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Abstract

This paper presents the birth of an open sourcgitenobject repository (OSLOR) from design

to implementation. Critical design issues suchs®s interface, type of LOR, standards, meta-
data, and the programming language were considieithé process. These issues revolve around
the essential characteristics of LOR, i.e., interapility, reusability, and accessibility. Conclu-
sion and recommendations are made for future aévaect of the OSLOR and its sustainability.
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Introduction

Learning Objects (LOs) are assumed to exhibitadtlthree essential characteristics: 1) accessi-
bility, 2) interoperability, and 3) reusability. u_Plessis & Koohang (2005) stated that learning
objects’ accessibility, interoperability, and reloisity are interrelated. Accessibility means that
the users can easily access learning objects iougplatforms. Accessibility is independent of
user experience and location. Accessibility depedinteroperability to improve reusability.

Reusability means that a leaning object can be agedand over in various instructional con-
texts. Learning object reusability can be attdingth sound accessibility and interoperability.

A set of standards assure the interoperability®@fthus ease their accessibility. Below is a lfst o
organizations that work on learning ob-
jects standards:
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* IMS (Instructional Management System) Global LeagrnConsortium
* The Dublin Core: Metadata for Electronic Resources

The three essential characteristics, accessilititgroperability, and reusability meet the neelds o
learners, instructors, and content developersrbviging “chunks” of learning content (i.e. LOS)
that may be obtained and used as needed either aton combination with other content (c.f.
Downes, 2001; Koppi, 2003 as cited in Mohan, 20@6han, 2004, 2006). This is grounded in
the practical reality of the convergence of tworpgimaena: 1) the rise of ubiquitous computing
and 2) the emergence of object oriented programnitingalso grounded in the recognition that
the lines of demarcation between academic dis@plare becoming increasingly blurred — learn-
ing content based in one discipline may often t@iegble in or may be foundational to another
discipline, e.g. knowledge of mathematics is esaktat computer science. Finally, this goal is
grounded in the concept that learning is a lifelpogsuit and that a key aspect of lifelong learn-
ing is a learner’s capacity to become “self-mandgesl able to acquire and comprehend content
with or without facilitation or direct instructiofe.f. Downes, 2006).

What is a Learning Object?

Literature has documented various definitions of LEdr example, Downes (2003), Friesen,
(2001), and IEEE, (2002) believe that a learningcitis either digital or non-digital whereas
Wiley (1999) asserted that a learning object igtalign nature.

Harman and Koohang (2005) asserted that “a leaoiiert is not merely a chunk of information
packaged to be used in instructional settings.a#ni@g object, therefore, can include anything
that has pedagogical value - digital or non-diggtath as a case study, a film, a simulation, an
audio, a video, an animation, a graphic image, p, mé&ook, or a discussion board so long as the
object can be contextualized by individual learn&rge learner must be able to make meaningful
connections between the learning object and higkeeriences or knowledge he/she previously
mastered. “

For the purposes of this paper we choose to eehddfinition of LO by Harman and Koohang
(2005) focusing on two points — 1) the LOs aretdlgi.e., they are stored in digital form in LOR
and 2) they must have educational intent and héyeamtextualized by users.

What is a Learning Object Repository?

For the purpose of this paper, we limit our diseusso digital repositories. A digital repository
is “any collection of resources that are accessitdea network without prior knowledge of the
structure of the collection.” (IMS Global Learni@gpnsortium, 2003).

According to Downes (2002) there are two major ®IhLORS - one containing both the learn-
ing objects and learning object metadata (the L@ftes and delivers the LOs) and the other
consisting of only the learning object metadata (t®R locates LOs that are placed elsewhere).

Centralized (the most common form of LORS) andritisted are the two major models of LORs.

The centralized LOR may contain only the metadataqf the LOs. The actual LOs are located

on different servers. The distributed LOR mode&lsua peer-to-peer architecture that allows mul-
tiple servers to communicate with each other. Type of LOR has the metadata in a number of
connected servers (Downes, 2002). Below is afiseveral LORs:

* Apple Learning Interchangétfp://ali.apple.com/ali/resources.shymi

» Distributed Learning Object Repository Network (DRN) (http://www.downes.ca/cgi-
bin/dlorn/dlorn.cgj
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e MERLOT (http://www.merlot.org/Home.po

* Wisconsin Online Resource Centhttp://www.wisc-online.con)/

What is Open Source?

