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This paper descibes how groups of authors may create
electronic books about the knowledge area of their
interest by means of unsuperised collaborative work. For
this task we propose a Web-based groupware system that
allows building Web sites that can be considerad as
electronic books. In these Web sites we can find In 2
stiuctured way the relevant knowledge about an area or
topic. The system allows the creation of e-books in the
Web, in an asynchronous and distributed wiay, and
without the need of an editar for managing the task. This
is possible through a knowledge crystallisation pracess
supported by virtual communities of expens. Currenty,
there are several active e-books, which have heen craated
by groups of students &l Universidad Autdnoma de
Madrid. Examples include the operating systems e-baok
and the uncertain reasoning e-book and these are
described,
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introduction

sometimes eleclronic books or e-books have
bezn understoond just as biooks stored in
electronic formar (Saez, 2000). However,
there are other more ambitious visions. For
example, Falquet & of, (2001) defined them
as: *virtual docurments [rhar] are made of
fragments which can be assembled to
consnrute directly readable real documents or
hypertext documents read by navigation™,
This may be a more general view of e-books,

We have developed a new Web-based
groupware tool, called KnowCat, that allows
the co-operanve generation of virtual
documents or e-books, KnowCat stands for
“Knowledge Catalyser”, and its goal 35 o
enable the coystallisation of collecrive
knowledge as the resule of user interactions.

EnowCar intends ro encourage the co-
operative organisation and creation of ¢-
books in the Web, in an asynchronous and
distribured way, and withour rthe need of an
editor munaging the rask. This is possible
through a knowledge crystallisation process
supported by virmaal communities of experts.

There is some supporting evidence thar
hypertext provides a good model for
representing knowledpge (Aedo o al., 1997).
Thus, the World Wide Web could be a good
environment for the e-books,

This paper is organised as follows. First, we
descnbe how the syatem deals with user
intergctions for building smucrured e-books,
Mext we expose rwo example cases: an e-book
abour operating systems, that has been
creared by students of several operating
systems courses, and an e-book ahour
uncertain reasoning, thar has been created by
students of several graduate Computer
Science courses. Finally, we provide some
conclusions and commeént un some of the
open issues in the contexr of our approach.

Building structured e-books by
unsupervised interactions

To create a new e-book, KnowCar supports

the definition of a “site™ for the topic in which
we are interested. This KnowCar site contains
just a root node that has as tide the main topic

This work has been purtially funded by the Spanish
Mational Plan of R&D, project numbers TTOO8-
(0247-C02-02 and TTC2001-0685-C02-0].
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-of the e-book. The e-book structure will grow
as a classification tree composed of nodes,
Each node of the e-hook structure will
represent o topic, a “chapter” of the e-book,
and will contain two itermns:

(1) A set of mutually alternatve descriptions
of the topic: a ser of addresses of Web
documents with such descriptions. These
pre the fragments that compose the
virtual document that we are regarding as
nn e-book. Descriptions are alternative in
the sense that they are competing with
cach other to be considered as the “best™
description of the topic.

A refinement of the topic: a list of cther
nodes that can be considered as
“subjects” or “refincment topics” of the
current topic (thart s, further hierarchical
divisions of the chapier).

{2)

An example screen of the system, where we
can sec these two items, i shown in Figure 1.
This system sereen shows the “refinement”
of a selected ropic and its contents, The left
side of the screen shows the tree structure on
the topie “UNIX™. The right side shows the
frapments thar have been added on the wopic

Figure 1 An example screen of the system

's.l'ulume 20 - Humber 4 - 2002 - 288-295

“Linux Administration™ (“Administracion de
Lanux™). These fragments or documents are
wlendfied by their author name and arriving
dare. They are displayed in order of their
crystallisation degree, which is shown on the
right of the identificaton of each document;
At any given moment the contents of a topic

t chapter are competing with each orher for
being considered as the “hest" descriprion of
the topic.

