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Abstract

This case study introduces our continuous workntwaace the virtual classroom in order to
provide faculty and students with an environmenerofo their needs, compliant with
learning standards and, therefore compatible wiitleroe-learning environments, and based
on open source software. The result is a modulahistainable and interoperable learning
environment that can be adapted to different temchand learning situations by
incorporating the LMS integrated tools as well akisy blogs, forums and Moodle activities
among others.
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1. Introduction

This case study explains how to create a flexilolirenment to answer the users' needs. A user-
centered design methodology is followed to workselg to the end users — both faculty and
students - and be aware of their needs, wantsianigtions. Open source software and standards
are the basis of the technological approach. Thislehresults in a sustainable and adaptable
environment both for the present and the futurelsee

The Universitat Oberta de Catalunya (Open UnivemsitCatalonia, UOC) is a fifteen year-old
completely online university with more than 50,08Qdents and 2,500 lecturers. The UOC offers
more than 20 undergraduate degrees as well asasgvaduate programs in fields such as Business,
Humanities, Computer Science, Psychology and AStadies among others.

The UOC virtual campus is an integrated e-learmngironment that allows students to pursue
their studies completely online with the exceptimintaking final exams. The UOC's Learning
Management System (LMS) is a in-house product arslbdeen used as an e-learning platform at
UOC for more than 14 years. This LMS has evolveth whe University and the pedagogical and
technological needs. A critical success factor bMS is flexibility to meet evolving standards and
new conceptual requirements, so, in 2006, it wasded to start a UOC's new virtual campus
version following user-centered design (UCD) andvige Oriented (SOA) approaches and
standards. The first part to be adapted and degdlapcording to these new requirements was the
virtual classroom.

In large educational communities like the UOC, etiéint user types can be found, each of them
with their own interests, needs, preferences anddtions. UCD techniques allow to discover such
user types and provide methodologies that ensatedssign and software development takes into
account these user profiles and needs. Thus, theiua UCD process and methods are key to
define the features, tools and characteristichk®trtual classroom.

Nevertheless, new requirements come also from teduon of Internet and technology in
general, as well as from the University stakehaldés new applications such as wikis, blogs,
microblogs and others appear and are improveds asgnand more available tools for the teaching
and learning process. The University as an ingituadlso demands innovation and diversity as key
drivers. New educational programs are being opesmed new target users are being aimed,;
including different user types but also differesgiions and countries.

This results in an increasing diversity of usetsoth faculty and students — and of educational
needs that require a flexible model both from acfiomal and pedagogical standpoint and from a
technical perspective. Ensuring that any new apfiioc meets the users' needs is essential for its
success. Having an interoperable virtual campadsis mandatory to allow the integration of these
applications.

The present article introduces the different ketdes of e-learning tools integration process: 1)
the user-centered design approach to guide thdidmad, visual but also technical characteristits o
the end product; 2) an interoperable, specificatiand standards based approach to guide the
software and technical development in order toterdge basic technological layer to ensure that the
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UCD requirements are met; and 3) an open and flexibegration process for new e-learning tools
as a result of the previous aspects.

2. The User-Centered Design (UCD) Approach

Technology Enhanced Learning (TEL) is by defautthtelogical but the focus is still on the
learning and teaching processes. In order to peocaidood TEL experience, a user-centered design
(UCD) process is key to understand the users' needidimitations. At the UOC, UCD methods are
used to choose and design the best learning tadlgavironment.

User-centered design is a design philosophy angédupt development approach that places the
end user of an application in the center of eadigtephase in order to ensure that the end product
will answer to the users' needs, wants and lifitat The redesign of the UOC virtual classroom
project followed such an approach so as to proaitletter user experience to our users as well as to
facilitate the teaching and learning processesunfents, tutors and faculty members.

The ISO 13407 (Human-centred design processegt@rmaictive systems) [6] is an international
standard that provides guidance on achieving quatfit use by incorporating UCD activities
throughout the life cycle of interactive producheTstandard defines four activities that needdd st
at the earliest stages of a project: 1) understanttispecify the context of use; 2) specify the user
and organizational requirements; 3) produce desiintions; and 4) evaluate designs against
requirements.