Koohang and Harman (2005) asserted that open s@@&kis the software’s source code made
freely available to anyone who wants to expandptdaodify, and/or enhance the code. OS
software is defined by the GNU projebttp://www.gnu.org as “a matter of the users' freedom to
run, copy, distribute, study, change and improeestbitware.” The GNU project states four
freedoms regarding the OS software. They are:

* The freedom to run the program, for any purpossefom 0).

* The freedom to study how the program works, angiitizo your needs (freedom
1). Access to the source code is a preconditiothier

* The freedom to redistribute copies so you can help neighbor (freedom 2).

* The freedom to improve the program, and release ingqorovements to the public,
so that the whole community benefits (freedom )cess to the source code is a
precondition for this.

Open Source Initiativehftp://www.opensource.oygan organization ensuring the integrity of OS
software, has proposed a set of principles ancegdior OS Software. They are as follows:

1. Free redistribution

Source code must be included

Derived works — allow modifications
Integrity of the author's source code

No discrimination against persons or groups
No discrimination against fields of endeavor
Distribution of license

License must not be specific to a product

© ©® N o ok Db

License must not restrict other software
10. License must be technology-neutral

Successful examples of OS projects are Liribp(//www.linux.org, Apache
(http://www.apache.olg Mozilla (http://www.mozilla.orgy, and OpenOffice
(http://www.openoffice.orjy(c.f. Koohang & Harman, 2005).

Coppola and Neelley (2004) (c.f. Koohang & Harn2005) outlined the following benefits of
open source software for open learning.

* The software evolves more rapidly and organically.

* Users’ needs are rapidly met as the OSS [Open 8&oftware] model harnesses their
collective expertise and contribution.

* New versions are released very often and rely ercémmunity of users and developers
to test it, resulting in superior quality softwaested on more platforms, and in more en-
vironments than most commercial software.
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* The development “team” is often largely volunteelistributed, many in numbers, and
diverse. Often, paid members of the developmemt tedl manage the project and or-
ganize the work of the volunteers.

» Security is enhanced because the code is exposked weorld.

In addition the authors assert that OS model egms collaboration and sharing of resources
among the communities of practice.

Learning Objects and

Open Source Learning Object Repository

The “chunks” of learning content (i.e. LOs) havebtostored in a place where they may be identi-
fied and retrieved. Otherwise they are of littlenoruse to those who may want to employ them.
Hence there is a need for repositories to storecatalog LOs and that need is met by the Learn-
ing Object Repository (LOR).

There are a number of LORs that allow free acae©. Examples of these are Apple Learn-
ing Interchangehttp://ali.apple.com/ali/resources.shinMERLOT
(http://www.merlot.org/Home.gpand Wisconsin Online Resource Centetpl//www.wisc-
online.con). These are standardized free access repositbhey follow a set of principles cre-
ated by the organization who owns the repositdiyey do not reveal the source code to the pub-
lic.

Alternatively, there are Open Source Learning Qlffepositories (OSLORs) where source code
is available to the public for use, modificationgéor improvement. These OSLORs may readily
meet the unique and special needs of an organiesli®R. There are several OSLORSs that are
freely available to anyone who wants to expandptdaodify, and/or enhance the code. Exam-
ples of these are Eduforfit{ps://eduforge.org/projects/oslpriMINOR
(http://minor.sourceforge.ngtFedora fittp://fedora.infy, and dSpacehftp://dspace.oig

Perhaps more importantly, OSLORSs provide greatpodpnities to collect and enhance LOs
because there is a greater opportunity to achiesy@ergy or virtuous cycle when those involved
with repositories are in an optimal position toyptaual roles — users can also be producers and
enhancers of LO content and vice versa.

The purpose of this paper is to present the birindDSLOR from design to implementation.
Consistent with its purpose, this paper begins wittoductory remarks describing the need for
additional OSLORs. A review of literature will cgist of the LOR definitions, functions, advan-
tages, opportunities, and challenges. The disougben shifts to the birth of an OSLOR from
design to implementation. Conclusions and recongiaéons round out the paper.

