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Abstract. ant, controversial information out of which meaning and knowledge
This paper describes an emergent collaborative project beecan be built up mainly in contact with those who produce it. One

tween the universities of Reunion (Institut de Recherches ersuch knowledge flow needs to be supported by tools and pedagogical

Mathématiques et Informatique Appliges -IREMIA) and Mauri-  scenarios in which students not only have access to information or

tius (Virtual Centre for Innovative Learning TechnologiegCILT) expert knowledge, but also are actively involved in its elaboration at

to make scientific research results in insular tropical environmenthe same level as the experts themselves.

available to a wider audience, create an awareness and contribute

to a better protection of this environment. On the long term, the . .. . .

project also Ff;ims at developing a strong regional compe%ency kern& Sharlng b'Od'Vers'ty knOWIGdge of trOp'CaI

through the use of technology as a tool to encourage the develop- islands
ment, documentation and use of indigenous information and knowlte issue of a biodiversity information system is to improve knowl-
edge about tropical islands environment: evaluate what is availablg,qge about beings living in tropical islands, in order to preserve and
how it can be preserved, strengthened, amplified orimproved throughanage this terrestrial and marine patrimony. Citizens in the Mas-
the |ntrodgctlon of ICT and how it could pgrtlupate, in the basket Ofcarene archipelago (SW of Indian Ocean) must be aware of growing
globalisation, as our share for a common identity. We show how engegradations in tropical forests and coral reefs, inherited from eco-
hancement and dissemination of research results can be achieved by &mic and anthropic pressures (tourism, urbanism, agricultural and
combination of an upstream strategy based AiBS, a generic soft-  fishing developments). In this context, Universities play a major part
ware for building knowledge bases on the mten_wetln natural sciencesggy; the development and transmission of knowledge about tropical
and a downstream one, based on a pedagogical approach borrowgg yjyersity, natural habitats, and customs. This situation calls for
from the DARWIN world. The final outcome expected for the overall haryowing the gap between researchers, decision-makers and users.
ZKBS-DARWIN project s a transversal bilingual (French - English) oy gpjective is to work on shared diagnosis exercises for facil-
research and educational portal, supporting enhancement online afating the appropriation of knowledge by the island people. Thus,
tivities in several related domains at several levels of competencye 7485-DARWIN portal contribution aims at bringing some ex-
from researchers and graduate students to undergraduate studepfsytise accessible for different target users wanting a long-standing
associations or communities of practice. _ development of their environment. More precisely, it makes scientific
keywords : biodiversity, e-research and leaming, knowledge research on species in tropical islands available to a wider audience,

building, enhancement and dissemination of research, insular trogy order to create a consciousness contributing to a better protection
ical environment. of these natural resources.

1 Introduction 3 TheZKBS-DARWIN research & learning
The introduction of Teaching and Learning Technology (TLT) in  SyStém
Higher Education changes in a drastic manner the relationship beg regional cooperation project for the development of research &

tween the t.WO majo.r prolce'sses on which relies the elaboratign %arning contents and facilities in the Indian Ocean region, is cur-
knowlgdge in the university: Re_sc_earch on the one hand, Teachmg %ntly emerging between the universities of Reunion and Mauritius,
Learning on the other. By providing access to an endless variety 0(fnrough thelREMIA lab (Research Institute in Applied Maths and

information and personal contacts, the internet introduces in tradi(‘:omputer Science in Reunion Island) and @ILT (Virtual Centre

tional e(_jucanon frameworks, the need to narrow the gap t_)etw_een t%r Innovative Learning Technologies) in Mauritius. To achieve this
production of knowledge, so far related to research, and its dlssem{ésk between both universities, the chosen approach is twofold:

nation, so far related to learning. In the Information Society, Higher 5 ihe one hand, it means to offer methods and tools for the scien-

Education institutions build a reputation on their ability to respond (0 enhancement and dissemination of research results. An upstream

an increas_ing demand for true, reliable, illustrated, updated and eagphancement has been initiated five years ago as a e-research project
ily accessible knowledge. Thus, the cycle gets shorter from resear%lying on the Iterative Knowledge Base Syst@ii5S [2]

to teaching, while students are confronted to an ever-evolving, fluctu- - 5% o other hand, a downstream enhancement intends to provide

