Museum Visitor Experience Model (Falk 2016, 157), in which

the author also points to the important role of identity-relatedmotivations for visits

and a Contextual Model of Learning (Falk/Dierking 2018, 135).

Our software prototype is designed for a use case in which visitors are in the

museum itself.This means that it has to provide information not only about the ex-

hibits, but also answers to questions like: ‘Where are the lockers?’ The use case can,

however, generally be adapted quite easily to enable visitors to use the chatbot be-

fore or after a visit or even outside the museum. For such cases, it is thus necessary

to modify the information provided as well.

Key Facts about CHIM—Chatbot in the Museum

CHIM is a software prototype that was developed as part of a research project. Our

main aim was thus not to design a fully developed product, but instead to iden-

tify best practices as well as challenges related to using NLU/NLP-based AI in the

educational field in the museum. Another objective was to establish a community

that is also interested in developing speech-based AI-driven technologies that help

visitors (or everyone) to better understand objects and themes in our cultural her-

itage and provide easier access to them. We think approaches like building highly

adapted software tools for museums can empower and motivate a larger audience.

This means that our prototype has the character of a proof of concept from a theo-

retical and technical perspective, as well as based on user experience.

CHIM is therefore not yet ready to serve as a product. But considering the im-

pressive speed of development of chatbot applications (like GPT and others), it is

plain to see that chatbot modules will play an important role in future education

tools inmuseums.TheCHIMapproach to providing information about objects, art-

works, or even cultural ideas is inmanyways ‘high level’ in terms of data preparation

andNLP.A lot ofworkand resources are,however, required inorder tobuild aproper

application. But it is already possible today to provide more ‘low level’ information
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like orientation information or simply the main facts about objects, which are also

important for learning in themuseum, and offer amore interactive way of doing so

by means of a chatbot application.

The CHIM GUI is still relatively raw, with no special branding and only a ‘stan-

dard’ chat interface. But we have already implemented a small graphic gimmick:

WhenCHIMcomputes a certain (poor) probability that the answer the system found

is correct, a system message appears, saying: ‘I’m not sure if the answer is correct’,

andwe also show an animatedGIF, saying the same thingwith ameme.We received

a lot of only positive feedback from the testers in connection with this graphic gim-

mick. And, even if this is a little off-topic, sincewewant to empower everyonework-

ing on GUI and interaction design for learning apps in the museum field, our mes-

sage is: Please, do not forget tomake them fun! User interfacesmatter, and learning

in the museum should be both educational and entertaining.

Technical Implementation

In the first iteration of the project, we developed a sort of speech-based question

harvester, with which we compiled over 2000 questions for the 15 ‘test’ artworks on

display at the Städel Museum in Frankfurt amMain. We then began by annotating

the questionswithnine content type categories (in accordancewithBarth/Candello/

Cavalinet et al. 2020); we subsequently expanded the annotation categories to a total

of twelve. The content database consists mainly of audio guide texts and catalogue

texts. A small amount of content was, however, specially created for CHIM.We also

used the Städel Digital Collection2 to access basic information about the artworks

such as the artist’s name or the date of creation. Just as in the case of the questions

we compiled, we also annotated the ‘answer’ content database (not as granularly as

the questions) for our twelve content types, so that CHIM would be able to match

question and answer intentions.

The NLP stack we used was multitiered and based on several models for de-

tecting intentions and generating answers. We have defined this in greater detail

in our previous publications (Zaman/Schaffer/Scheffler 2021a; 2021b; Schaffer/Ruß/

Gustke 2023), but we mainly used a RASA3 model for content type recognition and

question-and-answer matching, a document and content type-basedmatching us-

ing models like ELECTRA4 and BERT5 (Devlin/Chang/Lee et al. 2019), and cosine-

based similarity matching.

2 https://sammlung.staedelmuseum.de/de (all URLs here accessed in June 2023).

3 https://rasa.com/docs/.

4 https://github.com/google-research/electra.

5 https://en.wikipedia.org/wiki/BERT_(language_model).
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The first iteration of CHIM was the question harvester developed as a website.

As a second iteration of CHIM, we developed an Android app (by using Cordova for

app building and MMIR for speech input and output) as well as a Google Chrome

extension, which was used solely as a test app. The Android app was installed on

(roughly) 15 Android smartphones (Pixel 6,AsusZenfone 8), alongwith a customized

Android launcher to ensure that testers could see and use solely the CHIM test app.

With this test app we conducted a field test at the Städel Museum in Frankfurt am

Main from 26 April to 1 May 2022.

CHIM Field Test

The CHIM prototype application provided content for 13 exhibits, ranging from

paintings from the fifteenth century to contemporary art objects. Although we ini-

tially had 15 objects, two of themwere not on display during the test.Wewanted the

testers to ask at least one question about at least six different objects in one exhibit.

For the feedback,we used a standardized questionnaire, called AttrakDiff6 to obtain

users’ impression of the GUI/UI. The testers were also able to give open feedback

in a text field as well as personally to our interviewers. In addition, we logged user

interactions while CHIM was being used in the museum. Overall, we conducted

95 test sessions in which users asked a sufficient number of questions and com-

pleted the questionnaire. The testers described themselves mainly as female, with

an average age of about 35. We tracked approximately 4,600 user interactions, of

which 3,722 were considered in the analysis and 2300 of them questions about the

exhibits, which means that every visitor asked on average 25 questions.

The AttrakDiff standard questionnaire provided an overall UX Rating in four

dimensions. It has 28 seven-step options for choosing between opposing adjective

pairs, for instance, ‘confusing—clear’. Each set of adjective items is ordered accord-

ing to a scale of intensity. This led to a scale value for five different qualities that

define the attractiveness of the system:

• Pragmatic Quality (PQ): The ability of a product to satisfy the need for goal at-

tainment byprovidinguseful andusable features.Typical product attributes are:

practical, predictable, clear, manageable.

• HedonicQuality—Stimulation (HQS):The ability of a product to satisfy the need

to improve one’s knowledge and skills. Typical product attributes are: engaging,

creative, original, challenging.

6 https://www.attrakdiff.de.
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• Hedonic Quality—Identity (HQI):The ability of a product to communicatemes-

sages of self-worth to relevant others. Typical product attributes are: brings me

closer to people, expert, connecting, stylish.

• Attractiveness (ATT): Overall positive-negative evaluation of the product: good,

attractive, pleasant.

Figure 1: UX rating, CHIMfield test.

Figure 1 shows that the testers rated the user experience (UX) with the CHIM

prototype from 3.63 (HQS) to 4.25 (HQI). For us, this rating is, however, not themost

important finding, because CHIM was a test application and not fully developed

with respect to the GUI and, furthermore, the sample was not representative. But

this rating gave us a sort of general direction and a UX baseline showing that we

were on a good path in developing our chatbot-based application, but also that it

should be optimized in the future.

By annotating the user interactions, we also analysed the answer quality. Fig-

ure 2 shows the answer quality per exhibit—howmany right or wrong answerswere

given—and the total number of questions per exhibit. The number of correct an-

swers is shown in green and incorrect ones in red. In total and in relation to all the

questions asked, 63 per cent of all the answers were correct.

Our quantitative data results are a step towards better understanding howmu-

seumvisitorswill accept chatbot-like tools in the educationalfield andhow these ap-

plications should be designed.Our studies were explorative andmust be confirmed

by follow-up studies based on explicit hypotheses (of which we have meanwhile de-
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veloped quite a few). From our point of view, there thus is a big chance for further

studies, because the system itself and the training data are still available.

Figure 2: Answer quality, CHIMfield test.

Lessons Learned and Conclusion

Besides the quantitative data, we also gathered written or oral feedback from the

testers. Based on the findings that we obtained over the complete duration of the

CHIM project with our focus group and in discussions with our project team, we

learned various important lessons:

• Chatbot-powered tools in theeducationalfield in themuseumareoneway to im-

prove learning in the museum because with a conversational system it is possi-
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ble to reachmore and/or other audience groups than with common educational

approaches (media guides, personal tours)

• Chatbots can help empower visitors because they feel more confident asking

questions to a machine than to a real person in a situation with other visitors,

or as one tester stated: ‘Ich traute mich mehr zu fragen als bei einer normalen

Führung’ (translation: I dared to ask more than on a normal tour).

• Chatbots can helpmotivate visitors to learnmore about museum objects: quote

from the field test: ‘Hat mich motiviert genau hinzuschauen, um Fragen for-

mulieren zu können’ (translation: Itmotivatedme to take a closer look, to be able

to formulate questions).

• Chatbots provide possibilities to archive more visitor participation because the

museum is able to provide an automated but personalized dialogue.

To improve chatbot systems like CHIM it is necessary to:

• Learn better how to say ‘I do not know’ without causing frustration for users.

We must improve our dialogue flow and develop strategies so that a museum

chatbot behaves in a more humanlike way in communications. Humans know

very well how to say, ‘I do not know’, without causing frustration.This is also a

bias problem because users think that a machine, a computer, has to know an

answer.

• Tweak theGUI.By developing aGUI that ismore personalizedwe can eventually

minimize this bias, because users will consider the chatbot less machinelike.

• Improve the dialogue flow and the interaction design in general.

• Enlarge the content database. Besides a special database,which, from our point

of view, is mandatory, we learned, that we should also provide a much broader

database (likeWikipedia).What is also needed here is a clearUI based on several

more or less trusted databases.

• Use better (synthetic) voices in the text to speech (TTS).

In conclusion: We think that chatbots in the context of museums and arts or cul-

tural heritage should not be omniscient oracles, but instead fun and encouraging

companions on tours.They can connect us with other users andmotivate us to pro-

duce our own content or comments. They are thus a democratic, empowering tool

for more participation.
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With AI to Art!

Chatting with Helen of Troy and Co. through IBM Watson

Melanie Fahden and Anja Gebauer1

Howcanartworks fromthenineteenth to the twenty-first centurybe communicated

to young people in a compelling way, and how can they be interrogated with respect

to their current relevance and debated in light of recent sociopolitical discourse?

These were a few of the initial questions for a sophisticated art mediation program

within the framework of the special exhibition FEMME FATALE: Gaze—Power—Gen-

der (9 December 2022 to 10 April 2023) at the Hamburger Kunsthalle.2 The exhi-

bition’s spectrum of topics is consequently as broad as the subtitle suggests: it is

about exploring a constructed image of women in art, tracing it from its germina-

tion during the nineteenth century to processes of appropriation and dissolution

in the twentieth century and the present. Closely interwoven with this are ques-

tions concerning gaze and power relations between the sexes. Many of the images

of women on display are at the centre of popular narratives—Medusa with her hair

of snakes, Helen in front of burning Troy.

The following paper presents a participatory project in which young students

collaborated in the development of an AI-based chatbot—in order to reverse per-

spectives and thus explore how these so-called femmes fatales might tell their own

stories fictitiously.The idea of entering into conversation with such exemplary fig-

ures in artworks via chat is embedded in a broader mediation strategy that centres

on ‘exposing the construct’ (Weniger 2023) of the femme fatale.The AI-based chatbot

was realized with the partner company assono GmbH and uses IBM Watson arti-

ficial intelligence, and thus makes the multilayered subject matter interactively ac-

cessible via conversations with six artificial figures.

1 The project team consisted of the curators Dr. Markus Bertsch, Selvi Göktepe, Ruth Stamm;

the colleagues Tim-Patrick Matthes, Maverick Runkehl, and Isabelle Wieser from assono

GmbH; and the art mediators Nanda Bröckling, Melanie Fahden, Dr. Anja Gebauer, Elisa

Nessler, Badrieh Wanli and Dr. Andrea Weniger. The chatbot was developed in cooperation

with the Wüstenrot Foundation.

2 See https://www.hamburger-kunsthalle.de/en/exhibitions/femme-fatale (all URLs here ac-

cessed in June 2023).
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266 Part 3: Applications

Chatbots in Museum Art Education

Over the past few years, chatbots have increasingly found their way into mu-

seums—often with the idea of coupling art mediation with the daily habits of

potential visitors and users of communications via messenger services. ‘With in-

formation on works, artists and exhibitions, they offer an attractive approach to

visitors, making the information easier and more directly accessible, and at times

lowering inhibition thresholds for previous non-visitors’ (Szope 2022, 252). Dif-

ferent classifications of chatbots show various potentials for use, depending for

example on inputs and outputs (text or voice) or understanding (which inputs and

contexts can be processed) (see Braun/Matthes 2019, 484–89).

In most museum scenarios,3 ‘scripted bots’ (Szope 2022, 325) with predefined

question and answer options are deployed. The use of artificial intelligence in

museum chatbot applications goes beyond this: ‘As the use of more AI-intensive

bots becomes a future consideration, the direction is set to establish broader and

more contextual conversations with the museum visitor’ (Giuliano/Boiano/Borda

2019, 325). In realizing AI-based chatbots for museums, the IBM Watson program

is used in particular4. It can be described as ‘a cognitive system … [that] can de-

termine whether one text passage (which we call a question) infers another text

passage (which we call an answer), with a high level of accuracy under changing

circumstances’ (High 2012, 4–5).