In this “knowledge workspace™ users can
add contriburtions, propose changes in the
structure of the e-book and collaborate witly
their opinions abour hoth the contents and
the e-hook structure, KnowCat also provides
other workspaces where users can see and
change their personal information, reports
mav be obtained abour system activily, useey
mayv subscribe to events or users may
communicate with their virtual communitics,
All the characteristics of KnowCart are casily
configurable by means of parametcrs,

T'he system deals with knowledge in
evolution: both the hicrarchical structure of
the e-book and the contents (descriptions of
each topic) are elements thar are produced by
the users, Their liferime in the svstem

Enowledge tree structure Cocuments contribimad
ahourt the aras 1o the topic
"Operating Systems” [T
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depends on the parrerns of their usage. Any of
these elements will stay longer in the system if
it 18 [requently used and receives favourable
apinions from other users, In that case, its
“erystallisation degree” will rise, and thus its
probability to stay in the e-book. However, if
ene element of the e-book is not used or does
not receive favourable opinions by the users,
then it will eventually disappear from the e-
book as a consequence of its erystallisation
degree going down. This process is called
Knowledge Crystallisaton {Alaman and
Cubos, 1999), Figure 2 shows this knowledge
cryatallisation process, where the elements of
the e-book under this process sre documents
or descniprions about a topic.

When a new e-book s defined there is a
“start-up” problem: possibly there will not be
encugl people and interactons to make the
crystallisation process credible. For this
reason, KnowCut proposes a maturation
process that invalves several phascs, Figure 3
shows this evolution,

At the beginning the users work ina
“supervised” mode. During rhis supenvised
stage there Is a steering commuittee in charge
of proposing initial refinements of the root
node of the e-hook (the inidal structure of the
book) and voring for them, The definition of
the beteer e-book strucrure is the most
important task in this phase. The members of
the stecring committee are defined in the
moment of creation of the e-book; new
members can be added by consensus of the
current members,

In this phase, new contents or fragments
may be added to the topics of the e-book both
by the members of the steenng committee
and by other users that are considered as
collaborarors. However, only the members of
the greering comminee have the complete

Figure 2 Knowledge erystallisation process
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capahility of voting on the documents, o only
their opinions carry welght in the document
crystallisazrion. On some occasions,
collaborators may also be given voting rights.

Eventually, if the number of participants
and interactions rises sulficiently, the steering
committee may deaide to advance the e-book
to the “acrive” mode. At this moment there
should be a single tree strucrure for the
e-book, decided by consensus. Then the
steering committee i3 dissolved and the
subsequent crystallisation of the knowledge is
based on virtual communitics. However in
exceprional cases, a community af experts
may decide (by means of a proposal and
VOTes) 1O return some ropics ro the supervised
mode, The aim of this change could be the
necd of making radical changes in the e-book
structure: active communinies can only make
small changes in the structure, thar is, they
can only change ropics by adding or delendng
topics (chaprers or sub-chapters) one at a
time,

Virtwal communities (Hill er al., 1995)
appear as a natural way ol handling the
e-baok construction. In our approach the
virmual community 15 a group of people thar
are considered as experts in one or more
related topics. In this sense we fully agree with
the idea that “learning about a topic becomes
synonymous wirh learning to be a member of
a communiry of people who are experts on
that topic” (Collins er af,, 20013, We think
that opinions from experts should have more
impact than opinions from novices or
occastonal users, Novice users are considered
as collaborarors: they are allowed to
contribute with new documents {potential
fragments of the e-book), When a document
crystallises, the author gets the status of
Yexpert” in the topic where the document is

e ENOWLEDGE CRYSTALLISED
(e it 266 i & pedged s crystalisation
: it is aceipned 2 low s e

i, crysielisaton degive

3% spprapiiate

o

e )
2000 tw crystalisation
e Rgree goes deem
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Figure 3 Knowledge svolution of an e-book
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NEW S-MOCOK

ﬂ

SUPERVISED PITASE

The community may decide to retum to the
supervised siage o engage in a process uf
re-structeeating the keowledge tree nf'the
e-honk,

ACTIVE PHASE

Cumnbutions eafe incressed. Thore are many
avtive community members spain

STABLE PHASE

located. Only experts have full votng

capabilities, and the crvstallisation of the
contribured documents depends mainly on
their apinions. In some sense this process is
mspired in the "peer review™ procedure
currently used in most scientific journals. ‘Ihe
relevance of a contmbution is judged by a
group of experts (the reviewers), and these are
considercd as experts due 1o their pase
{(successful) contributions to the area.

