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Abstract : 

Electronic publishing and large databases make it possible to store scientific data together with the texts that report scientific studies about these data. The SCD model, inspired from the logicist program, suggests to structure documents according to the role of each paragraph in the overall argumentation. Writing, storing, reading and indexing such documents turns out to refer to new paradigms. The Arkeotek project promotes the use of the SCD format for scientific productions in archaeology. 

To improve information retrieval in such data-bases, the Arkeotek project experiments semantic annotation with a domain ontology. This ontology stands as a complementary model together with documents. This paper presents these models and examines these new paradigms experimented on a collection of scientific papers and monographs, built up via a multimedia document consulting interface. These texts are available now on-line on the Arkeotek web site.

Key words: Documents structuring, Logicism, information access to document content, ontologies, semantic annotation.

1 Introduction

Electronic publishing and large databases make it possible to store scientific data together with texts that report scientific studies about these data. The SCD model, inspired from the logicist program, suggests to structure documents according to the role of each paragraph in the overall argumentation. Writing, storing, reading and indexing such documents turns out to refer to new paradigms. The Arkeotek project promotes the use of the SCD format for scientific productions in archaeology. Documents turn out to be models by themselves. 

To improve information retrieval in such databases, the Arkeotek project experiments semantic annotation with a domain ontology. This ontology stands as a complementary model together with documents. Thanks to this annotation, domain researchers may express queries to look for some scientific hypotheses in documents. 

This paper presents these models and examines these new paradigms. We experimented them on a collection of scientific papers and monographs, built up via a multimedia interface for document browsing. They are available on-line on the Arkeotek web site
.

After an overview of the Arkeotek features and goals (section 2), we detail the two complementary models that form the document database (section 3): the SCD documents and the domain ontology. Section 4 explains how domain authors may build and use these models: (i) texts are re-written using the SCD format; (ii) the ontology is engineered after the analysis of these texts; (iii) the ontology is used for document annotation by authors and database manager; (iv) document and ontology maintenance is jointly carried out to keep the two models consistent. Section 5 stresses some methodological principles and particularly the necessity of a cross-disciplinary approach to deal with such issues. Section 6 sketches the tools that will be demonstrated at the workshop.

2 Overview

2.1 Goals

Priority is given by the Arkeotek Project to the logicist re-writing of scientific texts and their edition under the format SCD originates from the following acknowledgment: it is not possible any longer to get through all the publications related to our own field of research. It follows that we do not read anymore: we just browse. However, scientific texts are written not to be browsed, but to be read in their linear form. The logicist program aims at producing texts whose structuring helps to browse scientific constructs as well as to assess their valid foundation [5]. In other words, editing scientific texts under the format SCD aims at increasing a) the number of publications that a reader can assimilate, b) the legibility of their foundation, c) at last, the possibility of building bases of structured corpus. In the future, it should prompt a better dynamic for research. So the Arkeotek project follows a three-fold goal:

1. To better retrieve in documents the knowledge and reasoning that scientists (in human sciences) mobilize to establish their results. 

2. To study or edit the way a scientist makes use of sources to produce a result (each research step is considered here as an epistemological data that contributes to measure the result validity).

3. To share scientific sources and documents so that it stimulates the dynamics of research in the field.

2.2 Features
The project anticipates two use cases [3]; 

A) Researchers want to read selected independent documents (available as CD): document browsing will be guided by their strong logical structure (the SCD format); 

B) Researchers want to retrieve precise information within the large Arkeotek collection (available on the Arkeotek web site) of structured documents via a query system and/or a domain model (ontology).

3 Inside look: complementary models in Arkeotek

3.1 Adaptation of the logicist program

The "logicist" program is the name given more than 20 years ago to an ensemble of researches aiming at clarifying the mechanisms and foundation of the reasoning underlying scientific constructs [5]. They rapidly gave rise to the “schematization” of these reasonings in the sense given by the logicien J.-B. Grize who defined this term as “models generated by a discourse in natural language” (1974). The passage from the linear writing to the schematization is a reduction, like in any model, but it keeps the totality of the constituent elements of the cognitive construct, released from the rethoric that characterize  traditional narratives.
3.2  The SCD format

The SCD (Scientific Construct & Data) format enables authors to capture texts that have been re-written according to logicist principles [8]. 
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Fig. 1 – Document structure according to the SCD format and corresponding displays (from [7])
A diagram is drawn that forms a synoptic presentation of the chaining of reasoning steps. This diagram usually is a tree (left part of figure 1) that offers a synthetic view. Each node represents what is called a proposition. It contains a title together with a short text that either describe some data, results, measures considered as reference data (in initial propositions), or that puts to light the logical operations carried out at each step (in interpretative propositions) (right part of figure 1). Initial propositions are the leaves of the tree. Interpretative propositions have antecedent propositions, which are their son nodes in the tree. The meaning of the links between propositions is that all the antecedents of a proposition are the statements required to demonstrate the validity of this proposition. 