In art mediation, the automated assignment of answers to queries offers the

possibility of responding to the individual interests of the visitors. Behind the sug-

gesting of possible questions, however, also lies the selection ofwhich questionswill

be answered. Concealed behind this are power structures and recommendations

as to what may be said and asked in the context of art reception, and who stipu-

lates this. In order to reflect on the concomitant sovereignty of interpretation and

‘to shape and not to be shaped’ (Weibel/Szope 2020, 38), the chatbot project for the

exhibition FemmeFatalewas carried out in close collaborationwith teenage students.

In the following, the procedure, concept, and process are outlined and finally sum-

marized in a conclusion.

3 See Sam by Florence Jung, Museum für Gegenwartskunst Siegen: https://www.mgksiegen.d

e/de/ausstellungen/5416/sam or Perfect Match! Bode Museum, Berlin: https://www.smb.mu

seum/nachrichten/detail/launch-der-app-perfect-match-bode-museum/.

4 See IRIS+, Museu do Amanhã: https://www.aam-us.org/2018/06/12/iris-part-one-designing-

coding-a-museum-ai/, or Voice of Art. Pinacoteca do Estado de São Paulo: https://travelblon

de.medium.com/giving-art-a-voice-with-watson-1c1a235cb63a.
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Medusa Memes and More—Project Development in Cooperation
with a City District School

For the project, the Hamburger Kunsthalle collaborated with an art course for the

tenth class at the Stadtteilschule am Hafen in St. Pauli, led by the teacher Melanie

Nethe. Since the chatbot was intended primarily for teenagers, the young stu-

dents—as part of the target group—were included in the development by means of

a participatory process (see Simon 2010).

The timeframe for this project was just under four months. In a first intensive

phase, the students were familiarized with the contents of the exhibition and the

work of artmediation:What are stereotypes and at what point do they limit our op-

portunities for personal development?What is sexism,andhowandwhendowe en-

counter it in our everyday lives? Canwe think of gender identities outside the binary

system of woman and man? As the characters from the artworks were to be given a

kind of fictional life via chat, it was important not to adhere to a reproductive level of

content, but rather to take up current sociopolitical discourses and negotiate them

with the students (see Mörsch 2012, 159–65). The focus was put on exposing a con-

structed image of women that—according to one thesis of the exhibition—was sup-

posed to secure the dominant position of men during the first wave of the women’s

rights movement. The aspiration was thus to investigate patriarchal structures in

collaboration with the students and to transform them, as well as to offer a present-

day perspective via chatbot (see ibid.).

In addition to content-related aspects, the students also had to be familiarized

with the goal of the project and with artificial intelligence itself: How does AI work

and how can it be utilized to simulate a highly natural chat conversation? How does

the AI-chatbot from assono GmbH function?What aspects do the students want to

see included so that the chat experience created is appealing for them?The further

course of the project was determined by a collection of criteria developed by the stu-

dents. Of importance to the students, for instance, was entertainment value while

chatting,which is achieved through humour and variety. In the chat, the characters

selected were supposed to appear as individual personalities and distinguish them-

selves from each other primarily bymeans of different languages, the use of emojis,

memes, and GIFs, as well as the length of sentences and the number of text boxes.

Later on in the project, the students selected six artworks5 and, in small

groups, developed a framework for six different personalities based on expert inter-

views—with the curatorial team, among others.Questionswere compiled bymeans

5 The following six works of art were selected (chronologically based on the exhibition nar-

rative): Dante Gabriel Rossetti, Helen of Troy, 1863; Evelyn de Morgan, Medea, 1889; Edvard

Munch, Madonna, 1893–95; Sylvia Sleigh, Lilith, 1967, and Birgit Jürgenssen, Untitled (Olga),

1979.
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of associative methods (see fig. 1) in order to deduce precise queries (thematically

relevant answers) from a broad spectrum of questions. The result was an extensive

small-talk repertoire, artwork-specific questions,queries regarding theHamburger

Kunsthalle in particular, concerns about terminology in need of explanation, as well

as—and this is exceptional—questions about transgressive dialogues aiming at

insults or sexual advances. The chatbot characters were not supposed to respond

inappropriately in discriminatory situations or in customer-oriented ways like a

service-bot, but instead to react defensibly while simultaneously facilitating fur-

ther dialogue. The textual finalization of the requests was in parts realized by the

students, but mostly by art mediators informed by the students’ guidelines.

Figure 1: A teenager asks questions of Helen of Troy—about the weather and the torch on her

necklace.

Chat with Six Femmes Fatales—Insights into the Results

Thechatsweremade accessible free of charge via themuseum’smobile application.6

The application, like a messenger service, lists all the characters with their respec-

tive profile picture as well as status updates written by the students (see fig. 2). In

addition,QR codeswere positioned next to the artworks throughout the exhibition,

6 See https://www.hamburger-kunsthalle.de/en/app.
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and scanning them opened chats directly in a browser. All six fictional characters

greeted users with a distinct form of address and submitted different introductory

and follow-up questions (How are you? What are you doing? What are your plans

for tonight?). Conversation flow and the characters’ key topics were important as-

pects in training the AI. Users could enter free text or click on interactive buttons.

The characters responded with wit and repartee, teasing with small hints or send-

ing material made by the students (posters, memes, GIFs). Knowledge transfer and

a playful strategy were combined into an edutainment approach that inspires cu-

riosity as well as encourages the desire to obtain more information through con-

versation.The idea was to start off with small talk and through this enable users to

encounter background information from a feminist perspective and be given food

for thought.

Figure 2: AI-based chatbot characters in the Ham-

burger Kunsthalle app.
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On the Negotiation of Demands—A Conclusion

Is the construct of the femme fatale unmasked when Helen of Troy confidently com-

ments on her beauty? Does how the character of the Madonna proactively flirting

with users fit into current feminist discourses? Such questions are conducive to the

positioning with respect to the goal of mediation, and should at best be identified

during the process and debated against the backdrop of a wide range of social atti-

tudes. The project is meant to be seen in a context in which institutional demands

(for example, linguistic), time pressure, and qualitative expectations are confronted

with an approach in which young people of 15 to 16 years of age were involved in the

development of in a participatory, and thus to some extent unbiased, way. More-

over, new challenges arose during the ongoing operations, for which only limited

resources were available; for example, through the input of new questions, or the

emergence of new training needs as a result of the use of DeepL for translation into

the respective language.

In all of this, a diversity-sensitive and anti-discriminatory standard was ap-

plied. It was, however, not supposed to simply be imposed on the students, but

instead carefully evaluated in connection with them. ‘If unlearning essentially

requires a confrontation with power relations, in everyday pedagogical life it nev-

ertheless means that formats and methods are usually geared towards breaking

down normative conformity. What often remains inaudible are discourses and

forms of action that tell of the emancipatory aspect of wanting to belong’ (Sternfeld

2018, 237). Much discussion potential arose through the examination of historical

contexts and critical contemporary perspectives on them, but could not be fully

exploited in this project due to the tight timeframe and the predefined conclu-

sion. Nevertheless, the participatory approach essentially served to give space and

visibility to the perspectives and questions of the young people—instead of tak-

ing up the logics of the market: although it was possible to benefit from a partial

adoption of prefabricated questionnaires from the field of service bots for websites

(What’s the weather like? How much does it cost to enter a museum?), the content

of these questions had to be adapted specifically to the new museum context and

the individual fictional characters.

Overall, the project faced two conflictingdemands:On the onehand, the content

ought to correspond to the criteria and requirements of teenage students—with lit-

tle text and writing that flows as naturally as possible. On the other hand, an art-

savvy professional audience will also put what is offered to the test, which quickly

leads to repetition or even non-recognition of extensive or too precise (for example

mythological) questions. The data available nevertheless shows very high numbers

of users with predominantly positive feedback overall—for example, only 26 nega-

tive evaluations were noted in the chat in the first two months, from the nearly five

thousand conversations conducted (period 8 December 22 to 6 February 23).
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Outlook: AI-Based Dialogues in Digital Art Mediation

More than ever, the prediction is true: ‘In addition to the individualization of visi-

tor experiences and data processing for museum operators, AI algorithms will also

penetrate other areas of museums’ (Fuchs/Lorenz 2019, 140). In future projects, it

would be conceivable to use generative AI systems such as ChatGPT to support text

production throughautomation.At the same time, the elaborationof characters and

their emotional states, the accentuation of different perspectives as well as the crit-

ical questioning of traditional narratives remain a fundamentally human role in the

productionofAI-basedmediationoffers.Theuseof generativeAI systems thus chal-

lengesmuseumartmediation evenmore so in the area of reworking and fact-check-

ing as well as maintaining a discrimination-critical perspective, for ‘… the mere ap-

plication of new technologies is not enough. We must constantly learn to engage

with them in order to be able to critically question them’ (Weibel/Szope 2020, 37).

Participatory cooperation with parts of society seems fundamental for an institu-

tion committed to democracy—only in this way can it be thoroughly ensured that

social injustices are not perpetuated by the use of artificial intelligence.
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Exploring Beyond the Exhibits

Creating Knowledge for Social Robots in Public Spaces

Ana Müller, Michael Schiffmann, Anke Neumeister, Anja Richert1

Technological advancements are integrating social robots into public spaces. The

scientific community has consequently become aware that relying on laboratory

studies may not be the best approach to developing (social) robots, particularly

when they are meant to interact with humans. Studies of human-robot interaction

in real-world settings, such as museums, are deemed more beneficial in under-

standing the complexities of these interactions (Sabanovic et al. 2006). Our goal in

conducting this study was thus to better understand the requirements with respect

to social robots in public spaces and to make them as representative of real-world

conditions as possible by drawing on actual users, systems, and environments for

real-world tasks.Our analysis of user utterances offers insights into identifyinguser

expectations as well as system limitations and weaknesses that can be addressed

through further development and training.

Related Work

Several attempts have been made to deploy robots in museums. These robots are

used to greet visitors, provide information or navigation, and augment exhibitions

with additional content and services (Villaespesa 2021;Willeke et al. 2001; Cantucci/

Falcone 2022). For example, in 2018, the Smithsonian Museum used Pepper (Soft-

bank Robotics) robots to translate, guide visitors, and teach coding, while at the

Akron Museum a robot tour guide named Dot, which shares art information and

1 In this research, the projects SKILLED—Socioempathic AI-BasedDialogues (BMBF) and (Dig-

ital)Meer erleben (Experiencing the [Digital] Ocean, BKM) collaborated. The researchproject

SKILLED at the TH Köln – University of Applied Science, Cologne Cobots Lab is funded by the

Federal Ministry of Education and Research of Germany (BMBF) in the framework of FH-Ko-

operativ 2–2019 (project number 13FH504KX9). The project (Digital) MEER erleben is funded

by the German Federal Government Commissioner for Culture and the Media (BKM) in the

framework of museum4punkt0. We thank all the collaborators for their assistance and con-

tributions.
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asks visitors questions, was evaluated (Smithsonian, 2018; Villaespesa, 2021). Even

though the use of Pepper robots at the Smithsonian Museummay give the impres-

sion that the robot performed various tasks, there were multiple robots, each for

one respective application. For instance, a systemdesigned to greet visitorsmay not

have extensive knowledge about exhibitions, while a navigation robot may have de-

tailed knowledge of the contents of the museum and navigating through it but less

knowledge relating to service issues or small talk with visitors.

As long since pointed out by Skantze/Al Moubayed/Gustafson et al. (2012),

developing social robots and situated dialogues in public settings with real users

is a challenging goal for several reasons. Dialogue systems, also known as con-

versational systems, can be categorized into three types: 1) goal-based systems,

designed to complete specific user tasks such as scheduling appointments, and

typically gather information through questions until the task is fulfilled (Gao et al.

2018; McTear/Callejas/Griol al. 2016); 2) chatbots, designed for casual conversation

on open-ended topics, and trained end-to-end using large datasets of dialogue

examples (ibid.); and 3) question-answering systems, which focus on answering a

wide range of questions from a knowledge base, with the emphasis on information

retrieval (Dimitrakis et al. 2020).

In social robots such as Pepper and Nao (Softbank Robotics), or Furhat (Furhat

Robotics), simple goal-based dialogue systems are commonly used due to the ease

of controlling the knowledge and dialogue (Foster 2019). This nonetheless requires

every spoken interaction with the robots to be handcrafted and a dialogue policy

to be programmed. User utterances during a conversation are processed by a nat-

ural language processing unit, which identifies the intended meaning of the user’s

words. But deploying social robots effectively in real-world settings requires exten-

sive preparation, and creating knowledge for a robotwithout a specific area of oper-

ation is challenging.The difficulty lies in having to handcraft both potential user ut-

terances and robot responses. Depending on the natural language processing soft-

ware used, practitioner guides recommend creating 20 to 60 training phrases per

intent, but notmore than 80 utterances, so as to avoid overlapping training phrases

that would decrease the precision of the natural language processing (LivePerson

Inc. 2022).

Despite advances in social robot technology, the existing guidelines for their

development do not fully address the importance of conversational abilities or the

specific topics that robots should be equipped to discuss. Further research and

development are needed to ensure that these systems are well-prepared for public

spaces (Mintrom et al. 2022; Tian/Carreno-Medrano/Sumartojo et al. 2020). This

is nonetheless particularly challenging because of varying user expectations, and

some users may attempt to test the intelligence and capabilities of the system, such

as its ability to understand natural language, process text, and perform specific
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tasks like counting or sentiment analysis, driven by motivations other than a need

for information and service, such as curiosity about the system’s abilities.

