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ABSTRACT

Recertly emerging methodologiesfor producing educational
resourcesresenbling those usedin the libre (free, opensource)
software will radically changethe way educational content is
developed and used on the web. To fully implement the li-
bre idea, both educational practitioners and students should
becomeactively involved in the creation and distribution of
open resources. New architectures are neededto e®ectiely
support this process. The paper describesa novel, truly open
platform to support the creation of free, collaborativ ely con-
structed educational content on the web. The platform has
beendeveloped within the Edukalibre project. The Edukali-
bre system provides easy accessto core technologies com-
posedof a control version system combined with conversion
tools to produce seweral convenient formats for each docu-
ment. Its modular architecture o®ersmany di®erert inter-
facesto the users. The Edukalibre platform is distributed
as libre software.
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1. INTRODUCTION

Most educational institutions, especially universities, are
exploring the possibilities of applying web-based informa-
tion systemsto education. Currently, such systemsare used
for re-enforcing or complemerting traditional teaching tech-
niques, but, in many cases,new educational paradigms are
emerging. New methodologies and architectures are needed
to provide e®ective ways for the creation, sharing, and re-use
of educational resourceson the web, which can be deployed
in a variety of educational paradigms.

This paper discussesrecertly emerging methodologies for
producing educational resourcesresenbling those used in
the libre (free, open source) software' projects. The libre
software development method hastremendously changedthe
way software is being produced and deployed [1, 10]. Strong
communities of practitioners who share experiences, meth-
ods, code, and constantly help eact other have beenbuilt in
a number of domains, ranging from operating systems (De-
bian, FreeBSD, Fedora) to desktop environments (GNOME,
KDE), webbrowsers(Mozilla, Firefox), web servers(Apache)
or oxce suites (OpenOzce.org) [6, 9, 22, 15]. It is now
clearly recognizedthat the libre software methodologieshave
led to revolutionary methods of producing programs and ad-
vancemerns in software developmen [21, 13].

Similarly, the libre methodolgy may lead to innovative
educational paradigms and will have a great impact on the
way the web is used for teaching and learning. Thus, it

Lin this paper, we will usethe term \libre software" to refer
both to \free software" and \op en source software". The
term \libre" lacks the ambiguity of \free" (which meansboth
\gratis" and \free asin freedom"), and makes referenceto
the lib erty of changethat the user of the software gains with
it. In short, libre (free, open source) software is de ned by
the freedom of use, study, modi cation and distribution that
is granted to those receiving a copy of the programs.



is extremely important that the educational community be-
comesaware of the potential of the libre development model.
There is a strong demand for studies that examine ways of
applying the libre software model in educational settings,
aswell asfor technologiesthat support the e®ective deploy-
ment of this model. Examining the connection betweenlibre
software developmert and creation of open content for ed-
ucation is the main objective of the work preserted in this
paper. We will describe a study being conducted within a
EU funded project that involves developers and education-
alists from seweral European countries working together to
study both technological and pedagogicalaspects of the suc-
cessfuldeployment of the libre idea in university teaching.

There is a growing interest among the educational commu-
nity to adopt aspects of the open development model. The
“rst step is being undertaken by leading educational institu-
tions, such as MIT [19], Carnegie Melon [11], and Harvard
[20]), which challenged the traditional way of thinking, (ac-
cording to which teaching materials were available only to
students enrolled in the courses)and provided freely avail-
able, high-qualit y academiccontent on the web. Economical
and technological factors favor this approach. Internation-
ally available web-basedservicescan change the landscape
of tomorrow's education. Material can be made available to
students all over the world at no (signi cant) additional cost,
with many bene'ts for the institution providing the mate-
rial. The open learning content idea is being taken on board
with great enthusiasm [24], and implemented in a number of
projects, e.gOpen Learning Support [25], MIT OpenCourse-
ware [19], Open Learning Initiativ e [11], Connextions [12],
CASCADE [23], WIKI [29]. Furthermore, there is a growing
interest in methods for sharing open source content outside
the academiccommunities, for example schools [28] and dig-
ital libraries [3].

To fully develop the libre software idea, both educational
practitioners and students should becomeactively involved
in the creation and distribution of open content. Until re-
certly, technical challengesmade it very dizcult to support
truly open, dynamic, educational resourcesconstructed col-
laborativ ely by large groups of teachers and even students.
Nowadays, the libre software community has created a vast
amount of technologiesto support their practices. However,
these technologies have not beenexplored fully in an educa-
tional context. Moreover, many of the existing technologies
for collaborative development of software su®er from two
problems: (1) they are suitable for software developers but
are not intuitiv e enoughto be adopted by teachers and stu-
dents and (2) they normally tackle small tasks, which is
conveniert for developers who usually use seweral tools, but
is inappropriate for teaching and learning communities.

