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Abstract After analysing the reuse of learning resources from different pedagogcal
paradigms, this paper argues that there is an dovious gap between the learning technology
community and the education community. The terms "learning resource" or "leaning dbject"
are not naive to the education community. The educaion community is not interested in
issues of reuse, grain size, technical properties or even "learning dbject”. This paper suggests
that a way forward is to have a clear demarcation d responsibility between learning
technolog st, subject matter experts and instructional designers.

Introduction

Wiley (2000 noted that there was confusion with the notions associated with the term "leaning oljea”. Ip, as
cited in Quinn (2000, expressng the frustration said that he was "still struggling with an operationd definition
of alearning olject".

Current Views

The IEEE Leaning Technology Standards Committee(LTSC) defines aleaning objed as “ any entity, digital or
nondigital, that can be used, re-used, or referenced during techndogy suppated learning” (LSTC, 2000. This
is extraordinarily broad. This definition implies leaning objeds can be documents or software @wmponents
provided they can be of value in a technology supported leaning environment. A more defined view was
expresed by Frank Farance at the LTSC meding (on10™ August, 1999) where he described leaning objects as
the result of the assciation of learning assets (reusable leaning resources) with LOM (leaning object
metadata). He made the point that aleaning oljed isnot an oljed as defined in object oriented programming.

There ae other definitions as well. Computer-based training (CBT) vendor NET(g, Inc., uses the term “leaning
objed” but applies a threepart definition: a leaning ohjective, a unit of instruction that teaches the objective,
and a unit of assesgnent that measures the ohjedive. (L'Allier, 1998 NET(g's definition limits leaning oljed to
be passve "reading material” type resource (excluding the posshility that leaning dbject may be interactive
reguiring computational support). NETg further limits leaning oljed to a spedal classof resource Ip, as cited
in Quinn (2000), taking input from Lian and Schuyler, suggests that an learning olject must have & least 4 sub-
components. content, functions, leaning objectives and 'lodk and fed'. Another CBT vendor, Asymetrix, defines
leaning ohjeds in terms of programming characterigtics: “TodBook Il leaning objects - pre-scripted e ements
that simplify programming ... provide instantaneous programming power” . (Asymetrix, 2000 The NSKfunded
Educational Objects Economy takes a technicd approach, only accepting Java Applets as leaning djects.
(EOE, 2000 It would seam that there ae almost as many definitions of the term as there ae people employing
it.

In addition to the various definiti ons of the term “leaning olject,” other termsthat imply the general intention to
take an ohject-oriented approach to computer-asssted ingruction confuse the isaue further. SCORM [SCORM,



2001 #205 use the term "content object”. David Merrill uses the term “knowledge objects’ (Merill, Li, &
Jones, 1991). Merrill is dso writing a book on the topic of objed-oriented approaches to instruction to be alled
“Components of Instruction” (Wiley, 2000, which is sure to introduce yet another term: “instructiona
component”. The ARIADNE project uses the term “pedagogical documents’ (ARIADNE, 1999. The NSF
funded Educational Software Components of Tomorrow (ESCOT, 2007 projed uses the term “educationa
software cmponents’. The Multimedia Educaiona Resource for Learning and On-Line Teaching (MERLOT)
projed refers to them as “online learning materids’ (MERLOT, 2000. The Apple Leaning Interchange smply
refers to them as “resources’ (ALI, 2000). Findly, Ip used the term "virtual apparatus' to refer to independent
educational components which can be ambined on aweb-page to produce alucationally interesting leaning. (Ip
& Canale, 19%; Ip, Cande, Fritze, & Ji, 1997; Ip & Canale, 1997b; Fritze & Ip, 1998).

On the other hand, there is no reference to the term "leaning object” at al in the IMS Content Packaging
spedfication (v1.1) (Young & Riley, 2000.

M etaphor Used

Many authors (eg. Mason, Adcock & Ip, 2000 have used the metaphor of LEGO building Hdocks to describe
Learning Objeds. The LEGO metaphor conveys the notion of "small pieces of instruction (the LEGO blocks)
that can be assembled (stacked together) into some larger instructional structure (castle or spaceship).” (Wiley,
1999. Wiley expressed his reservation of the LEGO metaphor as he observed that a random combination of
leaning objeds may not necessarily produce ingructionall y-sound course materia and not all learning objeds
can be mmbined together. Wiley, Gibbons, & Redker (2000) further introduce the notion of "atoms' as a
metaphor because while atoms are the smalest units under chemicad combination laws, not al atoms can be
combined to produce moleaules.

