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Summary

Scientific papers are highly structured texts and display specific properties
related to their references but also argumentative and rhetorical structure.
Natural Language Processing can be applied to efficiently explore scientific
corpora and develop applications for the Semantic Web, Information Retrieval,
Automatic Summarization and Bibliometrics. The organization of scientific
papers typically follows a standardized pattern, the well-known IMRaD
structure (Introduction, Methods, Results, and Discussion). By analysing the
full text of about 80,000 papers of the PLOS corpus, we studied this structure
from several different perspectives. Firstly, we performed quantitative and
qualitative analyses of citations and their positions in the structure of papers.
Secondly, we studied the occurrences of verbs in citation contexts and their
similarities across the different sections. Finally, using sentence-based similar-
ity metrics, we quantified the phenomenon of text re-use in abstracts with
respect to the IMRaD structure. This research allowed us to establish some of
the invariants of scientific papers and the results are useful for implementing
novel text mining and information retrieval interfaces taking into consideration
the argumentative structure of papers. More specifically, they can be consid-
ered as an important element when creating linguistic resources and rule-based
methods to perform fine-grained semantic analysis of scientific papers.

Key words: Information extraction, Information retrieval, scientific papers,
semantic annotation, text mining, IMRaD

Introduction

Nowadays, we can witness the emergence of a new area of study in Natural
Language Processing, which is NLP-enhanced Bibliometrics, or studying the
properties of scientific papers and their full text content to gain insight into the
evaluation of science. At the same time, the semantic processing of scientific
papers is at the heart of many other applications, such as Information Retrieval,
semantic publishing, information extraction and aggregation of data from sci-
entific corpora. This increased interest in the application of NLP methods to
scientific publications is the result of several important factors:
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e the ever growing availability of full text scientific corpora, as a conse-
quence of the Open Access movement;
e the emergence of standardized formats for the representation of the full
text content of scientific papers (e.g. JATS, DocBook);
e the recent developments in NLP that have resulted in a number of robust
and accessible tools for versatile text processing.
In this context, many studies, workshops and evaluation sessions' have been
initiated in the recent years, aiming to provide new methods dedicated to the
processing of scientific corpora. One important point of interest is the cognitive
structure of scientific production and in particular the invariants that may exist
in scientific writing that can be of linguistic, discourse, structural or distribu-
tional nature.

Levels of processing

Scientific papers are subject to numerous conventions, norms and editorial re-
quirements. They are highly structured texts and often follow a specific rhetori-
cal structure. In experimental sciences, the IMRaD structure (Introduction,
Methods, Results and Discussion) (Bertin et al., 2013) has emerged as a stand-
ardised pattern that was adopted by a majority of journals during the second half
of the twentieth century.

A scientific paper can be considered as a structured document of three parts:
metadata (including title, author list, publication date, keywords, abstract, etc.),
full text body, and bibliography (see figure 1). Bibliometric studies traditionally
focus on only the metadata and bibliography. The elements that contain infor-
mation in natural language are the title, the abstract, the full text body and the
bibliography. Implementing efficient information retrieval and information ex-
traction for all these elements of scientific papers is an important step towards
making scientific knowledge more accessible and helping scientists cope with
the enormous amount of data produced each day. The information extraction
and ontology population are intended to enrich the papers’ metadata and thus
define new facets for information retrieval.

Concerning the elements of the bibliography and their corresponding in-text ci-
tations, a new field of investigation has emerged that aims to characterize in-
text citations according to their contexts. Many applications can be envisaged,
among which the automatic summarisation (Wang and Zhang, 2017; See et al.

' E.g. CL-SciSumm Evaluation Task (https://www.aclweb.org/portal/content/3rd-computational-
linguistics-scientific-document-summarization-shared-task), Semantic Publishing Challenge
(https://2016.eswc-conferences.org/assessing-quality-scientific-output-its-ecosystem), BIRNDL
(http://wing.comp.nus.edu.sg/~birndl-sigir2017/), BIR (https://www.gesis.org/en/services/events/
events-archive/conferences/ecir-workshops/ecir-workshop-2017/), WOSP (https://wosp.core.ac.
uk/jedl2017/), CLBib (https://easychair.org/cfp/CLBib2017).
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2017), the extraction of relations between authors and the creation of author
networks, and the creation of new bibliometric indices.
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Figure 1. Elements of scientific papers and types of processing

A series of experiments on the PLOS corpus: in search of invariants

We have carried out a series of studies that show some invariants in the density
of in-text citations according to their positions in the IMRaD structure (Bertin et
al, 2017). The dataset consisted of around 80 000 peer reviewed papers pub-
lished by PLOS? in Open Access. The seven PLOS journals cover different do-
mains and are available in XML format following the JATS® schema. The pro-
cessing stages consist of the analysis of section titles to categorize the sections,
the text segmentation into sentences and the identification of in-text citations
and their corresponding references. The analysis showed the existence of a
strong and stable relationship between the distribution of in-text citations and
the rhetorical structure of the papers, and this independently of the journals and
domains (Bertin et al, 2017; 2013). This distributional phenomenon is an im-
portant factor in the study of citations and their roles in bibliometrics. Moreo-
ver, it has direct applications in information retrieval and extraction, as the den-
sity of citations in a particular sentence, paragraph or section can be related to
its relevance to a user need. In fact, one possible application is the exploitation
of these corpora through rich search interfaces (Bertin and Atanassova, 2012;