New architectures are neededthat e®ectively support the
collaborativ e construction of open educational resourceson
the web [18]. Moreover, these architectures should them-
selves be open, enabling customization and deployment in
di®erert settings. An example of such an architecture is
proposed in this paper. We describe a novel, truly open
platform to support the creation of free, collaborativ ely con-
structed educational content on the web, which hasbeende-
veloped within the Edukalibre project. The project is aimed
at examining the connection betweenlibre software develop-
ment and creation of open content for education. It is funded
by the European Commission under the Socrates/Minerv a

program?, started on October 2003 and is expected to last
until Decemnber 2005. The project is coordinated by Uni-
versity Rey Juan Carlos (Spain), and includes as partners
teams from University of Leeds (United Kingdom), Univer-
sity of Porto (Portugal), University of Karlsruhe. Project
web site: http://www.eduk alibre.org

The paper will rst discussthe link betweenlibre software
developmert model and the production of educational ma-
terials (Section 2). We will then presert, in Section 3, the
architecture of the Edukalibre system. Some speci ¢ appli-
cations of the system will be shown in Section 4. Section 5
will describe the current deployment of the system in uni-
versity teaching. Finally, in the conclusions, we will sketch
some plans for future work.

2. LIBRE SOFTWARE DEVELOPMENT AND
EDUCATION

Sinceearly 1980s,the libre software community hasshowvn
how software systems can be produced by tightly linked
groups of people collaborating over the Internet. Partic-
ipants in this community have developed over the years
a set of practices, procedures and uses for building pro-
grams. This set is usually referred as \the libre software
model". The Edukalibre project explores how this model
can betranslated to the education camp, and specially to the
collaborativ e development of educational materials. There-
fore, we will “rst outline the key characteristics of this libre
software model.

To begin with, it is important to notice that there are
nearly as many libre software developmert models as libre
software projects. Variety is one of the most relevant char-
acteristics of the libre software community. However, there
are seweral speci ¢ issuesthat are found across most libre
software projects:

2 Frequent and early releaseof the software, even when
it is not fully tested. Eric S. Raymond spells this out
as \Release early, releaseoften" [21]. The rationale
is that when the work is early and frequently shared
with the community, there are more opportunities to
gain external feedbadk and contributions.

2 Quality by inspection of many individuals, including
those outside the group of developers. Raymond (also
in [21]) namesit the Linus Law: \Giv en enough eye-
balls, all bugs are shallow". That is, defects can be
found by many people, and if appropriate mechanisms
and chancesare provided, that \p eer-review" can de-
tect many problems that would otherwise go unno-
ticed.

2 Developmernt is done by geographically distributed groups.
It has been shown sewral times (see for instance [7])
how libre software projects, especially when of a cer-
tain size,are carried out by a number of geographically
distributed developers. They seldom (if ever) seeeach
other face-to-face, and work in a coordinated fashion
without formal hierarchies.

2 Development is done usually asynchronously and only
using software tools to coordinate [6]. Those tools

2http://europa.eu.int/comm/education/programmes/
socrates/minerva/indla_en.html



(mailing lists, bug tracking systems, version control
systems, software repositories) are commonly deployed
in websites o®ering hosting facilities to libre software
(such as SourceForge® or Savannah*). All the coordi-
nation and communication is usually loggedor archived
for future use, and is publicly available over the Inter-
net.

2 There is a mixture of voluntary and paid work, partic-
ularly in large projects, and in projects of interest for
certain companies.

The Edukalibre project is exploring how this model can
be applied to education, and speci cally to the creation and
maintenance of educational materials. This meansthat we
explore a model resenbling the one of libre software devel-
opment, but with the particular characteristics of the edu-
cational (and more speci cally the University) context:

2 Educational materials will be located mainly on the
Internet, in the context of an LMS (Learning Manage-
ment System). This is hardly a novel issue, but gives
the neededcontext for the rest of the model.

2 Materials will be produced by groups of educators,
usually in di®erert institutions, and geographically dis-
persed. Since the curricula is similar in many cases,
it seemsreasonablethat di®erert teachers have simi-
lar needs, and can collaborate in the making of their
materials. That collaboration has the implication of
sharing the work, but also of coordination and con-
sensusabout decisions. Similar situations are found in
libre software projects, and it is expected that simi-
lar results can be obtained. In the current European
context, where collaboration among Univ ersities of dif-
ferent countries is encouragedat many levels, this will
becomemore and more a common situation.

2 Materials will also be used, commented, and maybe
modi ed by students. In fact, in many cases,students
are already producing their own materials, based on
those provided by educators. In the same way that
users can contribute to libre software projects high-
lighting bugs or even proposing useful modi cations
to the programs (if they have enough knowledge), stu-
dents (users of the materials) can contribute a lot to
improve the quality in a contin uous process. From this
point of view, frequent and early releasecould be as
important asit is in the caseof libre software.

