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Formore than ten years now,we havewitnessed an AI boomaffecting basically

all areas of culture and society, including the scientific field.This book explores

the potentially profound transformation in academic research.

Such a focus is not only aiming at the question of AI’s impact, be it as a

technology, a component of a larger infrastructure, or a tool. It is also about

exploringwhat AI as a concept actuallymeans,which different techniques and

approaches it addresses, to what extent it might be important to continue the

long tradition of problematizing it, and last but not least, how a particular un-

derstanding of AI might be transformed by the practices and conditions of its

scientific situatedness and application (Suchman 2006).

As a point of departure for the following considerations, we engage with

the history of AI as a contest between two fundamental approaches: the sym-

bolic and the subsymbolic (see also Dreyfus/Dreyfus 1988: 15–43). The former,

also known as GOFAI (Good Old-Fashioned Artificial Intelligence), processes

knowledge and tasks based on logical or rule-based procedures. Knowledge is

explicitly represented, often hard-coded and manually entered into the sys-

tem by experts.The latter is characterized by the fact that corresponding pro-

cedures seek to find patterns and correlations in data automatically. This ap-

proach involves statistical andneuralmodels to learn fromdatawithout relying

on explicitly defined rules. Knowledge representation operates in an implicit

manner. For example, knowledge can be implicitly encoded in the weights of a

neural network.While this allows these systems to process sizable amounts of

complex, unstructured data, it is also responsible for their black-box nature.

Subsymbolic AI and its scientific impact are the focus of this book. More

specifically, the contributions from various fields shed light on artificial neural

networks (ANNs) as the currently dominant and discourse-determining forms

of AI, which are broadly inspired by the neuroinformatic model of the brain
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12 Beyond Quantity

(mostly related to humans, but also with regard to animals).1 In fact, prima fa-

cie it seems as if the subsymbolic approach of ANNs (mostly even only based

on backpropagation) has become synonymous with AI as it has largely sup-

planted symbolicAI andevenothermachine learningmethods, including sym-

bolic learning, statistical learning, andHiddenMarkovmodels, among others.

However, such a thesismust be differentiatedmore precisely in at least two

respects: on the one hand with regards to the long tradition of hybrid connec-

tions of symbolic and subsymbolic methods; on the other hand that this dis-

tinctionbecomesblurredwhen traditionally symbolicproblems (e.g., language

processing) are increasingly handled on a neural substrate as well (e.g., ma-

chine translation, parsing, large language models (LLMs)). The term “neuro-

symbolic AI” is pertinent in this context, as it refers to hybrid systems that in-

tegrate neural models with symbolic AI. In his Robert S. Engelmore Memo-

rial Lecture at AAAI 2020, Henry Kautz (2022) provided a taxonomy of neuro-

symbolic AI systems.One of the categories he introducedwas “symbolicNeuro

symbolic” (ibid.: 118), which also directly applies to LLMs. Systems in this cate-

gory have their inputs and outputs presented as a symbolic form and even nat-

ural languagewith its discrete tokens counts towards that. Although these sys-

tems are not widely regarded as neuro-symbolic, it does make the term more

ambiguous.The“Neuro[Symbolic]” (ibid.: 119) categorymaybe of greater inter-

est and relevancy, as it embeds symbolic reasoning as part of theneural engine.

A newdevelopmentwith contemporary LLMs, such asChatGPT or Toolformer,

is the ability to interact with plugins. One such plugin can be a symbolic rea-

soning engine likeWolframAlpha.

However, the relations and connections between symbolic AI and the

subsymbolic AI of ANNs are no impediment for focussing on the latter for the

purposes of this book – on the contrary. Above all, given their specific history,

the current relevance of ANNs is quite remarkable. Their technical founda-

tions were already developed as early as the 1940s and 1950s (Sudmann 2018a;

Sudmann 2018b), but more complex, foundational architectures emerged in

the 1980s and 1990s as they enabled ANNs to operate on real-world problems

that required context, shift invariance, or sequential processing (Waibel et

al. 1987; Waibel et al. 1989; Hochreiter/Schmidhuber 1997; LeCun et al. 1998).