Therefore, a classic UCD process includes all tistses for each project. Nevertheless, within
the UOC environment we have separated them. Biestause our target users are always the same
and, although we have seen an increasing diveosityser types, we do not need to create user
profiles and personas for each project. Secondiet@ble to follow agile software development
methodologies, which are the best suited for irdigg new e-learning tools, we need to start the
design process earlier and we manage to do sodoigirgy the user requirements phase.

In sum, if we take the 1SO 13407 activities as f@rence, we have the first two activities -
understand and specify the context of use and fyptie user and organizational requirements —
which are done at the UOC as a project per se,lynostependent of the implementation of new
tools. And, on the other side, the two followingdidties - produce design solutions and evaluate
designs against requirements — which are done @mogect basis. The designs are therefore
evaluated against the requirements that come fhengéneral user gathering requirements and the
specific requirements which are defined for eaddagning tool.

3. Interoperability, Specifications and
Standards

Learning standards such as IMS Basic Learning Thuéroperability (IMS Basic LTI) [5], IMS
Question and Test Interoperability (IMS QTI) [4M$ Learning Design (IMS LD) [3], Open
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Knowledge Initiative Open Service Interface Defmiis (OKI OSIDs) [10] and The Sharable
Content Object Reference Model (SCORM) [1] are usegromote and facilitate interoperability.
These standards help 1) guide the definition ofviliial classroom and tools as well as 2) define
the development components to ensure connectiomgnmbernal modules and external software
and environments.

Most e-learning systems use a combination of thirds of standards or specifications: data
representations specs, communication specs andfaités specs; each providing particular
interoperability and integration benefits.

Data representation specifications covers: thecttras, meaning, and particular vocabularies
associated with data. Current examples of this &ORM, IMS QTI and IMS LD. Data
representation allows two systems to import andebgata.

Communication specifications define the manner ihiclv two systems or machines
communicate with each other. Current examples @ #re: SOAP, REST or HTTP. If an
application supports a particular protocol, it ik able to communicate with another system or
service if they also use this protocol.

An Interface specification is a contract that defimnd separates the responsibilities between the
two sides. Current examples of this are: OKI OSI@w IMS Basic LTI. Using interface
specifications allows the use and substitutionitféent service implementations and can be used
to cover up underlying changes in technology.

A high level architecture could help people underdt how all the individual specifications
surrounding educational systems fit together. Thisuld provide some common context for
interpreting the individual pieces and promote dbwopfor all the specifications. The UOC's virtual
campus architecture is based on a service oriemtagel (SOA). In SOA, the system is modeled
around a set of modules with a public functionatitd responsibility and a set of mechanisms that
allow interaction between the services [9]. Undeis tarchitecture model and using standards,
heterogeneous tools (Java, PHP and others) camadhtavith some services of an also
heterogeneous platform: Moodle (PHP), Sakai (Jav@C Virtual Campus and others. The tools
connect to the system using a set of basic serwid@sh act as a bridge and a link. Each tool kas i
own internal architecture and the most appropt&tanology to solve its business logic.

The UOC Campus Services are compatible and uséBeBasic LTI mechanisms as basis.
IMS Basic LTI specifies the LMS data that need$gé¢otransferred to an external tool so it may be
executed into the LMS without putting the systemtoirrisk. There are IMS Basic LTI
implementations for many of the LMS — such as Mep®&akai and Blackboard —, and a number of
plug-ins for a good set of tools like wikis, blogad others. IMS Basic LTI covers the basics of
authentication and authorization services, but dadsallow yet other key issues like transferring
tool tracking information to the LMS (see Loggingrice below), or managing tool user interface
translation to other languages (see Internatioatiim Service below). So the UOC Campus
Services extend the IMS Basic LTI functionalitydover the aspects not yet included. In spite of
this, it has been decided to use quite a reducedfseervices. A limited number of services
facilitates the integration of external tools. Téfere, the tools integrated can communicate wi¢h th
LMS using five services:

The authentication service not only allows the user to log into tlgetem but also finds out if
the user is logged in. This is a mandatory senvia@ny computer program with user registration.
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The authorization service allows to know if the user is authorizedatt on certain resources
and contexts. This is mandatory in any system iithwthe users play different roles.