The Open Source Learning Object Repository

Design & Implementation Issue

Silveira, Omar, and Mustaro (2006) have presemtéshsive guidance on the design and imple-
mentation of LORs. We thus assume that the LORcisn@eptual framework which may be eas-
ily coupled with OS concepts.

Research Libraries Group (2002) recommends thaOdh seek to be a “trusted digital reposi-
tory” in order to assure the reliability of conteHeery (2005) argues that a repository should
manage content as well as metadata. Heery (2085xabgests that a repository should include
tools for corporate information management (i.eldahat allow a set of users to coordinate their
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use of the LOR. Hartwig and Herczes (2003) reconthibat objects represent processes as op-
posed to things.

Silveira et al. (2006) provide extensive guidanseegards centralized versus distributed macro-
structures. They also provide guidance on optistaahge strategies: file-based, database-based,
or persistent objects based.

Hatala, Richards, Eap, and Willms, (2004) as diteSlilveria, et al. (2006) emphasize that inter-
operability involves design choices relevant tcos#ory services intended to be delivered. Caws
and Friesen, (2006) suggest that standards fordaetanclude reliability of content as well as
indexing functionality. Those authors also advocth# repositories focus upon LO context, e.qg.
handling an LO that is a simulation on queuing pewis should differ from the manner in which
we handle a slideshow presentation on that samzeptn

The design issues we have presented herein offemportant insight — there is no one “best
way” to design a LOR. LOR design is critical bl tultimate assessment must focus on the LO
accessibility. It is on this essential point that began to create the OSLOR.

The ISI OSLOR Prototype

The design of our OSLOR was based on the lack ef gurce LO repositories. As mentioned
earlier, there are several OSLORs available td.®&ommunity. These OSLOR, in our opin-
ion, are complex with little flexibility. They amot easy to implement and may require addi-
tional hardware.

In early 2007 we formed a team of 5 volunteer iidligals whose skills and experiences included
systems design, programming, database design/pnagrey, and user interface design. All in-
dividuals in the team were members of the Infornogence Institute (ISI). The ISI advocates
knowledge sharing and believes that knowledge shioeilfree to anyone who can benefit from it.
All individuals agreed to begin designing and inmpémting the I1ISI OSLOR and make the source
code available to the LO community as a model & agpand, adapt, modify, and/or enhance.

The ISI OSLOR is a prototype. It is not the fipabduct. It is the start of an endeavor and our
aim is to advance this prototype in hopes of cngeadi community of practice that will carry on
the effort.

Figure 1 shows a screenshot of the ISI OSLOR. ITh©SLOR contains five categories. They
are as follows:

e Arts

* Business

* Humanities

* Mathematics

e Science and Technology

Users can browse through the categories to lodate Ln addition, users can also use the search
capabilities to locate LOs.

The following steps are taken by the LO contributoshare his or her LO to the repository:

1) The contributor creates an account by enteringhiger last name; first name; a set of
user name and password; his or her organizati@haaremail account.

2) Once an account is created, the contributor witeimformation about the LO he or she
is sharing.
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3) The contributor will then reviews and confirms théermation before submitting it to the
repository. Figure 2 depicts one of the stepsiaring a learning object.

{2 Informing Science Institute - Learning Objects Repository - Windows Internet Explorer

Q- B Sl [4[x] | 5
Fle Edt Vew Favortes Tods  Help @
W & | [Einformina Science Insttute - Learring Objects Repost.. | | v B & v [rPage - (Tods - @ & 3

~

Informing Science Institute Learning Objects Repository
Home el i‘

Share Content Welcomel

Informing Science Institute (ISI) is an organization of colleagues helping colleagues.
We draw together people who teach, research, and use information technalogies

Browse Categories to inform clients (regardless of academic discipling) to share their knowledge with
others.

Art

Business The Informing Science Institute Learning Object Repository (ISI LOR) is the newest

eaarien Open Source LOR created by a team of 5 individuals. We are currently Beta testing

Mathematics the ISI OSLOR on this site.

Scence and Technology Please fael free to browse the site. We strongly encourage you to contribute your
Sodial Sciences LOs to this repository.

Please report problems to ISIOSLOR@amail.com

Home | Informing Science Institute | Thank you to...

This work is licensed under a Creative Commons Attribution-Noncommercial 3.0
United States License.