Virtual communities of experts are
constructed in terme of the e-book structure,
For each node of the e-book (topic), the
community of experts in this topic i=
composed of the authors of the copstallised
documents en the topic, on the parent of the
topic, on any of the children of the topic or on
any of the sisters of the topic. There iz a
virtual comumunity for each node of the e,
and any successful author usually belongs o
several relared communities.

The mechanism of knowledge
crvetallisation is bascd on these virtual
communities. When 3 user contrbution in
form of a document crystallises, the author
receives a certain amount of “vores” that he or
she may apply for the covstallisation of orher
documents (of other authors) in the virmual
vermmmuniey where herhis crystallised
document is located. Nevertheless, both
experts and collaborarors may add
new descriptions.

A new e-book s creared,

Thery v a0 “steering commiitten” in vherge af many of the
decivinns that will be performed in o disieibuted way in
later phases. For example, they witl dactide an the Wi
kroneleclye iy strucnred

The steering committee may decide to promate the e-book
to the Active stage. One of the proposed knowledpe
structures is selecied.

There b a lag of acelviey about the comtents of the e-baok,
hat ix, mew knowledge in form of fragmeniy or
descriptions of lopies arrives, Knowledi covstaflisation
b baved vn “virtual communities . Huwever, kmowiedoe
arructunt dovs nol change foo much

After some ime, many of the membery of the ariginal
commumity conse to be aotive,

Thire are fire changes. Most af getiviliy {n cemsalietion
and feve contriburlang urrive

The other aspeet of knowledge
crystallisation is the evolution of the s-bool
structure. A member of a virtual communiry
may propose to add a new subject to a ropic,
remove 4 subject from a tupic or move g
subjeer from one topic ro another topic. A
mimmum guorum of positive votes from
other members of the communiey will Be
necessary for the change ro be made.

Finally, an active communiry may reach the
“srable” phase. In this moment many of rhe
comumunity members are no longer active, so
different rules should be applied to ensure
some continuity of the crystallisation. There
ars few changes and new contributions, and
maost of the activity is consulration. However,
if activity rises to 2 minimum again, the node
may switch to "active” status, and engage in a
new crystallisation phase,

Case study: an e-book about operating
systems

We have rested KnowCat during the last few
years with several communiries at the
Universidad Autonoma de Madeid. Some
active e-books have been created, which are
available for consultation (hrp:/y

www il uam.es~toohos/investigacion/
knoweat/engfKC hom). They are currently
getive and contain knowledge in evolulion
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that is improving over the years. In this aspect

they contld be compared to the “courscs as

seeds” proposed by delPaula er af. (2001). The
active e-books at our university are:

= "Dperating systems” e-book - created by
several classes of students enrolled in an
ppurabng systems course st the
Compurer Science Department.

+  “Lncertain reasoning” e-book - created
bv several classes of students of a
graduate computer science course about
“uncertain reasening”.

= “"Mathematics for children’s training”
e-book - created by students enrolled in
“Mathemanes for children’s tramning” at
the Pedagogy School (Gomez o al.,
20017,

11 this section we are going to explain in detail
the first experience. It has been performed
during the last three years with about 200
etudenrs participanng each yvear, We srarred
by creanng a KnowCar site about “operating
systems”, containing 12 topics developed by
the course instructor (see Figure 4), The
students of “operating systems” were grouped
inte communines, each relared o one of the
TOPICS,

Hach student had o produce a small paper
ifragment or description) on an assigned wopic
and vote for the three best papers in that same
topic. The instructor graded papers
independently, and rhis grading was used 1o
check the adequacy of the vorng svsrem 1o
capture the quality of the paper. We wanred
to check the hyvpothesis that when you get
enough documents and encugh votes from
“knowledgeable™ peers, the resulr is a
reasonable descripnion of the rapic. The
student motivation wag achieved by grading

Figure 4 The initial knowledge stucture of the
operating systems e-hook
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the students on the guality of their papers and
in the quality of their votes.

