
Bernd Amann, David Chavalarias, Alexandre Delanoë, Ian Jeantet, 
Thibault Racovski



10/07/2019EPIQUE – ANR-16-CE38-0002-01       IHSPSSB, Oslo 7–12 July 2019 

2



▪ Given a collection of scientific text documents, derive a 

structured representation of scientific concepts and their

evolution.

▪ Questions :

▪ How transform text into concepts ? 

▪ 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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text categorization, text clustering, 

summarization, topic extraction, semantic

analysis, named entity recognition, sentiment 

analysis, trend detection, …



D1: Cats love the taste of real milk. 

D2: Give your cat the milk they crave.

D3: Is cows milk bad for cats?

D4: Which grass is best for cows?

D5: Raising cows for milk is not an easy way to farm.
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Topic Visualisation 
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topic similarity = « degree of evolution »   
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Input

▪ Corpus : 
▪ Bias in time and contents 

▪ Noise

▪ Vocabulary

▪ Models :
▪ LDA, graph, Word2Vec, frequent item 

set …

▪ Cosine, Jaccard, …

▪ Hyperparameters : 
▪ Bounds, priors, weights, …

Output

▪ Phylomemy size and complexity

▪ Interpretation & explanation
semantics

▪ Quality measures
▪ Relevance

▪ Completeness

▪ Diversity, …
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▪ Similar to Bias-Variance tradeoff (overfitting, underfitting)
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Which phylomemy is

more « interesting » ? 

High 

evolution

Low 

evolution



Observations :

▪ Expert knowledge, interaction and validation is crucial

▪ Computation + visualisation is not sufficient

Solutions :

▪ Interactive exploration 

▪ Iterative / incremental computation

▪ Open environment

▪ Assisted parametrization

▪ Explainable / interpretable results

▪ High-level filtering (query languages)
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7

get phylomemy about « model » where depth >= 4 and 

evolution >= 0.4 and complexity <= 0.5 
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LIP6 SU : Laboratoire d’Informatique de Paris 6, Sorbonne-Université (UPMC) (coordonnateur)
IRISA Rennes 1 : Institut de Recherche en Informatique et Systèmes Aléatoires
ISC-PIF : Institut des Systèmes Complexes de Paris - Ile de France
IHPST : Institut d'Histoire et de Philosophie des Sciences et des Techniques
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▪ Analyze and understand the 
evolution of science present in 
scientific archives

▪ Scalable methods for the 
detection and alignment of 
topics

▪ Interactive workflows which 
dynamically adapt to the 
distribution and evolution of 
data
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▪ 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 transfert

▪ Classification systems for document 
archives

▪ Teaching and education (sceince maps)

▪ Vulgarization of science
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▪ 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 error : 

▪ Difference between prediction and correct value

▪ Low bias : complex model, overfitting (noise)

Variance error:

▪ Variablity of a model prediction for a given data 

point (low variance = generalization)

▪ Low variance : simple model, underfitting

Global error :

▪ 𝐵𝑖𝑎𝑠2 + 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 + 𝐼𝑟𝑟𝑒𝑑𝑢𝑐𝑖𝑏𝑙𝑒 𝐸𝑟𝑟𝑜𝑟
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Scientific Activity

▪ Definition of concepts, theories, 
hypotheses, data (observations, 
experiences)

▪ Formulate theories on the basis of 
the data

▪ Do experiments that can change 
theories

Rival theories of the evolution 
of science

▪ Bayesian theories change 
conjectures and refutations (Popper) 

▪ Darwinian epistemology (Hull): 
social epistem. + selection of 
theories cumulative induction 

▪ Research program (Lakatos) 

▪ Paradigm shift (Kuhn)
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Objective: Understand the processes underlying the 

dynamics of science from scientific corpus?



▪ Identify the signatures of the 
evolutionary process of science:

▪ the signature of a Darwinian selection of 
theories 

▪ the signature of a paradigm shift 

▪ the signature of selection in molecular 
evolution

▪ Discover and validate these signatures 
in the scientific corpus :

▪ phylomemetic networks : with reference 
to McShea (1994, 1999) on the 
signatures of natural selection in the 
evolution of life.
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