Granularity

The appropriate size of learning doject has been another isaue addressed by researchers (Quinn, 2000). As dated
above, the Leaning Tednology Standards Committe€ s definition leaves room for an entire curriculum to be
viewed as a leaning olject, but such a large objea view diminishes the posshility of learning oljed reuse.
Wiley et al.(2000) cite an architeadura metaphor originally developed by Brand (1994 to shed some light on the
isae. This 6-S sequence mnsists of

¢ SITE-Thephysical location that isthere forever;

e STRUCTURE — The huil ding foundation and | oad-bearing elements which lasts the life of the buil ding.

e SKIN —Exterior surfaces redesigned every 20 years or so.

¢ SERVICES — These include plumbing, communications, eledrical wiring, etc. and are replaced every 7 to
15years.

¢ SPACE PLAN —Theinterior layout can change every 3 years or so.

e STUFF-Furniture and equipment can be thanges around daily to monthly.

He notes that good design must allow ' dippage’  between the layers  that thegin be renewed at the end of their
lifespan without destroying the entire structure. Based on this layered concept, Wiley et a. (2000 mapped these
characterigtics into their description of a leaning oljed as Model, Problem, Strategy, Message, Representation
and Media. He argued that while these ae independent layers, they may be "compressed” into the leaning
objed. The leve of granularity could be analysed by counting the number of layers that were present in the
leaning ojed. However due to the potential different rate of the aging of different layers, the more layers are
compressd into the leaning object, the lessrobust the leaning oljed may be.

While using different terminology and referring to different semantic systems, Wiley and the IMS Content
spedfication bath promote the layered approach. The IMS Content Package spedfication version 1.1 (Young &
Riley, 2000 defines the Package Interchange File isa singlefile, (e.g., zip, jar, .cab) which includes atop-level
manifest file and al other physical files as identified by the manifest. A Package Interchange File is a concise
Web delivery format, a means of transporting related, structured information. Hence a package represents a unit
of usable (and reusable) content. This may be part of a course that has instructional relevance outside of its
course structure and can be delivered independently, as an entire curse or as a @lledion of courses. The
mandatory manifest is a description in XML of the resources comprising meaningful ingruction. The resources
described in the manifest are physical assts sich as web pages, media files, text files, assesgment objects or



other pieces of data in file form. Resources may also include assets that are outside the package but available
through an URL, or colledions of resources described by sub-manifests. IMS has déliberately avoided the
notion of learning ojeds and wses theterm ‘resources.

Use of Resources I n Different Pedagogical Paradigms

Pedagogical paradigms sleded here do not form an exhaustive list of contemporary pedagogical frameworks.
Rather, they provide indications of the width and lreadth of the technicd isaues as we attempt to understand the
isales of reusing leaning oljedsin virtual leaning environment design.

Tutorial, Drill and Practice

At oneendis"drill and practice'. At the other end, atutoria environment provides a mecdhanism for presenting
aproblem to the online leaners and provides feedback depending on the axswer. When appropriately designed,
the feadback medhanism can support Laurillard conversation moded of higher leaning (Laurillard, 1998).

A reusable unit may be an item (consists of the stem which is the question and responses, feedback and scoring
information). IMS Question and Testing Interoperability (IMS QTI) spedfication (Smythe & Shepherd, 2001) is
a goad candidate for encoding leaning resources for reuse in this paradigm. It is designed to support question
and test interoperability between different authors, publi shers and other corresponding content devel opers.