The logging service allows program activity data to be stotssj data allows, for example, a
lecturer to see what use students make of classresources and learning tools.

The internationalization service supports learning tools declaring theterfiace literals. This
makes it possible to provide translations to otaeguages in the LMS. Subsequently, the literals
can be displayed in any of the languages availaltiee tool.

The configuration service supports defining, assigning and transfgrparameters between
tools and the LMS.

4. Integrating New e-Learning tools

The richness of a virtual classroom depends onatfalability of e-learning tools. Its success
depends on how easy they can be administrated sedl Both aspects are especially relevant to
support various course typologies as well as diffepedagogical models. Generally, educational
models are implemented by using and combining wdiffe tools ruled by a certain pedagogical
approach. Also the course typology defines the nafedpecific tools. As a consequence, the
diversity of tools available for faculty to facdie the teaching and learning processes is a
fundamental factor with great impact on the quadityearning.

These tools are becoming increasingly diverse amdptex. In recent years, there has been a
growing tendency to use non educational-designsdurees as educational ones (e.g., blogs and
wikis). Complex tools such as broadcasting and asidenferencing via the Internet have also
become even more common in e-learning. Not to roprttie need to integrate a growing list of
services to be found in the Internet cloud, likedtsok, Twitter, Youtube and others.

As previously mentioned, we have several factoas ldad to the integration of new e-learning
tools as a common model. The primary criteria fomd so is to provide a better teaching and
learning experience by working closely with facudtyd students. Open source software is the first
option to consider when selecting a new tool toiftegrated, however it is not a mandatory
requirement. Following are 4 cases regarding ttegnation of new learning tools:

The blogs solution.The WordPress platform [14] was the first blog &milon installed at the
UOC virtual campus and it is the solution that warently have. WordPress facilitates the
integration and extension of the application feeduvia plug-ins. This solution works perfectly
within our environment and several plug-ins haverbdeveloped in-house in order to answer the
different faculty needs and requirements. Neveeggl after several semesters with this solution
running, we came across a limitation of the WordBr&olution: that is the amount of blogs that it
can support (the performance problems appeared aviéh 2,000 blogs and 20,000 users). Since
hundreds of new blogs are created each semestehawve had to create separate installations: one
for permanent blogs and for semester-long blogs.

The wiki solution. We initially integrated two open source wikis: MaWiki [7] and Tikiwiki
[12]. We had about 5 courses using them but the@timlorate was very low. In order to use these
wikis, both faculty and students were required sq@revious knowledge thus leading to a high
learning curve to use the tool within the virtuklssroom. Besides, there are cases in which faculty
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want the benefits of using a wiki but this does nutlude learning the wiki grammar. As a
consequence, we decided to integrate a commemdigian (Wikispaces [13]) and the results have
been amazing. After a semester of usage, we have than 500 wikis created and 4,500 user
registered. The advantages for the users are tlikispices is a very simple tool that has been
designed for educational purposes. From a techpmapective, the integration has also been very
successful. The APIs solution provided by Wikisgabas allowed for the necessary integration
(specially single sign-on and autonomous creatfonikis by faculty members) and has resulted in
a very low level of incidences.

The forums solution. In-house forums were developed with the creatiothefvirtual campus
14 years ago. The forums were updated in 2002 et the years have become obsolete. We are
currently piloting a new solution based on the opeurce phpBB forums [11]. Nevertheless, we are
already aware that we will not be able to use treent adapted version for a long time. The error
has been that the code source of the applicatienclvanged to deeply preventing from being able
to update the forums version without having to retsst of the adaptations we have done. This is a
case in which an open source tool provided a gobtdtisn but the adaptation process to meet the
education needs has resulted in changes that &szltto the adapted version of the application.

