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Abstract: Learning by collaboratively writing scientific hyperbooks requires specific software tools. We present a model for creating, managing, and viewing the contents of the hyperbook. The model we propose includes the representation of information fragments and their relationships; a specific representation of concepts (terminological fragments) and a language for the creation of hypertext views adapted to the various objectives of the users. The definition of concepts, which plays an essential role in scientific writings, is represented in a formal language of the descriptive logic kind, which enables to apply various automatic processing to them. Moreover, the same concept can be defined according to various points of view. A purely declarative language allows the definition of the views that make up the interface of the hyperbook. We also present the architecture of a hyperbook management system which is based on a database management system and a hypertext view generation system for databases.
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1. Introduction

In  1997 we started a pedagogical project which consisted in the collaborative construction of a scientific hyperbook [10]. The principle was that the core of the hyperbook was made of lecture notes written by the teachers, and students were asked to produce new documents to be linked together and with the core documents. Each group of students was assigned a task that covered the whole subject, such as: creating a glossary of terms; designing a concept map for that domain; collecting and presenting all the algorithms in a uniform way; etc. In addition, they were asked to link their documents with those of other groups.

We constructed a first hyperbook with very basic tools, namely, an HTML file editor and some drawing tools. The students had to produce HTML files and put them on a dedicated server according to a predefined file hierarchy. At the end of the course every student received his or her own CD-ROM containing the hyperbook we produced [5]. During the second year we tried to use more sophisticated tools to directly edit contents through a Web interface. However, students experienced difficulties understanding the semantics of the operations and the result was not better. 

These experiments and other studies [16]

 REF _Ref498172763 \r \h 
[17] showed that the creation of a scientific hyperbook for a course is an activity that is very similar the collaborative writing of a scientific monograph including different points of view. Thus, we directed our efforts to the definition of a system for creating multipoint of view scientific hyperbook.

The concept of multipoint of view scientific hyperbook (MSHB) is a particular case of electronic book. In our case the hyperbook must be understood as a kind of monograph, since it is limited to the subject matter of a course and has no encyclopaedic ambition. Science differs from other mental activities by the possibility of refutation; this is why the scientific aspect of the MSHB requires a validation process dedicated to a "canonical" version together with the coexistence of one (or several) personalised version associated with each author or reader.

In comparison with the ordinary documents, the multipoint of view aspect of the MSHB is the most innovative one, and the most demanding. The goal is to use fragments of information to build coherent documents for each type of reader and reading purpose.

The rest of this paper is organised as follows: in the next two sections we present a conceptual model for representing and storing a scientific hyperbook; finally we show how this kind of system can be implemented with a database and a hypertext view generation system.

2. ModELs FOR THE MSHB

It is generally accepted that virtual documents [14] are made of fragments (or "pieces of information") which can be assembled to constitute directly readable real documents or hypertext documents read by navigation [15]

 REF _Ref498185906 \r \h 
[4]. We will thus consider that the informational contents of a MSHB consist of a set of fragments that have a content, a description (meta-information) and relations between them. The access to the informational content is done through views which are (hyper) documents generated from the fragments. The specification of the views must also take into account the point of view adopted by the reader since it may influence the selection and the assemblage of the fragments.

The model we propose is inspired by preceding works in the domain of hypertexts and knowledge bases. For example, we keep the distinction between documents (information) and definitions of concepts (knowledge) of the MacWeb model [11], while adapting it to the specific case of the scientific hyperbook.

2-1 Model of fragments 

As is presented in [6], the informational contents of the hyperbook are made of reusable fragments. We will focus here on the structural part of the fragments and their life cycle. 

Structure of  fragments

A fragment has a content which is a hierarchically structured document, of the XML type. According to the "XML Query Data Model"[9] from the W3 Consortium, a document is a set of nodes of various types (element, attribute, value, instruction, space of name, etc). The element nodes are provided with a "children" relation which defines a tree; so that these nodes can be related to attribute nodes which themselves are linked to some values. 

Although in a real document the major role of a fragment is often related to its position, it is not the same in a virtual document. This is why each fragment should be categorised. For example, during the collective creation of a course hyperbook [5] we identified the following categories: concept, algorithm, exercise, popularisation, conceptual map, index and frequently asked question. In addition to its identity as an object, each fragment has a name that makes it possible to identify it on the level of the user interface.

In the case of the MSHB, the fragments of the category concept, called terminological fragments, play an essential role that will be detailed in section 3. They are used in particular to represent the meta-content of the other fragments.

