L ear ning objects need instructional design theory *

The purpose hereisto introduce a concept known commonly asthe “learning
object.” First wewill look at the learning objects literature and lay the groundwork for a
working definition of the term “learning object.” Next we will note that while there are
severd effortsto cash in on the learning objects ides, very little actua educationa
research is happening with regard to learning objects. Findly, we will criticdly examine
the LEGO metaphor commonly associated with learning objects, and suggest what may
be a more appropriate metaphor.

What isa learning object?

Technology is an agent of change, and maor technologica innovations can result
in entire paradigm shifts. The computer network known as the Internet is one such
innovation. After affecting sweeping changes in the way people communicate and do
business, the Internet is poised to bring about a paradigm shift in the way people learn.
Consequently, amgjor change may aso be coming in the way educational materids are
designed, developed, and delivered to those who wish to learn. “Learning objects’
(LTSC, 2001a) currently lead other candidates for the position of technology of choicein
the next generdtion of ingructiond design, development, and delivery, due to their
potentia for reusability, generaivity, adaptability, and scdability (Hodgins, 2000; Urdan

& Weggen, 2000; Gibbons, Nelson, & Richards, 2000).

! Thisis condensed version of the article “Connecting learning objects to instructional design theory:
A definition, a metaphor, and ataxonomy” which appeared in Wiley’ s book The Instructional Use of

Learning Objects (2000). The book is also available online at http://reusability.org/read/



Learning objects are dements of anew type of computer-based ingtruction
grounded in the object-oriented paradigm of computer science. Object-orientation highly
vaues the creation of components that can be reused in multiple contexts (Dahl &
Nygaard, 1966). Thisis the main idea behind learning objects: indructiona designers can
build small (relative to the Size of an entire course) ingructiona components that can be
reused in different learning contexts. Additiondly, learning objects are generaly
understood to be digitd and ddiverable over the Internet, meaning that any number of
people can access and use them smultaneoudly (as opposed to traditiond ingructional
media, such as an overhead or video tape, which can only be used in one place a atime).
Moreover, those who incorporate learning objects can benefit immediately from new
versons. These are significant differences between learning objects and other
ingructional mediathat have existed previoudy.

Supporting the notion of smdl, reusable chunks of indructional media, Reigeluth
and Nelson (1997) suggest that when teachers first gain access to ingructiona materias,
they often break the materids down into their congtituent parts. They then reassemble
these partsin ways that support their individud ingructiona gods. This suggests one
reason why reusable ingtructiona components, or learning objects, may provide
ingtructional benefits: if instructors received ingtructional resources as individua
components, thisinitia step of decompaosition could be bypassed, potentidly increasing
the speed and efficiency of ingructiona development.

To facilitate the widespread adoption of the learning objects gpproach, the
Learning Technology Standards Commiittee (LTSC) of the Indtitute of Electrical and

Electronics Engineers (IEEE) formed in 1996 to develop and promote instructiond



technology standards (LTSC, 20014). Without such standards, universities, corporations,
and other organizations around the world would have no way of assuring the
interoperability of their learning objects or other ingtructiona technologies. A smilar
project caled the Alliance of Remote Indructional Authoring and Digtribution Networks
for Europe (ARIADNE) had aready started with the financia support of the Europesn
Union Commission (ARIADNE, 2001). At the same time, another venture caled the
Ingtructiona Management Systems (IMS) Project was just beginning in the United States,
with funding from Educom (IMS, 2001). Each of these and other organizations (e.g., the
Advanced Didtributed Learning Initiative, or ADL [2001]) began developing technicd
standards to support the broad deployment of learning objects. Many of these local
standards efforts have representatives on the L TSC group.

The Learning Technology Standards Committee chose the term “learning objects’
(probably from Wayne Hodgins 1994 use of the term in the title of the CedMA working
group, “Learning Architectures, API’s, and Learning Objects’) to describe these small
ingructional components, established aworking group, and provided aworking
definition:

Learning Objects are defined here as any entity, digita or non-digita, which can

be used, re-used or referenced during technology supported learning. Examples of

technol ogy-supported learning include computer-based training systems,
interactive learning environments, intelligent computer-aided ingtruction systems,
distance learning systems, and collaborative learning environments. Examples of

Learning Objects include multimedia content, ingtructiona content, learning



objectives, ingructional software and software tools, and persons, organizations,

or events referenced during technology supported learning (LOM, 2001).