Wstead BEEODLGE i ot &2y saren

Figure1l: ThelSI OSLOR Home page

The Critical Issues in Designing the ISI OSLOR
The team took into consideration four critical issin designing and implementing the ISI
OSLOR. These issues are as follows:

* The interface design

* The type of LOR

e The programming language

 The metadata and standards

The interface design

The wide availability of software applications ¢tretinternet has created a highly competitive
environment for software designers. User interfdesgn and usability are vitally important in
any software design process, but especially imair@enment where a user can simply make an-
other choice if an application is poorly designed.

Accurately fulfilling functional specifications pdoces a software application that functions as
designed, with an acceptably low number of errétewever, an application can function per-
fectly and still be a design failure if user intaé design and usability factors are not properly
addressed. Usability is the degree to which avswé application enables users to effectively and
efficiently achieve their goals. It is also intally associated with the subjective measures af use
satisfaction and user acceptance (Nielsen 1993nR1894).
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nforming Science Institute - Learning Objects Repository - Windows Internet Explorer

Fle Edt Vew Favortes Tods  Help @

W & | [Einformina Science Insttute - Learring Objects Repost.. | | %- 8

Informing Science Institute Learning Objects Repository

Home = 2

Search: |
Step 2: Enter a description of the document, the type of document, the category
and discipline of the document, what version, and the learning time involved.

Share Content

Browse Categories

Art
Business

Documen t Type: | Simulation
Document Category: | Ars
Document Discipline: ‘.Bm\cgy
Documen tversion: | First

1 [ =) = |

Yistat HWEOL®E o DR

Figure 2: Step two of sharing LO

There are a number of factors that must be coreslde#hen designing an application, especially
one which will function in a web-based environment.

We chose into consideration the following importaser interface design elements (Koohang,
20044, 2004b):

* Simplicity — The ISI OSLOR must be simple and usindly

* Navigability — The ISI OSLOR must be easily navigab

» Load/Access time — The ISI OSLOR must be loadeé&s®d in a reasonable time.

» Readability and Visual Presentation — The ISI OSL@#st be uncluttered and readable.
» Consistency — The ISI OSLOR must include the comscy of terms, words, and actions.

During the design phase of the IS OSLOR, eacheftiove user interface design/usability ele-
ment was given meticulous consideration in ordaréate a simple, scalable and easily naviga-
ble interface.

Type of LOR

We chose to use the centralized model for the ISILOR. However, we provided two options

for the LO contributors. Option one includes timk ito the LO. The LO contributor only pro-
vides the metadata for the LO to be stored in ¢ip@sitory. Option two includes both the LO and
the metadata. The contributor uploads the LOtimorepository and includes the metadata asso-
ciated with it.

Metadata & standards

As mentioned earlier, a set of standards assuracitessibility and interoperability of learning
objects. For the purpose of ISI OSLOR, we folltw tEEE LO Metadata (LOM) Learning
Technology Standards Committee (LTSC) P1484.
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“The IEEE Learning Technology Standards CommitteeSC) is chartered by the
IEEE Computer Society Standards Activity Board éwelop accredited technical
standards, recommended practices, and guidesaiaritg technology. The LTSC
coordinates formally and informally with other onggations that produce specifica-
tions and standards for similar purposes. Standidslopment is done in working
groups via a combination of face-to-face meetitgjeconferences, and exchanges
on discussion groups. The LTSC is governed by aa§gaExecutive Committee
(SEC) consisting of working group chairs and eleéatticers.” http:/ltsc.ieee.ord/

The IEEE LOM defines nine categories for learnibgeot metadata. They are as follows:
. General - Describes the learning object as a whole
Lifecycle - The history and current state of leaghobject
Meta-Metadata - Metadata describing the metadatiedoning object

. Technical - Technical requirements and characiesisf learning object

Rights - Intellectual property rights and condisarf use for learning object
Relation - Relationship with other learning objects

1
2
3
4
5. Educational - Educational and pedagogic charatitisf learning object
6
7
8. Annotation - Comments on the educational use ofgaming object

9

. Classification — Learning object’s relation to atjmaular classification system

The ISI OSLOR prototype uses the above |IEEE LOMg@ates. It is noteworthy to mention

that there are a total of 76 data elements in thkllin which we chose only a handful for the ISI
OSLOR prototype. Friesen (2005) asserted thasupport of all 76 LOM elements and their
complex data structures are extremely difficuliniplement using the current database technolo-
gies.