Learning engine (Fritze & Ip, 1998; Fritze & McTigue, 1997) is aricher environment for drill and practice by
alowing leaners to interact with inpu/output and visuadization device The leaner may response to an item by
drawing on a graphing device instead of seleding any pre-drawn graphs. The reusable cmponent is bath the
resource which determines the graph and the software @mponent which acts as the input/output and
visualization device Ancther software mwmponent, Text Anayzing Objed (TAO) (Kennedy, Ip, Adams, &
Eizenberg, 1999 Kennedy, Ip, Eizenberg, & Adams, 1998) isalso areusable unit which requires oftwareto use
and interpret theresource

Case Method

A teaching case is a story describing, or based on, actual events, that justifies careful study and anaysis by
students. In other words, ateaching caseisastory about the “red world” told with a definite teaching purposein
mind. A teaching case is away of bringing the red world into a classroom so that students can “practice’ on
actua or redistic problems under the guidance of their teacher. Case teaching, unlike @mnventiona leduring, is
discusgon-based and experiential. Theteaching case replaces the ledure as the vehicle for leaning, andthe @ase
becomes the basis for discusson, exchange of ideas, knowledge and experience anong participants (Lynn, 1996
Rangan, 1995).

The @se method has been practiced in the United States for many decades. It was made famous, first, by
Harvard University's Business Schod and, later, by Harvard University's bhn F. Kennedy Schod of
Government. Now cases are widdly avail able from these two schools as well as via the World Wide Web from
other sources. Obvioudy, the learning resources are the teaching cases together with al the discusgon
questions, teaching guide associated with the @ses. Proper metadata tagging will promote the discovery of
appropriate ases for spedfic learning situation and themes.

Goal-based learning

Goal-based scenarios (GBS) are esentialy simulations in which there is a problem to resolve, or a misson to
complete. They require leaners to asaime the main role in the resolution of the problem or the pursuit of their
misson (Schank, 1997; Schank, 1990). Hence goalsin this context refer to the successful completion of the task
at hand, and not the achievement of grades. Much of the information and knowledge that is required to achieve
this goal is available in the form of video clips with a talking head telling a story from the prospedive of
practitioners (see Schank & Cleay, 1995. A GBS serves both, to motivate leaners and dso provide them with
the opportunity to lean by doing, by making mistakes, and receaving feedback.

The description of the scenario is obviously a resource that may be reused in other paradigm such as case
method. The major chalenge in creating GBS is the just-in-time requirement of providing the leaners with



appropriate resources.  This will imply sophisticated metadata tagging in order for the goal-based leaning
system to locate relevant leaning dojects efficiently.

In this paradigm, the leaning architedure needs to store the leaner profile or previous activities in order to
advanceto different stages of the scenarios as well as providing the just-in-timeresources.

L earning by designing

This is an educationa context in which the cre leaning activity is the design of an artifact. Designing as a
means for acquiring content knowledge is commonly used in practice-based dsciplines aich as engineeing and
architedure (Newstetter, 2000; Hmelo, Holton, & Kolodner, 2000. The obvious benefit of a design task is its
inherent situatedness or authenticity. In design-based leaning activities, students understanding is "enacted"
throughthe physical process of conceptuali zing and producing something.

When students are creating artifact (digital or otherwise), the leaning architedure needs to be able to track the
artifacts by automatically applying either embedded or detached metadata for the artifacts. Tanimoto proposed a
framework for Distributed Transcripts for Online Leaning (Tanimoto, 2001)

Learning objeds created by the ingructor may not be criticd for reuse purposes. The student creaed artifact
may be a source for examples in future run of the curse axd hence there is reuse value when captured

appropriately.
Web-based role-play smulation

Role-play simulations are leaning situationsin which leanerstake on the role-profil es of spedfic charactersin a
contrived educational game. (Linser, Naidu, & Ip, 1999 As a result of playing aut roles in a role play
simulation, leaners are expeded to acquire the intended learning outcomes as well as make leaning enjoyable.
While the underlying belief of web-based role play smulation is similar to goal-based scenario, it differsin bath
the dynamic nature of the goals during the processas well as the mechanism in supporting leaning.
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Among other things, stories or cases are used to creste an authenticate scenarios. However, other resources, such
as specific information provided to different roles to create the information gap among roles, may be specific to
thislearning environment. Of special interest is the use of real time news (NEF resources (Ip, Morrison, Currie,
& Mason, 2000)) or other forms of resources originally created NOT for educational uses. These NEF resources
may play an important part in enriching the learning experience. The learning architecture needs to support
interchange of information among the learners, especially bi-directional communication capability.