Besides the challenges posed by producing knowledge and acknowledging

the diversity and varying demands of different users, additional phenomena of

human-robot interactionmust also be addressed and recognized from the perspec-

tives of various users and stakeholders. One of these aspects is undoubtedly the

phenomenon of anthropomorphism. Based on the studies conducted on human-

robot interactions, it is evident that people tend to attribute humanlike qualities

to nonhuman entities (Reeves/Nass 1996; Epley/Waytz/Cacioppo et al. 2007; Nass/

Brave 2005). The computers are social actors (CASA) paradigm demonstrates that

advancements in technology continue to encourage the personification of objects

in human-machine interactions. Anthropomorphism also has significant impli-

cations for how humans perceive and interact with (social) robots, regardless of

the embodiment, interface, or use case of the systems involved, including but not

limited to chatbots, digital assistants, smart homes, and social robots interacting

with museum visitors (ibid.; Ivanov/Webster/Berezina et al. 2017).

Methodology

The OZEANEUM in Stralsund is a natural history museum that is part of the Ger-

man Oceanographic Museum Foundation.With an exhibition area of 8,700 square

meters and 50 aquariums, the museum presents a journey through the underwater

world of the northern seas. Alongwith three other locations of the GermanOceano-

graphic Museum Foundation, the OZEANEUM is one of the most visited museums

in Germany. The museum is aimed at locals and guests alike and targets all age

groups and social classes. Its events, publications, and research projects also make

the museum interesting for professional audiences. Families with children are one

of the OZEANEUM’s core target groups, and their share consistently exceeds 50 per

cent.The presence of particular target groups varies considerably depending on the

season.The visitor structure of the OZEANEUM is strongly influenced by tourism,

especially during the high season. High visitor numbers at particular times, such

as on bad weather days in summer, lead to limitations on the visitor experience and

the entire visitor stay. Under such conditions, it can be difficult to find lifts, toilets,

and certain exhibition and aquarium areas, and the museum’s visitor services are

overwhelmed. At times, it can feel similar to being at a crowded train station or

airport. One solution to this issue could be to provide support by means of a social

robot.
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Figure 1: Interaction with the social robot Furhat

at the OZEANEUM in Stralsund inMarch 2022.

Source: Anke Neumeister, GermanOceanographic

Museum, CC-BY-SA.

The Research System

The robotic system used in the experiments consists of a 41-centimeter-tall Furhat

robot head (see fig. 1) with an illuminated mask system from Furhat Robotics and a

dialogue system running on a backend server,developed at theUniversity of Applied

SciencesCologne aspart of the researchproject SKILLED—SocioempathicAI-based

Dialogues,CologneCobots Lab.The robot head ismountedonahousing incorporat-

ing a 10-inch display to showamanual and transcribeddialogue during interactions

(seefig.2).The robotwasnamedULI,which stands for ‘user-language interface’, and

the namewas chosen to be unisex so as tominimize any potential gender biases.The

term ‘robot’ is used throughout this contribution to refer to all elements of the sys-

tem.

Workshop

In the fall of 2021,we conducted aworkshopwith employees from theOZEANEUM.

In thisworkshop,we aimed to define visitors’ needs by drawing from the employees’

experiences in different areas of the museum, such as visitor services, communi-

cation and marketing, education, and mediation.The workshop participants, each
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responsible for different areas of the museum, provided a valuable understanding

of visitors’ needs and the variations that exist depending on the specific area.Those

needs were further refined through subsequent shadowing in various parts of the

museum, including at the entrance, cash desk, and information desk, as well as

within the exhibitions. This information, combined with resources from the mu-

seum (for instance, digital data from museum information brochures and maps),

served as the foundation for the prototype’s knowledge base.

Figure 2: Images displayed on the tablet. Short interactionmanual and example utterances

(top). Transcribed text from an example interaction (bottom). Translated fromGerman to

English. Source: AnaMüller, Cologne Cobots Lab CC-BY.

The Field Study

The field study with the dialogue system connected to the Furhat front-end (fig. 1)

took place from 10 to 30March 2022 at the OZEANEUM in Stralsund.The robot was

tested at two locations in the exhibition (at the beginning and middle of the tour).

During our field study, a total of 11,923 visitors (M = 568, SD = 231.47 visitors per day)

had the opportunity to explore the exhibitions.

We collected data from 3,913 utterances using a logging system: n = 446 utter-

ances were recorded at the beginning of the tour and n = 2,476 were recorded at

another location in the centre of the museum; n = 25 interactions were eliminated

due to privacy regulations, and n = 620 utterances were eliminated due to unclear

speech-to-text processing caused by loud ambient noise or user groups talking to

each other while interacting with the system. After being cleaned, the dataset con-

sisted of n = 3,268 valid utterances. At this point, it is important to note that con-

ducting tests in a natural history museum presents unique challenges, since not all

visitors are necessarily interested in robotics or AI. On the one hand, this can en-

hance diverse user feedback and usability testing, which can ultimately lead to im-

provements in future iterations of the system, but, on the other,may also result in a

rather small proportion of visitors interacting with the robot.
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The qualitative analysis conducted in this study consisted of a descriptive log

analysis to reveal patterns and trends. To categorize the user utterances, a combi-

nation of predetermined utterances and inductive coding was used. The predeter-

mined utterances were derived from the system’s intended use in the museum and

the sample utterances displayed on a tablet (as shown in fig. 2). Inductive coding

helped shed light on user behaviour patterns. The transcripts and categories were

independently analysed by two authors using open coding so as to identify common

user utterance tendencies with a specific focus on the desire for quantifiable infor-

mation.

Results from Interaction Categories and Codes

Figure 3: Sunburst graphic to illustrate the results from system log analyses.

Including categories, codes, and quoted utterances by the users as examples.

Source: AnaMüller, Cologne Cobots Lab, CC-BY.
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The inner circle of figure 3 shows the categories of user utterances by topic,while

the middle circle uses corresponding colours to visually represent the associated

codes.The outer circle provides additional information, if necessary, to further en-

hanceunderstandingof the category and code.To illustrateuser behaviourpatterns,

relevant quotes from user utterances are included on the margin.2

Museum

Werecordedn= 1,014utterances that canbe categorizedwithin thedefinedmuseum

category.They are related either to content (n = 358) or service (n = 337).These utter-

ances—and their occurrence in 68.97 per cent of utterances—are closely linked to

the primary motivating factors for visiting a museum. Visitors want to learn about

the exhibitions and the services offered. Since they come to the museum to obtain

information and have a memorable experience, it is thus not surprising that their

utterances focus on content and services.We also categorized users asking for help

in different languages (n = 20) within this category, since offering help and informa-

tion in various languages can enhance the service encounter.

Visitorsmight turn to the robot to find information on exhibitions and services.

With the robot readily available, visitors are more likely to ask questions and obtain

information, as opposed to searching for information on their own (for instance,

such as a sign describing the exhibit or the respective number for the audio guide).

Furthermore, the display of the Furhat robot showed two common utterances from

this category: ‘Where are the penguins?’ (service, n = 196) and ‘Are these whale skele-

tons real?’ (content,n = 52) (seefig.2).Thesequestionsweredefined in advance along

with the employees as typical service utterances and included as examples (see sec-

tion 3.2.). Nevertheless, in the case of example utterances, it is unclear whether vis-

itors asked these questions because they were genuinely interested or were merely

testing the robot by asking the example utterances in the manual.

The results, however, show that visitors interacted with the Furhat robot as a

source of information- and service-related utterances. Most of the utterances fo-

cussed on exhibitions and services,which alignwith visitors’main reasons for com-

ing to the museum. There was little difference between the utterances addressed

by visitors to human employees and those addressed to the robot. It is nevertheless

essential to consider diversity in the target audience in the development of the sys-

tem’s knowledge base and training data, as different visitors might have different

ways of asking questions.The results highlight the importance of incorporating in-

sider knowledgewhen developing the system in order to accommodate diverse user

behaviour patterns.

2 All quotes from user utterances in this paper have been translated from German to English.
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To conclude, visitors at a museum evince a strong interest in learning about the

exhibitions and services offered, which is reflected in many utterances about con-

tent and requests for information on services such as finding specific exhibitions,

food options, and restrooms.

Small Talk

Visitors did,however, also engage in small talkwith the robot, including discussions

about the weather (n = 65) and jokes (n = 178). Small talk was a frequently occurring

category (n = 825) and asking for the weather and telling jokes were example utter-

ances displayed as part of the manual on the tablet (fig. 2). While these categories

were not ones that occurredmost frequently within the small talk category, the fre-

quency of weather-related utterances is particularly interesting because users often

asked for the weather in Stralsund and other cities (for example, their hometowns).

We found that many visitors addressed the robot ULI itself, inquiring about its

purpose (n = 379) or its mood and age (n = 52 and n = 49, respectively). For instance,

they asked questions such as ‘Why are you here?’ and ‘How long will you stay?’ or ‘Do

you like Stralsund?’ and ‘Do youmiss Cologne?’, thus showing a fondness for the an-

thropomorphic robot.This behaviour aligns with the CASA paradigm, which posits

that people tend to attribute humanlike traits,motivations, emotions, or intentions

to nonhuman entities.While the system logs only provide transcripts of the interac-

tions and not direct observations, they suggest that users have a significant interest

in the supposed personality of the robot, which is also reflected in the communica-

tive level of their interactions. It is unclear, however, to what extent the robot’s hu-

manlike appearance contributes to this phenomenon, and/or what contribution the

AI’s communication designmakes andwhat influence the location, target group, or

other influencing factors play or how they converge.

User Statements

To better understand the application of anthropomorphism and to grasp the treat-

ment of social robots in public spaces as either ‘machines and servants’ or ‘entities

on their own’, a user statements category was defined. The codes were refined to

include conversational norms such as greetings and farewells.The analysis showed

that many visitors did not follow the same communication norms when speaking

to the robot as they would with other humans. The lack of transfer of politeness

norms from human-human interactions to human-robot interactions is evident in

the statement category analysis and other categories discussed.

Our analysis revealed that only a few users expressed politeness during their in-

teractions with the social robot. For example, users rarely thanked the robot for the

information provided.These statementsmust, however, be considered with respect
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to all other user utterances, since only 1.59 per cent of the utterances as a whole con-

tained a ‘thank you’. This might be because solely user statements recorded by the

systemwere analysed, and statements such as ‘hello’, ‘thank you’, and ‘goodbye’may

not be present in the dataset if they were said when the robot was not processing.

Additionally, it is possible that users would have applied politeness norms for hu-

man-human interactions and that the lack of such examples in the dataset may be

due to a lack of satisfaction with the information provided. This again highlights

the challenge of designing knowledge for social robots that meets the expectations

of diverse users in public spaces.

Quantified Knowledge

The development of social robots and situated dialogues in public spaces poses sev-

eral challenges, as discussed in section 2.One of themain difficulties is the need for

extensive preliminary work on creating knowledge for robots without a specific op-

erational area.This is due to the limitations of handcrafting trainingdata for diverse

user groups. Another challenge arises from varying user expectations and motiva-

tions, such as testing the intelligence and capabilities of the robot.

This is also reflected in our results and illustrated in figure 3. According to our

analysis, n = 498 user utterances, accounting for 15.24 per cent of the valid utter-

ances, can be categorized as requests for quantified knowledge. This category can

be broken down further into various codes, such as the size of animals (n = 223), the

size of theOZEANEUM(n= 186) or sea (n = 54), and specificquantifiable information

about the exhibit content (n = 36). A small number of utterances (n = 22) were made

in connection with quantifiable knowledge outside of the OZEANEUM. A few users

askedmathematical questions, such as ‘What is 1+1?’,whichmayhave been intended

as a test of the AI robot.

A more in-depth analysis of the system logs shows that many of the utterances

in this category were about the size, speed, or age of large animals or marine life.

Users asked, for example, about the growth of different whale species, the swim-

ming speed of penguins, and the life expectancy of polar bears.This patternmay be

specific to the OZEANEUM and its target audience, and may not be representative

of other use cases or museums with different focuses.

Nevertheless, the frequent occurrence of utterances addressing the size of dif-

ferent whale species can be explained not only by users trying to push the limits of

the AI, but also the tremendous presence of the ocean giants. Different whale skele-

tons of strandedwhales could be seen fromboth locationswhere the robotwas posi-

tioned. Additionally, one of the locations for the experiment was at the beginning of

the exhibition right next to an escalator with the same length as a blue whale,with a

sign on the escalator indicating that it is ‘… 36metres long, the same length as a blue

whale’. All these factors may thus have affected users’ expectations of the system.
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At the same time, it is also conceivable that users are influenced by the way in-

formation is conveyed inmuseums in general. After all, brief descriptions of the ex-

hibits frequently provide a summary of respective information. In the case of the

OZEANEUM, this is often quantified information about aquariums, living beings,

and the cold seas. In other museums, questions about, for instance, the age of art-

worksmay also be common.Visitors also frequently asked about the size,number of

floors, and visitor count of the museum, as well as the number of fish in the aquar-

ium and the size of the smallest and largest creatures on display.

