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ABSTRACT 

Within the framework of a project which includes biologists, 
computer scientists and linguists, we aim at implementing a 
knowledge base on a recently discovered biological phenomenon. 
To ascertain the validity of the knowledge extracted from 
biological literature and to use it to semantically annotate the 
contents, we address the temporal, modal and/or enunciative 
characteristics of the identified information. This work answers a 
specific need expressed by the biologists regarding the quality of 
the information extracted and recombined for them in the 
knowledge base.  

Categories and Subject Descriptors 

H.3.1 [Content Analysis and Indexing]: Linguistic processing. 

I.2.4 [Knowledge Representation Formalisms and Methods] 

I.2.7 [Natural Language Processing]: Language model. 

General Terms 

Design, Experimentation, Standardization, Languages, Theory. 

Keywords 

Modality, hedging, ontology population, semantic annotation. 

1. INTRODUCTION AND CONTEXT 
Within the framework of the Microbio project, a collaboration 
between biologists, computer scientists and linguists, we aim at 
implementing a knowledge base on a recently discovered 
biological phenomenon which was awarded the Nobel Prize in 
2006. This phenomenon concerns miRNA, their mutation and 
regulation and their impact on the development or inhibition of 
certain diseases. The knowledge base collects data from the 
existing distributed databases but also from the biomedical 
literature available on the PubMed portal. This knowledge base is 
intended to be consulted by biologists but also to contribute to the 
semi-automatic annotation of biomedical literature in this specific 
domain. 

An initial domain ontology about miRNA was modeled by taking 
as input various existing resources (such as the databases, the 
Sequence Ontology) and a set of expert interviews with biologists 
from the Pasteur Institute in Montevideo. As described in [1], an 
information extraction tool aiming at populating the miRNA 

ontology was configured based on a corpus of full text articles 
from Medline selected for their relevance and domain coverage by 
the biologists. It can automatically identify and tag sentences 
which state a miRNA and at least a Gene and/or a disease and/or a 
Mutation (SNP). The CA Manager infrastructure [2] was used to 
configure and develop the service that enriches the knowledge 
base with new instances tagged by the information extraction tool. 
This tool was chosen because it already includes a set of 
consolidation algorithms that can automatically disambiguate 
some information, resolve URIs and check domain, range and 
restriction constraints based on the ontology model of the 
knowledge base.  

However, to ascertain the validity of the new knowledge and to 
use it to semantically annotate content, the biologists pointed out 
that this is not enough. In fact, temporal, modal and/or 
enunciative features indicative of authorial commitment to the 
identified information in biological texts need to be explicitly 
tagged and included in the knowledge base. This aspect of our 
approach constitutes its originality and answers a specific need 
expressed by the biologists regarding the quality of the 
information extracted and recombined for them in the knowledge 
base: namely, the need to have access to the validation framework 
of the information (in vitro, in vivo, in silico … experimentations, 
by which team, when, the certainty or uncertainty status of the 
results, and so on). Within the biological domain, [3] suggest that 
“contradictions and speculations in the literature are likely to 
prove a fruitful source of new hypotheses. All of this is territory 
yet to be explored”.  

We address the issue by focusing on the explicit linguistic 
markers of epistemic qualification; that is to say by working 
directly on the textual units that express a certain degree of 
confidence about a new item of knowledge. These textual units 
are often classified in the linguistic literature under the term 
“modality” or “hedging” and have been widely explored in 
scientific corpora. None of these previous approaches, however, 
have attempted a formal representation of this linguistic category. 

In this article, we present our preliminary work for establishing a 
conceptual linguistic framework by the means of an ontology of 
what we name “the linguistic context of validation” of an item of 
information. This ontology aims to capture the elements of the 
information perspectivization expressed by the author of a text 
when using certain modal markers (may, maybe, …), references to 
other enunciators’ claims or tenses (e.g. continuous present). 
Thus, this ontology represents the relations between three 



linguistic categories involved in the characterization of validity 
conditions of information: enunciative conditions, aspecto-
temporal conditions and modal (or rhetorical) conditions. These 
categories are relevant for any domain. Thus the ontology is 
independent of any domain ontology and reusable for other 
applications. In this paper we particularly focus on the analysis 
and the modeling aspects of modal and/or enunciative 
characteristics of tagged sentences.  