This definition is obvioudy broad, and on examination falls to exclude any
person, place, thing, or idea that has existed a anytime in the hitory of the universe,
snce any of these could be “referenced during technology supported learning.”
Accordingly, different groups outside the Learning Technology Standards Committee
have created different terms that generdly narrow the scope of the officid definition to
something more specific. Other groups have refined the definition but continue to use the
term “learning object.” Confusingly, these additiond terms and different definitions of
“learning object” are dl Learning Technology Standards Committee “learning objects’ in
the strictest sense.

Having multiple definitions for the term “learning object” makes talking about
learning objects confusing and difficult. For example, computer-based training (CBT)
vendor NET(g, Inc., usesthe term “NET(g learning object” but applies a three-part
definition: alearning objective, a unit of indruction thet teaches the objective, and a unit
of assessment that measures the objective (L’ Allier, 2001). Another CBT vendor,
Asymetrix, defines learning objects in terms of programming characteristics. “ToolBook
Il learning objects - pre-scripted dements that Smplify programming ... provide
ingtantaneous programming power” (Asymetrix, 2000). The NSFfunded Educationa
Objects Economy takes a technica approach, only accepting Java Applets aslearning

objects (EOE, 2000). It would seem that there are as many definitions of the term asthere

are people employing it.



In addition to the various definitions of the term “learning object,” other terms
that generdly mean the same thing confuse the issue further. David Merrill has used the
term “knowledge objects’ (Merrill, Li, and Jones, 1991), and is currently writing a book
on the topic of object-oriented ingtruction design to be called “ Components of
Ingtruction” (personal communication, March 21, 2000). Thisis sure to introduce the
term “ingtructiona component” into the ingtructiond design vernacular. The previoudy
mentioned ARIADNE project uses the term “ pedagogica documents’ (ARIADNE,
2001). The NSF-funded Educationd Software Components of Tomorrow (ESCOT)
project uses the term “educationa software components’ (ESCOT, 2001), while the
Multimedia Educational Resource for Learning and On-Line Teaching (MERLQOT)
project refers to them as “online learning materids’ (MERLOT, 2001). Findly, the
Apple Learning Interchange smply refers to them as “resources’ (ALI, 2001).
Depressingly, while each of these is something dightly different, they dl conform to the
Learning Technology Standards Committee' s broad “learning object” definition.
Obviously, the field is il struggling to come to grips with the question, “What isa
learning object?’

This confusion forces any article on the topic to answer the question, “what isa
learning object?” The Learning Technology Standards Committee definition seems too
broad to be ussful, snce most indtructiond technologists would not consider the
historical event “the war of 1812” or the historicd figure “ Joan of Arc’ to belearning
objects. At the same time, creating another term only seems to add to the confusion.
While the cregtion of a satisfactory definition of the term learning object will probably

consume the better part of the author’ s career, aworking definition must be presented



before the discussion can proceed. Therefore, the remainder of this artidle will define
learning object as “any digital resource that can be reused to support learning.” This
definition includes anything that can be ddivered across the network on demand, be it
large or samdl. Examples of smdler reusable digita resources include digital images or
photos, live data feeds (like stock tickers), live or prerecorded video or audio snippets,
amadll bits of text, animations, and smaler web-delivered applications, like a Java-based
cdculator. Examples of larger reusable digital resources include entire web pages that
combine text, images and other media or gpplications to deliver complete experiences,
such as acomplete ingructiona event. This definition of learning object, “any digita
resource that can be reused to support learning,” is proposed for two reasons.

Fird, the definition is specific enough to define a reasonably smal set of things
reusable digital resources. At the same time, the definition is broad enough to include the
estimated 33.5 terabytes of information available on the publicly accessible Internet
(Internet Archive, 2001).

Second, the definition is based on the LTSC definition (and encloses a proper
subset of learning objects as defined by the L TSC), which makes issues of compatibility
explicit. The definition captures what the author fedlsto be the criticd attributes of a
learning object, “reusable,” “digitd,” “resource,” and “learning,” as doesthe LTSC
definition. With that compeatibility made explicit, the proposed definition differs from the
LTSC definition in two important ways.

The definition explicitly rgects nontdigita and non-reusable resources. The
definition of learning object presented does not include people, historica events, books

(in the traditiond sense of the term), or other physica objects. The definition aso drops



the phrase "technology supported” which is now implicit, because dl learning objects are
digital.

Second, the phrase "to support” has been subgtituted in place of "during” in the
LTSC definition. Use of an object during learning doesn't connect its use to learning. The
LTSC definition implies that a banner advertisement atop an online course web page
would be alegitimate learning object. While it may appear a the sametime, it doesn't
function ingructiondly. The definition proposed here emphasi zes the purpossful use of
learning objects to support learning.