Relations between fragments

A relation establishes a typed link between two fragments. One will be able to define, for example, the structuring relations of the documents, of causal or chronological type [15] or semantic relations of the type instance-of, specific/generic, characteristic, part-of, etc., or argumentative relations: question, position, argument, contradiction, etc. To specify on which part of the fragment to apply a relation, such a relation possesses a starting anchor and an ending anchor which are elements of the content of the linked fragments. A relation can be defined either by explicitly linking fragments, or by a calculation on the contents of the fragments or on these relations (for example by using information searching techniques or logical inference).

Moreover, one relation can be qualified by a point of view, which makes it possible to indicate according to which point of view this relation is relevant. We return to the point of view concept in paragraph 3-3. Figure 1 shows an object-oriented model of the fragments and relations; it serves as a basis for the implementation of a MSHB system.

Versions of fragments and dynamic aspects of the model

The hyperbook will evolve under the action of the participants who play different roles: author, “editor”, and reader. The authors produce fragments that must be validated by the editors before being accessible to the readers. The nature of a scientific hyperbook implies the possibility for any validated fragment to be re-examined, corrected or updated. It follows that the content of the hyperbook is in constant evolution. However, readers must have a sufficiently stable perception of the matter on which they work. It is thus relevant to use a versioning technique. Each fragment can exist in multiple versions, but at any time there is only one current (or public) version of a fragment. The former versions form the history of the fragment and remain accessible to the interested reader. Finally, working versions are accessible only to the authors and editors.

By default, a new version "inherits" the relations of the previous version. This means that a copy of each link entering in or leaving in the previous fragment is attached to the new fragment. The anchors’ heritage sets a problem which we will not addressed here: since the content of the new fragment differs from the previous one, there is a difficulty in identifying the elements corresponding to one version from the other and in locating those which were removed or restructured. Whatever the system chosen for locating the anchors (positional, by name, by selection on the content, etc), an entirely automatic approach seems excluded. 
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3. terminologiCAL Fragments

It is common for the virtual document storage architectures to distinguish between the document fragments and the semantic structure. The latter, for example an ontology or a conceptual graph, describes the domain and is used for indexing or qualifying the fragments. Given the scientific aspect of the contents to be processed in our case, it is natural to insert the semantic part in the fragments. Indeed, a large proportion of many scientific documents is dedicated to the definition of concepts. Fragments of the concept type, or terminological fragments, play precisely  this role. A terminological fragment describes a concept, it is composed of one or more terms (synonyms) and of a definition. The definition itself can be either in the form of a text in natural language, or expressed in a formal language[8]. 

3-1 Definition of concepts

The goal is not to create automatic reasoning systems but to allow the user to work on the definitions themselves (to understand and compare them, to study their links, etc.). In the ConcepTerm project we defined a formal language for the definition of concepts. This language belongs to the family of concept description languages (description logics). Although it is formal, it has the advantage of being usable by experts of a domain or by terminologists without the help of computer scientists or logicians.

In this language a concept is defined by a set of defining characteristics which are pairs (name: domain). The domain of a characteristic is either

· a primary concept designated by a term (or an uninterpreted expression), possibly negated

· a  conjunction of concept definitions

· a disjunction of concept definitions 

· a  characteristic (name: domain).

In the example below one defines the concept of quaternion as being a number which has a vector part, a real part, and two operations: addition and multiplication. All these characteristics have primary domains.

definition quaternion


generic number


characteristics



part: “vector”



part: “real number”



operation : “addition”



operation: “multiplication”

This kind of definition can be made more precise by refining the characteristics. For instance:

definition quaternion


generic number


characteristics



…



operation: (name: ”addition” 

and  property: “associative” 

and  property:” commutative “

and  method: “componentwise”)



operation: (name: “multiplication” 

and  property:” associative” 

and  property: not “commutative”

and  method: “according to multiplication rules for units”)

This obviously requires an effort in the design stage to exhibit a (minimal) set of relevant characteristics to describe the concepts discussed in the hyperbook. For instance, in the high-energy physics domain we could have characteristics such as: charge, mass, sensitivity to interactions, etc. In this case, the electron would be defined as: "the lightest massive particle of negative charge that is insensitive to the strong interaction".

concept electron


generic massive particle


characteristics



mass: " minimum"



charge: (quantity: "unit" and sign: "negative")



sensitivity: (interaction: "strong" and value: not "sensitive")

In order to represent these definitions in a hyperbook, we extend the fragment model with the data structure shown on Figure 2.
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3-2 Links between terminological fragments

Terminological fragments carry both information and meta-information, since one can read them for themselves or make use of them to describe the content of another fragment.

The typing of the relations between terminological fragments and other fragments makes it possible to qualify the specific nature of the meta-information. The main types we identified are: example, illustration, property (the fragment describes a property of the concept), assertion/statement/hypothesis, method/algorithm, observation. 

3-3 Terminological fragments and point of views

A point of view corresponds either to a category of the hyperbook's users or to the point of view adopted by a specific user at a given moment (corresponding to its reading/writing intention).