Conclusion

Robots provide a convenient and efficient way for visitors to gather information.

They can ask their questions and receive immediate answers, which saves time and

effort compared with searching for information on their own.One dilemma in con-

nection with such robots is, however, the need for them to have both conversational

abilities and comprehensive knowledge of many subjects, while the operator wants

tomaintain control over the accuracy of the information provided. Based on our ex-

periment,we suggest that the following topics be included in the robots’ knowledge

base.

In conclusion, the high number of exhibition- and service-related questions ad-

dressed to the robot in amuseumreflects the visitors’ primary goals in coming to the

museum, the availability and convenience of information—and trust in technology.

The experiments have shown that a service robot should thus not only have knowl-

edge related to its primary task. In this particular use case,which involves providing

guidance and service, the robot will inevitably be asked about a wide range of sub-

jects.Our findings indicate that the robotmust possess exceptional communication

skills and a good understanding of various topics.

Additionally, the robot should have information about its immediate environ-

ment, or at least give users suggestions regarding where to find this information.

These requirements for the knowledge base of social robots in museums can, how-

ever, vary depending on the location of the museum, and we assess that the need

will be higher in tourist areas.The latter also applies to the region where the OZEA-

NEUM is located, which is why some utterances were asked about nearby tourist

attractions, restaurants, et cetera.

The robot should be able to adequately respond to user statements. Besides

‘hello’, ‘thank you’, and ‘goodbye’, it should also be able to respond to ‘Yes’, ‘No’,

‘Ok’, and similar utterances, and be able to consider these within the context

of the conversation. For a natural conversation, it is thus essential to establish

mixed-initiative and not solely master question answering initiated by the users’

utterances.
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In this context, the ability to engage in small talk is also important. Not all users

see the system as a source of knowledge or services.They might simply want to feel

like they are having a conversation.The ability to engage in small talk is thus a cru-

cial aspect in realizing an entertainment value.The robot itself is also of interest to

users, and creating a robot personalitymight help satisfy users’ needs for anthropo-

morphism.

As our results show, establishing what we call ‘quantified knowledge’ is essen-

tial as well.Themuseum and its contents are not sufficient in this respect.Whether

based on the real interest of users, for entertainment purposes, or as a test of the AI,

users expect detailed information about the quantifiable content of the museum or

exhibit.This includes all the information on the size and age of the items displayed

and on themuseum itself. Professional informationmanagement and effective dig-

ital database systems are therefore advantageous for museums.

Moreover, the operator desires control over the accuracy of the information

provided by robots. These areas should thus be prioritized when incorporating

knowledge into the robots’ programming. We highly recommend gathering the

information for the topics mentioned through workshops with the staff, reviewing

frequently asked questions, and visiting the operational site through the eyes of a

regular visitor.Nonetheless, themanual creation of training data for AI systems is a

labour-intensive task that is also influenced by the developers’ demographics, such

as age, education, or profession. As a result, the knowledge basemay only work well

for the specific target group to which the developer belongs. Within the research

project SKILLED, we are therefore currently developing a method to improve the

system’s knowledgewhile ensuring quality assurance by using a distributed system.

In future, the system will feature a knowledge base tailored to a specific use case, a

powerful language-based question-answer model, and, potentially, links to other

AI systems like ChatGPT. It is, however, also crucial to also consider ethical aspects,

like preventing the dissemination of inappropriate jokes and striking a balance be-

tween brief and comprehensive answers, some of which may not always be suitable

for public spaces and changing circumstances.
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Tracking the Visitor

An Optical Indoor System for Visitor Research in Museums

Franz Koeferl, Matthias Zuerl, Jitin Jami, Jindong Li, Dario Zanca, Bjoern Eskofier1

Visitor tracking has become a de facto standard for evaluating the success of exhi-

bitions inmuseums (Yalowitz/Bronnenkraut 2009, 47).The data collection required

for this analysis is, however, usually very labour-intensive or requires a costly setup

(ibid.). But such systems usually do not gather, in particular, information about the

visitor, like gender, age, and apparent interests. This information is instead pains-

takingly collected bymeans of questionnaires (ibid.). We propose a simple and cost-

efficient automatic visitor monitoring pipeline to capture not only visitor trajecto-

ries, similar to established products, but also personal parameters generally only

collected through questionnaires. Furthermore, we evaluate parts of this pipeline

using state-of-the-art methods.

Related Work

Various methods can be used to conduct visitor tracking. The paper-and-pencil

method is historically the most common (Yalowitz/Bronnenkraut 2009, 52–53) and

requires a researcher to collect visitor data by hand.Modernmethods feature radio

technologies like Bluetooth, ultra-wide band, or wireless local area networks (De

Angelis and Santoni 2022, 8). Older designs, in contrast, rely on infrared light and

optical tracking approaches (Kuflik/Lanir/Dim et al. 2011, 375–76). But with recent

advances in deep learning and person detection in images and videos, especially

in the context of museum research (Bartoli et al. 2015, 19–27), visitor tracking by

means of optical methods seems to have become a feasible alternative for visitor

studies.

1 Wegratefully acknowledge the support ofDATEVeGand theDeutschesMuseumNuremberg

through the project Tracking in theDeutscheMuseumNuremberg. Bjoern Eskofier gratefully

acknowledges the support of the German Research Foundation (DFG) within the framework

of the Heisenberg professorship program (grant number ES 434/8-1).
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Particularly in the context of large-scale camera networks (Zhang/Scanlon/Yin

et al. 2009, 435–56), there are a range of approaches to tracking people with mul-

tiple cameras (Ristani/Tomasi 2018, 6037). But most research does not take visitor

consent for data capture and processing into account in its pipeline. Our intention

is thus to close this research gap by introducing a novel framework.

Figure 1: After a visitor enters the museum, consent is obtained from the visitor at a registra-

tion station.The system then tracks this visitor and filters out information from other non-

consenting visitors.The information compiled can then be presented to the visitor or used for

further analysis.

Tracking System

The use of optical tracking systems in public spaces has generated considerable de-

bate as it is regarded as an invasion of privacy.Most nations andmultijurisdictional

entities such as the European Union have implemented stringent regulations per-

taining to the capture and processing of photographic and video graphic data on

individuals (Meints/Biermann/Bromba et al. 2008, 1088). Even countries that were

to some extent lax regarding data protection in the past (Weber/Zhang/Wu 2020,

568–70) have been paying more and more attention to data privacy in recent years

(Yin/Li/Liu et al. 2022, 1–2).The further processing and, in particular, use of this vi-

sual information is heavily regulated. Explicit consent with respect data collection

and processing are therefore often legal requirements for such activities. We pro-

pose a concept for a consent-based visitor tracking solution that adheres to the laws

of countries with stricter regulations, like Germany.

The workflow of our tracking system is depicted in figure 1. A visitor enters the

museum and signs a participation agreement at a special edge device called a regis-

tration station. Immediately after signing the agreement, the station captures sev-

eral frontal images of the person, which then constitute the individual reference

gallery for the purpose of live re-identification.These images can also be used to de-

termine personal attributes such as age and sex. All the information, including the

images, is sent to a tracking system that ensures individual surveillance.The system
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thus only tracks people who have signed the agreement, and the data on people who

did not give consent are immediately discarded.

Figure 2:The overall tracking system is structured into several edge devices, each of them

connected to at least one camera.The image information is processed and send to a central

server for information aggregation, mapping, and trajectory estimation.

Figure 3:The tracking system is installed in an indoor laboratory setting.The room plan

shows the installation location from a top-view perspective.The cameras are illustrated in

red, the windows and the entry door in blue, and tables, shelves, or columns in the room in

grey.

The tracking data resulting from this surveillance can be used for a live presen-

tation of the data to the consenting visitor or for data aggregation, hence allowing

further analysis. Note that the data from the tracking system intended for analy-

sis no longer contains image information, but solely anonymized trajectories, visit

duration, and generic personal information.
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The tracking system consists of a central server and several edge devices linked

to at least one camera.The edge devices are responsible for image processing in the

pipeline, which processes the video stream captured by the cameras on a per-image

basis. The central server, in contrast, aggregates the information from the various

edge devices and creates the complete trajectories of consenting visitors. Note that

this adheres to the typical design for large-scale tracking (Zhang/Scanlon/Yin,Wei-

hong et al. 2009, 435–56).The overall structure of the system is visible in figure 2.

In what follows, we focus on the image processing aspect of the tracking sys-

tem, in particular, on the processing of the data provided by the edge devices. After

an image is captured, we apply a pre-trained DetectNet model (Tao/Barker/Sarathy

2016) to detect the visitor.The resulting bounding boxes are used to further localize

the person. We estimate the 3D position by projecting the 2D image coordinates,

specifically the lower middle point of the bounding box, onto the 3D ground plane

using the camera’s intrinsic and extrinsicmatrix.We infer the intrinsicmatrices us-

ing a checkerboard pattern (Zhang 1998) and the extrinsic matrices using an iterate

PnP solving scheme (Eade 2013) for defined 3D points, both using the implementa-

tion in the OpenCV library (Bradski 2000). For the extrinsic calibration, we placed

seven coloured balls on a one-meter-spaced grid and labelled themmanually based

on image coordinates to achieve the 2D–3D correspondences.

Experimental Setup

We installed our proposed system in an indoor laboratory setting resembling amu-

seum exhibition. The experimental environment has a floor area of 72 square me-

ters, with the dimensions of 6 meters in length and 12 meters in width. It was fur-

nished with various objects, thus resulting in occlusion. We mounted six cameras

from multiple angles (see fig. 3), each connected via a universal serial bus (USB) to

an edge device for image processing in each top corner of the room. We used the

DFK 37BUX178 for all our cameras and the Boxer 8251AI, containing the Nvidia Jet-

son Xavier NX GPU, as our edge device.

In this setting, we collected data for two participants using the following pro-

cedure: In the first scenario, one person remained in the same position for the en-

tire duration, and the other moved to a different fixed position and remained there

for several seconds.This second person repeated this step for various positions with

varying distances from person one.This proceduremakes it possible to evaluate the

localization performance. In the second scenario, both participants moved around

in the room following specific trajectories at specific times, a scenario intended to

evaluate the detection performance.
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Figure 4:The localization performance suffices to dtermine the trajectory of

person one and the position of person two in the room. Note that the colour-

ing of the position estimate is determined by the camera that performs the

estimation.

Evaluation

Theperformance of the tracking systemas awhole relies to a great extent on the per-

formance of the algorithms on the edge devices. Within the scope of this work, we

therefore present the preliminary results of the detection and localization method

used for the tracking system, thus showing that the methods achieve sufficient ac-

curacy for further server-side tracking.

Themost important aspect of the system is the person detector. Typical metrics

for evaluating detector performance are average precision (AP) and average recall

(AR). APmeasures false positives,with one indicating none and zero indicating that

all predicted detections are incorrect. ARmeasures true positives,with one indicat-

ing that all individuals are detected accurately and zero indicating that none are de-

tected. The system, without any fine-tuning, achieves a total-camera-averaged AR

of 0.19 with a standard deviation of 0.07 and an average AP of 0.2 with a standard

deviation of 0.11.Thismeans that the system detects a person just 20 per cent of the

time, and there are about 20 per cent anomaly detections.This may appear low, but

if we include the qualitative results in figure 4, which show the 3D positions of all

detections, we are still able to determine the trajectories of persons. This is due to

the number of frames taken per second. Note that filtering techniques are able to

remove 30 per cent of anomaly detections.

Based on these detections, we apply a localization method to the sub-scenario

of our sequence, where both participants remain in the same position for several

seconds. The results are depicted in figure 5. The figure shows the localizations for

each camera cluster closely and spread solely along the camera’s viewing direction.
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Moreover, each cluster is quite close to the actual ground truth position vis-à-vis

the position of the other person. In this scenario, a separation of persons can be

achieved, and tracking ensured in a later stage. On average, the localization error

is 0.64 meters, with a minimum error of 0.17 meters and a maximum error of 1.86

meters.

Figure 5:The ground truth positions of each person are highlighted in black.

The positions estimated by each camera are highlighted in different colours.

Discussion

Thedetectionand localizationperformance, thoughacceptable inprinciple, requires

greater accuracy to be applied on a large scale. Especially the localization may be

problematic for information aggregation on the server side when multiple people

are in close proximity, which is usually the case when one visits a museum with

friends or family. The experimental setup should thus reflect this scenariowithmul-

tiple participants in a museum-like setting. This scenario must, of course, also be

repeated multiple times in order to ensure high statistical power.
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Conclusion

This work proposes and partially evaluates a simple, mobile, and cost-efficient au-

tomatic visitor monitoring pipeline.We show that the proof of concept works suffi-

ciently on edgedevices,but still has roomfor improvement.Futureworkwill include

integrating re-identification capabilities into the edge device pipeline and further

improving the established algorithms by transfer learning and image coordinate re-

finement. With this work, we are one step closer to an optical tracking system ap-

plicable for visitor research in museums.
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Symotiv

Virtual Insights into the Symphony Orchestra

Michael Zöllner, Markus Bosl, Dirk Widmann, Moritz Krause

Theaimof theproject Symotivwas to introducepeople to classicalmusic through in-

teraction with a virtual orchestra.1 With the aid of virtual reality (VR) glasses and a

controller, it not only enables people to immerse themselves in a three-dimensional

virtual concert hall, but also to experience images and sound from the perspective

of musicians. This opened up the possibility to experience and understand what is

happening from new spatial, but above all sonic perspectives. To do so, it was nec-

essary for us to capture the motions and sound of 50 musicians and the conductor.