Armed with aworking definition of the term learning object, the discussion of the
ingructional use of learning objects can proceed.

Instructional design theory and lear ning objects

Ingtructiona design theories have been overviewed frequently in the literature
(Dijkstra, Sedl, Schott, & Tennyson, 1997; Reigeluth 1983, 1999b; Tennyson, Schott,
Sedl, & Dijkdira, 1997). Reigeluth (1999a) defines ingtructiona design theory as follows:

[I]nstructional design theories are design oriented, they describe methods of

ingtruction and the Stuations in which those methods should be used, the methods

can be broken into smpler component methods, and the methods are

probabiligtic. (p. 7)

Ingtructiond design theory, or ingructiond drategies and criteriafor their
application, must play alarge role in the application of learning objects if they are to
succeed in facilitating learning. That is, learning objects can't just be treated as pretty clip
art —they have to be used in a principled way to support learning. The natura question,

them is“how do we do this?’ Thinking about two of the largest issuesin the learning



objects area— combination and granularity — in indructiona design terms might be a
good start.

Combination. While groups like the Learning Technology Standards Committee
exigt to promote internationa discussion around the technology standards necessary to
support learning object- based ingtruction, and many people are talking about the financia
opportunities about to come into existence, there is astonishingly little conversation
around the ingructiond design implications of learning objects.

Indicative of thislack of thought about ingtructiona design was item 7(d) of the
Learning Objects Metadata Working Group’s (aworking group of the Learning
Technology Standards Committee) Project Authorization Request (PAR) form (LOM,
2001). The PAR isthe mechanism by which |IEEE projects are officialy requested and
approved, and must contain statements of the project’ s scope and purpose. Section 7 of
the PAR ded s with the purpose of the proposed project, and item (d) in the Learning
Objects Metadata Working Group’s PAR (LTSC 2001b) reads as follows:

To enable computer agents to autometicaly and dynamically compose

persondized lessons for an individua learner.

The LOM group was purportedly designing metadata to support this god. Metadata,
literally “data about data,” is descriptive information about a resource. For example, the
card catalog in apublic library is a collection of metadata. In the case of the card catalog,
the metadata are the information stored on the cards about the Author, Title, and
Publication Date of the book or resource (recording, etc.) in question. The labels on cans
of soup are another example of metadata: they contain alist of Ingredients, the Name of

the soup, the Production Facility where the soup was canned, etc. In both the case of the



library book and the can of soup, metadata alow you to locate an item very quickly
without investigating dl the individua items through which you are searching. Imagine
trying to locate Paradise Lost by sfting through every book in the library, or looking for
chicken soup by opening every can of soup in the store and inspecting their contents! The
Learning Objects Metadata Working Group isworking to create metadata for learning
objects (such as Title, Author, Verson, Format, etc.) so that people and computers will
be able to find objects by searching, as opposed to browsing the entire digitd library one
object a atime until they find a satisficing one.

The problem with 7(d) in the PAR arose when people began to actualy consider
what it meant for a computer to “automaticaly and dynamicaly compose persondized
lessons.” This meant taking individua learning objects and combining them in away that
made ingructiond sense, or in indructiond design terminology, “sequencing” the
learning objects. It seemed clear to some that in order for acomputer to make sequencing
or any other ingtructiona design decisions, the computer would need ingructiona design
information to support the decision-making process. The problem was that no
indructiona design information was included in the metadata specified by the current
verson of the Learning Objects Metadata Working Group standard.

The lack of ingtructiond design discussion at this Sandards- setting level of
conversation about learning objects is disturbing because it might indicate atrend. One
can eadly imagine vendors asking, “if the standards bodies haven’t worried about
sequencing, why should we?’ Once technology or software that does not support an
ingructionaly grounded approach to learning object sequencing is completed and

shipped to the average teacher, why would he or she respond any differently? This sets



the stage for learning objects to be used smply to glorify online ingtruction, the way clip-
art and dingbats are used in a frequently unprincipled manner to decorate newdetters.
Wiley (1999) cdled this“the new CAI —*Clip Art Ingruction’™ (p. 6). Ingtructionaly
grounded sequencing decisons are at the heart of the ingtructiondly successful use of
learning objects.

Granularity. Discusson of the problem of combining learning objectsin terms of
“sequencing” suggests another connection between learning objects and ingtructiona
design theory. The mogt difficult problem facing the designers of learning objectsis that
of “granularity” (Wiley, et d., 1999). How big should alearning object be? As stated
above, the Learning Technology Standards Committee' s definition leaves room for an
entire curriculum to be viewed as alearning object, but such alarge object view
diminishes the possibility of learning object reuse. Reuse is the core of the learning object
notion, as generativity, adaptivity, and other —ivitiesare al facilitated by this property of
reuse. Thisiswhy amore redtrictive definition has been proposed in this article.