Moodle's activity modules integration Moodle's activity modules [8] have been integiate
into the UOC classrooms. The faculty at UOC haetaasroom configuration tool that allows them
to select the most suitable e-learning tools taised throughout the course. With this development,
lecturers can choose the tools available in the WESsroom as well as any activity module
available in Moodle like quiz, forums, wikis andhets.

In summary, open source software is not the onlgliegtion type available in the virtual
classrooms, since our faculty and students needtharprimary criteria to choose a learning tool.
Nevertheless, as long as possible, open sourogesef(OSS) solutions are considered and adopted
as their benefits for learning are well known. Calppand Neelley explained them as follows [2]:
the software evolves more rapidly and organicallgers’ needs are rapidly met as the OSS model
harnesses their collective expertise and contobythew versions are released very often and rely
on the community of users and developers to testsulting in superior quality software tested on
more platforms, and in more environments than reostmercial software; the development “team”
is often largely volunteers, distributed, many wmbers, and diverse; and security is enhanced
because the code is exposed to the world.

As we have illustrated with our current integrasipim order to get the most out of applying OSS
and make it a sustainable model, a fine balancesn&e be found between updating these open
source tools to incorporate the improvements froendommunity and adapting each version to our
users' needs and environment.

5. Conclusions

According to our experience, a critical succesdofaof a LMS is flexibility to meet new
conceptual and users' requirements and to integratizing technology. In order to create such an
environment, we have separated the core classrtroctige from the different learning tools. Our
users want a constant environment — they do not tealearn how to use a specific classroom for
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each course — as well as the option to includetdlés needed for each learning and teaching
situation.

In order to select, adapt and integrate the beshileg tool we work very close to faculty and
students by following a user-centered design metlogy. This means, on one side, knowing who
they are, what they need and want, and their ltioita. On the other side, it also means placing
them at the center during the specific projectsedimt providing the classroom with a new learning
tool.

From a technological point of view, an environmdyatsed on standards and prepared for
interoperability is essential to guarantee theilflidiky and modularity demanded by our users.

Open source solutions offer many advantages and dtir the integration of different and diverse
tools. At the same time, in order to really bendfam these advantages and make them a
sustainable option, the source application needsetadapted and integrated without changing its
core. Otherwise, when a new version comes outhalivork has to be started from scratch.

On the other hand, sometimes the adaptations affiba source tool required by our users are
S0 many, that alternatives solutions — even if cenuial — need to be considered.

Open to the users' needs: combining user-centered design, standards and open source software, Muriel Garreta; Francesc
Santanach @

Proceedings | Barcelona Open Ed 2010 | http://openedconference.org/2010/
Universitat Oberta de Catalunya | Open Universiteit Nederland | Brigham Young University
7



Bibliographic references

Advanced Distributed Learning Initiative. (2008CORM 2004 4th Edition Version 1.1
Documentation. Retrieved from

http://www.adlnet.gov/Technologies/scorm/SCORMSDuents/2004%204th%20Edition/Overv

iew.aspx
Coppola, C. & Neelley, E. (2004ppen source open learning: Why open source makes sense for

education. Retrieved from
http://www.rsmart.com/assets/OpenSourceOpensL eaiain2004.pdf

IMS Global Learning Consortium. (2003MS GLC Learning Design Best Practice and
Implementation Guide. Retrieved from

http://www.imsglobal.org/learningdesign/Idv1p0/imhsbestvlp0.htmi
IMS Global Learning Consortium. (2006MS GLC Question and Test Interoperability Overview.