Programming language

The programming language choice for the ISI OSLGR the open source PHP. PHP runs on
virtually any platform and is appropriate for Wetngramming. It can be embedded into
XHTML. Speed, stability, security, and simplicdye all attributes of the PHP language (Push-
man, 2000).

The ISI OSLOR pages are written completely in XHTML. They conform to XHTML 1.1
standards. They meet all W3C CSS standards addoaibrity levels of the W3C accessibility
guidelines. The layout is pure CSS with no tablesther elements that can cause accessibility
problems.

It is noteworthy to mention that the database daeamd programming required a great deal of
attention to normalization. The process of noreadion for a database is to ensure the proper
interaction, representation, and results of datmfthe database to obtain the pertinent informa-
tion required by an organization. The ISI LOR waginally one table thus representing one
entity. The single table contained all contribig@tata and file data needed to represent the LO
to be uploaded. Within this single table, two &egiwere identified; contributor and file. The
single file was then normalized to represent thesetables. The tables of contributor and file
are joined by the primary key in the contributdslésto the referential foreign key in the file ta-
ble. The data structure provided will reduce dathundancy as well as provide security. Each
contributor will have an ID and a password to asdhe repository. Uniqueness was ensured
throughout this process.
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Implementation and Testing

The ISI OSLOR is implemented on the Informing Sceehearning Object Repository (ISLOR)
site (the site is not yet available to public)isiturrently being tested by the IS OSLOR team to
point the initial bugs. The ISLOR will be availatib public for the beta testing in early 2008.
The ISLOR source code will be available for fregvdimad in summer 2008.

Conclusion

This paper described the birth of the InformingeBce Institute Open Source Learning Object
Repository (ISI OSLOR) from design to implementatidt began by discussing the need for OS
LOR and its importance for the LO community. Foritical issues that influence the accessibil-
ity, interoperability, and reusability of the LO®we discussed in relation to the design of the ISI
OSLOR. The critical issues were 1) the interfagsigh, 2) the type of LOR, 3) the programming
language, and 4) the standards.

We believe that the ISI OSLOR, like any other OSL @Rjuires further development and con-
tinuous improvement. The development and contisumyprovement of the IS OSLOR, how-
ever, must address the issue of sustainabilitynyM the challenges and opportunities posed by
Open Educational Resources (OERS) are mirroreueimévelopment and continuous improve-
ment of OSLORSs. Sustainability of OERs is basedupeir:

= Design and presentation
* Production and maintenance
= Emergence of communities of practice (Koohang &rrtam, 2007).

OSLORs’ sustainability will be based primarily upihiose three factors. Developing communi-
ties of practice is the most critical sustainapiliisue. We would argue that the “spirit” of OS
assumes that communities of practice are primaalyntary in nature. Interestingly, Wenger
(1998) argues that communities of practice haveimah engagement and shared resources — a
synergy that would characterize a sustainable LOR ©S-based or not. We would suggest,
however; that the synergy is more likely to be mjted in an OS-based model and thus more
likely to be sustainable.

If OS is treated as a philosophy as much as ieegé¢d as an issue of intellectual property then
LOR design will have one constant: accessibilityusgrs and producers/developers who can
morph from one role to the other. In an age of-s&lhaged teams we would propose that
OSLOR provides a viable means of minimizing thentenance and maximizing the sustainabil-
ity of LORs.

With the help of the LO community of practice, waple to include collaborative mechanisms for
the IS OSLOR that are asynchronous and/or synchsoimonature. For example OSLORs should
feature an IRC (Internet Relay Connection) featueea chat function. In addition we would rec-
ommend that blogs, bulletin boards, and discudsaards would offer users and developers
greater opportunities for collaboration and morpontantly a space where communities of de-
velopers and users could coalesce. Admittedly,condd simply email a content author or con-
tributor and they could use existing IRC tools, 8¢N Instant Messenger™ and bulletin boards
to collaborate. However we would suggest that hiathose features as a part of an OSLOR'’s
repertoire will encourage users and developerddntify the OSLOR as a “place” as opposed to
merely a repository. We would further argue tha than important mental shift that needs to
occur if LORs (OS-based or not) are to live uprid hopefully exceed their promise.
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