The SCD format has been designed in order to enable the author not only to capture initial and interpretative propositions, but also to enrich them with comments in natural language and with illustrations (such as the pictures shown on the right part of figure 1). These illustrations act as a factual database and as cognitive tools for grabbing more efficiently the semantic content of the propositions. In the case of initial propositions, details can be added to access to the factual database. In the case of interpretative propositions, their antecedent propositions must be listed and made explicit.

3.3 Structured documents as models

Documents in the database are texts re-written according to the logicist principles in SCD format. Each text is fragmented into several propositions. Their status depends on their content: an initial proposition has no antecedent and describes facts; an interpretative proposi-tion provides the logico-semantic operations founding it. Interpretative propositions are numbered according to their level in the tree diagram. All these text fragments go with comments in natural language, and with multimedia illus-trations. These structured documents form a model of how facts, hypotheses, objects or data are interpreted to produce new scientific facts and hypotheses. 

3.4 Domain ontology

We propose to use a domain ontology to characterise document content and support information search in these documents. This ontology is specialised for document annotation: concepts and relations are those required to both define the main domain concept and to query and annotate available documents. For this reason, each concept is connected with all the terms that may be used to refer to it. Moreover, the ontology contains concepts required to describe domain data (archaeological items) and scientific hypotheses in this domain (concepts about the experiments carried out, the techniques under study and their geographical and temporal context, but also on the way results are obtained). 

The ontology currently covers 5 sub domains of archaeology. It contains about 200 concepts and 500 terms, mainly about ceramics and pearls. It will be checked and updated - if needed - every time new SCD documents will be added to the Arkeotek collection. 

3.5 Document semantic annotation

Document annotation means to associate some domain concepts to each paragraph (proposition in SCD). This characterisation should facilitate information retrieval by users. The main hypothesis is that concepts will be more powerful than terms because they will allow various terminological formulations of the same idea. Document annotation is under progress. It is currently based on human validation: concepts are considered as relevant annotations of a paragraph if domain experts validate them as good descriptions of the knowledge in this paragraph. In the future, this annotation will be combined with classical indexing features, relying on terms and numeral weights that reflect the importance of the concept in the document and in the whole database.
4 Building and maintaining the Models

4.1 Logicist rewriting of texts

Authors of scientific texts are the one in charge of re-writing their own texts after identifying their propositions and their logical chaining. Authors are in a good position to extract the logico-semantic operations distilled in the course of discursive texts. These re-writing process into SCD format is manual. It follows a bottom-up process. It consists in gathering the initial and interpretative propositions by thematic blocks in such a way that it makes the reading of the propositions easier. The blocks are named after the semantic content of the propositions they include. A group of blocks receives a title. In general, one distinguishes between the blocks that present the initial propositions, and those that present the interpretative propositions. 

The model content (the logicist re-writing) should be validated by the authors themselves. 

4.2 A database of structured texts

The Arketoek web site will host a database – later on called structured corpus – that will gather several SCD-formatted monographs and articles published in the collection Referentiels or in the Arkeotek Journal
. The process according to which this base will be elborated is still an open question: depending on the scientific construct, a same proposition may have different status, i.e. initial proposition in one document, interpretative proposition in another one. One of the problems arisen by the constitution of these bases of structured corpus is to gather, in a single base, constructs with propositions of identical content, but with different status.
4.3 Ontology modelling
We followed the TERMINAE ontology engineering method to rapidly identify most of the terms associated to domain concepts [1]. This method promotes to use natural language processing analysis of domain texts. We selected the whole collection already available in SCD format as a corpus. The SYNTEX syntactic analyser [4] and its ontology editor TermOnto guided the identification of the main domain concepts. Domain experts contributed with their own knowledge to add concepts and structuring relations that were not available in texts. A third knowledge source was the CIDOC-CRM ontology. It provided concepts that describe historical periods and their connection with geographical areas.

4.4 Document annotation with concepts

Annotation associates various concepts to each paragraph. Given an ontology and terms extracted from a paragraph, the system suggests that all the concepts associated to these terms in the ontology may annotate the paragraph. Moreover, some propagation rules suggest additional concepts, selected among those indexing paragraphs related to the current one according to the SCD format. Then the document annotation proposed by the system must be checked and validated. This work will be carried out by the Arkeotek collection manager together with an ontology engineering specialist. 
4.5 Joined model maintenance

Semantic annotation requires to coordinate the mainten-ance of the structured corpus together with the ontology that annotates it. 

a) Maintenance of the Arkeotek structured corpus: Scientific results can become obsolete as scientific discoveries go on. Moreover, new documents will be written and will regularly enrich the Arkeotek collection. This maintenance requires first checking the consistency of the proposition set: authors or domain specialists (ex. archaeologists) will achieve this. It also requires the semantic annotation of the new propositions, which assumes a tight collaboration between domain researchers and the collection manager.
b) Ontology maintenance: During document annotation, some concepts, relations or terms required for annotation may be missing in the ontology. In such a case, the ontology is up-dated all along so that it remains consistent with the content of the document collection.  