L IREMIA, Universié de la Runion, 97715 Saint Denis, BP 7151, France. pedagogical approaches b°”°W'“9 from ’.’The. I?grwm World - Le
e-mail : ikbs@univ-reunion.fr monde de Darwin”, a large e-learning project initiated a few years

2 VCILT, University of Mauritius ago in Quebec, through the Cyberscol School net [6], to make these




results available to an audience wider than the sole communi
academic researchers. This side of the project interests undergr:
students or members of communities dedicated to the protecti
the environment.

To contribute to the process aiming at the promotion and disti
tion of research worREMIA has been involved in the building L
of an information system (IS) for helping decision-makers to mar
insular tropical environments formed by the future natural Reul
reserves: ETIC? [10]. For example, theZ}CBS team is building
up a coral biodiversity IS that takes into account two skill lev:

knowledge and know-how. The former is made up of encyclopa . e
information in books from different contextual data sources, bit oo

graphic, taxonomic, bio-geographic, eco-biologic, photographic, _ oL

The latter includes the professional knowledge from the speci . ) Desc"‘mlom

this intuitive experience being acquired during a whole-life prac \ (cases)

in the field. IS are such research applications of a life science do
combining knowledge bases and databases.
These sort of IS will be taken by tRéCILT as the kernel of at v .
educational portal. ThEXCBS research and DARWIN pedagogic o . ; '
. i . : bibliographic biogeographic
enhancements intend to disseminate a better knowledge on bio
sity, notably for corals and flora of the Mascarene archipelago f
union, Mauritius and Rodrigues islands). The combination is bi
on knowledge building approaches, in collaboration with conten
pert specialists, cogniticians and users. photographic
Transfers of competence and technologies 8S) between botr
institutions are targeted to allow the emergence of a virtual reseaicn
& learning community whose activities can create, at the end of the Figure 1. Knowledge management cycle BXBS
day, an effective and efficient social awareness around those environ-
mental issues, crucial for the Indian Ocean region.

4 Upstream enhancement: th& KBS research mens in a case base, and the expert references each description by its

approach species’ name.
In the knowledge processing stage, a decision tree is automatically

IKBS is a generic software workshop for building knowledge basedearnt from the system by discriminating the pre-classified examples.
on the internet in natural sciences [2]. It was applied to SystematicsClassification rules (diagnoses) may also be generated. Any user
the scientific discipline that deals with listing, describing, naming,identifies new observations by following tree nodes from the root to
classifying and identifying living beings. For creating information leaves and answering questiofi%’5S uses &Case-Based Reason-
systems on biodiversity that are accessible on the internet, we needg [1] [8] approach to switch dynamically to alternative questions
to enhance and share the use of the systematician’s expertise. For twvéen an unknown answer is given for any particular question asked
identification task of a specimen by a non-specialist, a knowledgdy the system: it then follows another decision sub-tree.

base is the kernel that delivers the know-how of experts in a given The knowledge refinement step uses an iterative process to evalu-
domain.ZKBS manages complex knowledge (structured, variable ate the robustness of the previous descriptive model and descriptions.
imprecise, noisy) with an object oriented representation formalisnfirst, experimentation is led with a part of the case base. Results of
written in the Java language. It applies the experimental and inductivelassification and identification as well as the use of the question-
approach in biology, conjecture and test [5], with a natural processaire with the test set give the expert the possibility to detect incon-

of knowledge management (Fig. 1) : sistencies in the case base (omissions or errors in descriptions) and
descriptive model (misunderstood characters, bad illustrations). As
1. Acquisition of a descriptive model and related descriptions, applications, knowledge bases for several families of corals (Pocil-
2. Processing of this knowledge for classification and identificationjoporidee, Fungiidee, Astroccenidae, Siderastreidee) of the Mascarene
and Archipelago were built [9]. The experimentation put stress on the
3. Experimentation, validation and refinement of cases and descrigifficulty for one expert to choose significant characters easy to ob-
tive models (iteration). serve and interpret. The meticulous choice of vocabulary, drawings

and images is decisive for the robustness of the identification task.