This ontology can be used to semantically annotate the extracted 
information for a subsequent ontology population. In the next 
section, we discuss how this need for extra information about new 
knowledge also concerns the idea of trust in knowledge 
acquisition and semantic web fields. We then present the 
linguistic perspective, i.e. how modality is expressed in texts, and 
our model for an ontology of modality. In section 4, we illustrate 
our approach within the Microbio project on the miRNA 
phenomenon to explain how it can be used to semantically 
annotate textual information in order to enrich a knowledge base. 

2. TRUST IN KNOWLEDGE 

ACQUISITION 
The issue of qualifying the epistemic nature of the extracted 
knowledge concerns various domains, not only the biomedical 
one. It can be seen as related to the trustworthiness and the 
confidence given to any information found on the Web by 
humans.  

Current knowledge acquisition tools aim to automatically or semi-
automatically produce semantic annotations or new knowledge 
instances from textual documents, based on an ontology. If we 
look at the Semantic Web architecture proposed by Sir Tim 
Berners-Lee [4][5], it is composed of several layers that target 
specific needs for putting into practice this vision of a “semantic 
web”, interpretable by both humans and machines. Among these 
layers, the trust layer is one of the top semantic web architecture 
layers still awaiting standards, or at least recommendations to the 
community. This layer proposes to answer the following 
questions: how trustworthy is information found on the semantic 
Web? How do I decide that it is trustworthy? In 2004, [6][7] 
defined three types of trust mechanisms: 

• Reputation-based Trust Mechanisms 

• Context-based Trust Mechanisms 

• Content-based Trust Mechanisms 
 

While the first two types refer more to security issues and have 
been studied since 2003 by the Semantic Web community in 
different working groups, the last one still needs to be addressed. 
This is particularly the case when semantically annotating a web 
resource and populating an ontology from the analysis provided 
by information extraction tools. How can the content itself be 
used to characterize the trustworthiness of the extracted 
information to be added to the knowledge base? This can be 
further redefined as addressing the following issues: 

• aggregation of the same content published by different 
information providers 

• following the same event or knowledge evolution over a 
certain timeline (e.g. from rumors to announcements to facts 
in the competitive intelligence domain) 

• fine-grained characterization of the semantics of the 
information itself: the possibility that an event may occur and 
how sure are we of its occurrence? 

 

The first two issues can be addressed using consolidation 
algorithms based on inference rule or constraint validation from a 
reasoning engine plugged to the ontology repository [9]. On the 
other hand, the last one requires more information to be extracted 
from the text in order to guide the end-user about the 
trustworthiness of the acquired knowledge. In fact we try to 
answer the following question: how can we identify in a textual 
document “valid” knowledge which can be used to annotate the 
resource and be stored in a knowledge base but also queried and 
trusted by the end-user. To address that question, we plan to look 
at the textual modalities that can be found in the text and that can 
be linked to the domain-related knowledge instance itself. 

3. EXPLORING MODALITY OR 

HEDGING IN SCIENTIFIC TEXTS 

3.1 Epistemic modality in texts: state of the 

art and presentation of our methodology 
The named entity and relation identification tasks are common in 
the Text Mining field applied to biological textual corpora [9]. 
The task that consists in identifying the modality occurrences and 
giving them, if possible, a semantic interpretation in their context 
of occurrence is less classical and represents a challenge for the 
Text Mining field in general, and no doubt in the biomedical 
domain as well. For [10], “detecting uncertain and negative 
assertions is essential in most Text Mining tasks where in general, 
the aim is to derive factual knowledge from textual data. This is 
especially so for many tasks in the biomedical (medical and 
biological) domain, where these language forms are used 
extensively in textual documents and are intended to express 
impressions, hypothesised explanations of experimental results or 
negative findings.” The first research attempt that aimed at 
exploring the area of modality in biomedical texts was [11]. It is 
now possible to distinguish major approaches depending on 
whether or not they refer to extensive linguistic analysis of 
modality in scientific texts as in [12]1. This is the case for [13] 
and [17] but not for [11], [14] or [15]. The latter approach 
consists in defining manually a set of annotation schemas to be 
used mainly in machine learning algorithms2. 

Our approach is closer to the methodological and conceptual one 
of [13], [16] or [17] since we explicitly integrate in our modeling 
work the fact that the semantic – and/or pragmatic – interpretation 
of the modal markers still remains an open issue, unresolved in a 

                                                                 
1 It should be mentioned that most of the analyses have been done 

on English. Two exceptions, however, are [18], which provides 
a comparative epistemic modality analysis of scientific corpora 
in three different languages (French, English and Norwegian), 
and [19], which presents the problem of epistemic vs. rhetorical 
interpretation of modal markers in French scientific discourse.  