2 Educators and students will need simple to use, yet
powerful, tools to be able to collaborate in the way
libre software developers do. For instance, it will be
important to mimic the functionalit y of version control
systemsand compilation systems, speci cally oriented
to the production of educational materials. Authors
should be able to use tools common to them, but in
such a way that coordination and work in common
becomesan intuitiv e process. Authors of educational
materials are not (usually) programmers, and their fa-
miliarit y with software toolsis by no meansof the same
order of magnitude.

3http://sourceforge.net
“http://savannah.gnu.org

2 The public availabilit y of produced materials will en-
able the collaboration of third parties, such as other
professorsor students from other institutions that could
‘nd the materials useful, and worth contributing to.

2 Sewral licensing terms will be explored, someof them
allowing for publishers to take the materials and dis-
tribute them for prot, in the same way that there
are companiesdistributing GNU/Lin ux basedsystems
composed only of libre software. The current inter-
est created by some initiativ es related to open con-
tent (such as Creative Commons®, the Open Archives
Initiativ €®, and the the Public Library of Scienc€)
is caused by many other projects exploring, particu-
larly in the sciertic context, the advantages of this
approach.

Of course, this model is ditcult to explore without the
proper tools and some user groups ready to test and try it.
In the following sectionsit will be showvn how the Edukalibre
project is building such tools, and how sometest experiences
have already started, which are being studied and evaluated
within the project.

3. THE EDUKALIBRE SYSTEM

The Edukalibre project has already releasedthe rst ver-
sion of a systemthat allows for the °exible managemert (via
the web) (using HTTP and WebDAV proto cols) of a set of
documernts. The systemis designedto let userschoosefrom
awide setof tools (from easy-to-useword processorssuch as
OpenOzce.org®, to lesscommon XML-based editors), and
includes version control facilities and automatic conversion
to many end-user formats (ranging from PDF, ready to be
printed on paper, to decorated HTML, suitable for preview-
ing when creating a new version or for reading online).

A diagram of the architecture of the whole systemis pre-
serted in Figure 1. It shows how the Edukalibre platform is
organized around a document repository, which is used for
supporting collaborativ e editing, and also provides the basis
for a web-basedgroupware tool for collaborative authors. In
addition, someextensionsare provided, such asa web based
activity monitoring tool for teachers. Modules external to
the repository can accessit directly, using HTTP and Web-
DAV protocols, or by meansof a well de ned API. This is
the basis of the modular nature of Edukalibre: adding new
modules which provide new interfaces to usersis a simple
processfor developers.

The documert repository is built on top of a version con-
trolled storage system with document conversion and man-
agemert tools written in Python® [27]. The system hasbeen
developed to be as open as possible, using libre software
technologies throughout and allowing accessto content in
as many di®erernt ways as is practical, respecting the many
and various platforms and working methodologies that col-
laborativ e authors usetoday.

From the perspective of an author collaborating to write
somematerial, the platform provides a simple interface based

Shttp://creativecommons.org
Shttp://www.openarchives.org/
"http://plos.org
8http://openoffice.org
®http://python.org
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Figure 1: Arc hitecture of the system

on a web browser (although other interfaces are also pro-
vided, including some integrated with an LMS). From the
perspective of the systemsdeveloper wishing to incorporate
accessto an Edukalibre repository into their applications,
the platform provides a simple PHP® API for web develop-
ment, and Subversion/W ebDAV accessto the repository for
other development platforms.

All the code usedand produced by the Edukalibre project
is libre software. This permits the easy replication of the
system anywhere, with or without the knowledge of the
project. Some other groups not in the project have already
expressedtheir interest in installing their own versions to
start their own experiences,which is welcomeand promoted
by Edukalibre.

With respect to the design principles, the architecture of
the system is intended to be simple, yet °exible, reusing as
many already available componerts as possible, so that the
project can focus on its goals whilst incorporating already
tested and widespread componerts, such asthe Subversion'!
version control systemor the Moodle'® LMS. But those com-
ponents (and others also used) could be easily exchanged for
others of similar functionalit y. In fact, where possible, the
project is already providing more than one choice to imple-
ment each component, aswill be shown later. And of course,
the useof standard proto cols for the communication and ac-
cessto the di®erert componerts of the system has also been
a core design requirement.

3.1 Review of technologies

The system is composed of many di®erent software com-
ponents, most of them widely usedin current libre software
projects, ensuring their stability and maturit y. When look-
ing at the platform asawhole, we nd someof those external
modules (libre software code not developed by Edukalibre),
some componernts developed speci cally by the project, and

Ohttp://php.net
1 http://subversion. tigris.org/
2http://moodle.org

some middleware code to link everything together.
The main software components within the Edukalibre project
are:

2 Control version system: Every document created in
the system has a main version and a history of older
revisions or branches. Each revision can be accessed
or modi ed at any time, and any old revision can be
set up as the main version of the document, or as-
signed as a new branch (for example to adapt higher
education teaching materials for a secondaryeducation
audience).

