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Probiem Statement

= Given a collection of scientific text documents, derive a
structured representation of scientific concepts and their
evolution.

text categorization, text clustering,

. ) summarization, topic extraction, semantic
- QueStlonS . analysis, named entity recognition, sentiment
= How transform text into concepts ? analysis, trend detection, ...

= How represent evolution of concepts ?

- Text analytics : deriving interesting structured patterns from
text collections

= Tools :
= Natural Language Processing (NLP)
= analytical methods : linguistics, statistics, graphs, logics
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From Text to Topics

D1: Cats love the taste of real milk.
D2: Give your cat the milk they crave.

M Cat Milk Cow | Grass .
o D3: Is cows milk bad for cats?
D2 D4: Which grass is best for cows?
D3 D5: Raising cows for milk is not an easy way to farm.
D4
D5
<>
- o
Male
Cat Bull O D3 ©
o | O a«»
° Milk @
® Cow O Female <> @
O Grass

- — ,
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Topic Visualisation

Animals O
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Zoomable Treemaps
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environment
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development
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implications
5 supports

ecological econ
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Click any cell to zoom In, or the
top Label to zoom out.
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environmental conservation Mein finding

services

+ environmental improvement

ecological footprint

economic development

« environmental SHUMBIREFTS
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Topic Evolution

Topic trend
7
6 P1
i - | D
3 P3 Cow&Milk Cow&Grass
2
1 |
0 3
P1 P2 P3 P4 P5 P5 @
mCat & Milk  ® Cow&Grass Cow&Milk
>
Topic Trends time Topic Networks (Phylomemies)
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Phylomemy network

A1 560

topic similarity = « degree of evolution »
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Choices and Difficulties

Input Output
= Corpus : = Phylomemy size and complexity
* Bias in time and contents - Interpretation & explanation
= Noise semantics
= Vocabular .
y < = Quality measures
= Models : = Relevance
= LDA, graph, Word2Vec, frequent item = Completeness
set ... - Diversity, ...

= Cosine, Jaccard, ...

- Hyperparameters :
= Bounds, priors, weights, ...
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Precision vs. Generalization

- o
|_I_I I_I_I
| |

= Similar to Bias-Variance tradeoff (overfitting, underfitting)
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Complexity and heterogeneity

4
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Which phylomemy is
more « interesting » ?
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Observations and Solutions

Observations :
= Expert knowledge, interaction and validation is crucial
= Computation + visualisation is not sufficient

Solutions :

= Interactive exploration

= |terative / incremental computation

= Open environment

= Assisted parametrization

= Explainable / interpretable results

= High-level filtering (query languages)
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Pattern queri

es

get phylomemy about « model » where depth >= 4 and
evolution >= 0.4 and complexity <= 0.5

id
345
713
942
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191
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1391

1402
592

1169
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1297
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G1Depth G1Subnodes G1MeanSimBeta G1MeanSimAlpha (evolution) G11AO

18
16
15
14
16
19
11
14
17
11
13
12
17
14
12
13
13
11
13

47
41
40
38
36
48
36
33
42
31
30
29
38
28
28
36
26
26
25

0.709097459
0.653450044
0.651348349
0.654102038
0.690647283
0.706519545
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0.787762166
0.659919881

0.62348373
0.652026062
0.653282242
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0.659921765
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0.694691714

0.126692764
0.049589811
0.050429224
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0.333010948
0.067389134
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0.119896616
0.163769259
0.350031431
0.378527711
0.047291185
0.399962117
0.3746721
0.19116916
0.37703352
0.050539332
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Towards quantitative epistemology — reconsiruct the evolution of
science at a large scale

LIP6 SU : Laboratoire d’Informatique de Paris 6, Sorbonne-Université (UPMC) (coordonnateur)
IRISA Rennes 1 : Institut de Recherche en Informatique et Systemes Aléatoires

ISC-PIF : Institut des Systemes Complexes de Paris - lle de France

IHPST : Institut d'Histoire et de Philosophie des Sciences et des Techniques
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Objectives

T Web of Science
- arXiv

e DBLP
o Medline ...