Nevertheless, until the 2000s, ANNs were largely ignored by practitioners and

struggled to find broad adoption: Because the computing of the day would

1 In addition to neural networks, other approaches or algorithms can also be subsumed

as subsymbolic AI, for example k-nearest neighbors.
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only permit training of small networks, simpler statistical methods could

already deliver competitive performance. It would take 20 more years until

computational resources and data had scaled sufficiently for ANNs to show

their true potential: From networks with a dozen or hundred connections

and a single hidden layer, we now see networks with 175 billion parameters

(GPT-3) and dozens or hundreds of layers. And ANNs could now deliver (with

the same or similar algorithms as in the 1980s) impressive performance ad-

vances over classical methods. In speech recognition, error rate reductions

of 30% or more were observed on published benchmarks. In vision, signifi-

cant improvements could be obtained over standardized object classification

benchmarks (see ImageNet, Krizhevsky/Sutskever/Hinton 2012). And even

in machine translation, performance leapt forward through the adoption of

large recurrent neural encoder-decoder networks (Luong/Manning 2015). In

many domains, e.g., speech (Nguyen/Stueker/Waibel 2020), vision, machine

translation, performance nowexceeds human capabilities over certain defined

benchmarks.

Another decisive part was played by big tech. The AI renaissance was ac-

celerated as soon as the information industry became aware of the economic

potential of ANNs. This resulted in a concerted move to massively expand AI

research activities, invest in computing resources, and to acquire and merge

promising AI start-ups (like DeepMind, and others).

Thewidely broadcasted 2016 victory of the AlphaGo program over Gomas-

ter Lee Sedol had a further reinforcing effect with regard to the perception of

the lingering capabilities of AI. This media event significantly shaped public

perception. Subsequently, experts in various scientific fields were alerted, and

increasingly interested in AI and, ultimately, began to integrate the new tech-

nology into various methodological toolkits. Somewhat unexpectedly, the re-

lease of ChatGPT in 2022 proved to be another game-changer. AI could finally

be experienced and utilized by a wider circle of users, an encounter that swept

public perception, andmade it impossible to overlook the ramifications of this

new technology for the most basic practices of mainstream science, its quo-

tation standards, and academic exams. Besides questions of authorship and

reliability, one important provocationmay lie with the political andmoralistic

overtones of these chatty AIs. Furthermore, as language models, they merely

predict text based on massive amounts of past textual data und thus ethical

standards or factual correctness can not be assured as of yet. Even if a major-

ity-driven formof reinforcement learning fromhuman feedbackdecides about

the biases of such machines, a “mathematisation of ethics” and a quantitative
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14 Beyond Quantity

vote for majority morals is at hand (Simanowski 2023: 73). Still, large self-su-

pervised models like LLMs can digest virtually all of humanity’s textual data

and thus generate predictions with surprising accuracy and relevance, result-

ing in a powerful illusion of human-like intelligence and clarity.

Nevertheless, it is necessary to unravel this rather event-centered and also

person-centered historiography inmore detail. For example, backpropagation

as a central learning algorithmof ANNswas already developed in the 1970s and

1980s, some elements of it even as early as the 1960s.2 Accordingly, it is difficult

to attribute the development of this algorithm to just one person or one group

of people at a specific time.Moreover, it has been and continues to be the case

that thedevelopmentofAI inmanyareas is basedonclose cooperationbetween

industry and science,but also themilitary.Not least for this reason,AI research

has always been, to a considerable extent, applied research.

To understand these transdisciplinary effects of the new technology, we

must examine the level of data practices and scientific methodologies. Several

recent publications have been addressing the impact of newAI technologies on

scientific practices (Athey 2018; Fecher et al. 2023; Gethmann et al. 2022; Oker-

lund et al. 2022). At the same time, it seems evident that we are witnessing the

effects of a much longer history of data, statistics, formalization, modeling,

and simulation. Since the early days of AI, attempts were made to put ‘intelli-

gent’ systems to use in various academic settings3, but the corresponding re-

flections, if they had their place in the sciences at all, remained, inmost cases,

either necessarily speculative or their lasting contribution to the development

of a research field ultimately proved to be extremely limited. There were, for

example, early attempts to use AI systems for specified scientific tasks such as

proving theorems (see Feigenbaum/Feldman 1963; Dick 2011), but correspond-

ing implementations of the systems were typically very far from actually ad-

vancing research in the respective areas of knowledge.