All of these processescan be performed by the control
version system used. It allows us to keep di®erert
versionsof a document, but not only that, it alsoallows
to realize some other goals that are hard to satisfy
without it, such asthe integration of di®erert versions
of the samedocumert.

Currently, the platform usesSubversion asthe control
version system. Subversion is in some sensean evolu-
tion of the more traditional CVS*®, which xes many
of its problems, and adds new features.

2 Editors and word processors The main use of the sys-
tem is to create documerts, therefore a very imp ortant
component of the system are the editors usedto cre-
ate these documents. Our goal is not to create hew
editors, but to provide ways in which existing editors
and word processorscan interact in the most °exible
way with the system, and to provide the °exibilit y to
allow a greater variety of editors to be integrated.

OpenOx+ce'* is an o+ce suite which includes an WYSI-
WYG word processor. It canedit, in addition to Tes in
its own format, DocBook/XML *® Tes (with the help
of somecode which the project hasimproved) and Mi-
crosoft Word documernts. It is widely popular in soft-
ware libre community, and its useis growing quickly
everywhere. The current Edukalibre platform allows
a document to be opened, modi ed and stored using
just OpenO=ce, with the user not needing any other
tool.

However, any other word processorcan be used to
modify the documents of the system, if it can manage
DocBook/XML or LaTeX'®, the currently supported
documernt formats. Since both are plain-text formats,
any text editor can also be used, provided the user
knows the syntax of the format. A simple web editor
is also provided in the system to facilitate the modi -

cation of documents using exclusively a web browser,
and a wiki-lik e system supporting conversion from wiki

format to DocBook/XML and vice-versa, is now in de-
velopmert.

2 Tools for format conversion: Some other important
pieces of software are those in charge of converting
documents from the baseformats to others, more suit-
able for reading (such as HTML or PDF). Most of

B http://www.cvshome.org

14 http://www.openoffice.org/

15 http:/iwww.docbook.org/

B http://www.latex-  project.org/



the conversions from XML formats are performed us-
ing XSLTY stylesheets. The XSLT processorsused
are xsltpro ¢ and xalan'®. Most of the needed XSLT
stylesheetswere already written, but more canbeadded,
and our existing stylesheetsare being rewritten or im-
proved to better meet our objectives, such as those to
convert between DocBook/XML and OpenOzce for-
mat. Conversions to PDF and Postscript are done
using TeX/LaT eX and Ghostscript°.

Web Browser

HTTE HTTP

Standalone
web interface
ebDAV

Web[N/

Moodle

3 Editor
Webdav i i
WebDAV, Subversion (OpenOffice.org,
browser WebDAV/
HTTP Lyx,...
TWebDAV
Subversion
client tools

Figure 2: Comp onents of the collab orativ e editing
subsystem

2 Web interfaces: One of the goals of the project is to
allow for as much di®erert interfaces to the system
as possible, and to let users decide which are their
preferred writing tools. In addition to accessingthe
system directly with a text editor plus a Subversion
client, other interfaces already provided are:

{ A collaborativ e editing system (COLLAB), which
is a simple Python-written web interface that per-
mits to perform common actions on the system,
such as listing of documents or visualization of
the history of a document.

{ The same collaborative editing system has also
been integrated as as a component of the libre
software Moodle VLE, providing all the additional
functionalit y of alearning environment to support
the collaborativ e editing process.

{ There is also a PHP groupware application writ-
ten as a component of Moodle, called ConDOR.
Its aim is to examine the e®ectivenessof the tools
within a simple groupware application, also show-
ing the °exibilit y of the system to allow develop-
ers from di®erert communities and with di®erert
backgrounds (PHP, Python, WebDAV) to inte-
grate the Edukalibre systemswith their applica-
tions.

Both COLLAB and ConDOR will be described later
in more detail.

7 http:/iwww.w3.0rg/TR/xslt
18 http://xml.apache.org/xalan- il
19 http:/vww.cs.wisc.edu/~ghost/

2 Communication protocols: Standard proto colsare used
to connect the di®erert components. They are basi-
cally the ubiquitous HTTP [4], and WebDAV [8] (an
extension to HTTP tailored to the needs of collabo-
rativ e editing and managemer of Tes on remote web
seners).

Figure 2 shows the di®erert componerts of the collabora-
tiv e editing subsystem and their main relationships.