Whereas a few years ago expensive and complex time-of-flight cameras or sensor-

based bodysuits were needed to capture the biomechanical movements of a musi-

cian, we used machine learning-based tracking software that relies on ordinary 2D

RGB camera images.

Using eight off-the-shelfGoPro2 camerasdistributed throughout theorchestra’s

venue, the Freiheitshalle in Hof, Germany, we captured all the musicians and their

movements during a performancewithout occlusion.We used opensource software

for 2D pose estimation, that is, for extracting the coordinates and angles of all the

musicians’ joints from the camera image. In a further step we created a three-di-

mensional biomechanical model of the musicians. This provided the basis for ani-

mating the avatars in virtual reality. To process the eight camera tracks with several

terabytes of data, from which the movements of the musicians had been extracted

and transformed intobiomechanicalmodels,wedevelopedanautomatic processing

pipeline on our graphics workstations.

In the following sections we describe the evaluation and exploration of the cur-

rent state of single-camera skeleton-tracking hardware that led us to select the ap-

proach we implemented as separate prototypes in order to evaluate the quality of

the resulting data. We go on to briefly explain the further development into a VR

experience. Finally, we discuss the lessons learned during the development and the

significance of these technologies for interactions with visitors in museums.

1 http://symotiv.de (all URLs here accessed in June 2023).

2 https://gopro.com.
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Figure 1: A violinist’s skeleton tracked while playing.

Related Work

Over the past years, we have seen rapid progress in the quality and availability of

camera-based pose estimation. An early moment in the accessibility of skeleton

tracking for a large audience was the release of the Microsoft Kinect and com-

munity-based libraries like OpenKinect3 and OpenNI (Villaroman/Rowe/Swan

2011).

With the advent of machine learning-based approaches, there was no longer a

need for special hardware and we were thus able to use standard cameras. CMU’s

OpenPose (Cao et al. 2019) and OpenPifpaf (Kreiss/Bertoni/Alahi 2021) are two ma-

jor developments that produce robust 2D pose estimations of humans based on sin-

gle RGB images. Even if the quality of PoseNet’s (Kendall/Grimes/Cipolla 2015) 2D

tracking data is not as advanced as the data of those previouslymentioned, itsmain

contribution is its availability in browsers. ml5js4 facilitates a large developer audi-

ence by simplifying the development process even further through the integration

of p5js (McCarthy/Reas/Fry 2015). The even simpler Google MediaPipe (Lugaresi et

al. 2019) combines a large variety ofmachine learning applications in one JavaScript

framework.

Whenwe started the project,we decided to build our project on top ofOpenPose

since it gave us the best quality results for robust 2D position data for the skeletons’

joints at the time.Unfortunately, at that time,OpenPosewas only able to produce 2D

position data, while today’s version features 3D position data as well. We therefore

3 https://openkinect.org.

4 https://ml5js.org/.
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required a second processing step in order to create a 3D biomechanical skeleton

model. ‘3d-pose-baseline’ (Martinez et al. 2017) provided this feature and predicted

the 3Dskeletons.Similar toOpenPose isMeTRAbs’Absolute 3DHumanPoseEstima-

tor (Sárándi et al. 2021), which also features not only 2D but also robust 3D position

data for the skeletons’ joints.

With respect to related applications, we would like to mention several projects

in adjoining disciplines. Capturing and analysing dance is a common research field

in the field of pose estimation and tracking.With reference to hardware-based ap-

proaches, we would like to mention Alexiadis et al.’s ‘Evaluating a dancer’s perfor-

mance using Kinect-based skeleton tracking’. An early 3D position estimation ap-

proach with a single camera was Kahn et al.’s ‘Capturing of contemporary dance for

preservation and presentation of choreographies in online scores’, in which recur-

ring path patterns in experimental ballet performances are shown.

Although our focus is on visualization rather than data analysis, we would also

like tomentionRunwayML’smost recentmotion tracking tool for video editing5 and

NajeebTarazi’s applicationofRunwayML’s rotoscoping techniques in the impressive

OneMore Try experimental skating video.6

Implementation and Evaluation

Figure 2: Setup of eight GoPro cameras positioned around themusi-

cians.

5 https://runwayml.com/.

6 https://vimeo.com/717945664.
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Hardware Setup

To capture the poses of the 50 musicians, we used a reproducible setup consist-

ing of eight GoPro cameras (see fig. 2). Since we required an affordable solution,

we used off-the-shelf GoPro Hero 5 Black Cameras attached to long tripods with

a 3D-printed mount. A major challenge was positioning the cameras to capture all

the musicians without occluding other people, instruments, or chairs. We resolved

this by calculating, defining, and fixing the positions of the chairs and the camera

tripods for the recordings of the rehearsals. A GoPro Remote served as the control

for the cameras to capture a synchronized recordingof the various views.Alongwith

theGoPro app on a smartphone, itwas also the touchpoint for the setup of the image

detail and verification of the recordings.

Tracking and Data

The resulting video sequences amounted to several terabytes of data. They were

transferred from the cameras to our graphics workstation and processed by an

OpenPose script into CSV files containing the 2D skeleton coordinates of the

persons recognized per time frame. The sets of coordinates represent a frontal

projection of the joint position thatmatches the video image and its pixel space (see

fig. 3). Each set consists of the same number of frames as the video clips. It contains

all the individuals detected alongwith their skeleton joint positions with their x and

y coordinates.

Figure 3: Early visualization of the 2D skeleton data for the musicians.

In the next step the ‘3d-pose-baseline’ script scanned all the OpenPose 2D CSV

files and predicted the skeleton data of the musicians in 3D space. The output was
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also saved in single CSV files with x, y, and z coordinates. To evaluate the resulting

datasets,we developed a visualization prototype,whichwill be described in the next

section.

For a subsequent visualization in Blender7 and Unity3D,8 we wrote a custom

script to convert the data into the Biovision Hierarchy (BVH) character animation

file format (Meredith/Maddock et al. 2001). Based on the fixed position of the cam-

eras and the musicians, we were able to combine the 3D datasets from the different

cameras and instrument groups into the real 3D positions of the whole orchestra in

the hall.

Data Visualization Prototype

To evaluate the data,we developed aweb-based visualization that renders the skele-

ton data on top of the corresponding image in the recorded scenario. We used p5js

(McCarthy/Reas/Fry 2015), a Javascript variant of theProcessing language, for the vi-

sualization. Each frame is parsed via CSV into p5js. All of a person’s joints per frame

are then rendered as lines and ellipses.The colour coding enhances the recognition

of the individual joints and bones.

Figure 4: Real-time prototype for visualizing the skeleton joint positions of a

musicians superimposed on top of an image of the real persons.

The result was a visualization of the dataset on top of the corresponding video

frame.This thus enabled us to recognize the persons in the dataset, including their

positions andmovements, over time. In the example in figure 4, we are observing a

7 https://www.blender.org/.

8 https://unity.com/.
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violin player playing a short sequence. The person’s movements are overlayed with

the drawing of the reconstructed skeleton. Based on the components described, we

were able to evaluate the quality of the reconstructed skeleton data in a first inte-

grated prototype in real-time based on previously recorded video segments subse-

quently analysed in p5js.

Virtual Reality Reexperience

The venue and the space where an orchestra plays are of great importance for its

performance. Because of this significance, for our visualization of the motion data

we worked with virtual reality, because it facilitates a recreation of the room that

can be enteredwith complete freedom.VRwas thus used to visualize and clarify the

data collected.

Unlike in a real concert, in our application the users have the possibility to inter-

vene interactively in what is happening (see fig. 5).They canmove freely around the

concert hall, stand on the conductor’s podium, and turn groups of instruments on

and off, or stand among the musicians, observe their movements and sounds, and

thus expand and understand the spatial and sonic experience of a concert.The im-

mersive nature of this medium offers scope for new, inclusive information delivery.

Various visualizations here reach the user on multiple levels. Like the concert event

itself, VR offers an independent form of experience.

Figure 5: Virtual reality reexperience of the orchestra rehearsal captured.
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Current Developments in Interaction with Visitors

In section one, we described the state of the art and the exciting developments in

pose estimation over the past years. Today, we now have high-quality solutions for

3Dhumanpose estimation likeOpenPose andMeTRAbs forprocessing video record-

ings into skeleton data. Though it is not as precise but much simpler to use due to

its web-based approach, Google MediaPipe facilitates 2D human pose estimation,

hand and/or gesture tracking, object recognition, and many more features in its

browser. Anyone with web-development skills can thus use these machine learning

technologies for their applications.

We think this will also enablemuseums and exhibitions that use these technolo-

gies to prompt their visitors to interact with exhibits.The interactive exhibit there-

fore knows whether and how many people are standing in front of it. It is able to

recognize activating gestures like pointing or waving. And it can even see tangible

objects like artifacts thatmayplay an interactive role in storytelling.And it does all of

thiswitha simple camera inaPC, tablet,or smartphoneanda few linesof JavaScript.

Conclusion and Future Work

We have presented the technology and development of a contemporary digital pro-

cess for capturing all the motions and sounds of a symphony orchestra using com-

mercially available cameras and AI-based 3D pose estimation software. As a result,

the cultural institution of theHof Symphonywas able to communicate its ownwork

to a larger audience by means of new technologies and to improve the internal pro-

cesses of orchestra rehearsals and the training of musicians.

Based on these developments and current technological progress, we have also

described and proposed the use of pose estimation, gesture tracking, and object de-

tection in museum exhibits for interacting with and activating visitors.

We are currently teaching these skills to our students of communication design,

the next generation of designers.These skills have already been applied in the exhi-

bition projectsWalderlebniszentrumMehlmeisel andMaximilian vonWelsch, and in the

workshop series Co-Learning Lab.
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Notes on Contributors

Christoph Bareither is a professor of cultural anthropology with a focus on digital

anthropology at the University of Tübingen.His research and teaching focus on the

ethnographic study of everyday digital cultures.The aim of his work is to contribute

to urgent sociopolitical debates by shedding light on the transformations of every-

day practices and experiences resulting from digital technologies.

JohannesC.Bernhardt (0000-0002-1988-8957) is a cultural historian specializing in

cultural management and digital transformation. After ten years at the universities

of Freiburg, Mannheim and Bochum, he worked at the Badisches Landesmuseum

Karlsruhe from 2017 to 2023 on digitization concepts for historical collections and

the intersection of digitality and participation. He is currently working on several

projects on the development of the digital museum and the possibilities of artificial

intelligence in cultural institutions.

MercedesBunz (0000-0003-2876-0522) is professor in digital culture and society at

theDepartment ofDigitalHumanities atKing’sCollege London.She studiedphilos-

ophy, art history, and media studies at the Free University Berlin and the Bauhaus

University Weimar, and, driven by a deep curiosity about digital technology, wrote

her thesis on the history of the internet. She co-leads the Creative AI Lab, a collabo-

ration with the Serpentine Gallery, London.

Baptiste Caramiaux (0000-0002-4590-106X) is a CNRS researcher at the Institute

of Intelligent Systems and Robotics (ISIR) at the Sorbonne Université in Paris and

a member of the Human-Computer Interaction (HCI) group at the Sorbonne. He

holds a PhD in computer science from the Université Pierre et Marie Curie and an

accreditation to direct research from Université Paris-Saclay. His research focuses

on the study and design of interactions with machine learning and artificial intelli-

gence-based systems as well as applications in the creative and cultural domain, the

medical sector, and education.
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Marion Carré is involved in a range of activities: entrepreneur (CEO of Ask Mona),

teacher (CELSA Sorbonne University, Sciences Po Paris, CNAM), speaker, author,

and artist. Altogether, these different approaches enable her to explore the relation-

ships between art and artificial intelligence from various angles.

Luba Elliott (0000-0001-5758-6389) is a curator, writer, and researcher specializing

in creative AI. Her recent projects include the Feral File exhibition Reflections in the

Water and the ART-AI Festival in Leicester, UK. She is an Honorary Senior Research

Fellow at the UCL Centre for Artificial Intelligence.

Bjoern M. Eskofier (0000-0002-0417-0336) heads the Machine Learning and Data

Analytics (MaD) Lab at the Friedrich Alexander University Erlangen-Nuremberg

(FAU). His research and entrepreneurial agenda revolve around contributions to a

‘digital health ecosystem’.

Melanie Fahden studied cultural sciences and cultural mediation with a focus on

visual arts at the University of Hildesheim. She trained in memorial site education

in 2017 and worked freelance at the Neuengamme Concentration Camp Memorial

until 2020. In parallel, she worked as a teacher in the fields of art and politics-so-

ciety-economy at both a primary school and a city district school. Since 2021 she

has been a research associate responsible for schools (secondary education) andout-

reach and inclusion in theDepartment of Education&Communication at theHam-

burger Kunsthalle.