At the end of the Arst year, 174 students
collaborated with a document (87 percent of
uscr participation), so the e-book was
composed of 174 papers distmibuted in the 12
assigned topics, One new topic was proposed
for mclusion, bur this did not meer wirh
unanmimous approval, In 11 of the 12 topics
the vores of the students converged to a small
set of documents. There was o remarkable
consensus. For most topics the two most
popular documenrs collecred 50 percenr of
the total votes. Purthermore, in ten ourt of the
12 topics at least two of the three documents
selected as “the three best documents” by the
course instructor were also selected by the
students. Finally, in seven topics the best
paper, in the opinion of the instructor, was
selected by the students as one of the theee
best (see Figure 5).

During the second year, néw groups of
students used the e-book generated the
previous year, with the papers with a low
crystallisanon degree being removed by the
aystent. In this yvear the e-book started with 54
papers, cach topic having four ar five papers.

Also in this second year each student
started ssuing three votes for the three best
papers on an assigned topic; there were anly
“yeteran®™ papers, that ix, papers that arrived
to the e-hook the previous year. Next they
added a new paper on their assigned topic and
finally they vored for the three best papers in
thar same topic, In rhis case, they could score
not only vereran papers bur also the new ones
through the system vonng mechanism. As in
the vear bafore, the insoucror graded papers
for checking the quality of their papers and
VOTES.

Thiz same year they conrribured five new
ropics for the e-book smucrture, with some
students writing about them. Ar the end of
this second year there were 110 new
documents. Most of the crystallised
documents were “veteran”™, and only a small
set of new documents got crystallised. This
reflected the fact that the documents already
erystallised represented “established”™
knowledge to some degree. However, if some
new documents had enough quality, they
were also able to crvstallise.

During the fnal year, other groups of
students continued with the operating
syitems e-book. As in the previous vear, the
system removed the papers with a low
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Figure 5 Crdering of papers by students and the instructor for each topic
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crystallisation Jdegree, so at the beginning of
the third year there were 91 papers disrribured
in 17 ropics (five 1o six papers per topic).

In this third year, first the students vored for
the three best papers in their opinion, Second,
they chose a ropic where they added a paper.
And finolly, they again scored the three best
papers on their selected topic (both new and
VETETAn Ones),

At the end of the third vear, 223 new papers
and seven topics had been added; thus we
currently have an e-book structured in 27
ropics, wirh 314 papers or frapments of
lnowledge.

In these three years, 50 percent of the topics
of the initial tree strocture have in their frst
posidon documents thar have been added
during the second and third years. This shows
some evidence that the kmowledge in the
system is in evoludon and that it is possible
for a document that arrives [ater o crystallise
and achieve the first posidons of the rank.

However, in the other 50 percent of topics
the descriprion selecred as the best during rthe
first year obtained so high a crystallisation
degree that descriptions added in the
following years were not able ro reach ic Iris
justifiable that ebout 10 percent of these
topics may contain the best descniption since
the first year. However the other 40 percent
needs further explanation. If participation is
scarce 1IN a mven topic, then it may he
expected that veteran descriptions preserve
their high crystallization degree. This has
happened in 20 percent of these topics. Bur,
the behaviour of the other 20 percent of topics
shows the need of some rearrangement in the
cryerallisarion alporithm.

Looking with more derail into the evolution
of the structure and the contents of the

aperating systems e-book, Table T shows
some of the results abrained.

The most valued descnprions (with a high
crystallisaton degree) of a topic are quality
documents that deseribe the wopic in an
appropnate way. Furthermore, the e-book
structureé covers the whole knowledge area of
the g-book. We ¢an see an example sereen of a
part of the current knowledge area of the
operating systems e-book in Figure 1.

Case study: an e-book about uncertain
reasening

A second experiment has been pertormed
during the last three years that involved the
generarion of an e-book on “uncerrain
reasoning”, About 10-15 graduate students
worked on it each vear.

We started creating 8 KnowCat site with
only the roor nods of the e-book. It was
labelled *"uncertain reasoning”, MNo initial
topics or chapters were suggested for the
inital srructure, because the aim was to check
the feasibility of 2 group of students makinz a
good e-book soructure by using our proposed
voring mechanism. So students had to
propose structures Lo the e-book and to give
their opinions abour the proposals of other
classmates. They could add papers about the
topics #nd vote for them, wo.