For the knowledge acquisition part, the expert defines his domai®n the same way, covering the intra-specific variability by a suffi-
at a taxonomic level with observable characters (Objects, Attributes;ient number of cases is essential [3].
Values). They are structured in a description tree and the result is This is whyZ/CBS aims to build knowledge bases collaboratively
called a descriptive model. It is designed with the help of naturalbetween experts. The objective is to draw up a thesaurus of terms
descriptive logics (decomposition, specialisation, contextual condiand illustrations (i.e. the questionnaire) in order to reduce differ-
tions, iteration, etc.). Then, a hypermedia questionnaire that matcheshces of interpretations that are the primary causes of misidentifica-
the descriptive model is automatically built. Different users use it agions. As collections of specimens and experts are distributed around
an observation guide for collecting descriptions of observed specithe world, we need to do remote systematics with very high-speed



Pedagogical Sequence Actions Interacting Actors
1  Choose a family of corals or plants THliscusses with KE and Domain Expert TE - KE
when available
2 Formalize a request for the development of &hrough theZXXBS-DARWIN educational por- TE - KE

model of this family tal
3 Engage in a research process about the famihield trip (gathering of samples, docs, photosTE - KE
and related species etc) + documentation
4  Use collected informations to develop and popWork on theZXC8S model editor to produce ten- TE - KE
ulate anZ/CBS model of the family tative model
5  \Validation Submit the model to the experts for validation FE - Recognised Domain Expert
the final model is released on the web
6 Interpretation Interpretation of specimens through an interaded case to Knowledge Base End-
tion with theZXBS-model. Users, student public at large, etc
7  Maintenance and communication Back to step 3 TE- KE Web Developer

Table 1. Applied to corals or endemic plants of the indian ocean region, the pedagogical sequence follows the seven detailed steps.

broadband networks. Each expert is responsible for modelling a fang, 1 Step 1: Choose a family of corals or plants

ily. Using videoconference, they share their interpretations of obser- . ) o .
vations synchronously with specimens under the microscope and ased on the information present and expert availability for a partic-

camera connected to it. The product of such a tool is a coIIaborativ@la.r family of plants or corals, the knoyvledge engineer with collabo-
knowledge base of a domain, that can evolve (by updating the knowlration of an expert/tralqee expert_demde to work on the development
edge) and be connected to distributed databases (bibliographic, ph8f-a model for that particular family.

tographic, geographic, taxonomic, etc. . .) that will yield information

on species after the identification process of a new specimen. Morés.2  Step 3 : Engage in a research process about the
over, the objective af/IC3S is to offer more robust descriptive work family and related species

in systematics in order to facilitate the identification of species by, h helps t derstand th ; dch teristi f th
non specialists: we are faced with the problem of knowing, definingResearc €lps 1o understand the aspects and charactenstics of the

and reaching a consensus on: 1- what to describe (taxonomic level Sposen family. This is the analysis phase before the development ofa

descriptions), 2- how to represent descriptions (the choice of descrip- odeIRand It wllqlltconcern mal;nly the e_xp(e;ri and tze knc(i)_\;fvledgte engl-t
tive logics), and 3- what terms to use to create an illustrated thesauru er. Research teams may be organised to work on dilierent aspects

to be presented as a reference for specialists of a domain. of the family. For example, a research team for a particular family of
plant may be working on the medicinal aspects while another team

. may be working on the characteristics of its flowers. The teams must
5 Downstream enhancement : the Darwin however work in collaboration to come up with a quality model.
Pedagogical Approach

The pedagogical approach borrows from ” Darwin's World — Le 5.3  Step 4 : Use collected informations to develop
Monde de Darwin”, a project initiated in Quebec a few years ago, and populate anZXBS model of the family
at the university of Sherbrooke in the context of the Cyberscol edu-

cational network. with the objective to foster scientific thinking with Once the research phase is completed, a model is conceived for the
hypermedia technology [6, 7]. family selected. An example will be a tree structure to highlight the

"Darwin’s World * pedagogical approach relies on three basicmOdeI specificatiqns oraspecifi_catio_ns document. The_model is pop-

principles : ulated Wlt_h species of the far_mly will full documentation of their
characteristics. Relevant details for the model such as photographs,