2 See [9] for a presentation of the limits of this type of approach 
(called ‘corpus linguistics’) in terms of linguistic semantic 
analysis. 



systematic way. This is essentially due to the following three 
factors:  

(i) no consensus has yet emerged regarding the types and 
numbers of semantic values to be retained (on a scale from ‘totally 
certain’ to ‘totally uncertain’) [17];  

(ii) the problem of the ambiguity of these markers in the textual 
context is raised (i.e. their precise value or their domain of 
semantic coverage) [18];  

(iii) lastly, the main ambiguity resides in their semantic vs. 
pragmatic interpretation (these markers work as many clues for 
epistemic or for rhetorical functions) [12] [19].  

As we will see below, the fact that these factors are integrated 
from the outset in our modeling proposal allows us to consider an 
operative automatic annotation tool for modality just as it is 
expressed in the texts.  

Several other points deserve to be stressed concerning our 
methodology and our modeling process for annotating modality in 
texts.  

First of all, in the exploration and analysis of modal markers in a 
scientific textual corpus, our strategy involves selecting a set of 
sentences that are already relevant for the biologists (e.g. a set of 
sentences about relations between miRNA, genes and diseases for 
instance). It should be remembered that one of the methodological 
principles of our modeling task consists in starting from a need 
and its analysis (the one formulated by the Pasteur Institute 
biologists) and thus from a domain and a specific application 
objective. This methodological position is based on a prerequisite 
formulated by the Knowledge Engineering community when 
creating ontologies [20]. We thus propose a different view from 
studies interested in the expression of modality in texts, as these 
studies generally analyse all the sentences of a text (within the 
biomedical domain or not, cf. works cited above). Moreover, we 
contend that our approach simulates more accurately the reading 
process of scientific researchers in their disciplinary field], or, to 
put it differently, replicates the process whereby entities (and/or 
the relations between entities) are first identified and then the 
linguistic characteristics of validation modes are considered 
(information presented as certain or not, by who, when…). 

Second, another divergence with the above cited works is that we 
envisage the definition of a linguistic ontology of modality, trying 
to take advantage of the inference rules that an ontology permits 
with a view to placing  the information retrieval task of a biologist 
towards the possible formulation of new hypotheses or discoveries 
by displaying the textual fragments organised according to 
epistemic criteria. It should be mentioned here that although 
projects for creating linguistic ontologies already exist (see 
[21][22] and [23] on the biomedical domain in particular), none 
address the issue of creating an ontology of modality. 

Furthermore, these projects underline the specific difficulty in 
creating an ontology for categories that are not lexical but 
grammatical (such as time, aspect, modality, gender…). They 
handle the issue of creating linguistic ontologies referring not to a 
grammatical category but to the rhetorical structure of texts 
([20][21]). However, [23], which is closer to our approach, even 
if the authors do not mention that they are interested in the 
grammatical category of modality, questions the distribution of 
textual units such as ‘research statements’, ‘research questions’ 
and ‘comments’ in the texts. 

Third, and this point distinguishes our work from studies 
conducted more generally in the field of modality (with the 
exception of the annotation standard TimeML [24]), we propose 
to link modality explicitly to the categories of enunciation and 
temporality. This choice appears in the definition of our ontology 
as the root concept is ‘Linguistic_Context_of_Validation”. Not 
only does this approach have a sounder theoretical basis in 
linguistic analysis (cf. general linguistics studies that mention the 
close interweaving between these categories), it also has a clear 
applicative interest in terms of activity for competitive intelligence 
tasks in science. It consists in being able to manage the evolution 
overtime in the validation status of the information units that are 
being monitored as well as their characteristics in terms of 
enunciative responsibility (by whom – either an individual or a 
collective scientific entity – a scientific fact is claimed in a text). 
That is why we speak about the “context of linguistic validation” 
of an occurrence of a fact reported in a text. This concept has 
three subtypes: “modal context”, “enunciative context” and 
“temporal context”. In the remainder of this paper, we focus 
mainly on the “modal context” and the “enunciative context” by 
analysing a relevant sentence from our biomedical corpus. 

3.2 The ontology of Modality 
The concept “Linguistic_Context_of_Validation” fits into a larger 
specification of a context of validation of an occurrence of an 
identified fact. Consequently, the root concept of our ontology is 
“Context_of_Validation” which has two sub-concepts, the 
Linguistic one and an Extra-linguistic one. 