With the successive establishment of so-called expert systems starting in

the 1970s, the application-oriented perspective of AI finally gained some rel-

evance, but this upswing ultimately did not last either. It is quite telling that

PamelaMcCorduck’s relevant study on the history of AI –MachineswhoThink –

2 For a technical history of backpropagation related to ANNs, see for example Schmid-

huber (2022).

3 For discussing AI in the context of psychology, see for example Hunt (1968: 135–168);

for organic chemistry, see Feigenbaum (1968: 23–27).
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contains a separate chapter titled “Applied Artificial Intelligence”,which intro-

duces two of these early expert systems and their respective application con-

texts. But remarkably enough, this chapter begins by pointing out how AI is

derided andmocked in terms of its supposed potential on a regular basis (Mc-

Corduck 1979: 272f.).

The latter has not fundamentally changed today, even in light of the consid-

erable achievements of large language models like ChatGPT. There continues

to be a pronounced interest as well as a certain pleasure to expose the short-

comings of even the most advanced AI systems. Nevertheless, there is a sig-

nificant shift in this respect: Currently, AI is no longer a speculative concept at

its core; the relevant point of reference for (critical) reflections now is the con-

crete implementation of corresponding systems,not onlywith respect to areas

of academic knowledge but all areas of culture and society.

There is little doubt about the fundamental importance of AI in all spheres

of social life, given the prevailing assessments in public discourse. Further-

more, there seems to be no sign of an imminent end to today’s AI boom. Fol-

lowingmany booms and busts of previous AI excitement and promised revolu-

tions, AI has now found its firm and sustainable footing.This is especially true

for applications of AI in various fields of science, as countless research exam-

ples demonstrate (for an exemplary overviewof AI research projects inEurope,

see “How is Artificial Intelligence Changing Science?” 2023).

Unsupervised and self-supervised algorithms and the increasing use

of simulations and data augmentation have advanced practical AI appli-

cations to astonishing performance levels and opened new applications.

Sharing of open-source code, tools and large pretrained models now also

accelerate progress by leapfrogging from one accomplishment to another at

unprecedented speed. Google DeepMind, for example, has released a series

of specialized models that aim to assist researchers in their respective fields,

including AlphaFold (Jumper et al. 2021) which is able to predict 3D structures

of proteins more accurately than previous models and, more importantly, is

in many cases accurate enough to replace real-life experiments. AlphaFold is

arguably the organization’s biggest success so far and is now deeply ingrained

as a tool in medicine and life sciences (Varadi/Velankar, 2022). More recently,

Google DeepMind published AlphaTensor (Fawzi et al. 2022) and AlphaDev

(Mankowitz et al. 2023), both of which have been used in the research area of

computer science to optimize algorithms and low-level code such as matrix

multiplication and sorting algorithms. In the case of AlphaTensor, the model

was able to find an algorithm to reduce the number of multiplications neces-
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16 Beyond Quantity

sary for certain types of matrix multiplications. On the related blog posting,

Google DeepMind’s headline “optimising the world’s code one algorithm at a

time” (Mankowitz/Michi 2023), aptly describes its current approach.

At present, the contributions of AI to scientific challenges are not always as

spectacular as in the case of AlphaFold; often enough, standardAI technologies

are used as elements of methods or in everyday applications (although usu-

ally at much better performance).However, it is remarkable how diversely and

broadly AI is now being applied in various fields of research. In sports science,

ML-based pattern recognition is increasingly used for the performance anal-

ysis of athletes, players and teams (Araújo et al. 2021). In art history, a com-

puter vision systemhas been able to identify connections between artworks by

analyzing poses of human subjects in paintings (Jeniczek & Chum, 2019). ML

has also, for a long time, been used in particle physics, due to the enormous

datasets analyzed in this field. In 2012, one of the important discoveries, the

Higgs boson, owedmuch to the application ofmachine learning (Radovic et al.

2018; Bourilkov 2019).

Even though the general AI boom has been felt inmany scientific fields for

years now, one should note that the application of AI inmany disciplines is still

in its infancy. In our view, it is therefore even more important and timely to

recognize, reflect on, and historically document this transformation of the sci-

ences by AI in statu nascendi. To address this challenge, our transdisciplinary

research group, encompassing the disciplines of media studies, computer sci-

ence, and the history of science, has started its work in 2019, respectively 2022,

to investigate theways inwhich research is conductednot only on/about AI but

with AI, in various fields from the natural and social sciences to the humani-

ties. In particular, we are interested in exploring how AI interacts with the es-

tablished practices and methods of science, whether they are complemented,

modified, and/or potentially replaced.