Distributed problem-based lear ning

Problem-based learning (PBL) is an instructional approach that exemplifies authentic learning and emphasizes
solving problems in rich contexts. It uses an ingructional problem as the principle vehicle. The analysis and
study of this problem comprises several phases that are spread over periods of group work and individual study
(Barrows & Tamblyn, 1980; Schmidt, 1983; Evensen & Hmelo, 2000). A typical environment (e.g. Liu,
Williams, & Pedersen, 1999) that based on PDL will:

(1) Situatethe problem in arich context and alowing learnersto engagein scientific inquiries as experts do;

(2) Present the problem with its complexity, yet providing tools to support studentsin working with complexity;



(3) Provide information in multimedia formats to allow dynamic and interactive presentations that address
different learning styles and student needs;

(4) Provide eperts guidancefrom multiple perspedives to facili tate knowledge acquisition and transfer; and

(5) Emphasizetheinterrelated neture of knowledge.

Distributed problem-based leaning refers to the use of this grategy in a networked computer-supported
coll aborative environment where face-to-face communicaion among participantsis not esential.

Problems, as leaning oljeds, are resources with spedfic learning dojectives. However, such leaning dojects
would need to berichly linked to ather learning oljedsin order to creae therich context for the problem to have
the omplexity and authenticity for leaners to fully engage in this paradigm. Like web-based role-play
simulation, this paradigm requires coll aboration support from leaning architedure. Unlike web-based role play
simulation, most of the airrent online generic conference features found in LMS will med the neal of this
pedagogical design.

Critical incident-based computer supported learning

There has been growing interest in building leaning environments that focus on supporting groups of learners
engaged in refledion on critical incidents from their workplace (Wilson, 1996). A criticd incident (from the
workplace) presents a leaner with a leaning opportunity to refled in and on action. Learners can do this by
keegping leaning logs which isarecord of learning gpportunities presented. The critical attribute of the leaning
log is that it concentrates on the process of learning. It is not a diary of events nor is it a record of work
undertaken, rather it is a personal record o the occasions when learning occurred or could have occurred. The
leaninglog also relates prior leaning to current practice and isretrospedive and reactive in action.

The leaning architedure neeals to support distributed management of learning logs. Most computer supported
coll aboration environment would be sufficient to support this type of learning.

Rule-based simulation

Microworlds, or computer simulations of restricted environments, are an intuitively appealing way to promote
discovery and exploratory learning. Papert (Papert, 1980) called computer supported microworlds "incubators
for knowledge" when he described the potential of computer aided leaning to encourage exploration and thus
self-education by children. His educational philosophies ¢em from Piaget's work on leaning which,
smplisticdly, state that much of children's leaning occurs without being taught: children construct their skills
and understanding from seeds of knowledge.

Credion of digita microworld for smulation and leaning may be one of the most chdlenging and creative
asped of designing leaning oljeds and learning architedure. Leaning dojects in this paradigm will be active
software component (agent) which interacts with other components in the microworld to model the environment.
Efforts in creating interoperability components for use in this environment include Ip & Canae (1996);
AgentSheds, E-date (2000 and ESCOT (2001)

Exploratory Learning

Exploratory uses of instructional tedhnology all ow students to dired their own leaning. Through the process of
discovery, or guided discovery, the student leans facts, concepts, and procedures. (Department of Educaion,
1993 The pedagogicd underpinning is closdly related to rule-based simulation. The differenceis the focus of
the exploration. In rule-based simulation, the exploration is restricted within a simulator and the challengeis the
creation of the simulation. For exploratory leaning, the focusis on information or resource

In traditional leaning environment, the information available to leaners (e.g. children in schod) have been
carefully sdlected, edited or reworked to med bath the "duty of care" and the leaning profiles of the leaners.
(The schod library plays an important role in the seledion process)

However, with the advent of the emmunication network, resources, including those not originally intended for
educational consumption nor for minor, may be avail able to leaners during exploratory learning. (Ip & Naidu,
2001 highlighted the need of rethinking o the isales of avail ahility of material for educational use.

Cognitive tool



(Reeves, 1999 suggests two major approaches to using interactive learning systems and programsin education.