The “Linguistic_Context_of_Validation” deals with the 
knowledge that is relative to the context of validation as expressed 
by the author of the text, whereas the 
“Extra_Linguistic_Context_of_Validation” looks at external 
knowledge of a text (such as its Impact Factor). The latter concept 
will not be discussed here. 

Taking into account the enunciative aspect enables us to provide 
one part of the linguistic context of validation of the propositional 
content (more prosaically called ‘identified fact’ here)3, presented 
with the following sub-concepts as shown later in Figure 2:  

• “Full authorial commitment”, i.e. the author of the text 
accepts full responsibility for the claims made in the text4; 

                                                                 
3 The essential parameters of the state of enunciation are “by 

whom”, “when”, “where” and “to whom it was said”. In this 
paper, we address only the parameters “by whom” and “when”.  

4 By default, the author of a text takes responsibility for the entire 
set of statements of a text, that is to say that he is the primary 
enunciative source. This conception is explicitly adopted in 
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• “Indirect Speech”, i.e. attributed to another enunciator, with 
a marker of agreement or on the contrary of distance from the 
author; 

• “Limited temporal universe”, e.g. “X said in 2002 that…”; 

• “Limited experimental universe”, e.g. “in the 
experimentation…, it appears that….”; 

• “Limited thematic universe”, e.g. “Regarding…, X said 
that…”; 

 

Taking into account the modal (epistemic) aspect5 enables us to 
provide another part of the linguistic context of validation of the 
propositional content, represented by the following sub-concepts:  

• “No_Doubt”, e.g. “X regulates Y”; 

• “Doubt”, e.g. “X may regulate Y”; 
These sub-concepts can be extended with a more fine-grained 
scale of the degree of modality expressed in a text. 

 

Taking into account the temporal aspect6 enables us to provide yet 
another part of the context of validation of the propositional 
content, represented by the following sub-concepts:  

• “Has happened”, i.e. having occurred at a date or over a 
period of time (not necessarily explicitly mentioned in the 
text); 

• “In progress”, i.e. being developed at a date or over a period 
of time (not necessarily explicitly mentioned in the text); 

• “Stable”, e.g. established as a stable truth at a date or over a 
period of time (not necessarily explicitly mentioned in the 
text). 

 
 Figure 1. Hierarchy of constitutive operations of a statement 

according to Nuyts [27] 

 
                                                                                                           

work within the French enunciative linguistics field (Bally, 
Benveniste or Culioli) and also in Anglo-Saxon computational 
linguistics, for instance in [24] and [25] looking at the 
embedded discourses or ‘nested-sources’ analysis.  

5 In fact, following [26] for instance, we only handle the epistemic 
aspect of modality (the one relative to the degree of certainty 
expressed regarding the truth of a propositional content) which 
directly concerns our approach to analysing scientific texts.  

6 As the categories of time and aspect are interrelated from the 
point of view of linguistic analysis, we have preferred to 
explicitly label the concept as such. 

These three key aspects refer to part of the hierarchy of the 
constituent operations of a statement presented in [27] – cf. Figure 
1. Many linguistic analyses postulate the existence of an ordered 
organization of the constituent operations of a statement, in which 
the enunciative aspect occurs more or less explicitly. While there 
is some debate about certain specific features of this organization, 
it reflects nevertheless a widely-accepted trend towards a 
hierarchy of temporal, aspect and modal-based operations in the 
construction of a statement. We note that the markers for these 
categories do not have the same impact and assume the 

hierarchical organization described in Figure 1. The category of 
“Evidentiality” that marks the source of information (“according 
to what I know”, “as I see it”…) has the largest range. 

 

In the current state of our work, the linguistic ontology of the 
linguistic context of validation of an occurrence of a fact is 
presented in Figure 27.  

 
Figure 2. Hierarchical concept tree of the ontology of modality 

that permits to provide the linguistic context of validation of 

an occurrence of a fact in scientific texts  

 

Regarding point (i) (cf. section 3.1. above), experiments 
conducted to measure inter-annotator agreement on the basis of a 
fine-grained scale of certainty reveal the difficulty  of specifying 
the analytical categories. Recent work by Rubin [17] concludes 
that “it is not entirely clear that a five-level distinction of 

certainty [ABSOLUTE, HIGH, MODERATE, LOW CERTAINTY 

and UNCERTAINTY] is preferable to a simplistic distinction 

between statements with certainty and statements with doubt”. 