The Edukalibre system o®ersa PHP API to allow the easy
integration of any PHP application with it. It usesthe libre
software VersionControlSVN package, which is a part of the
PEAR % PHP libraries. PEAR is a core PHP group project
with the goal of producing reusable APIs for rapid applica-
tion developmert, similar to the Standard Template Library
for C++. VersionControlSVN provides a simple way to ac-
cessthe contents of a Subversion repository, and returns its
data in simple arrays, familiar to web programmers.

The Edukalibre PHP API builds on this to provide sim-
ple XHTML form generation for interacting with the Python
scripts that control the repository. It also provides a com-
prehensive set of Te managemert tools for folder creation,
“Te deletion, history extraction and functions that return the
di®erencesbetweencertain versionsof a given document. A
sample PHP web application is provided, that allows for full
accessto the functions of the repository, composed of just
70 lines of code.

3.2 Formats

The certral elemerts of the Edukalibre system are the
documerts. Every document can be accessedin many dif-
ferent formats, but it is convenient to distinguish between
two kinds of those formats:

2 Base formats, which are those that can be the inputs
for the whole system. A document can be produced or
modi ed in any of these baseformats. At the moment
the baseformats are: DocBook/XML, OpenOzce.org
and LaTeX. They have been selected for their prop-
erties and advantages. All of them are plain text for-
mats, which is important for easy managemert under
version control systems. They also allow for methods
to automatically extract information (such as the ti-
tle or the authors) form the documert, and for all of
them exist mature libre software tools to convert them
to end-user formats.

2 End-user formats, which are automatically generated
by the system from the base formats. These include
PDF or Postscript (both suitable for printing), HTML
in sewral °avors (in a single page, in multiples pages,
or even decorated with the desired web page style)
or plain text. Some base formats are generated from
other base formats.

It is important to notice that only base formats of the
documerts are stored in the control version repository. The
end-user formats are stored independertly, in the end-user
repository, sincethey can be generatedfrom the correspond-
ing base format. The schema for conversions between for-
mats is given in Figure 3.

2 http://pear.php.net/
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Figure 3: Document formats

3.3 Repository manager

The repository manageris the core of the Edukalibre plat-
form, and alsothe heart of the collaborativ e editing tool (see
section 4.1). It provides the main functionalit y of the sys-
tem, being in charge of storing the documernts, creating the
end-userformats, and providing information about the doc-
uments stored in the system. It canbe split in two parts: the
core repository, and the document conversion and metadata
extraction system

2 The core repository is basically a storage system in

which documerts, together with information about them,

are stored. This repository consists basically of two
elemerts: the version controlled documernt repository,
in which the base formats are stored, and the end-
user repository, in which only the end-userformats are
stored in an HTTP serwver. The documert repository is
a subversion repository, with aditional plugins to per-
form some core tasks when a document is uploaded.
It stores only the base formats. The second elemert
is just an HTTP server, which storesthe end-userfor-
mats of all versionsfor all documernts.

2 The document conversionand metadata extraction sys-
tem provides the functionalit y of the repository man-
ager. The normal processoperation of this system is
launched when a new documert or a new version of an
existing document arrivesto the repository manager
via any of the di®erert interfaces shown in Figure 1.
From there on, it follows the following steps. First of
all, the system accepts only valid Tes. A validation
has to be done on the documernt to ched if it can be
converted correctly to end-user formats. If the docu-
ment is valid, it is stored in the subversion repository,
and is converted to the end-user formats, which are
later stored in the end-userrepository. At the end of
the process, some information is extracted from the
document, and also stored in the system (such as the
title or the authors).

This system also provides methods used by the di®erert

interfaces to extract metadata information about the con-
tent of the repository manager: listing of documents stored
in the system, information about history of eat document
(versions, authors, dates, etc), logs about the conversion of
each end-format for each document and general properties
about each document (base format, title, abstract, etc).

4. APPLICATIONS

In the following subsections, some applications that are
part of the Edukalibre system are described. All of them
show both how the functionalit y of the system can be in-
tegrated with external tools, and also how the architecture
is modular enough to make room for may di®erert ways of
interaction.

4.1 COLLAB: aPython-drivenWeblInterface

This is one of the possible interfaces to the system, and
allows the usersto perform some of the common tasks us-
ing just a web browser. A screenshotof it can be seenin
Figure 4.

Figure 4: Collab orativ e editing to ol interface

The main page of the interface consistsin a list of docu-
ments created in the system, with some information about
ead of them. The interface provides a way to show complete
information about each document, and to create new doc-
uments. An RDF channel with information about the doc-
uments recertly modi ed or created is also provided. The
information for eadh documernt includes:

2 Listing of its version history, with the releasedate and
the comments from the releaseauthor.

2 Listing of links to all end-user formats for every ver-
sion, so that userscan get any format of any version
of every documert.