= Analyze and understand the
evolution of science present in
scientific archives

= Scalable methods for the Workow_ E e o
detection and alignment of &

topics ‘

* Interactive workflows which e
dynamically adapt to the ST /E

distribution and evolution of = . e
data SN

4
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Applications

= Validation of theories about the
evolution of science

= Cross-fertilisation of science and
techniques

= Systematic scientific reviews and state
of the art

= Detection of emergent scientific domains

= Innovation index and potential of
technological transfe

= Classification systems for document
archives

= Teaching and education (sceince maps)
= Vulgarization of science
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Project organisation
WP 1 Workiiow nodel i speolfiuations

Sp+m0iontion I

\/ \ \

W

P

g WF 2 : Term extraction and WP 3 ; Topic extraction and alignment WP 4 : Analysis and
o similarity graph customization

:; workllow cushomesation

i

[ phase
M i O~

a — — oo —

- — ool

q Wab of Sclence Concapt

& arXive axtraction, Tooic Topic Analysis and

[ Mediing. ... CO-OCoUMEnce extraction alignment cusiomisation

- graph

n

| ¢ 4 }

valldation I

WP 5 : Dissemination and validation phase 3

4
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Word2Vec + clustering + temporal analysis

1. Key term
extraction + word
embedding

2. Topic detection

3. Inter temporal
analysis

A

models (225618 0Q0ITEDE -0118354

matrix 0.12TOE3 0178388 -0132467

local 0287308 OQO02S00W -00137308

losd 0120688 Q022976 -0U0ETTEY

sharing 0 1BS3T6 0011634 -DO0GSECTE
microprocessor based 0100100 -0 O00SAT 0085237
svant 020B033 QOS50 00104683

sequence O1TEFT O =01 10850

Dflaldid
k lower bound 0118630 00270 -ﬂﬂ?y

ore
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cted results

E x p : .\'5:'.;“"':

Models of the dynamics of science in text corpora

Comparison, integration and validation of methods for unsupervised learning (text, graph)
and databases for the representation and extraction of the evolution of scientific corpus

Maps of the evolution of science
Visualization, validation and improvement of hypotheses on the evolution of scientific fields

several case study

EPIQUE platform

Tools for reconstruction and the exploration of the dynamics of multi-scale in major scientific
corpora

Integration in the open platform Gargantext of the ISC - PIF
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Bias-Variance Tradeoff

Bias error :
Difference between prediction and correct value
Low bias : complex model, overfitting (noise)
Variance error: low bias / high variance high bias / low variance

Variablity of a model prediction for a given data
point (low variance = generalization) Bias® Variance

N/

model complexity

Error

Low variance : simple model, underfitting
Global error:

Bias? + Variance + Irreducible Error

)
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Validation of theories

Rival theories of the evolution

Scientific Activity

of science

= Definition of concepts, theories, = Bayesian theories change
hypotheses, data (observations, conjectures and refutations (Popper)
experiences) = Darwinian epistemology (Hull):

= Formulate theories on the basis of social epistem. + selection of
the data theories cumulative induction

= Do experiments that can change = Research program (Lakatos)
theories = Paradigm shift (Kuhn)

Objective: Understand the processes underlying the
dynamics of science from scientific corpus?
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Science Evolution

bighatures

A = 4
|dentify the signatures of the
evolutionary process of science: ’
the signature of a Darwinian selection of —
theories 0
the signature of a paradigm shift
the signature of selection in molecular J"J |
evolution E :
Discover and validate these signatures 5
in the scientific corpus : i
phylomemetic networks : with reference Figen2 s o s compar e o o Smsiccn o1 o, T mdee
to McShea (1994, 1999) on the o Pt o o o b ot i St
signatures of natural selection in the B £ o morag i (o 9 o B i ) o om0 B
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