Regarding point (iii) (cf. section 3.1. above), it is worth recalling 
the difficulties underlined by several studies, among them those 
mentioned by Rubin [17]: “Little attempt, however, has been 

made in natural language computing literature to manually 

annotate and consequently automate identification of statements 

with an explicitly expressed certainty or doubt, or shades of 

epistemic qualifications in between. This lack is possibly due to 

the complexity of computing epistemic interpretations in different 

pragmatic contexts; and due to unreliability of variety of 

                                                                 
7 As in [26], we chose to separate evidential and modal categories. 

This is an important theoretical option to point out and it 
distinguishes our approach from that of [25] for instance, where, 
as in [27], the category of ‘evidentiality’ is considered as a sub-
category of ‘modality’. 



linguistic expressions in English that could explicitly qualify a 

statement. Another complication is a lack of agreed-upon and 

easily identifiable discrete categories on the continuum from 

certainty to doubt”. 

Corroborating the remarks made by [13], “Hedging is critical in 

scientific discourse because it helps gain communal acceptance 

for knowledge. Scientific ‘truth’ is as much a social as an 

intellectual category, and the distinction writers make between 

their subject matter and how they want readers to understand 

their relationship to is crucial to such a highly self-conscious 

form of discourse. Not only does it influence the effectiveness and 

credibility of argumentation, but helps define what it means to 

write science…”. 

4. THE MICROBIO PROJECT: AN 

ILLUSTRATION FOR THE USE OF THE 

ONTOLOGY OF MODALITY 

4.1 Microbio ontology  
The Microbio ontology aims at formalizing the recent discoveries 
related to miRNAs: their regulation with the genes, and especially 
the mRNA, and their mutations which can cause or on the 
contrary inhibit diseases. Although no ontologies specifically 
represent this domain, several terminological and ontological 
resources, such as the Gene ontology [29] or the Sequence 
Ontology [30], propose a general overview of genes and their 
sequences. Some databases on mRNAs and miRNAs, such as 
Tarbase [31] and miRBase [32], have recently been created, 
testifying to the interest of biologists in this new issue, which was 
awarded the Nobel Prize in 2006.  

For this project we needed a high-level ontology that would be the 
starting point for modelling a new ontology dedicated to the 
representation of miRNAs and their impact on gene regulation 
and mutation. We therefore decided to work with the Sequence 
Ontology (SO) as it already represents biological sequences in 
general and especially the concepts of “Gene”, “mRNA” and 
“miRNA”. Some interesting relations between concepts are also 
described such as « is_part_of » to represent the decomposition of 
a miRNA into its atomic parts (« loop », « stem »…) or 
“regulated_by” to model the phenomenon of regulation between a 
miRNA and a mRNA segment even if it has the status 
“deprecated” in the Sequence Ontology. Finally, we enriched and 
extended this subpart of the SO with current knowledge about 
miRNA thanks to a series of interviews with domain experts, 
namely the biologists at the Pasteur Institute in Montevideo. 

We modelled the Microbio ontology in the OWL  as it allows us 
to keep a reference to the SO concepts reused from the SO and 
therefore to ease the integration of our ontology in the SO if 
relevant. When a concept comes from the SO or is equivalent to 
an existing concept in the SO, then a semantic link between the 
Microbio concept and the SO one is created via the 
"owl:equivalentClass" construction. For instance, the concept 
“miRNA” from the SO is an equivalent class to the concept 
“miARN” of the Microbio ontology (in French so far). We apply 
the exact same principle for equivalences between properties 
thanks to the “owl:equivalentProperty” construction. By initially 
adopting a separate representation from the SO, the conceptual 
independence of our ontology can be maintained until it has been 

definitively validated by the biologists, while still keeping a link 
to the SO for the time when we will ask the SO working group to 
integrate our work in their ontology.  

The goal of the Microbio ontology is to be automatically 
instantiated from a corpus of scientific articles extracted from the 
Medline portal and dealing with miRNAs. A semantic annotation 
platform named CA Manager [2][33], based on both UIMA and 
Semantic Web standards, has been used to set up an ontology 
population workflow, including an information extraction tool 
dedicated to the identification and tagging of the miRNA, the 
mRNA, the genes, the disease and the mutations (SNP code) in 
the text [1] with a Sesame server to store the discovered 
knowledge instances of both concepts and properties. Another 
benefit in using the OWL format is that some basic inference rules 
can be applied to the knowledge base in order to detect new 
relations between miRNAs and genes or even between miRNAs 
and diseases. For the biologists, however, even detecting new 
relations is not enough if they do not know the degree of certainty 
and therefore of confidence that they can attribute to the 
information so as to process it in their own biological analysis. 