2 Editing and downloading options for each version, in-
cluding the possibility to download the base format,
modify it and upload the new version using the web



interface, or to edit it on-line with a simple web editor.
Some information about how to modify and update
the document using some other interfaces, such as a
web editor with WebDAV capabilities, or through the
subversion client tools, is also provided.

2 Forms to update the document, uploading a new ver-
sion (written with a standalone editor such as OpenOf-
“ce.org).

2 Decorated HTML version of the latest version of the
documert, to show a quick preview of it, with all the
basic functionalit y to manageit.

The interface also provides a form to upload a new docu-
ment to the system.

4.2 ConDOR:An Intuiti ve PHP-drivenGroup-
ware Application
One of the core deliverables of the project was to create
a user friend ly working environment which would allow us
to evaluate the e®ectivenessof web-basedversion controlled
collaborativ e authoring, seeFigure 5.

Figure 5: Group ware tool for constructing
namic open resources (ConDOR).

of dy-

To this end, a bespoke groupware application was pro-
duced, which ran as a modular component of the libre soft-
ware learning managemer environment Moodle. The group-
ware was written in PHP, and made use of the PHP sub-
version APl which we created to allow easy accessto the
documert repository for PHP web application developers.

The requirements speci cation for the groupware wastaken
from a questionnaire that was Tled in by all partners of the
project, enquiring into the scenariosin which the platform
would be tested.

The majorit y of the o+cial evaluation scenarioswerebased
around a teacher assigning collaborative group coursework
for students, and the students using the groupware tool to
produce shared resources,take part in discussionsabout the
work and produce a single nal document for submission.
The basic requirements of the userswere:

2 Accessto shared resources

2 Accessto discussionfacilities
2 Easy version control

The groupware application allows easy \explorer style"
accessto the document repository, allowing intuitiv e navi-
gation of the TTe and folder structures, and simple tools for
uploading Tes and creating new folders.

With the current prototype, each groupware is linked to
a xed repository, but the system will allow the users to
browse the content in multiple arbitrary repositories. To
prevent excessie repeated navigation of large folder struc-
tures, a\My Resources"sectionis provided within the group-
ware resourceareato allow authors to bookmark documernts
deepwithin the resourcetree that they have a current active
interest in.

From either the main resourcesbrowser or the \My Re-
sources" bookmark area, authors can download a document
in any supported format (currently XHTML, PDF and plain
text), upload a new version of the document, browsethe his-
tory of the document and add/remo ve documents from their
\My Resources"list.

The repository will allow authors to add any type of Te,
and put it under version control. Extra features such as for-
mat conversion are only available for OpenOzce and LaTeX
documerts, but trial usershave beenusing the repository to
manage many kinds of Te. A graphic designer using the
system used it to manage multiple versions of an Adobe
Photoshop document he was working on with another de-
signer and a systems administrator has used the system to
manage various versions of Windows con guration Tes.

Current work on the groupware application includes im-
plementing online editing of XHTML “les (with a Java ap-
plet), and wiki style editing of OpenO+ce documerts (via a
DocBook/XML conversion utilit y).

It is the aim of the developersto provide asunrestrictiv e a
set of authoring tools aspossible. Currently, the system sup-
ports o%ine authoring of any e type by allowing usersto
download a Te, work on it using a local application and up-
load a new version. The next phase of developmert will see
online editing and simple visual changemanagemert (similar
to the programmers tool di®) of XHTML, LaTeX, OpenOf-
“ce, DocBook/XML and Microsoft Word documernts.

4.3 GISMO: aGraphical Interacti ve Students
MOnitoring tool

As shown in Figure 1, the Edukalibre systemis currently
linked to the Moodle Learning Managemert System. Edu-
cational materials collaboratively produced by using COL-
LAB or ConDOR are made available to the students through
Moodle. This is a convenient way to immediately deploy
educational materials to the students without the hassle of
exporting the content in some format and upload it to a
sener on the Internet. Instructors may use these materials
on their coursesgiven on-line with this platform.

Student tracking data provided by the Learning Manage-
ment System is a valuable source of data that can be used
by the instructor not only to ched students activities, but
alsoto improve quality of the materials. For instance, an in-
structor may chedk which part of the course's materials are
most and less accessedby the student, and then perform
further investigations to understand whether the students
found these parts ditcult to understand or not. Further-
more, the students activities in ConDOR are recorded and



can be used to analyze the collaborative work of a group
of students or teachers who are constructing resourcesusing
the Edukalibre system.

Student tracking data is complex and is usually organized
in some form of a tabular format, which is in most of the
casesdixcult to follow and inappropriate for the instruc-
tors' needs[17]. For this reason,a graphical and interactive
tracking tool, GISMO, was implemented as an application
that interfaces with the Edukalibre system. GISMO uses
the students' tracking data as source data, and generates
graphical represertations that can be explored and manipu-
lated by courseinstructors to examine saocial, cognitive, and
behavioral aspects of distance students. It implements some
of the visualizations designedin our earlier work and found
useful by teachers [17] within a new context, namely the
Edukalibre system.