5 Discussion

5.1 Methodological issues, role of cross-disciplinary

Technology enables us to edit logicist documents, to  browse them at different reading levels, to build bases of structured corpus and to design modalities of interrogation. The collaboration between researchers in knowledge engineer and archaeology is here fundamental for developing efficient tools. 

But efficiency of the tools is also intrinsically linked to the nature of the documents, i.e. structured documents. So if technology is necessary, in no case it can help in what is the heart of the project: producing well formed and well founded scientific texts through the re-writing of discursive texts according to the logicist principles.

The overall validation of the approach is quite complex. It must be carried at various levels. It must involve users (domain scientists), SCD specialists and tool designers but also a human factor analyst that will bring an external look on the approach. Evaluation will bear on the relevance of the SCD format and the tools, and on the gain brought by the whole (structured corpus together with reading tools) to the scientific community.

5.2 Demonstrations

Three tools form the tool-kit required to set up the Arkeotek project: an authoring toolbox, a semantic annotation environment and the consulting interface.

5.2.1 An editing tool for Authors

 The Epistemes toolbox
 guides authors to edit a hypertext representation of their scientific productions according to the SCD format and after a manual re-writing of their documents. This editor helps to define the SCD tree diagram and to edit each proposition. Authors can define SCD propositions, connect them with antecedent propositions and write down the associated comments. Authors may also insert domain data like pictures, measure tables and diagrams. They may display the whole document table of content and check the validity of the SCD structure. 

The demonstration of the Epistemes toolbox will highlight the different steps of the editing process, from the logicist re-writing to its capture under the SCD format. 

5.2.2 An environment for semantic annotation

The ontology editor and the semantic annotation tool are gathered in the same software environment. This makes it possible to import results from the term extraction tool and to use them simultaneously for two purposes: both to define concepts and terms in the ontology and to annotate documents (paragraph by paragraph) with these concepts. 

5.2.3 Consultation and query interface

The multimedia query and browsing interface enables final users (domain researchers) either to browse one particular scientific document (on a CD) or to search for some specific results in the Arkeotek collection (on the web site).

The demonstration will show the different ways SCD documents can be displayed, on line and off line. It will also explain the two ways a researcher may explore documents, by following their SCD structure or by writing queries.

A) Reading a particular document following its SCD structure: Texts re-written according to the logicist principles and captured into the SCD format are displayed according to different modalities: quick reading of its propositions, or detailed reading of these propositions along with their comments, their antecedents and the data they refer to. The logicist diagram that enables the reader to have a synoptic view can be called up at any moment in the course of document browsing. The multimedia player stages differently the SCD format texts depending on the publications (journal article or monograph) and on its support (on-line or cdrom).
B) Looking for some specific information in the Arkeotek collection: queries may be expressed in natural language or directly using a combination of concepts from the ontology. Whatever the input, the query system turns it into a set of concepts and matches it with the annotations of all the propositions in the collection. Best matching propositions are combined according to some rules that rely on the SCD format. Answers to a query are documents that contain the most relevant propositions or combination of propositions.
5.3 Evaluation
The edition of three thesis and four articles under the SCD format enables us to assess already the benefits of such a format for Human Sciences: fast reading of the scientific constructs, rapid evaluation of their foundation, access to the data bases mobilized by the construct.

Interrogation of these constructs either at the level of the data, or the rules of inferences should enable researchers to rapidly be able to compare the logico-semantic operations operated on similar or different data. From this point of view, one can hope in the long run to be able to structure knowledge in human science and therefore to create a better dynamic of research. 

Another large-scale evaluation is currently planned within a very specific research community in traceology. All the effort required to re-write documents under the SCD format, to define a relevant ontology and to annotate these documents will be measured and balanced with the gain brought for information retrieval and knowledge sharing among researchers. This ambitious evaluation will involve users in their task of information retrieval and knowledge sharing. It will also bear on the quality of the ontology and its relevance to get an efficient document annotation and to guide query formulation.

6 Conclusion
The Arkeotek project proposes to improve knowledge management in human sciences by a two layer structuring and annotation of the databases and documents produced by the scientific community. A first layer makes explicit the argumentative structure of documents with the SCD format, and a second layer characterises their content with some domain knowledge. Together, these two layers make it easier to expose scientific results, to archive and share them in electronic form.
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