Three disciplines or domains of research are at the center of our inquiry:

environmental sciences/climatology, social sciences/sociology, and film stud-

ies. Three additional fields – literary studies, medicine and economics – are

investigated to broaden the range of disciplines to be studied, partly in or-

der to capture the heterogeneous range of uses of AI more accurately and to

better generalize our results across scientific disciplines. In a first program-

matic paper, the researchgrouphas alreadydiscussed somekey challenges and

perspectives, as well as some general considerations (Echterhölter/Schröter/

Sudmann 2021).
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Thequestionof the transformations of the sciences throughAI requiresde-

scription of precisely their different scales and dimensions, as well as the gen-

eral heterogeneity of the aspects addressed by them. One way of illustrating

the range of conceptualizations can be the marking of extreme positions and

ways of thinking, thus allowing for a more nuanced perspective. For example,

onemight argue that as an advanced Artificial General Intelligence (AGI)4 sys-

tem evolves, it would also be capable of handling any (new) scientific problem.

Another optionwould be to develop a system,however specialized, that is used

formore or less specific scientific tasks or only within a certain domain or dis-

cipline. Both concepts can be imagined as systems of a “superintelligence”, to

pick up Bostrom’s (2014) term, insofar as the abilities and skills of human sys-

tems are (or can be) clearly surpassed in both scenarios.

In the emphatic sense, AI stands for the possibility of a computer being

able to gain its own insights, formulate questions and hypotheses at some

point, and thus also complete all other steps along this path more or less

autonomously. AI systems used for scientific (research) purposes can be fur-

ther differentiated according to how human-like they have been designed

and oriented. Explainable AI requirements make it at least likely for machine

communication to remain connectable to human understanding and control.5

This also applies to future machine-machine communication. AI processes

can also be differentiated according to the extent to which they organize

individual components/phases of scientific research processes autonomously

or automatically, from formulating a research question to collecting data, an-

alyzing and evaluating data, as well as presenting and disseminating research

findings.

Furthermore, there is the fundamental question of which scientific prob-

lems seem a priori suitable to be addressed by AI at all. DeepMind (Hassabis

2022) has developed three criteria in this respect:

4 The notion denotes a hypothetical AI-system with cognitive, creative etc. capabilities

comparable to or even exceeding those of humans. There are no realizations of such

systems yet. Their development, if it will be possible at some point, is repeatedly dis-

cussed as a great danger.

5 In recent years, research on XAI systems has become increasingly important, and this

applies in particular to scientific applications of AI. An overall very promising project

in the German-speaking area was recently initiated with the Transregio “Constructing

Explainability” of the Universities of Bielefeld and Paderborn.
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1. massive combinatorial space,

2. clear objective function (metric) to optimise against,

3. either lots of data and/or an accurate and efficient simulator.

As can be seen from these criteria, the use ofMLmust be carefully considered,

especially with regard to the significant resources and costs involved.

A relatively recent phenomenon to reflect within our study is the fact that

more and more explicitly AI-driven tools or apps are either directly intended

for scientific work or can be indirectly used for it. A plethora of commercial

applications like SciSpace Copilot or Elicit has been launched, promising to

automate certain research workflows and help with literature research or

understanding literature. Language models like ChatGPT are actively used

by researchers as assistance in the writing process of scientific documents,

prompting repositories and journals like arXiv to define a ‘use of generative AI

language tools’ policy for authors. Towards the end of last year, the domain-

specific language model Galactica (Taylor et al. 2022) caused a stir among the

research community. It is exclusively trained on scientific data like research

papers, chemical formulas, and DNA sequences. The generated text of the

model sounded convincingly scientific but triggered concerns that it could

easily spread inaccuracies. At the same time, there is a class of models, such

asMinerva (Lewkowycz et al. 2022) and AI Descartes (Cornelio et al. 2021) that

are used in research itself and are intended to automate reasoning processes.