Gismo processesstudents data and generates graphical
represertations thought a pip eline of seweral stages:

2 The Data Exporter collects any possible data regard-
ing the activities done by students (tracking data) and
exports this data into a MySQL database (the GISMO
repository). This module can be adapted to other
Learning Managemert Systems,such asClaroline, Fle3,
Mimerdesk, etc.

2 Torepresen data in visual format we needto do some
computations and transform the data into visual struc-
tures and represertations. This step is performed in
GISMO by the Data Processingand Visualisation Pro-
cedure. This \visualisation pipeline”, follows the well
known \reference model for visualisation" proposed
by Card et al.[2]. The modules in the visualisation
pipeline are implemented in Java. In particular, views
are implemented and delivered through the Web using
a Java Applet.

2 |nstructors can investigate the users' reading of course
materials, which can give invaluable feedbadk on the
quality of collaboratively constructed resources and
their practical use by students. Figure 6 shows an
example of GISMO visualization that can be used by
instructors to get insights of how popular is the con-
tent material to the students of the course. It shows,
for a speci ¢ part of the coursecontent, in which days
the students accessedthis material of the course and
how many times. The chart on the top illustrates ac-
cessedor eat student. The histogram on the bottom
represerts the sum of accessesnade by students to the
resourceon ead speci ¢ date.

5. DEPLOYMENT OF THE EDUKALIBRE
SYSTEM IN UNIVERSITY TEACHING

The Edukalibre project is scheduled in two main phases.
The rst oneis devoted to the building of a proof-of-concept
system which can be usedto explore the new development
models of educational materials. At the moment of writing
of this paper, the project is in the transition from the “rst
to the secondphase. A deployable version of the system de-
scribed in the previous sections has already beencompleted
and is being deployed in real settings.

We are now conducting formativ e evaluation [16] to ex-
amine the system's functionalit y and usability. It includes

Figure 6: Represen tation of the studen ts accesses to
a particular content material of the course

both expert inspection and user trails of the three appli-
cations described above, namely COLLAB, ConDOR, and
GISMO.

The expert inspection is basedon a framework for usabil-
ity evaluation of e-learning web applications, called MILE
[26], developed by a team of Human-Computer Interaction
researders from the Politechnico di Milano and the Univer-
sity of Lugano. The inspection is driven by typical educa-
tional scenarios, which were de ned based on a question-
naire involving university teachers from all Edukalibre part-
ner institutions. The scenarios,together with possible user
pro les, were usedto determine inspection criteria. Twelve
experts, including teachers and human-computer interaction
specialists, have beenasked to inspect the Edukalibre appli-
cations, and to 1l in MILE usability sheets. This evaluation
is on-going.

Formativ e evaluation can be addressed properly only if
inspection is combined with real user trials. In line with
the Edukalibre objectiv es, the initial usertrials considerthe
creation of open educational content by both user groups
- teachers and students. During the last two months the
Edukalibre applications are being used within partner insti-
tutions in the following situations: sewral authors working
together to prepare educational content, researders creat-
ing a repository of papers and collaborativ ely written re-
ports, and students creating repositories on a common topic
of their dissertation projects.

Some preliminary commerts from inspectors and users
have already highlighted issuesthat are being xed by the
Edukalibre developmert team, such as:

2 °exibility - which refersto the robustnessof the system
to deal with a variety of Te formats, at the moment,
version control is being fully enabled for OpenO+ce
and Latex documerts;

2 e®etiveness - which refers to the applicabilit y of the
system in learning scenarios, and required seweral it-
erations to ensurethat applications complied with the
tasks they were intended for, i.e. collaborativ e writing
by teams of teachers or students (COLLAB and Con-
DOR), resourcemanagemert for group projects (Con-
DOR), and monitoring of student activities (GISMO);



2 exciency - which refersto how quickly can the users
perform their tasks and resulted in "xing some cum-
bersomeoperations and long navigation menus;

2 yser satisfaction - which refersto creating subjectively
pleasing systems, and required the xing of some de-
sign and aesthetic issues.

During the second Edukalibre phase, a summative eval-
uation of the improved system will be conducted in real
settings at partner institutions. These include:

2 Students working in groups to take a decision on an
environmental caseand write a group report to justify
their decision - this is being prepared by the partners
from Karlsruhe;

2 Students researding and producing content on a new
topic, including collaboratively written review and a
collection of resourceson the web - this is being pre-
pared aspart of a module on Personalization and user-
adaptiv e systemsat Leeds;

2 Educationalists from geographically remote locations
constructing collaborativ ely educational content on sta-
tistical methods and operational researd), which in-
cludes teachers and researders from Madrid, Prague,
and Porto.

