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Artificial intelligence in science

“Few fields are untouched by the machine-
learning revolution, from materials science to

drug exploration; quantum physics to
medicine.” (Nature Editorial, 2019)

“The era of direct experimentation is gone,
replaced by the era of data collection|...] Science
takes place within the data.” (Hey, Tansley, &
Tolle, 2009)

Al can be characterized as a “general method of
invention,” which brings benefits and challenges
to the science systems. (Bianchini, Muller, &
Pelletier, 2022)

Is Al changing
the epistemic
structure and
the scientific
practices?




Is Al changing
the epistemic
structure and
the scientific

practices?

Fontaine, S., Gargiulo, F., Dubois, M., & Tubaro,
Dubois, Paola Tubaro; A meso-scale P. (2023). Epistemic integration and social
cartography of the Al ecosystem. segregation of Al in neuroscience. arXiv
Quantitative Science Studies 2023; doi: https:// preprint arXiv:2310.01046.
doi.org/10.1162/gss_a_00267

Floriana Gargiulo, Sylvain Fontaine, Michel

O The case study of
Neuroscience

O Is Al creating a separate
Neuroscience sub-discipline?

O What is Al?
O How Al diffuses in the

scientific ecosystem?


https://doi.org/10.1162/qss_a_00267
https://doi.org/10.1162/qss_a_00267

A structured set of technical, computational and mathematical tools, developed
by computer scientists and mathematicians and applied in other disciplines.

First challenge:

How to build a dataset to address our research questions?

Retrive a large set of keywords
associated to Al exploring the
Wikipedia pages associated to Al
and several Al glossaries available

on the web.
~600 Al concepts
I— DOCUMENT1
E Year: Y1
Q Aut A
g Journat.
E Discipline: d1

Query on OpenAlex (before MAG)
to extract all the papers
containing the Al keywords.

~2,7 millions of papers
containing one or
more Al concepts

DOCUMENTZ DOCUMENT3 DOCUMENT4
Al Keywords: Al Keywords: Al Keywords:
[Kw3] [Kw1 kw3 kwé kwd] [Kw2 kw3, kwi]

Year: Y1 Year: Y2 Year: Y3

Authors: Authors: Authors:
[Aul,Au3] [Au4] [Aul, Au2 Au5]

Journal: J2 Journal: J1 Journal: J3

Discipline: d2 Discipline: d1 Discipline: d3

Assign to papers a discipline,
using the journal classification of
the Web of Science

~1,1 millions of papers
containing one or more Al
concepts and an
associated discipline



Whatis Al?

First challenge - part 2:

How can we define a distance in the disciplinary space?
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A structured set of technical, computational and mathematical tools, developed

by computer scientists and mathematicians and applied in other disciplines.

10000 random samples of 100.000 papers on
MAG with their references.

Build the co-citation matrix aggregated at
the level of disciplines

The distance between disciplines is define

through the pointwise mutual information
(PMI):

Wij

Yi(Wik) Zk (Wik)

pmi;; = max | 2log, ,0



Network partitioning in communities: detecting
group of nodes that have more connections among

them than with the rest of the graph.

DOCUMENT1 DOCUMENT3 DOCUMENT4

Al Keywords: Al Keywords: Al Keywords:
[Kw1, kw2] [Kw1, kw3 kwé, kwb] [Kw2 kw3, kwi]

Performed using the Louvain algorithm (greedy
optimization of modularity)

® @ ® @ @ O

HYPERLINKS ® ® ®

The graph is very dense (several edges with very
heterogeneous weights)

@

1
'Y KW CO-OCCURRENCE

<A NETWORK

R0 We apply a disparity filter on the original graph

(Serrano, M. A., Boguna’, M., and Vespignani, A. (2009).
Extracting the multiscale backbone of complex

weighted networks. Proceedings of the national academy
of sciences, 106(16):6483-6488.)
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Al from development to application...

Superlinear growth
of applications with
development
papers.

APPLICATION papers

102 10° 104  10°
DEVELOPMENT papers



‘Al Z-SCORE

In which disciplines Al has diffused?
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Interdisciplinary collaborations around Al

Authors NEVER
publishing in Al
originating disciplines

20000 -
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Authors ONLY publishing

in Al originating
disciplines

Q1
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Qo0 Q1 Q2 Qo Q1 Q2
Authors in QO have the highest moment of inertia around native disciplines but at

the same time have a low global level of interdisciplinarity:
disciplines, quite close to each other.

Q1includes most authors involved in interdisciplinary collaborations.
Q2 authors publish in disciplines close to the native ones (low moment of inertia)

but at a quite large distance from them.

they interact with few




lnterdisciplinary collaborations around Al
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Few direct
collaborations.

Q1 and Q2 gradually
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Main findings

O Al s a set of 15 interconnected sub-categories of
concepts each with its different historical pattern.
O 3 phases of Al diffusion in disciplines: large

participation to foundation, shrink on CS, spread in
applications.

O Direct collaborations between developers and users
are extremely rare.




Al1in Neuroscience

he dataset How to build the disciplinary landscape of Al?

All the papers in OpenAlex
a appearing in journals labeled as
Neuroscience in Web of science

= Contextual words embedding of each paper of our dataset
using Specter (an embedding model based on SciBert)
(https://github.com/allenai/specter)

= Reduce the data if needed for a first 2D spatialized
visualization with UMAP

a Papers citing and cited by the = Use HDBSCAN for local density-based clustering, which

determines automatically the number of clusters (points

that does not belong to particular clusters are drawn in the
same color)

= Characterize the founded clusters with concepts of papers
from MAG concepts

Neuroscience corpus

Two subsets:

- papers with Al keywords
(applying Al in neuroscience)

= Papers without Al keywords




Al 1n Neuroscience

NEUROSCIENCES AND ARTIFICIAL INTELLIGENCE

mathematics for connectionist Al

Concentration
on the cluster
“Math for AT’
(Computer
Science, Math
and Stats) and on
the vocabulary
space next to 1t 1n
“Neurological
disorders” =

linked to the
data deluge!

eyes & vision

medication

tourette syndrome

etyology

e,

skeletal muscle diseases

total number of publications in time

hearing

neurological disorders

central nervous system

1970 1980 1990 2000 2010 2020

aAzr(t) Al publications ratio
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Al 1n Neuroscience
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Main findings

O Epistemic (partial)
integration of Al in

Neuroscience

O Social segregarion of
authors practicing Al in
Neuroscience

Biomedical and
clinical research
specialists,
mainly in
neuroscience,
ophthalmology
and clinical
neurology

Computer science,
mathematical and

engineering Polarization

research specialists,

within AI
practitioners in
neuroscience

with only a few
fully involved in
neuroscience
purposes

0.5 Propensity of
collaboration
between
quartiles (z-
score)
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