Firg, people @an lean “from” interactive learning systems and programs, and semnd, they can lean “with”
interactive learning tods. Leaning “from” interactive leaning systems is often referred to in terms such as
computer-based instruction or integrated leaning systems (ILS). Learning “with” interactive software programs,
on the other hand, is referred to in terms such as cognitive tods (Lajoie, 1993 Jonasen & Reeves, 1996 and
constructivist leaning environments. With the use of such "cognitive tods', leaners can enter an intelledual
partnership with the computer in order to access and interpret information, and arganize persona knowledge.
Computer-based cognitive tods have been intentionall y adapted or developed to function asintelledual partners
to enable and facilitate criticd thinking and higher order leaning.

Typical cognitive tods include databases, spreadsheds, semantic networks, expert systems, concept maps,
communications oftware such as telemnferencing programs, on-line llaborative knowledge wnstruction
environments, multimedia/ hypermedia mnstruction software, and computer programming langueges.

Learning ohjeds nedl to be software which support leaning. TAO (Kennedy et al., 1999; Kennedy et al., 1998)
doubles as a mgnitive tod as well.

Resour ce-based L ear ning Envir onment

Resource-based Learning Environment (RBLE) emphasizes a transformation of meaning through leaner-
centered, system-facilit ated action. RBLES support and extend efforts to know, understand, and generate, that is,
to refled, construct, solve problems, and integrate new information for on€'s own purposes (e.g., curiosity,
cognitive disoonance) as well as for others purposes (e.g., research topic, gain varied perspedives on an isale,
solve an asdgned problem) (Land & Hannafin, 1996. They provide not only comprehensive wllections of
highly indexed data, information, and search engines, they help learnersto reason, refled, and assessthe veracity
of the systems' contents.

Traditiondly, spedal colledion of resources in library will provide the starting basic of RBLS. Obvioudly,
indexing and providing efficient discovery of learning resource ae of prime importancein this environment.

Community Gap

There is an obvious gap between the leaning technology community and the education community. We have
identified the reuse potentia of materia in some pedagogicd paradigms and used the terms "leaning resource'
or "leaning ojed" loosdy. However, we must acknowledge that such terms are not native to the education
community. Theisaues of reuse, grain size, technical properties or even the basic question of "what is a learning
objed?' are not central isaues in the education community. In the recent years, there are "externd"
environmental changes (e.g. seelp & Canale, 1997a) which forced many educators (alot of them screaming and
kicking while some happily embrace) to work in a digital learning environment. While the leaning technology
community is gruggling to understand the isaues in the education community, they are also creating new terms
attempting to encapsulate the newly acquired understanding, but in the technologist’ slanguage. For examplehe
term "leaning ohject", barrowing from olject oriented design paradigm we presume, tries to encapsulate the
concept of granularity and reuse of material. Frankly, "leaning oljed" makes no sense to the elucation
community.

Our current understanding o "learning oljed” islike the threeblind men' sunderstanding of the dephant.

Should we focus on discovery of learning materid and dedare leaning ohject is leaning asst plus metadata
(LOM) - andignorethe other isales of learning as«t?

Should we take an "information shoveling" view on leaning and teaching and satisfy ourselves with materia
which are only to be read, focusing on identifying the sub-structure of such material (e.g. leaning objectives,
competency levels etc) - and ignorethe other issues?

Learning objed isaues are mncerned with developing technicd systems to mee education and training needs.
On the other hand, any system pertaining to deliver leaning and training must expressits technical construct in
the jargon and concepts of instructional design and pedagogical theories. Unfortunately learning and training are
complex environments with many stakeholders including learners, instructors, courseware designers or



ingtructional designers and education managers. Even within the stakeholder group called broadly as
instructiona designers, the pedagogicd paradigms reviewed above show as much gap among the paradigms
embraced by the participants as the gap between leaning technology community and education community. This
presents grea difficulty for leaning technology community to encapsulate and operationalise any of these
concepts (if we are lucky to be able to identify them) in the technicd design of a generic leaning ohjed
framework. Isthere ONE leaning environment which can satisfy all needs?