Retrieved from http://www.imsglobal.org/questioiv@p1pd2/imsati_oviewv2plpd2.html
IMS Global Learning Consortium. (2010MS GLC Learning Tools Interoperability Basic LTI
Implementation Guide. Retrieved from
http://www.imsglobal.org/Iti/blti/bltivipOpd/LTl BsicLTl Implementation Guide v1pOplpd.ht
ml
International Organization for Standardization.q2p 1ISO 13407Human-centred design
processes for interactive systems. Retrieved from http://www.iso.org/cate/d21197.htm
MediaWiki. (2010).The MediaWiki Website. Retrieved from_http://www.mediawiki.org
Moodle. (2010)Moodle. Getting started for teachers. Activity modules. Retrieved from

http://docs.moodle.org/en/Getting_started_for_teesh
OASIS. (2006)OAS S Reference Model for Service Oriented Architecture 1.0. Retrieved from

http://docs.oasis-open.org/soa-rm/v1.0/soa-rm.pdf
Open Knowledge Initiative. (2004Qpen Knowledge | nitiative Open Service Interface Definitions.

Retrieved from_http://www.okiproject.org
phpBB. (2010)phpBB Forums Website. Retrieved from http://www.phpbb.com/
Tikiwiki. (2010). Tiki Wiki Website. Retrieved from_http://tikiwiki.org/
Wikispaces. (2010)\ikispaces Website. Retrieved from_http://www.wikispaces.com/
WordPress. (2010T.he WordPress Website. Retrieved from http://wordpress.org/

Open to the users' needs: combining user-centered design, standards and open source software, Muriel Garreta, Francesc
Santanach @

Proceedings | Barcelona Open Ed 2010 | http://openedconference.org/2010/
Universitat Oberta de Catalunya | Open Universiteit Nederland | Brigham Young University

8



About the authors

Muriel Garreta Domingo
Office of Learning Technologies, Universitat Obat&aCatalunya (UOC).

Muriel Garreta Domingo is a Senior Product Manamyed User Experience Analyst at UOC. She
holds a Master's in Human-Computer Interaction f@@annegie Mellon (USA), a multilinguism and
ICT post-graduate degree frobiiversit¢é Charles de Gaulle - Lille 3 (France) and a bactelor
degree in Journalism from Universitatitonoma de Barcelona (Spain). As a member of the ©ffic
of Learning Technologies, she leads the learnirgstalevelopment with a wholistic and user-
centered design approach.

Office of Learning Technologies, Universitat ObatttaCatalunya (UOC)
Av. Tibidabo 47, 08035 Barcelona, Spain

murielgd@uoc.edu

Francesc Santanach Delisau
Office of Learning Technologies, Universitat ObateaCatalunya (UOC).

Francesc Santanach Delisau has a Bachelor degi@eftivare Engineering from the Polytechnic
University of Catalonia (UPC). He currently works a Senior Product Manager and Software
Architect at UOC. He is not only responsible foe tHesign and technical architecture of the
Campus Project (http://www.campusproject.org),dsb for the development of the architecture of
the UOC Virtual Campus. He also runs projects i fibld of education contents, e-learning tools
and standards, such as SCORM, IMS QT], videoconééng, audio and video blogs, IMS LTI and

OKI OSIDs. He has also been an author of learniaterals and tutor for the UOC.

Office of Learning Technologies, Universitat ObatttaCatalunya (UOC)
Av. Tibidabo 47, 08035 Barcelona, Spain
fsantanach@uoc.edu

@creatwe
commons
This proceeding, unless otherwise indicated, igemilto a Creative Commons Attribution-Non
commercial-No derivative works 3.0 Spain licendemliay be copied, distributed and broadcast
provided that the author, and the institutions thailish it (UOC, OU, BYU) are cited. Commercial

use and derivative works are not permitted. Thel fitence can be consulted on
http://creativecommons.org/licenses/by-nc-nd/3 fdleed.en.

Open to the users' needs: combining user-centered design, standards and open source software, Muriel Garreta, Francesc
Santanach @

Proceedings | Barcelona Open Ed 2010 | http://openedconference.org/2010/
Universitat Oberta de Catalunya | Open Universiteit Nederland | Brigham Young University

9