Each definition is associated with at least one point of view. The same concept can thus be defined several times, according to different points of view. In the example above, the electron concept was defined according to the high-energy physicist’s point of view. A definition provided by a chemist would probably be different, for example: "electric corpuscle that can be dragged away, caught or shared between atoms and molecules" whereas for the electronics engineer it is "the smallest charge carrier able to move in electric circuits". The point of view can also indicate a level of reading, such as student, researcher, scientific journalist, or general public.

When a fragment is related to a terminological fragment, one can possibly specify a point of view for this link. It  indicates that the fragment was conceived according to a certain point of view. On the contrary, if no point of view is specified, this means that it is possible to read the fragment according to various points of view. 

4. accessing a MSHB with hypertext views

The writing of a hyperbook typically proceeds as follows:

1. Teachers create the core fragments from their lecture notes. This means that they must extract fragments and links from their existing texts.

2. Groups of students are assigned tasks that can be either "horizontal" or "vertical". A horizontal (synthetic) task consists in exploring the whole course according to a particular axis (algorithmic, mathematical, experimental, terminological, etc.). A vertical (analytic) task consists in exploring a limited area of the subject matter along different axis. In order to take advantage of different perspectives, several groups may be assigned the same task. They will be required to create links between their fragments to show similarities or differences. 

3. Each group must produce a number of information fragments, the nature of which depend on their task (for instance, we could have fragments containing text, algorithms, structured definitions, formatted exercises, etc.)

4. Groups must establish meaningful relationships between fragments.

To support this process it is necessary to have a central repository of fragments and interfaces to create and update fragments and relationships.

The fragment model that we have just discussed can be easily represented in a relational database schema. Thus we can use the well-established relational database technology (which handles all the concurrency, security, or query optimisation issues) to store the contents of the MSHB. It is well know that designing and developing a convenient user interface is hard and expensive. In order to minimise this effort we have decided to use a hypertext view generation system to create the user interface of the MSHB. This kind of system is intended to create a hypertext (made of nodes and links) that represents the content of a database. The main advantage is to replace database querying (with specialised languages such a SQL) by navigation in a hyperspace [12]. Similarly, all the update operations (creating new fragments, modifying and linking them) will be represented as hypertext operations on the hypertext views. Thus the interface of a MSHB will consist of a set of derived hyperdocuments called hypertext views.

4-1 The Hypertext View Specification Language

The Lazy language is used to specify the hypertext views on the fragments. The Lazy language [7] was designed to specify and implement hypertext views for relational and oriented objet databases. Contrary to other languages for the creation of derived hypertexts, this language is entirely declarative. As a consequence, building a hypertext view does not require any imperative programming. For example, in [6] we showed how to create sophisticated hypertext documents to "read" databases with Lazy. 

The hypertext specification language is based on the concept of node schema (which also exists in the Araneus system [2]). A node schema determines a set of objects (tuples) to be selected according to parameters and a way to build contents and links to other nodes. The instantiation of a node consists in interpreting a node schema for a given set of arguments and on the current state of the database. 

Due to space limitation we will introduce the view definition language with just a few simple examples.

The first schema we present displays the list of all fragments in a given category c:

node fragmentInCategory[c]

<h2>("Fragments in category ", c)

{ // for each selected fragment display what follows

  

  <p>(
name, " ",

 href fragment[fid]("[", fid, "]"))



}

from fragment selected by category=c  order by fid

An instance node fragmentInCategory["concept" ] will contain the list of all the fragments in the category “concept” together with a link to another node (fragment) that is intended to display a detailed view of a fragment. The following screen shot shows a typical instance of a node generated for the Web.

[image: image3.wmf]Fr

a

gm

e

n

t

c

a

te

g

o

r

y

n

a

m

e

T

e

rmi

no

lo

g

i

c

al f

r

a

g

me

n

t

t

er

m

p

re

v

i

o

u

s v

e

rs

i

o

n

E

l

eme

nt

t

y

pe

v

a

l

u

e

R

el

a

t

i

o

n

t

y

pe

p

oi

n

t

O

fV

i

ew

A

t

t

r

i

b

ut

e

n

a

m

e

v

a

l

u

e

f

r

om

t

o

a

n

ch

or

_

f

r

om

a

n

ch

or

_t

o

c

h

il

dr

en

a

t

t

r

i

b

ut

es

c

o

n

t

en

t

i

s

 

a

Fi

gu

re 

1

.