4.2 Applying modalities to Microbio ontology 
To overcome this issue, we proposed the ontology of modality to 
the biologists and we integrated it with the Microbio ontology. 
The ontology of Modality is also formalized in OWL and we 
modeled the following object property 
“modal:validates(modal:Linguistic_Context_of_Validation, 
owl:Class)” that allows us to describe any other class with an 
instance from the concept ‘Context of Validation’ or one of its 
sub-concepts. This kind of representation is flexible enough for 
the ontology of Modality to be used to annotate any other domain 
ontology. Other concepts and properties have been added to the 
ontology of Modality to represent the textual context, such as: 

• modal:marks(modal:Textual_Unit, 
modal:Linguistic_Context_of_Validation),  

• modal:has_origin(modal:Indirect_Speech, modal:Source),… 
 

To enrich the semantic graph produced by the CA Manager 
platform in order to automatically populate the Microbio ontology 
with the modality context, we adopted the following method: 

i. First, in a corpus composed of scientific full texts 
obtained from PubMed with the query [miRNAS+human], we 
isolate the sentences that carry information about an explicit 
relation between instances of two different concepts: one (or 
several) miRNAs and one (or several) genes. This is done through 
the use of patterns such as $miRNAS+$Gènes. A later step will 
consist in adding a list of relational markers (verbal, nominal or 
adjectival) between these two entities, to be defined by the Pasteur 
Institute biologists. 

ii. Second, we work on this set of sentences and analyze 
their modal markers. 

 

Let’s take an example and look at the following sentence:  

“The earlier work of Anttila et al. (2003) has also suggested the 
role of DNA methylation in CYP1A1 regulation”.  



The blue part of the sentence refers to the Microbio ontology 
whereas the red part refers to the ontology of Modality, 
expressing indirect speech, e.g. Anttila et al. (2003), and the 
uncertainty of this regulation by the use of the verb “suggest”. 
This sentence can be represented by the semantic network as 
illustrated in Figure 3. 

 

Figure 3. An example of a semantic network including 

modality information 

 

This semantic network is consolidated and disambiguated by the 
algorithms provided by the CA Manager. These algorithms 
automatically control the ontology constraints (domain, range, 
restrictions…) and resolve the reference to existing instances in 
order to avoid any redundancy within the knowledge base. A link 
to the original document is kept for each instance created in the 
knowledge base so that the scientific articles in which the 
information was found are easily retrieved for later use and 
validation. The whole OWL graph is then imported and stored in 
the repository, ready to be manually validated by the biologists if 
necessary and queried by both the biologists and the inference 
engine.  

5. CONCLUSION AND PERSPECTIVES 
According to [34], “key aspects are to discover unsuspected, new 
knowledge hidden in the vast scientific literature, to support data 
driven hypothesis discovery and to derive meaning from the rich 
language of specialists as expressed in the plethora of textual 
reports, articles, etc. With the overwhelming amount of 
information (~80%) in textual unstructured form and the growing 
number of publications, an estimate of about 2.5 million articles 
published per year [35] it is not surprising that valuable new 
sources of research data typically remain underexploited and 
nuggets of insight or new knowledge are often never discovered in 
the sea of literature. Scientists are unable to keep abreast of 
developments in their fields and to make connections between 
seemingly unrelated facts to generate new ideas and hypotheses”. 
Following the experiment conducted by [36] and described in 
[13], we aim at providing a tool to support biologists in their daily 
tasks for annotating scientific articles and (semi-)automatically 
populating a knowledge base dedicated to a growing field of 
research. This tool collects textual units scattered in the scientific 

literature about a particular theme (here the relations between 
miRNAs and genes) according to an epistemic criterion linked to 
the presence of certain modal markers in the relevant sentences.  

The next step for the project is to evaluate this ontology of 
Modality and the benefits that the biologists could actually get 
from. Then we will configure the semantic annotation tool with 
the patterns that will allow automatic identification of the 
enunciative, modal and aspecto-temporal concepts in the scientific 
articles. Then, the whole ontology population application can be 
implemented and evaluated by the biologists from the Pasteur 
Institute in Montevideo. 

We would also like to participate in the construction of the Trust 
layer in the Semantic Web architecture and combine our approach 
with the use of named graph for the enrichment of the semantic 
network generated on the domain from the textual resources by 
the modality knowledge. We could then propose an annotation 
scheme to identify and implement a set of Content-based Trust 
Mechanisms. 
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