Beyond such specific applications, it seems important to us to explore

the general tool character and principal potential of current data-driven,

statistical AI systems in methodological terms. A few years ago, computer

scientist Pedro Domingos describedML as the “scientific method on steroids”

(Domingos 2015: 13). Such a description strikes us as highly questionable as

it conceptualizes ML per se as a scientific method. In addition, the metaphor

“on steroids” suggests that ML allows an almost illegal and unhealthy form of

performance enhancement in this respect. Nevertheless, it is obvious that the

performance level of learning algorithms significantly increases when corre-

sponding systems are trained with more and more data and computational

power. The present publication, therefore, is also motivated by an interest

in discussing AI through the lens of the ways in which learning algorithms

potentially reconfigure the epistemic relationship of qualities and quantities.

More specifically, we would like to shift the perspective on this relationship

by highlighting epistemic aspects beyond quantity and thus also illuminate
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perspectives beyond the dominant relation of AI and big data. Two aspects are

particularly important to us in this respect:

Firstly, current approaches to AI, i.e., subsymbolic AI in the form of ANNs,

are not merely capable of extracting information from large amounts of data

and making it productive, but they can solve problems that can also be de-

scribed as qualitative. They involve dealing with qualitative questions of con-

tent, aesthetics, style, e.g., in the field of natural language processing or com-

puter vision, in ways that were unimaginable until recently.6

Secondly, current approaches in AI research are increasingly focused on

reducing or avoiding dependence on large amounts of labeled data, e.g.,

through strategies of self-supervised learning, zero- or one-shot learning,

transfer learning, or even the use of synthetic data or simulation data. Con-

temporary LLMs are, for example, the result of causal language modeling

which is a type of self-supervised learning in the course of which the model

is tasked with predicting the next token in a sequence while requiring no

additional labels.

As a result of ourproject’s opening conferencehostedby theSorbonneCen-

ter forArtificial Intelligence (SCAI),wepresentfirst explorationson the subject

of AI in the natural sciences and humanities at a point in time where qualita-

tive problems seem to come into reach to be handled bymachines. At the same

time, these discussions of European scientific applications tie inwith concerns

that lie beyond this subject area and concern general preconditions of digital

humanities (DH) or also of STS. Certain problems of transformative processes

in the scientific field,which are closely related to AI, emergemutatismutandis

in other constellations as well.

It is important to keep in mind in this context that research on scientific

practices in AI has been conducted in a wide variety of disciplines and ana-

lytical perspectives, such as science and technology studies, sociology, infras-

tructure studies,cultural anthropology,philosophyof science,anddata science

(Baurmann/Mans 1984; Carley 1996; Groß/Jordan 2023; Krämer 1994; Ligo et

al. 2021; Manhart 1995), but also specifically in the disciplines involved in this

project: media studies (MS), history of science (HS) and computer science (CS)

itself.7

6 For the details, see our (the editor’s) contribution to this book as well as the essay by

Schröter and Sudmann, also published here.

7 For media studies, see for example Engemann/Sudmann 2018; Ernst et al. 2019;

Mackenzie 2017; Mann/Matzner 2019; Pasquinelli 2017, 2023; Sudmann 2023. For the
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Current investigations into AI research stem from various disciplines

involved with the reflection of the sciences. The philosophy of science has

deployed its specific expertise for problems of AI (about cognition, conscious-

ness, etc.) and proliferates in the field of AI ethics in particular, a field in

which, among other things, various critical perspectives on AI and its re-

search are normatively negotiated (algorithmic biases, surveillance, opacity

of technology, etc.; for an overview, see Coeckelbergh 2020; Dimock 2020;

Mann/Matzner 2019). Moreover, AI clearly resonates with and functions as a

catalyst for the research perspectives of the digital humanities (Jannidis 2013;

Manovich 2017; Flückiger 2021).

To further enhance these discussions for the field of AI-based methods in

the sciences, a more thorough investigation of scientific practices and infras-

tructures seems in order (Star 1999; Schabacher 2022). To keep track of current

developments an integrated dialogue with computer science is of the essence.