 

S

c

h

e

m

a 

o

f

 

t

h

e c

l

a

ss

e

s

 a

n

d

 

a

ss

oc

i

at

i

o

ns 

o

f t

he

 

M

SH

B 

mo

de

l

d

ef

i

n

i

ti

o

n

s

(

0,

 

*

)

(

0,

 

*

)

D

ef

i

n

i

t

i

o

n

R

 

a

ss

oc

i

at

es 

at

 m

o

s

t

 

1 

o

b

j

ec

t

 o

f 

c

l

a

ss

 B

 

t

o 

e

v

er

y o

b

j

ect

 

o

f 

c

l

a

ss

 

A

(

n,

 

*

)

R

A

B

B

A

R

R

 

a

ss

oc

i

at

es 

n

 

o

r m

o

r

e 

o

b

j

ec

ts

 o

f B 

t

o 

e

v

e

r

y 

o

b

j

ect

 

o

f A

A

B

i

s

 

a

E

v

er

y o

b

j

ect

 

o

f A 

i

s a

n 

o

b

j

ec

t

 o

f B 

(

A is 

a 

su

b

c

la

ss o

f

 

B

)

(

1,

 

*

)

 

The hypertext views specification language provides three types of links: reference links; immediate inclusion links (to build hierarchical contents); and expand in place links (inclusion links triggered by the user). Although these types of links do not exist in the Web model, they are computed by the Lazy node server.

The following node schema is intended to display the content of a fragment (identified by its id) together with the relations starting from this node. This schema makes use of other nodes through inclusion links. 

node fragment[id] {

 

<h3>("Fragment: ", name),

  

<h5>("Content:"),

include element[content],

 

<h5>("Relations:"), 

include relationsFrom[fid]

}

from fragment selected by fid = id order by fid

[image: image4.wmf]T

e

rmi

no

lo

g

i

c

al f

r

a

g

me

n

t

D

ef

in

i

t

i

o

n

P

o

i

n

t

OfV

ie

w

C

h

a

r

a

ct

e

ri

st

ic

 

n

a

m

e

 

q

u

a

n

t

i

z

e

r

 c

ar

d

i

n

a

l

i

ty

Pr

i

mar

yC

o

n

ce

pt

 

t

e

r

m

 

n

eg

a

t

i

o

n

C

o

nj

u

n

c

t

i

on

d

ef

i

n

i

ti

o

n

s

Fi

gu

re 

2

.

 

S

t

ru

ct

u

r

e 

o

f d

e

f

in

i

t

i

o

ns

 

is

 a

 

is

 a

 

 

i

s 

a

d

i

s

j

u

nc

ts

g

ene

r

i

c (

in

h

e

r

i

ts 

f

ro

m

)

d

o

m

ai

n

D

i

sj

u

n

c

t

i

on

 

 

i

s 

a

c

o

n

j

u

n

ct

s

(

2,

 

*

)

(

2,

 

*

)

(

1,

 

*

)

 

It is worth noting here that nodes of type relationsFrom are updateable, thus the user can create new relations simply by putting values in the appropriate fields and clicking on ‘create’.

4-2 Creating hypertext views

The important point here is that instead of having a fixed hypertext structure, as would be the case with HTML pages, we have a system to generate a wide variety of hypertext views from the fragment and link repository. This enables the user to read (and write) the hyperbook in many different ways, according to different axis, needs, or tasks. Moreover, these hypertext views can be defined without any programming since the specification language is completely declarative.

If one considers the models corresponding to figures 1 and 2, one sees the possibility of creating many different hypertext views for navigation through the definitions, between fragments and definitions, etc. Among these views on can cite:

Point of view on a fragment. Displaying a fragment F according to a point of view P consists in presenting the content of this fragment together with links that correspond to P. These links come from relations that have point of view P and connect F to other fragments. 

Trees of concepts. From the terminological fragments and their relations generic/specific one can create views representing one or more tree structures of concepts.

Semantic networks. Is is possible to create views that represent semantic networks by using the relations between terminological fragments, or by deriving new relations. With a suitable style processing, these views cam then be translated to a specific knowledge representation format such as RDF.

Access structures. Access structures [13] such as indices, domain trees, conceptual map, etc., play an essential role as entry points in the fragment repository. In this case, one will use the relations between fragments and concepts to define this type of views. This kind of access is particularly interesting for multimedia  fragments [3].

5. Conclusion

We have discussed a model for representing multipoint of view scientific hyperbooks in the form of virtual hyper documents. In this model, the terminological fragments play a significant role to support the multipoint of view aspect and to generate views for the reading or the access to the hyperbook. The interface of a MSHB consists of views specified using a declarative language instead of traditional procedural languages or scripting languages.

The current system uses the Lazy node server that dynamically generate HTML pages by querying the fragment and link database according to the node schemas. In its present form it processes the inclusion and ‘expand in place’ links and has a limited update capability. By defining suitable node schemas we have been able to create a rough but effective fragment and link editor.

We are currently using the system to produce the core of two MSHB dedicated to collaborative learning in theoretical physics and data structures.
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