There is value in taking a more pragmatic approach. Instead o trying to create a framework to enable

interoperability and reuse of learning oljeds across different pedagogical paradigms, we focus on creating a

supporting technical infrastructure to enable interoperability and reuse of resources within spedfic pedagogical

paradigms. We have reviewed the ways educators use resources in different pedagogical paradigms.

Summarising, these might include

e gpedfically written up reading material (e.g. cases in case method teaching, problems in problem-based
leaning)

e reading resources originally created for other purposes (e.g. initid scenario in web-based role play
simulation, resources in exploratory learning and resource-based |earning)

e multimedia resource used to suppdy content and convey authentic situations and a sense of authority (e.g.
video clips used in goal base leaning)

e structured resources designed to be used in some interactive manners (items in tutoria, drill and practice)

e other structured resources which require spedal software in order to work in an educationally meaningful
context, such as those spedal questions in text analysis objed (TAO) which aso acts as like a agnitive
tod.

Threeobservations may be made here.

Firgly, an "information shoveling' model for leaning and training is not an acceptable generalised leaning
model for the informed education practitioners. The paradigms reviewed above indicate quite different technical
systems for delivery based on each of the paradigm. One size does not fit all.

Secondly, we nedad a distinction between learning material and teaching material. Risking o the guilt of stating
the obvious, learning material refers to materid that is used by the leaners and teaching material is material used
by teachers. A general framework of educational resources, disregarding the differences between use by learner
and by teacher, does not help us much here. While any teaching resource has obvious reuse values, teaching
resource deserves a separate technicd framework to support interoperability and reuse. In the current paper, we
focus on leaning resources only.

Lastly, while reading is a mgjor activity, leaning resources are more than just reading material. The ability to
support appropriate interaction isimportant. The airrent findingisin line with a previous work by Ip & Canae
(1997. They identified the neal of different skills in creaing digital learning objeds and argued for a dea
demarcation of responsibilities among instructional designers, subjed matter experts and software designers.
They emphasized that content and functionaity are two independent, orthogonal concepts and should not be
mixed. Content, contributed mainly by subjed matter experts, can be encoded as structured and unstructured
resources. Unstructured content can be rendered by generic software such as the web browser or popular plug-
ins. Functionality is provided by software (referred to as rendering software) which is necessary to take the
structured resource and provide interactivity in an educational environment.

By enforcing the distinct nature of content and functionality, Ip & Canal€s view supports a two-tier courseware
development workflow with a production and consumption relationship. Software developers, who work with
bits and bytes, produce rendering software for subject matter expert's consumption. Some generic rendering
software can be used by different subject matter experts for unstructured material or some cmmonly known
structured materia such as ome ohjedive testing resources. On the other hand, for any interactivity, any subjed
matter expert can choose from a range of rendering software from different developers, or may choose to
develop the rendering software themselves if they are willing to invest the dfort and time! When sufficient
rendering software is available, a significant part of courseware development effort would be reduced to a
choose-and-pick exercise and hencewill result in alowering o cost and improvement in quality.

So, what isaleaning oljed? Learning material plus LOM plus optional appropriate rendering software?



Conclusion

The observation, identification and acknowledgement of the need o speciali sed rendering software in dfferent
pedagogical paradigms force us to re-conceptualise the underlying meaning o the notion of leaning object and
question therelationship between leaning technology community and education community.

Is learning doject the rendering software? s leaning ohject the content? Can we axd should we @mbine the
concepts of content and rendering? When we are taking about interoperability, what do we want to
interoperable? Rendering software? Content? When we ae talking about reuse, do we mean use of the same
content (unchanged) by educators coming from different pedagogical paradigms? Or only supporting reuse for
those sharing the same pedagogical beli efs?

What are the values underlying the current focus of the leaning technology community on issue such as reuse,
grain size and technicd properties? Are these values driven by economical reasons or desire to improve to
leaning opportunities and outcomes?

This paper analyses the potential of reuse of leaning resources from different pedagogical paradigms. Ip &
Cande€'s approach, a dea demarcaion of responsibility of subject matter expert, instructional designer and
software devel oper, will empower educatorsto creage more innovative educational courseware.

We started with a question: What is aleaning objed, technically? It seans that we finish with more questions
than we have started.
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