In addition to that, it seems highly desirable to observe, document and re-

flect the current shifts in scientific practices through AI-based methods. To

capture these developments up close, a media ethnography of selected AI re-

search projects is the most viable option and will be conducted as the research

project unfolds (Dracklé 2014; Dippel 2017; Schüttpelz/Gießmann 2015; Barei-

ther 2019).The integrated approach to scientific practices will further draw on

the strengths of media archaeology to situate technically mediated knowledge

production in larger frameworks. To this end,we emphasize the technological

aspect as well as the social embeddedness of the emerging technology (Dot-

zler 2006; Schröter 2020; Ernst/Schröter 2020). Historical depth is provided

for these findings on scientific practices by recent results from the history of

data use in various disciplines (Aronova/von Oertzen/Sepkoski 2017; Schlicht/

Ledebur/Echterhölter 2021). In this newly developing field within the history

of science, separate instances in data journeys are consulted (Leonelli/Tempini

2020), the emergence of specific algorithms are traced (Evans/Johns 2023) or

models are investigated in and of themselves.One of the best researched cases

may be weather models, which took a stunning trajectory from decentralized

weather observers to dynamic climatemodels and eventually, their integration

into thevastmachinesof computer simulations (Coen2018;Edwards2000;Ed-

wards 2010; Gramelsberger 2010).

history of science, see Seising 2021; Cave/Dihal/Dillon 2020; Evans/Johns 2023. For

computer science, see Vaswani et al. 2017; Devlin et al. 2019; Brown et al. 2020; Rom-

bach et al. 2022; Kirillov et al. 2023.
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A new technical option for the sciences and humanities calls for a criti-

cal reflection of emerging forms (such as databases, algorithms, frameworks,

interfaces, etc.) related to the production of knowledge. An engagement with

possible transformations of scientific practices demands amethodological ap-

proachwhich refrains from creating prima facie distinctions between internal

and external factors shaping these transformations, namely approaches from

media ethnography, media archaeology, or the history of quantification. Es-

tablishing an account of what factors are important for the origin, the imple-

mentation (or non-implementation), and not least the retention of AI tech-

nology can possibly serve as a gateway for criticizing these very conditions in

which the scientific endeavor takes place.

Various contemporary debates on AI technologies revolve around their

social and cultural effects. Problems of algorithmic biases, data privacy, or

opacity of infrastructures are commonly placed in the normative framework

of AI ethics. Critical discussions of the high hopes invested in AI, as well as

its present limitations, also continue to play a crucial role in ongoing debates

(Broussard 2018). There is still little knowledge, however, about the relation-

ship between the assumed problematic aspects of AI and the ways in which AI

affects research practices, methodologies, and outcomes across different sci-

ences.Adequate assessment of the impact of AI on science, including reference

to its socio-political implications, is therefore a major research desideratum.

As has been pointed out here, research on the research of AI is confronted

with significant challenges. The transdisciplinary view on the problems of AI

in science requires distinctive expertise in very heterogeneousfields.However,

there is no such thing as universal competence.Therefore, the research group

hosting these discussions is all the more dependent on the dialogue and sup-

port of scholars fromdifferent disciplines andhas benefited considerably from

their civic engagement across the disciplines. The main focus of this publica-

tion is to explore different ways of thinking about the uses of AI in a broad set

of scientific fields. At the same time, and in relation to selected disciplines,

we want to exemplarily demonstrate the application of AI in specific academic

contexts.

List of contributions

In their joint paper, themembers of the project “How isArtificial Intelligence

ChangingScience?”discuss nine preliminary theses regarding the possible ef-
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fects of the use of different AI technologies in the sciences. I) It is questioned

if the widespread rhetoric of an “AI revolution” is helpful to describe the shifts

that occur with the introduction of AI technologies in the sciences. II) It is em-

phasized that AI technologies can only be understood by understanding their

embeddedness in infrastructures and social contexts. III) It is stated that AI

systems can process fuzziness and uncertainty in a newway. In IV) the conflict

between the big tech industry and academia in the development of AI is being

highlighted.Thesis V) elaborates on how the fast introduction of AI technolo-

gies causes an expert crisis. In VI) it is discussed that many disciplines split

into a computational and a non-computational branch. VII) points to the con-

nection of AI technologies with data extraction and data colonialism. In VIII)

the thesis is formulated that the introduction of AI will alter the labor land-

scape profoundly. IX) asks how the self-improvement and the self-evaluation

of AI have to be conceptualized.