From an “efficiency” point of view, the decison regarding learning object
granularity can be viewed as atrade-off between the benefits of reuse (the smdler the
object, the more places | can use it) and the expense of cataloging (the more objects, the
more metadata | have to create). From an ingtructiona point of view, dterndively, the
decision between how much or how little to include in alearning object can be viewed as
aproblem of “scope” While redity dictates that financial and other factors must be
consdered, if learning isto haveits greatest chance of occurring, decisions regarding the

scope of learning objects must aso be made in an ingructionaly principled manner.
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From this point of view, the mgor issues facing would-be employers of learning
objects, granularity and combination, turn out to be perhaps the two considerations
known best to ingtructiond designers: scope and sequence. Unfortunately, no one seems
to be talking about learning objects from this perspective — they’ re dway's talking about
the technology or the financid opportunities.

Interest in the learning objectsidea

A report released by investment banking firm W. R. Hambrect contained more
than the common predictions for the future of online learning (e.g., that the online
learning market will reach $11.5 billon by 2003 [Urdan & Weggen, 2000]). As evidenced
in the report, even brokers are talking about learning objects and encouraging investors to
make sure that the e-learning companies they buy rely on the technology:

[Online learning content] development cycles are predicted to shorten by 20%

every year to two or three weeks by 2004. Thisimperative will drive more

template-based designs and fewer custom graphics. Learning objects will be
created in smdler chunks and reusable formats. As a consequence, the industry
will become more efficient and comptitive...We are convinced that the move to

defined, open standardsiis crucid to the continuing successful adoption of e-

learning, especidly asit begins to trangtion beyond early adopters into the rapid

growth phase of the market. Authoring tools will need to operate across different
platforms and communicate with other tools used to build learning systems.

Content and courseware must be reusable, interoperable, and easily manageable a

meany different levels of complexity throughout the online ingructiona

environment. Enterprise learning systems have to accommodate numerous and
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varied learner requirements, needs, and objectives. Corporate customers need to

be able to easly track content crested by multiple content providers through one

training management system and search vast loca or distributed catal ogs of
content to identify learning objects or modules on a particular topic. The race for

education technology standardsis on (Urdan & Weggen, 2000, p.16).

Whether or not the learning object paradigm is grounded in the best ingtructiona
theory currently available, there can belittle doubt that the United States and the world
are about to be flooded with learning object-based tools. Microsoft has aready released a
toolset it touts as “the first commercid gpplication of work being delivered by the
Instructional Management System (IMS) Project” (Microsoft, 2001). Recognition,
adoption, and the potentid for future support for the learning objects ideais Sgnificant,
and includes some of the biggest playersin software, higher education, and even
investment. Learning objects seem to be poised to become the ingtructiond technology of
online learning. However, technica standards and venture capita are not enough to
promote learning. In order to promote learning, technology use should be guided by
indructiond principles.

Conclusion

Wiley (2000) posited and presented three components of a successful learning
object implementation: an ingructiona design theory, alearning object taxonomy, and
“prescriptive linking materia” that connects the ingructiona design theory to the
taxonomy, providing guidance of the type “for thistype of learning god, use thistype of
learning object.” In addition to providing aworked example of this process, Wiley (2000)

a0 presents design guiddines for the five learning object typesidentified in his
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taxonomy. This three component gpproach is, however, largely untried. We need
empirical trids of this and other gpproaches. These trids need to be reported and
improved on. Thisis the scientific method, the way we make things better.

The main theme of thisarticle, if you haven't noticed, has been that ingtructiona
design theory must be incorporated in any learning object implementation that aspiresto
facilitate learning. Like any other ingtructiond technology, learning objects must
participate in a principled partnership with indructiona design theory if they areto
succeed in facilitating learning. Everyone seems to be banking on learning objects
ability to revolutionize learning. Thisrevolution will never occur unless more voices
spesk out regarding the explicitly instructional use of learning objects— the automated or
by-hand spatid or tempora juxtaposition of learning objects intended to facilitate
learning. These voices will have to be powerful and articulate to penetrate the din of
metadata, data interchange protocol, tool/agent communication and other technicd
standards conversations. While ingtructiona design theory may not be as “sexy” as
bleeding-edge technology, there must be concentrated effort made to understand the
indructiond issuesinherent in the learning objects notion. The potentia of learning
objects as an indructiona technology is fabulous, but will never be redized without a

baanced effort in technology and ingtructiona design arees.
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