Daniel Martin Feige (0000-0002-7197-5812) is a professor of philosophy and aes-

thetics at the State Academy of Art and Design Stuttgart. He first studied jazz pi-

ano in Amsterdam, followed by philosophy, German literature, and psychology in

Giessen and Frankfurt amMain. He received his PhD in Frankfurt amMain with a

thesis on Hegel’s philosophy of art, and did his postdoctoral qualification on aes-

thetics at the Free University of Berlin. His research focuses on topics in aesthetics

and anthropology in their relation to topics in theoretical and practical philosophy.

RolandFischer is a curator and sciencewriter based in Basel, Switzerland.He holds

a diploma in interdisciplinary science fromETHZürich and has worked for the edi-

torial desks of several Swiss newspapers in leading positions. His fields of interest

focus on societal questions relating to science and technology—with AI having be-

come an area of special expertise. As a freelancer he runs the art space ‘symbiont’

in Basel and has been involved in a wide range of art/science initiatives, spanning

over a decade of active practice.He recently co-founded the Turing Agency, an artis-

tic/activist network fostering playful experiments with current AI models.
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Lukas Fuchsgruber is an art historian at the Technical University of Berlin. His

research focuses on museum digitization, photo archives, and the history of the

art market. Since 2020 he has been part of the research project Museum and So-

ciety—Mapping the Social, with a case study on the data and platform policies of

museums. In 2021 and 2022–23, he was part of two opensource prototype develop-

ments, one that released a community-oriented archive interface (cooArchi), and a

second one advancing tools for preserving the web-based documentation of artists

(Art Doc Archive). He is a guest researcher at the Museum für Naturkunde Berlin.

Anja Gebauerworked as an artistic staff and research associate at the LudwigMax-

imilian University Munich after studying to become a teacher. In her PhD, she ex-

plored the topics of digital art education and participatory design. She enjoys shar-

ing knowledge by working as a freelancer for several cultural education institutions

(for example, the German Federal Cultural Foundation, the German Museums As-

sociation). She continues to work in digital education as a research associate at the

Hamburger Kunsthalle, where she has been since August 2021.

TabeaGolgath studiedAmerican studies andhistory.Since 2010, shehasbeena con-

sultant formuseums and the arts andhas headed the LINK—AI andCulture funding

program of the Stiftung Niedersachsen since 2018. She is committed to the future-

and user-oriented further development of cultural (institutions) through interdis-

ciplinarity, agility, and digitality.

Oliver Gustke (0009-0007-4393-2018) is a scientific journalist in the field of cultural

heritage and product owner of amultimedia guide software suite for LinonMedien.

He conducts research on bringing AI-like communication techniques together with

classical museum education tools and, overall, on finding new approaches to ex-

plaining cultural heritage to a broader audience.

OumaimaHajri is a researcher and lectures at the RotterdamUniversity of Applied

Sciences.Her work focuses on the intersection of AI, ethics, and society. For the De-

signing Responsible AIMedia Applications project, she, in collaborationwithDutch

media organizations, is investigating howAI canbe applied in a responsiblemanner

within themedia context.Furthermore, she is currently part of thefirst cohort of the

MSt in AI ethics and society at the University of Cambridge, wherein she conducts

research on the sociopolitical impact of AI,mainly focussing on decolonization and

demystification.

Yannick Hofmann lives and works as an artist and researcher in Karlsruhe and

Stuttgart. As the artistic director of the ’intelligent.museum’ project since 2020,

he collaborates with a team of software developers and museum visitor research
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experts, pushing the boundaries of hybrid formats and applications for the future of

museums.Having spent almost a decade at the ZKM | Center for Art andMedia, he

co-directed their artistic research and production department before completing a

year-long research stay at the Deutsches Museum. Hofmann has been a researcher

at the Fraunhofer Institute for Industrial Engineering IAO since mid-2023.

Isabel Hufschmidt (0000-0002-4832-1298) lives and works in Vienna. She obtained

a PhD in art history at the University of Cologne in 2009. Her areas of research in-

cludemuseumstudies, sculpture from the nineteenth century to the present, prove-

nance research, and queer and decolonial strategies in institutional practice. From

2016 to 2020, she was the curator for research, academic cooperation, and prove-

nance research at the Museum Folkwang, Essen, and from 2021–2023 senior scien-

tist for ExpandedMuseum Studies at the University of Applied Arts Vienna.

Franz Köferl (0000-0002-3568-5324) has been a researcher at the Machine Learn-

ing and Data Analytics Lab at Friedrich Alexander University Erlangen-Nuremberg

since 2017. His research topics include the application of computer vision methods

in industry settings and privacy-compliant tracking for visitor research in muse-

ums.

Max Koss (0000-0001-6026-8250) is a research associate at Leuphana University

Lüneburg, Germany. Max holds a PhD from the University of Chicago. Before join-

ing Leuphana,Maxwas a doctoral fellow of the Kunsthistorisches Institut Florenz –

Max-Planck-Institut and the Prussian Cultural Heritage Foundation.

Jindong Li (0000-0002-3550-1660) received his bachelor’s degree in biomedical en-

gineering from Northeastern University, China. He is currently a master’s student

ofmedical technology at Friedrich AlexanderUniversity Erlangen-Nuremberg,Ger-

many.He has a great interest in computer vision and experience in object detection.

Fabio Mariani (0000-0002-7382-0187) is a research associate at Leuphana Univer-

sity Lüneburg, Germany, where he is also a PhD candidate on the topic of ‘vague,

incomplete, subjective, and uncertain information in digital art history’. After re-

ceiving a bachelor’s degree in history, he obtained a master’s degree in digital hu-

manities at the University of Bologna in 2020.

Ana Müller (0000-0002-4960-082X) is a research group leader at TH Köln – Uni-

versity of Applied Sciences, currently pursuing her Ph.D. at the CologneCobots Lab.

With a background in Sociology, she eagerly engages in interdisciplinary research

in social robotics, with a particular interest in unraveling the complexities of how
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people interact with robots in public spaces, especially in interactions withmultiple

human users.

Oonagh Murphy (0000-0002-5095-8861) is a senior lecturer in digital culture and

society at Goldsmiths, University of London. She is based in the Institute for Cre-

ative and Cultural Entrepreneurship, where her research focuses on the scalability

of emerging technologies for museums, galleries, and cultural organizations.

ClemensNeudecker (0000-0001-5293-8322) studied philosophy, computer science,

and political science at the Ludwig Maximilian University Munich and currently

works as a research advisor in the directorate general of the Staatsbibliothek zu

Berlin – Preußischer Kulturbesitz (Berlin State Library). His research focuses on

computer vision, natural language processing, and the application of machine

learning in the context of digitization, cultural heritage, and the digital humanities.

Anke Neumeister (Dipl. Biol.) (0000-0002-2245-966X) works as a multimedia

public relations manager in the communication and marketing department at

the German Oceanographic Museum in Stralsund. She holds a diploma in human

biology. As a research associate from 2021 to 2023, she coordinated the subproject

(Digital) MEER erleben of the German Oceanographic Museum in the network

museum4punkt0. She was also a scientific volunteer at the Senckenberg Museum

für Naturkunde in Görlitz from 2018 to 2020 and was involved in the subproject

‘Explain, understand and participate in research in museums’.

Tillmann Ohm (0000-0003-3164-4661) is a creative technologist and artist working

on curatorial software systems as a research fellow for Cultural Data Analytics (CU-

DAN) at Tallinn University. He graduated with a degree in free arts from Bauhaus

University and is doctoral candidate in information society technologies at Tallinn

University.

Lukáš Pilka is a digital designer and media theorist focussing on interactive and

communicationdesign,contemporary technologies,newmedia,and theoverlapbe-

tween these fields and the world of fine art.His research at the Academy of Arts, Ar-

chitecture andDesign in Prague focuses on the use of computer neural networks for

the automated classification and quantitative interpretation of works of art, partic-

ularly classical paintings, drawings and prints.

Etienne Posthumus (0000-0002-0006-7542) is a senior researcher at the FIZ Karl-

sruhe—Leibniz Institute for information infrastructure in the Information Service

Engineering group, and is a consultant to the Allard Pierson Amsterdamon the Cre-

ativeUser Empowerment collaboration.He is the creator of the ICONCLASS system
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for digital art history and has broad experience in cultural heritage computing ap-

plications.

Cecilia Preiß is a media scientist and curator with a research focus on digital arts

and technologies. She studied literature, art andmedia studies at the universities of

Constance, Venice, and Bochum and subsequently completed her PhD on contem-

porary media art and sensory perception at the DFG Research Training Group ‘The

Documentary: Excess and Privation’ at the Ruhr-University Bochum. At the ZKM |

Center for Art and Media in Karlsruhe, she dedicated herself to the intersection of

art, science, and technology. Since November 2023, Preiß has been working as an

expert for AI and digital technologies at the experimenta in Heilbronn.

AnjaRichert (Prof.Dr.) (0000-0002-3940-3136) is a professor of innovationmanage-

ment. She is the founder of the Cologne TrainING Center and the Cologne Cobots

Lab, an interdisciplinary laboratory for collaborative and social roboticswith a focus

onsociotechnical systemsandHuman-Robot-Interactionacrossdiverseapplication

contexts. Her teaching and research areas include social robotics, digital learning,

andwork environments, as well as data-driven innovationmanagement. Currently,

she holds the position of Dean at the Faculty of Process Engineering, Energy, and

Mechanical Systems at TH Köln – University of Applied Sciences.

Lynn Rother (0000-0003-0993-3985) is the Lichtenberg Professor for Provenance

Studies andDirector of the Provenance Lab at LeuphanaUniversity, Lüneburg,Ger-

many. She previously held research positions at The Museum of Modern Art, New

York, and the Berlin StateMuseums,with a focus on twentieth-century provenance

and digital initiatives.

Aaron Ruß is senior software engineer at the German Research Centre for Artifi-

cial Intelligence (DFKI). He has been and is involved in research projects involving

speech-enabled user interfaces in multimodal mobile interfaces and inclusive user

interfaces.

Naga Venkata Sai Jitin Jami (0000-0002-3292-6225) is a graduate student in com-

putational engineering at the Friedrich AlexanderUniversity Erlangen-Nuremberg,

Germany. He is current working as a research assistant in the AIBE Department

at Friedrich Alexander University Erlangen-Nuremberg. His research interests

broadly fall in the areas of physics-inspiredmachine learning and computer vision.

Stefan Schaffer (0009-0007-4788-6848) is head of the Cognitive Assistants group

in Berlin and a senior researcher at the German Research Centre for Artificial In-
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telligence (DFKI). His research interests include conversational AI and multimodal

human-computer interaction.

Michael Schiffmann (0000-0002-7328-9859) has a degree in engineering with a fo-

cus on automation technology. Currently, he works as a research associate and is

pursuing his Ph.D. at TH Köln University of Applied Sciences. His research primar-

ily centers on developing and researching systems to enhance the quality of inter-

actions between social robots and humans in public spaces, including autonomous

evaluation and self-learning capabilities.

Arno Schubbach (0000-0003-4536-3940) is a mathematician and philosopher. He

teaches and conducts research at the FHNW Academy of Art and Design Basel and

the Friedrich Schiller University Jena.The focus of his research is on theories of cul-

ture, art, technology, and science and philosophy since the eighteenth century.

Rainer Simon (0000-0002-4116-9684) is a senior research software engineer affili-

ated with the Austrian Institute of Technology in Vienna. He has been working in

the field of knowledge engineering and user interface design formore than 20 years

and has collaborated with major GLAM and academic partners worldwide.

NicoleHigh-Steskal (0000-0002-9823-5507) is a coursedirector and senior research

associate at the University of Continuing Education Krems. With a background in

archaeology,her research and teaching focus on topics of digital transformation and

knowledge organization in GLAM institutions.

Sonja Thiel (0000-0002-0443-3685) has been a digital catalyst for artificial intelli-

gence at the Badisches LandesmuseumKarlsruhe since 2021 and leads the AI devel-

opment for the museum. She has a background in modern history and philosophy

and has worked as a curator for participatory processes at various cultural history

museums.From2014 to 2020,shedeveloped theblended learningacademyprogram

museOn at the University of Freiburg in Breisgau which was addressed to museum

staff as a scientific training program.

Dario Zanca (0000-0001-5886-0597) received a PhD in smart computing from the

University of Florence, Italy. He is currently a postdoctoral researcher in the AIBE

Department, Friedrich Alexander University Erlangen-Nuremberg, Germany. His

research interests broadly fall in the areas of computer vision andmachine learning.

Michael Zöllner is a professor of interaction and information design at the Hof

University of Applied Sciences and head of the Interaction & Data Driven De-

sign research group at the Institute for Information Systems (iisys). His research
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focuses on the conception and development of interactive information systems,

creative code/generative design, and the mediation and translation of emerging

technologies. He studied design at the University of Applied Sciences Würzburg-

Schweinfurt and at the imedia Academy (RISD) in Providence, Rhode Island, USA.

From 2004 until 2012 he was deputy department head of the Augmented & Virtual

Reality Department of Fraunhofer IGD in Darmstadt.