Mathematics struck goldwhen employing infinitesimal quantities to solve

practical problems towards the end of the 17th century. In a further decolonial

reflection on the inherent problemsof AI andpattern recognition anddiscrim-

ination, Clemens Apprich investigates this calculus in historical and present

debates about incalculability. The calculus, which still performs reliable ap-

proximations within the schemes of artificial neural networks, should not be

tamed into absolute congruence. On the contrary, it might be the imperfec-

tions and approximations which may help us to cultivate procedural and plu-

ral approaches. In this sense, the immanence residing at the end of all approx-

imations (which would be tantamount with mastering the visual and compo-

sitional realms of quality by new AIs) does not appear fully desirable. Apprich

acknowledges the insurmountable incongruity of the mathematical setup of

AI and suggests strategic uses, such as Ramon Amaro’s for possible “black to-

talities’”.

Matteo Pasquinelli’s approach to AI is informed by the joint traditions of

materialistic epistemology and media theory. He argues strictly against “folk

AI”, a perception of this new technologywhich all too readily accepts a newand

contextless entity and its miraculous abilities. Instead, a much longer history

of mediated thought and neoliberal entanglement of AI is in order. Without

a shadow of a doubt automated and mechanical ways of reasoning have been

part andparcel of the scientific endeavor longbefore artificial neural networks.

Thepaper revisitsRosenblatt’s 1957 strategy to facilitate pattern recognition via

themodeling of the labor of perception and supervision. It integrates this his-

torical analysis of AI with Peter Damerow’s theory of mental representation,
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the dialectics of tools and knowing, as well as neo-Gramscian approaches to-

wards formalization, and the Hessen-Grossmann thesis of the labor depen-

dency of all science. AI’s advanced algorithms are not unique.They are the lat-

est result in a long history of confluences and attempts at “epistemic scaffold-

ing”.

Markus Ramsauer offers a genealogy of the development of Early Warn-

ing Systems and the potential enhancement in the detection of danger via the

use of AI. Taking the trope of birds as sentinels for future catastrophic devel-

opments as leitmotif, it is argued that the discovery of latent danger often de-

pends on the use of non-human sensors or kinds of intelligence; be they an-

imalistic or machinistic. This offers a lens for thinking about the concept of

‘artificial’ and ‘non-artificial’ intelligence beyond the question if machines can

pass as human.

JeanGabriel-Ganascia’s text discusses AI not only in terms of a tool for sci-

entific practice but as a science itself. As such, the author claims, it evades clas-

sifications as ‘theoretical science’, ‘science of nature’ or ‘science of culture’.The

reason for this special status can be explained by the history of AI development

of which the author provides a brief outline. As a second strand, the article ex-

plores the possibilities of ‘epistemological ruptures’ through the use of AI in

the humanities as well as in the ‘hard sciences’. Whereas for the former, these

tools can assist in assessing individual cases, it contributes to an ‘automation

of induction’ for the latter.

Gabriele Schabacher discusses in her essay the centrality of the notion of

“pattern” for subsymbolic artificial intelligence. She asks what the power of

patterns in contexts of cognition or application is, by distinguishing two ways

of conceptualizing patterns, namely template and correlation. The reconstruc-

tion shows how these two forms are peculiarly blended in the horizon of AI

technologies.The first example is the application domain of security research

and how the blending of template and correlation works there. The focus will

be onGermanpilot projects inBerlin andMannheim that test the use of intelli-

gent video analysis. Finally, Schabacher comments on the statistical creativity

of AI image generators such as DALL-E, highlights four overarching aspects

associated with the work of patterns of AI technologies, and describes their

effects on scientific understanding, but also on culture and society in general.

The revolutionary potentials of AI in healthcare are covered in detail in the

overviewbyUrviSonawane andMatthieuKomorowski.TheusageofAI-based

technologies is currently quite limited, the authors discover, despite its enor-

mous potential. Responsible bottlenecks like technical, ethical, legal, and hu-
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man aspects are examined and the need for a multidisciplinary approach in-

volving regulatory bodies, clinicians, government, and patient committees is

argued for.

In her position paper, Isabelle Bloch argues that a hybrid point of view

of designing AI, considering both knowledge data representation and reason-

ing, offers opportunities towards explainability. This idea is illustrated on the

example of medical image understanding, formulated as a spatial reasoning

problem.