% The Public Library of Science, https://www.plos.org

? Journal Article Tag Suite, https:/jats.nlm.nih.gov/
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Presutti et al., 2014). Another related study addresses the question of the rela-
tionships that exist between abstracts, keywords and the full text body of papers
(Atanassova et al., 2016). Studying the ways authors summarize their papers is
useful to gain insights into which parts of the information in a paper are the
most relevant and are considered as the most important by the author.

Other studies were focused on the distributional analysis of citations in IMRaD
in relation to the occurrences of different verbs in the citation contexts (Bertin
and Atanassova, 2014). While it is natural to find a large number of in-text cita-
tions in the introduction and literature review of an article, knowing the verbs
and syntactic patterns that introduce these citations is essential to the lexical and
semantic analysis of citation contexts.

The production of visualizations of scientific corpora at a large scale is im-
portant for the discovery of trends and innovations, and for landscaping a par-
ticular domain. Several visualizations of the structure of papers were produced
in order to show the various roles that citations take as a function of their posi-
tion in the rhetorical structure (Bertin et al., 2014). Furthermore, we have ex-
plored the visualization of spatial data extracted from corpora in the biomedical
domain: we have studied the PLOS Neglected Tropical Diseases journal in or-
der to produce geographical maps of the occurrences of spatial data in the cor-
pus related to tropical diseases (Atanassova et al, 2015).

Information retrieval and semantic facets

The Semantic Web assimilates the production of scientific knowledge through
ontologies dedicated to the description of scientific papers (CiTO for the char-
acterization of citations, DoCO for the different elements of a document, and
BiRO for the description of bibliographic references) (Shotton, 2010). The cur-
rent publication models allow more and more applications oriented towards the
exploitation of scientific corpora at a large scale and the new challenges exist
around the automatic aggregation and production of semantic information re-
lated to or extracted from publications. The technologies of the Semantic Web
play an important role for these tasks, especially to ensure the interoperability
between the different formats and systems.

We have implemented two prototypes that use linguistic analyses combined
with Semantic Web technologies: an Information retrieval system using seman-
tic facets, and a system for the semantic processing and categorization of in-text
citations (in Presutti et al., 2014), that participated in the evaluation track Se-
mantic Publishing Challenge 2014 at the European Semantic Web Conference.
The main objective is to produce data from scientific corpora in order to take
into account qualitative information extraction from the papers. The annotation
of the set of documents was used to produce data in the form of Linked Open
Data in order to identify and characterize the cited papers, auto-citations, multi-
ple citations of a paper, funding organizations, paragraphs and sections con-
taining the state of the art, methods and results used in cited papers, etc. We use
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knowledge-based linguistic methods for the annotation, combined with existing
tools for Named Entity Recognition and POS-tagging (Chang et al., 2016;
Maning, 2011). The results are presented in a semantic search engine based on
SPARQL.

Facets in information retrieval are traditionally filters that are available in the
user interface and that allow to refine the result list according to predefined cat-
egories present in the documents. In the classical model, these categories corre-
spond to classes that exist in the metadata of the documents. We can go further
by considering semantic facets that depend not only on metadata but also on the
full text content and whose values are obtained by a linguistic analysis that must
be carried out during the indexation process. Such a model gives a new possi-
bility for the user to access the semantic content of documents: the search re-
sults can be filtered according to semantic categories and rich textual navigation
can be supported using a linguistic ontology. A different way of viewing this
idea is the enrichment of metadata (Bertin and Atanassova, 2012). For example,
the prototype that we have implemented gives the possibility for search and
textual navigation in a scientific corpus at the level of the sentence by the
choice of categories present in the papers, such as method, hypothesis, result,
conclusion, opinion, etc. These semantic categories are identified during the in-
dexing by a knowledge-based approach. The interface allows a semantic search,
where the relevance of a sentence is a function of both keywords and semantic
relations expressed in the sentence.

Conclusion

We have presented an overview of several applications around the exploitation
of scientific corpora: a distributional study and the characterizing of in-text ci-
tations, a semantic search engine and spatial data visualization. With the grow-
ing number of papers published daily scientists need new tool for more efficient
access to the information and to be able to rapidly grasp the main ideas of pa-
pers. The development of such tools is a recent area of research and has been
greatly favored by the Open Access movement. One major challenge before
Natural Language Processing is modelling and automating the extraction of ar-
gumentative structures for the construction of new textual navigation interfaces
for scientific texts.
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