MatthiasZuerl (0000-0002-9678-166X) studiedmathematics and physics with a re-

search focus on the field of semiconductor physics. Since graduating, he has been

working at the Machine Learning and Data Analytics Lab. His research focuses on

the development of deep learning algorithms for the automated observation of an-

imals.



Abstracts

Mercedes Bunz, The Role of Culture in the Intelligence of AI

Artificial intelligence has received a new boost from the recent hype about large lan-

guage models. However, to avoid misconceptions, it is better to speak of ‘machine

intelligence’. In addition to reflecting on current processes, the cultural sector can

benefit from very specific machine learning approaches to transfer literary meth-

ods such as ‘distant readings’ and find new connections in cultural data. In light of

resource and exploitation problems, what is needed is a ‘critical technical practice’

(Agre) that brings together various actors, productively engageswith AI’s own logics

and error cultures, and uses its potential to cope with the flood of information.

Daniel M. Feige, Why AI Cannot Think

In the context of the recent interest in large languagemodels (LLMs) and image cre-

ation using artificial intelligence, the debate about whether AI is capable of reason-

ing arises again and again.This paper argues that it is a mistake to understand the

outputs of artificial intelligence in terms of an expression of thinking. It draws on

both phenomenological arguments (Dreyfus, Cantwell Smith) and arguments from

the context of an analytic anthropology (Davidson, McDowell): To be a thinking be-

ing, onemust be able not only to operate with representations of the world, but also

to understand them as representations of the world. To be a thinking being one also

has to be a bearer of a form of life.

Arno Schubbach, AI and Art: Arguments for Practice

Recent advances in the computer generation of pictures using methods and pro-

grams from artificial intelligence research, or, more precisely, machine learning,

have once again raised the question ofwhether computers canmake art.Based onA.

Michael Noll’s early experiments with computer art from the 1960s, I argue by con-

trast that even the latest tools cannot dowithout humanwork and canonly be part of

an artistic practice thanks to this work. Rather than asking whether machines can

make art, we should therefore develop creative practices in which it is possible to

leverage the potential of new techniques for design and art.
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Oumaima Hajri, The Hidden Costs of AI: Decolonization from Practice

back to Theory

Thispaper is dedicated to the ethical and societal aspects of artificial intelligenceand

focuses on twomain topics: the hidden costs of AI and the importance of taking re-

course to theory. Investigating the hidden costs of AI is crucial because, while there

is a positive narrative surrounding its potential benefits, we must also consider its

impact.Who benefits from it? Andwho is furthermarginalized? In addition,under-

standing the underlying logic(s) and theories is essential before jumping to techno-

logical innovations, in order to prevent the reduction of complex societal problems

to mere technological solutions.

Lukas Fuchsgruber, Dead End or Way Out? Generating Critical Information

about Painting Collections with AI

Thispaperpresents issues fromcritical researchonAI ingeneral andattempts to ap-

ply these criticisms to the museum sector. AI projects in museums should critically

document the use of these algorithms, the use of labour, datasets, and industrial

technologies, and how they assess the impact of these facts on their methodology.

Secondly, the text shifts the focus to digital collaboration in producing and apply-

ing training data.The existing power alliance betweenmuseums and the digital in-

dustry can be confronted by linking digital art history and social questions—thus

necessitating collaborations with social studies and social movements.

Oonagh Murphy, Power, Data and Control: AI in the Museum

The use of artificial intelligence technologies is becoming more prevalent in muse-

ums, andwith these emerging technologies come emerging forms ofmuseumprac-

tice. Aligning the technological possibilities of AI with the ethical and social respon-

sibilities of museums has led to an emerging area of museum practice that focuses

on power, data, and control within the context of museum collections and visitor

management. This paper presents a range of ethics frameworks and models that

can be used to support museum professionals working at the cutting edge of this

burgeoning field.

Sonja Thiel, Managing AI: Developing Strategic and Ethical Guidelines

for Museums

How can a strategy and ethical guidelines be developed for the use of AI in muse-

ums? Based on the Creative User Empowerment project, inwhichmanagement and

ethical issues have been discussed, this paper presents lessons learned and guiding

principles and questions that can be used as a starting point for the ethics andman-

agement of AI solutions in museums. The paper concludes with a proposal for the

future role of museums as facilitators of ethical discussions in different areas of AI,
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based on their core competencies ofmediation, education, and reflection in relation

to collections.

Christoph Bareither, Museum-AI Assemblages: A Conceptual Framework

for Ethnographic and Qualitative Research

How can we better understand the role of artificial intelligence in museums and

critically evaluate their potential for professionalmuseumwork?This chapter intro-

duces an analytical concept of museum-AI assemblages: sociotechnical ensembles

that constitute, stabilize, and transform the constantly changing relations between

AI technologies,humanbeings,material objects, and real or virtual environments in

the context of museums.The concept is designed to foster ethnographic and quali-

tative research that can provide insights into the transformations thatmuseums are

currently undergoing due to AI technologies.

Baptiste Caramiaux, AI with Museums and Cultural Heritage

Thispaper discussesAI in the context of cultural heritage.First, I contextualizewhat

we call AI, particularly with respect to infrastructure. With this representation in

mind, my first objective is to outline the opportunities that AI can bring to these

sectors, as identified in a series of reports and white papers edited by European in-

stitutions. In these reports, we have, however, barely grasped the need for stake-

holders in these sectors to have their say on how they see this technology and how

it should be integrated into their practice and organizations.My second objective is

thus to highlight the fact that AI is not just a source of opportunities, as this would

obscure the sociocultural and sociotechnical implications of integrating AI into ex-

isting practices.

Isabel Hufschmidt, Troubleshoot? A Global Mapping of AI in Museums

This paper introduces a global mapping on the use of artificial intelligence inmuse-

ums. It was conducted in collaboration with students in the master’s program Ex-

panded Museum Studies at the University of Applied Arts Vienna. Guided by the

central research interest of identifying the motivations, contexts, goals, and chal-

lenges surrounding the use of AI in museums, the mapping aims to help assess the

relevance and development prospects of AI in the museum field, both from a global

perspective and on a comparative basis.

Clemens Neudecker, Digital Curation and AI: Opportunities and Risks

for Cultural Heritage Institutions

Numeroususe cases, fromtext recognition to imageanalysis or classification to con-

textualization, have already demonstrated how digitization and curation can ben-

efit from the use of AI. But applying black-box technologies from the private sec-

tor to cultural data without fully understanding the implications also involves risks.
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This paper presents two examples of the adoption of AI in cultural heritage from

the Staatsbibliothek zu Berlin (Berlin State Library), highlights some of the recent

criticisms of data practices in the domain of AI, and offers ideas and suggestions re-

garding the potential role and contribution of digital curators and cultural heritage

institutions for the benefit of AI.

Fabio Mariani, Lynn Rother, Max Koss, Teaching Provenance to AI:

An Annotation Scheme for Museum Data

Ourpaper addresses howartificial intelligence technologies can transformmuseum

records of provenance into structured andmachine-readable data,which is the first

critical step in undertaking a large-scale cross-institutional analysis of object his-

tory. Drawing on research on natural language processing (NLP), we have identi-

fied sentence boundary disambiguation and span categorization as highly effective

techniques for extracting and structuring information from provenance texts. Our

paper focuses on a provenance-specific annotation scheme that enables us to retain

historical nuances when constructing provenance linked open data (PLOD).

Tabea Golgath, The Funding Program LINK—AI and Culture:

Five Lessons Learned after Five Years

Given the immense impact of AI on society and theworld ofwork, amajor impact on

culture can also be assumed. Inwhich areas in the field of culture is AI being applied

andwhat are the consequences for human artists? Is interdisciplinary collaboration

between culture and science easily possible and how is authorship being changed by

technology? Over the past five years, the LINK funding program has been trying to

answer fundamental questions with the help of experiments. A special AI school for

artists and mixed collaborations between experts in AI and culture have produced

valuable insights.There is no doubt that culture has the possibility to make AImore

transparent and to question it critically at the same time.

Luba Elliott, Discovering Culture with AI

Thepast fewyears have seen a rapiddevelopment inAI capabilities and applications,

including in the fields of art and culture. Machine learning tools now find a variety

of uses in cultural institutions, such as improving accessibility, aiding research, and

providing new forms of audience engagement by means of roaming robots, deep-

fake installations, chatbots, and interactive image processing applications. Muse-

ums simultaneously serve as venues for AI art exhibitions and discussions of tech-

nology ethics. This paper provides an overview of creative AI practices of cultural

institutions, showcases artistic exploration with AI, and considers tools for public

engagement with museum collections.
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Marion Carré, Post-Truth: Archives, GPT-2, and Fake News

This paper explores the intricate relationships between art, AI, archives, and truth

through delving into the creation and detection of fake news and forgeries. By

means of AI-generated texts, the study examines the living nature of archives

and the impact of crowdsourcing on truth perception. AI’s dual role in facilitating

forgery and aiding detection is explored, thus emphasizing the importance of

critical thinking and education as safeguards against deception. Museum profes-

sionals play a crucial role in raising awareness about the challenges posed by digital

manipulation.

Roland Fischer, Imposter Syndrome: GPT-3 between Fact and Fiction

This textdelves into the role offictionand storytelling in the context ofGPT-3,apow-

erful languagemodelwith the ability to generatehuman-like text.Drawing fromfic-

tion theory and historical examples of illusionism such as the Mechanical Turk, the

discussion highlights the potential ofGPT-3 for entertainment and creative applica-

tions. By examining the connection between the art of storytelling, imposture, and

the emergence of artificial intelligence, the text provides insights into the blurred

boundaries between human and machine-generated content. The discussion also

considers the cultural and psychological implications of engaging with machine-

generated fiction in societies with a deeply ingrained appreciation for the art of sto-

rytelling.

Tillmann Ohm, Algorithmic Exhibition-Making: Curating with Networks

and Word Embeddings

Thispaper characterizes thepotential ofnetworksandembeddings for curatorial se-

lection processes using the case of our algorithmically curated exhibition at HALLE

14—Center for Contemporary Art Leipzig. The curatorial process involved the con-

struction of an undirected bipartite network of artworks and associated keywords,

further enrichedwith keyword embeddings based on theConceptNetNumberbatch

dataset.The algorithmic selection of artworks was initially topic-guided and based

on keyword associations.Three distinct communities within the network were then

used to divide the exhibition into subtopics. Visualizing these communities cre-

ated a coherent, conceptually focussed display serving both curators and visitors,

demonstrating as such the capacity of network-based analysis in curatorial practice.

Nicole High-Steskal and Rainer Simon, Evaluating the Blackbox:

Linking Viennese Art through AI

The pilot project LiviaAI examines the use of artificial intelligence to identify con-

nections between objects from three Viennese museums (Wien Museum, Museum

für Angewandte Kunst, Belvedere MuseumWien). In the first project phase, collec-

tion metadata and their creation were examined in order to derive specifications
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for an AI model for similarity determination. In the current phase of the project, a

model that uses the metadata of a selected collection as input to learn cross-collec-

tion visual representations of similarity is being developed. The goal is to evaluate

the model in terms of its practical utility for curators and museum visitors and to

gain insights into AI decision-makingmechanisms.

Lukáš Pilka, Clouds of Symbols: The Digital Curator Project

In theClouds of Symbols:TheDigital Curator project, Lukáš Pilka explores the inter-

section of computer vision and art curation using the experimental web application

digitalcurator.art. A key component of the app is quantitative iconographical analy-

sis, which uses proprietary neural networks designed to classify motifs and sym-

bols in historical artworks.The basis of the project is a unique, extensive database of

196,000 works, mostly paintings, drawings, and prints, sourced from 90 museums

across Austria, Bavaria, the Czech Republic, and Slovakia. The database and sym-

bol detection focuses on Central European art, thus reflecting the shared cultural

history of the region.

Sonja Thiel and Etienne Posthumus, xCurator: AI Curation Tool

for Museum Data & User Empowerment

TheBadisches LandesmuseumKarlsruhe and the Allard Pierson Amsterdam collab-

orated on the project Creative User Empowerment (2021–23), resulting in the devel-

opment of the xCurator tool. This AI-powered curation tool enhances the accessi-

bility of and engagement with digital museum collections. It uses AI technologies

to suggest relevant objects and information based on individual user interests, thus

providing themwith apersonalized andmore in-depth explorationof the collection.

Users can interact with large languagemodels (LLMs) enrichedwith collection data,

thus enabling them to write about and share objects. Despite being experimental,

this signifies a shift in the role of museums and cultural heritage in the digital age.

Yannick Hofmann and Cecilia Preiß, Say the Image, Don’t Make It: Empowering

Human-AI Co-Creation through the Interactive Installation Wishing Well

Yannick Hofmann and Cecilia Preiß discuss the use of AI technologies in art by

means of the interactive installation Wishing Well. Wishing Well by media artist

Yannick Hofmann uses generative AI to transform the dreams, wishes, and fan-

tasies expressed by exhibition visitors into images. Central aspects addressed are

the use of AI technologies in art and the challenged identity of art in the face of

new technical tools. The text discusses how co-creativity between humans and

machines can be facilitated, as well as conveying ethical dilemmas that are to be

expected in any use of generative AI. In this way,Wishing Well is representative of

the ’intelligent.museum’ project, within whose framework it was developed.
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Oliver Gustke, Stefan Schaffer, Aaron Ruß, CHIM—Chatbot in the Museum:

Exploring and Explaining Museum Objects with Speech-Based AI

CHIM—Chatbot in theMuseumwas a researchproject duringwhichwedeveloped a

chatbot prototype that is able to provide answers to users’ questions aboutmuseum

objects. CHIM was developed by Linon Medien KG and the Deutsches Forschungs-

zentrum für Künstliche Intelligenz (DFKI).The interactive conversation systemwas

implemented as an Android-based demonstration app and tested at the Städel Mu-

seum, Frankfurt amMain, in the spring of 2022.The results showed that upcoming

chatbot-based systems might motivate and encourage museum visitors and con-

tribute to participation.