In his contribution, Giaccomo Landeschi shows how computer-based ap-

plications had a profound impact on the discipline of archaeology and how

different methods and techniques, such as satellite remote sensing, geophys-

ical prospections, and more recently, airborne laser scanning (LiDAR), have

been employed for surveying purposes. Nowadays, artificial intelligence has

also started to play an important role in the analysis of archaeological con-

texts. In the case of Sweden, approximately 70 per cent of its land comprises

forests where a substantial number of archaeological sites remain hidden be-

neath the vegetation, undiscovered and unmapped. Landeschi explains how a

team of scientists from Lund University recently undertook a project to show-

case the potential of utilizing deep learning-based analysis and convolutional

neural networks for automatically identifying a specific category of archaeo-

logical features called ‘clearance cairns’ in LiDAR-derived raster imagery.

Sabine Wirth’s paper sheds light on the ways how the concept of the in-

terface matters for a critical understanding of AI technologies in use. From a

media and culture studies perspective she discusses how research onmachine

learning techniques can profit from a critical perspective on interfaces. Draw-

ing on the emerging field of critical interface studies,Wirth describes two ex-

amples of popular apps that rely onmachine learning, and she outlines poten-

tial lines of inquiry and critical questions that address the central role of inter-

faces as mediators of AI within the field of popular media culture. Ultimately,

this allows her to ask how critical interface studies can inform research on AI

in science by providing an additional analytical layer.

In their contribution, Andreas Sudmann and Jens Schröter shed light on

the role of media related to how AI is used in and potentially transforms dif-

ferent fields of academic research. Furthermore, they draw attention to some

important problems of applied AI which thus require critical reflection, espe-

cially from amedia studies perspective.

Johannes Breuer poses the question of how AI is changing scientific prac-

tice in the realm of the social sciences. His contribution “Putting AI into social
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science” highlights the importance of tools for different stages of the scientific

endeavor.The author discusses a variety of AI-driven research tools which are

suitable for the social sciences, emphasizing their potentially transformative

potential as well as ethical challenges that go hand in hand with this transfor-

mation.Thechapter concludeswithan invocation to focusonpartnershipswith

AI, rather than on replacement by AI.

The paper by Evangelos Pournaras reviews the specific epistemological

challenges and also the ethical and integrity risks related to generative AI

and LLMs. In particular, Pournaras discusses emerging practices for research

ethics, proposing ten recommendations that shape a response for a more

responsible research conduct in the era of AI.

In his paper, Fabian Retkowski aims at concisely indicating the current

state of the art in abstractive text summarization. The current paradigm

shifts towards pre-trained encoder-decoder models and large autoregressive

languagemodels are outlined and the challenges of evaluating summarization

systems and the potential of instruction-tuned models for zero-shot summa-

rization are discussed in further detail. Additionally, the work gives a brief

overview of how summarization systems are currently being integrated into

commercial applications.

Sabina Leonellimaintains in her chapter that despite ever larger amounts

of data and proclaimed bias-reducing algorithms, the employment of AI tools

in scientific research is still heavily affected by the quality of the training data.

The hardly traceable origin of data, combined with their often diverse nature

and purpose, leads towhat the author calls “in-practice opacity”. Instead of fo-

cusing on quantitative modes of reproducibility as a panacea for making sci-

ence transparent, the author calls for extended attention to questions about

the quality and the funding of research data.

The use of data has been a key element of statistics, yet the dimensions of

current data usages constitute a new situation.GérardBiau is in a unique po-

sition to answer a set of questions about the changes affected by AI in this par-

ticularfield ofmathematics:Heworks at theProbability,Statistics, andModel-

ing Laboratory (LPSM), serves as director of the Sorbonne Center for Artificial

Intelligence (SCAI), and was president of the Société française de statistique. Biau

states that the impact of AI onmathematics is decisive. Some statistical tools,

which have been stable for decades, are currently being revised. AIs start to

make suggestions regarding results, or are instrumental in verifying the most

advanced new proofs.
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In his interview with Sybille Krämer, Jens Schröter poses nine questions

which closely follow Krämer’s writings over the decades. Her work has been,

from the very beginning, revolving around questions that are of special rele-

vance to understanding subsymbolic AI today.This starts with the question on

the culturally shaped exteriority of the human mind, the relation of AI to the

fundamental role of the analog and the digital, or the connection of AI to the

field of digital humanities. Further fundamental points are discussed like the

question if AI can be understood as a “cultural technique”, especially when we

observe the increasing role of computers in science. Finally, Krämer addresses

questions of explainability and critique.
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