1. Science is a collective endeavour (scientific rigor emerges througblescriptive texts or animations are collected to provide better textual

exchanging between peer experts) and visual representation of a particular model. A tentative model is
2. Science involves social commitment (scientists are socially rethen built using th&€ XBS model editor.

sponsible for the knowledge they produce, be it facts, theories or

technologies) . s At
3. Scientific progress stems from questions (scientists do not onI)':;)'4 Step 5 : Validation

look for answers, they crave for good questions as unique tools t€ontact other responsible persons (scientific  coordina-

probe and decipher the real world) tor/expert/linguistic moderator) by mail or any other means to

T v th inciol th d ical | discuss the scientific and linguistic validity of the model and the
0 apply these principles, the pedagogical sequence cyc eSc'pecifications document. These persons can make proposals to bring
through a set of seven steps (see table 1), involving different type:

. . . . Modifications to the model or its documentation. Once the model
of interactions from several kind of actors, human or technological. descriptions and specifications are validated by the responsible
1 TE: Trainee-Expert persons, it is entered in tHECBS system to be finally accessible on
2 KE: Knowledge Engineer the Web. By entering the details at this stage in IH&5S system




ensures that a quality model will be accessible. This process coras a tool to encourage the development, documentation and use of
tinues for other families of corals or plants and the same proceduriadigenous information and knowledge about insular tropical envi-
may apply. ronment.

5.5 Step 6 : Interpretation REFERENCES

Once the model is online, it is important that there is enough infor- (1]
mation for users to use the system (Usable System), to understand
terms that are not clear (i.e have access to a glossary), to get detailg)
on a particular family of plants and corals and interpret the results of
the system — for instance successful identification of a species.

A part from identification, users will be able to browse through a (3]
populated database of plants and corals containing full details con-
cerning habitats, cultural aspects, morphology etc of these species.
Moreover, by having access to a wide variety of information that
consist the pedagogical context of the systaiit BS-DARWIN), [4]
the students or members of communities eventually place themselves
at a “near-expert” level where they will, in turn be able to make the [5)
flow of knowledge a continuous and iterative process as they will
become actively involved in its elaboration at the same level as thel6]
experts themselves. All these will be achieved only through a usable
user-interface.

(7]
5.6 Step 7 : Maintenance and communication

The Interpretation phase (Step 6) provides the infrastructure for th 8]
continuous flow of knowledge while the Maintenance phase (Step 7)

is essentially for continuous development of the Web site/Technology
and enhancement/editing of models and addition/identification of[®]
new species. This phase maintains an Iterative cycle of development
for the system. This phase also consists of answering of electronic
mails from users concerning species, the system itself as well as tech-
nical problems with web site etc. [10]

6 Conclusion : domain and learning objects

For knowledge sharing between experts and learnersZthBS-
DARWIN project aims at favouring the convergence of domain and
learning objects. Professionals of the domain are able to define a
descriptive model wittZ/ICBS that makes sense for the purpose of
the domain. As an example here for biodiversity knowledge sharing,
Systematics is the science that involves observing, describing, nam-
ing and classifying living organisms. In order to be useful for end-
users, this ontology (also called metadata) must be shared with neo-
phyte observers: these persons will have to use the above domain ob-
jects to identify a specimen and reach other useful information. The
experts domain objects become learning objects when a negotiation
on their interpretation in use is possible between practitioners: the
DARWIN system suggests processes that enable learners to manip-
ulate the knowledge components of conceptual network knowledge
structures for purposes of description, classification, and identifica-
tion of living organisms. The future of domain and learning objects is
a continuous spiralling conversion of tacit knowledge (such as know-
how and experience) into explicit knowledge that can be captured,
shared with others, diffused within groups, and turned back into new
tacit knowledge gained from learning by doing [4]. The performance
of knowledge management in natural domains depends entirely on
the possibility to develop a collective intelligence approach based
on collaborative tools that permit the mediation between knowledge
senders and receivers. On the long term, the project should develop
a strong regional competency kernel through the use of technology
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