The above situations will utilize COLLAB and ConDOR
for collaborative writing and group work. In addition, the
student's performance and work with the educational re-
sourceswill be monitored with GISMO.

6. CONCLUSIONS AND FURTHER WORK

The Edukalibre project is exploring the "eld of collabora-
tiv e production of educational materials from a novel point
of view: to which extent the common practices of the libre
software community can be translated to the educational
content domain. For this exploration, the project has de-
veloped (mainly by reusing already existing componens) a
web-basedsystem which aims to provide some of the func-
tionalit y available in version control systems,but speci cally
targeted to the producers of educational documents. With
this target population in mind, an e®ort has been done to
minimize the learning e®ort for using the tools, yet maintain
as much functionalit y and °exibilit y as possible.

The system s built around a Subversion-basedrepository
for document sources(written in DocBook/XML or LaTeX),
together with accessmethods to it (using standard proto-
cols such as WebDAV and HTTP) and code to automate
the generation of nal formats (such asHTML or PDF). In
addition, translation to and from OpenOzce.org format is
provided, which (in addition to the WebDAV access)allows
usersto interact with the system from within an oce suite,
without having to deal with the complexities of a regular
version control system plus conversion utilities.

The Edukalibre architecture is modular in nature, and
makesit simple to add new functionalit y by connecting new
subsystems. Some of them are currently provided: COL-
LAB and ConDOR (designedto provide extra tools for col-
laboration among writers of a document) and GISMO (for
the monitoring of student activities). In addition, the sys-
tem can also be used in the context of an LMS tool, and,

indeed, the integration with a popular open source LMS,
Moodle, has already beenincluded.

The system as a whole allows for the easy modi cation
of the documents by educators, or even by students (if the
have the required permissions). New versions of the mod-
i ed document are automatically generated, and immedi-
ately put at the disposal of readers. In some sense, the
system implements a wiki-lik e syntax, with simple to use
interfaces integrated in environments (such as oxce suites
or LMS systems) common to educators. All in all, it lowers
the technical barriers for educatorsto explore the libre soft-
ware development model applied to educational documernts.
Also, the whole system is composedof libre software, which
makesit easyto try, install and adapt to any environment.

There are other projects which deal with some of the as-
pects important for Edukalibre. Among them, it is worth
mentioning Apache Forrest?!, which is adocumentation frame-
work which can be usedto render source content in seeral
formats (including a subset of DocBook/XML) into a com-
plete, customized website. Some ideas of the architecture
for converting and managing formats are taken from it. It
is also relevant to consider BSCW [5], a cooperative appli-
cation which supports cooperation through small reposito-
ries in which users can upload documents, hold discussions
and coordinate their work with other user. However, no ver-
sion control in the senseprovided by Edukalibre, or complex
conversions to seweral formats is provided. In some sense,
BSCW could be the basisfor someof the tools that Edukali-
bre missesto replicate someof the functionalit y provided by
GForge (such asdiscussionsor coordination tools). Another
system with some resenblances is Connexions [12], which
o®ersa collection of free educational materials and a set of
free software tools to help authors, instructors and learn-
ers (but is more a collection than a supporting system, like
Edukalibre). Another example is the SERUM [14] system,
which proposesa model of customized repositories for col-
laborativ e authoring of web content, and in this is similar
to the Edukalibre system preserted here.

Currently, the Edukalibre system is entering its second
year, when in addition to some evaluation activities, new
lines of work are to be open. Among them, someof the most
relevant are the exploration of more complete version control
patterns (including the use of private branches, for instance
for groups of students maintaining their own customized and
commerted version of a document); the improvemert of the
di®erert interfaces and the integration with OpenOzce.org;
the improvemernt of the integration with LMS systemssuch
as Moodle; and the integration with wiki-lik e tools (consid-
ering wiki formats as one more format to convert to/from
the source documernts).

In the future, more work can be done in the direction
of integrating more and more subsystemscommon in libre
software development (and in software such as GForge??),
such as bug tracking systems (for unresolved problems with
document content), activity trackers, release managemen
systems, etc. In the end, it would be interesting to con-
sider the construction of hosting sites for the creation and
managemen of documents and other types of materials, in
the samesensethat sites lik e SourceForge® provide support

2 http://forrest.apache.org/
2 http://gforge.org/
Zhttp://sourceforge.net



and hosting for libre software projects.

Finally, it is worth noting that this paper waswritten col-
laborativ ely with all authors being actively involved through-
out the whole writing process. It gave us the opportunit y
to truly appreciate the potential of the libre developmert
idea and to experience its application in a practical task,
the result of which is this paper. This small practical ex-
perience gave us a subjective con rmation that systemslike
Edukalibre are indeed very much neededin the creation of
open educational content.
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