Mase of the operatdons made by snudents
were connected with the refinement of ropics.
A totel of 41 percent of operations consisted
of proposing subjects to topics; 39 percent of
operanons were student opinions about these
subjects; 13 percent involved adding papers o
the system; and only 7 percent consisted of
voting these papers.
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Table | Results obtained through operating systems e-hook
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Frami To

increaze

12 topics have papers the

first year las1 year

174 documents at the end

of the first year the fast year

Tree three levels deep Tree four levels deep

Three papers of each
topic collected 75 percent
of the total votes at the

end of the first year year

24 topicy with papers the

314 documents at the end of

Three papers of each tople
collected 75 percent of tha
total vates at the end of last

200 percent. The number of topics has been
douhled

180 percent. The number of dacuments has
almost been doubled,

The depth of the tree has been Increased
one level

Equal. The number of relevant paper per topic
Is stable. But the group of these three papers
Is nat the same from one year lo another in
50 percent of the topics

Ar the end of the year there were 15 1opics (14
new topics and the main topic) in the e-book,
which were distributed over a tree four levels
deep. ‘The course instructor’s opinion was
that the quality of the structure of e-book was
quite appropriate, that is, the e-book wias
divided inte a good hicrarchy of chaprers,
There were 26 papers distributed in these

15 wopics.

In the second year, new smdents had to
extend the e-book structure, and o
contribute three papers abour related topics.
That is, a student chose a ropic, for example
“Methods based on fuzzy sers theory™
(“Métodos basados en conjuntos borrosos™),
and he or she should wrnte abour it or abourt
“Extensional systems” (the parent topic of the
firsr onel, or abour “Iueey sers™ (a child topic
of the firsr one). They had to score the thres
hesr papers abour their selected topics,

Dhring this second year 14 topics were
praposed for being added, and ten of them
consolidated (crystallised), because their
proposals gor faveurable opinions from the
svstem users. The other four topics did not
crysdllise and their proposals were removed
by the system. During this second year 43
new papers were added. The e-book then
comprised 6% papers distributed through 23
topics, about three papers per topic. Afrer the
third year, 25 new decuments and a new ropic
were added.

The structure has been improved during
these years successlully, The number of topics
in the current structure i= almost rwice the
initial number of topics of rhe srrucrure thar
was created the fimst vear. Now the e-book
tree is [ve levels deep. In the opinion of the
instructor, the resulting tree contains a
credible overview of the topics of the e-book,
and the crysrallised papers show a high

guality, Figure 6 shows the current Uncertain
Reasoning e-book structure.

Conclusions and future work

At the moment, EnowCar is a Web-hased
system that allows us ro share, evaluate and
structure communicy knowledge, This is
possible through the knowledge crystallisation
process, supported by virmual communites of
Experts.

EnowCat enahles the building of e-bools
where relevant knowledge about the area or
topic of the e-book can be found, without the
need of an editor managing the task, The
syitem has been rested with several
communites of undergraduate and graduate
studentz ar Universidad Autonoma de
Madrid, The experiments have shown
evidence thar the system is useful for
motivaring communities in sharing their
knowledge and incrementally constructng an
e-book of reasonable quality,

We have idenrified several open issues in
the conrext of our approach. Currently; when
A S¥sTem user submits a paper about a topic of
the e-hook, it is identified a3 an element, and
if larer hie or she submits another paper in the
same topic as an improvemernt of the other, it
will be identified as a different clement, Thus,
we have noticed the need to provide a
document version control in charge of
checking that the new version rogpects the
content integrity of the frst one.

Felated to the previous issue iz the
ownership protection or copyright of
documents. A document belongs 1o irs
author(s), and there would be some sitnadons
where copyright problems could appear. lar
example, when an author makes a document
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Figure & Current uncertain reasoning e-hook structure
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and another author wants 1o make a version of
this decument, who would be the owner of
the new document? Bue the problem of
ownership recogniton is more extensive,
Uzers contribute refinements {one or more
topics) to constitute the e-boonk srecture that
is considered as an entiry, then, who i the
uwner of this knowledge structure? These are
arcas which still must be addressed
adequately.
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