Melanie Fahden and Anja Gebauer, With AI to Art!

Chatting with Helen of Troy and Co. through IBM Watson

Helen in front of burning Troy, Medea with a bottle of poison—what tales are told

about these so-called femmes fatales? Or—even more importantly—what are the

stories that they themselves would tell, and what questions do young people have

for these characters? For the exhibition FEMME FATALE: Gaze—Power—Gender at

the Hamburger Kunsthalle, teenage students assisted in the development of an

AI-based chatbot within a participatory project. They selected artworks, generated

criteria, and created content for a text-based dialogue system.Artificial intelligence

facilitates lively conversations with six characters,making themes around themyth

of the femme fatale accessible interactively.

Ana Müller, Michael Schiffmann, Anke Neumeister, Anja Richert, Exploring

Beyond the Exhibits: Creating Knowledge for Social Robots in Public Spaces

Theuse of social robots inmuseums is a growing area of research.This study aimed

to evaluate how visitors interact with a social robot connected to an artificially intel-

ligent dialogue system.The study was conducted over a period of three weeks at the

OZEANEUMmuseum in Stralsund using a Furhat robot and an AI backend system.

During the study, we compiled a database of 3,268 utterances spoken in situated

interactions with the robot. The study offers lessons learned and best practices for

operators of social robots in public spaces, as well as regarding user expectations

and systems knowledge. In conclusion, our findings suggest that social robots—if

well designed—have the potential to significantly enhance the visitor experience in

museums and other public spaces.

Franz Koeferl, Matthias Zuerl, Jitin Jami, Jindong Li, Dario Zanca, Bjoern

Eskofier, Tracking the Visitor: Optical Indoor System for Visitor Research

in Museum

The analysis of the success of any exhibition depends on the visitor experience.The

data required for analysis is usually painstakingly collected by hand. We propose a
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large-scale optical tracking pipeline to estimate visitor data such as visit trajectory,

duration, and, potentially, other personal parameters like age, weight, and sex, yet

remain ethically acceptable by obtaining visitor consent. We further show, in pre-

liminary results, that the edge device has a localization error of 0.64 meters and an

average precision of 0.2. With this work-in-progress, we intend to ensure a viable

alternative to current data collection processes in museum research.

Michael Zöllner, Markus Bosl, Dirk Widmann, Moritz Krause, Symotiv:

Virtual Insights into the Symphony Orchestra

Thetechnologies for capturingmotionandvisualizingdatahave facilitatednewpos-

sibilities for describing complex systems to a broader audience. We used the latest

methods of motion analysis throughmachine learning and/or artificial intelligence

and visualization in virtual and augmented reality (VR/AR) in order to analyse and

explain how the Hof Symphony Orchestra works. We therefore showed diverse as-

pects from rehearsal to performance to a broad audience via interactive immersive

extended reality experiences. In this paper, we describe the process and the impli-

cations of tracking the movement and gestures of visitors in cultural spaces.



PUBLISHING.  
KNOWLEDGE. TOGETHER.
transcript publishing stands for a multilingual transdisciplinary pro-
gramme in the social sciences and humanities. Showcasing the latest 
academic research in various fields and providing cutting-edge diagno-
ses on current affairs and future perspectives, we pride ourselves in the 
promotion of modern educational media beyond traditional print and 
e-publishing. We facilitate digital and open publication formats that can 
be tailored to the specific needs of our publication partners.

O U R  S E R V I C E S  I N C L U D E
• partnership-based publishing models

• Open Access publishing

• innovative digital formats: HTML, Living Handbooks,  

and more

• sustainable digital publishing with XML

• digital educational media

• diverse social media linking of all our publications

Find  our  la test  cata logue at  www.transcr ip t-pub l ish ing.com/newbookspdf

Vis i t  us  on l ine:  www.transcr ipt-publ ish ing.com

https://www.transcript-publishing.com
https://www.transcript-publishing.com/newbookspdf



	Cover
	Contents
	Foreword
	Introduction
	Reflections
	Perspectives
	Applications
	References

	Part 1: Reflections
	The Role of Culture in the Intelligence of AI
	Possible Roles of Archives and Museums in Machine Learning Development
	Critique of AI
	Different Logics
	Potentials and Perspectives
	References

	Why AI Cannot Think
	On Changing the Subject: The Turing test and the Causal Impact of Reality
	On Having the World Embodied in View: Dreyfus and the Worldlessness of Artificial Intelligence
	Humans as Bearers of a Form of Life: McDowell on ‘Life’ as a Transcendental Concept
	References

	AI and Art
	Michael Noll’s Early Computer Art: ‘Human or Machine?’
	AI, Art, and Practice
	Conclusion
	References

	The Hidden Costs of AI
	AI as an Instrument
	AI as an Infrastructure
	AI as an Ideology
	Conclusion
	References

	Dead End or Way Out?
	Beyond Tech‐Solutionism in Art History and Museums
	A Sensitive Approach
	Collaborative Development of Digital Tools
	References

	Power, Data and Control
	Narratives and Practice
	AI in (Museum) Practice
	Models of Ethical AI (Museum) Practices
	Conclusion
	References

	Managing AI
	Towards a Working Definition of Artificial Intelligence
	Artificial Intelligence in Museums—Strategic Approaches
	Ethical Frameworks for Museological Practice
	Reflecting on Underlying Normative Assumptions
	Normative Requests—Desirable Functions of AI Systems
	Choice of AI Models—Decisive Criteria
	The Value of Cultural Heritage Data

	Towards a Methodology of Research Practice
	Between Experimental and Strategic Approaches
	Defining Goals and Success Criteria for AI Projects—A Museological Transfer

	Conclusion—Introducing the Museum as Place for Soft Ethics
	References

	Museum‐AI Assemblages
	Museum‐AI Assemblages
	From Museum Assemblages to Museum‐AI Assemblages: The Case of a Museum Chatbot
	Zooming into the Museum‐AI Assemblage
	Conclusion
	References


	Part 2: Perspectives
	AI with Museums and Cultural Heritage
	Framing ‘AI’
	Technique
	Terminology
	Infrastructure

	A Tool for Museums and Cultural Heritage
	Archiving, Cataloguing, Managing Information
	Proposing More Engaging Services for the Audience
	Managing Visitor Experience
	Creating

	Cultural Heritage Practice and AI
	Data Curation
	Cultural Politics and Narratives

	Conclusions
	References

	Troubleshoot?
	State of Research: AI in the Museum Today
	Mapping
	Africa
	Asia
	The Americas
	Australia
	Europe

	Summary
	References

	Digital Curation and AI
	Opportunities
	QURATOR: Automated Curation Technologies for Digitized Cultural Heritage
	Mensch.Maschine.Kultur: AI for Digital Cultural Heritage
	Risks
	Cultural Heritage Institutions and Digital Curation for AI
	Conclusion
	References

	Teaching Provenance to AI
	The Nature of Provenance Texts
	A Provenance‐Specific Annotation Scheme
	Conclusion
	References

	The Funding Program LINK—AI and Culture
	What Are the Application Areas for AI in Culture?
	How Does AI Change Culture and How Does Culture Change AI?
	A Question of Dominance—Art with AI or AI with Art?
	Who is the Creator of Art? Human, Machine, or Coder?
	What Happens When Science and Culture Work Together?
	Culture Shapes the Future
	References

	Discovering Culture with AI
	Post‐Truth
	Archive and Truth
	Becoming a Forger
	Artistic Processing
	Living Organism
	Selective Memories
	The Post‐Truth Archive

	Detecting Fake News
	References

	Impostor Syndrome
	Large Language Models as Entertainment
	Large Language Models as Impostors
	Large Language Models as Storytellers—Used Best in which Contexts?
	References


	Part 3: Applications
	Algorithmic Exhibition‐Making
	Case Study
	Collection Data
	Network Construction
	Selection Process
	Exhibition Display
	Discussion
	References

	Evaluating the Blackbox
	Research Process
	Evaluation Steps
	Conclusion
	References

	Clouds of Symbols
	Database
	Symbol Detection
	Results
	References

	xCurator
	Vision und Goals
	Data Foundations
	Participants and Stakeholders
	Audience Segmentation
	Focus Groups

	Experimental Space and the Datalab
	Limits and Obstacles to the Development
	xCurator Tool
	References

	Say the Image, Don’t Make It
	Interacting with the Installation—Co‐Creativity and Accessibility
	Concept
	Wishing Well—A Readymade?
	Say the Image—Don’t Make It

	Technical Details and Functioning
	Software Pipeline
	Dataset

	Ethical Implications
	Conclusion
	References

	CHIM—Chatbot in the Museum
	AI as an Assistant in the Educational Field
	Key Facts about CHIM—Chatbot in the Museum
	Technical Implementation
	CHIM Field Test
	Lessons Learned and Conclusion
	References

	With AI to Art!
	Chatbots in Museum Art Education
	Medusa Memes and More—Project Development in Cooperation with a City District School
	Chat with Six Femmes Fatales—Insights into the Results
	On the Negotiation of Demands—A Conclusion
	Outlook: AI‑Based Dialogues in Digital Art Mediation
	References

	Exploring Beyond the Exhibits
	Related Work
	Methodology
	The Research System
	Workshop
	The Field Study

	Results from Interaction Categories and Codes
	Museum
	Small Talk
	User Statements
	Quantified Knowledge

	Conclusion
	References

	Tracking the Visitor
	Related Work
	Tracking System
	Experimental Setup
	Evaluation
	Discussion
	Conclusion
	References

	Symotiv
	Related Work
	Implementation and Evaluation
	Hardware Setup
	Tracking and Data
	Data Visualization Prototype

	Virtual Reality Reexperience
	Current Developments in Interaction with Visitors
	Conclusion and Future Work
	References


	Notes on Contributors
	Abstracts
	Mercedes Bunz, The Role of Culture in the Intelligence of AI
	Daniel M. Feige, Why AI Cannot Think
	Arno Schubbach, AI and Art: Arguments for Practice
	Oumaima Hajri, The Hidden Costs of AI: Decolonization from Practice back to Theory
	Lukas Fuchsgruber, Dead End or Way Out? Generating Critical Information about Painting Collections with AI
	Oonagh Murphy, Power, Data and Control: AI in the Museum
	Sonja Thiel, Managing AI: Developing Strategic and Ethical Guidelines for Museums
	Christoph Bareither, Museum‐AI Assemblages: A Conceptual Framework for Ethnographic and Qualitative Research
	Baptiste Caramiaux, AI with Museums and Cultural Heritage
	Isabel Hufschmidt, Troubleshoot? A Global Mapping of AI in Museums
	Clemens Neudecker, Digital Curation and AI: Opportunities and Risks for Cultural Heritage Institutions
	Fabio Mariani, Lynn Rother, Max Koss, Teaching Provenance to AI: An Annotation Scheme for Museum Data
	Tabea Golgath, The Funding Program LINK—AI and Culture: Five Lessons Learned after Five Years
	Luba Elliott, Discovering Culture with AI
	Marion Carre, Post‐Truth: Archives, GPT‑2, and Fake News
	Roland Fischer, Imposter Syndrome: GPT‑3 between Fact and Fiction
	Tillmann Ohm, Algorithmic Exhibition‐Making: Curating with Networks and Word Embeddings
	Nicole High‐Steskal and Rainer Simon, Evaluating the Blackbox: Linking Viennese Art through AI
	Lukas Pilka, Clouds of Symbols: The Digital Curator Project
	Sonja Thiel and Etienne Posthumus, xCurator: AI Curation Tool for Museum Data & User Empowerment
	Yannick Hofmann and Cecilia Preiß, Say the Image, Don’t Make It: Empowering Human‐AI Co‑Creation through the Interactive Installation Wishing Well
	Oliver Gustke, Stefan Schaffer, Aaron Ruß, CHIM—Chatbot in the Museum: Exploring and Explaining Museum Objects with Speech‐Based AI
	Melanie Fahden and Anja Gebauer, With AI to Art! Chatting with Helen of Troy and Co. through IBM Watson
	Ana Müller, Michael Schiffmann, Anke Neumeister, Anja Richert, Exploring Beyond the Exhibits: Creating Knowledge for Social Robots in Public Spaces
	Franz Koeferl, Matthias Zuerl, Jitin Jami, Jindong Li, Dario Zanca, Bjoern Eskofier, Tracking the Visitor: Optical Indoor System for Visitor Research in Museum
	Michael Zöllner, Markus Bosl, Dirk Widmann, Moritz Krause, Symotiv: Virtual Insights into the Symphony Orchestra




