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ABSTRACT

This article will address the question of how to deal with the reuse of existing course materials within the realm of a learning
object (LO) economy, both on the level of individual subject experts and the broader organisational level. Since the success
of the idea of a LO economy will highly rely on approved standards, we will further compare the examples from the
literature with the IMS learning design, more specifically with respect to the smallest reusable objects defined in these
approaches. After deriving recommendations and constraints regarding LO design, the third section will describe the process
of decomposing existing material in terms of checks and analyses that have to be made successively.

Transforming Existing Content into Reusable Learning Objects

Although the debate on learning objects (LOs), their characteristics and (re-)use in a LO
economy is lively and relevant, so far little attention has been paid to the consequences of this
shift towards object oriented design and a LO economy for (the reuse of) existing course
materials. Many institutions have developed a lot of material throughout the years and also
see the economic and educational merits of (re)usable LOs. A process of decomposing
existing (“non-object-oriented”) learning material into smaller reusable objects, is likely to
take place (c.f. Downes, 2002; Wiley, 2000), but what will that process look like?

Since the success of the idea of a LO economy will highly rely on approved standards, and
since the initial steps towards a learning design standard have now been taken, resulting in the
IMS learning design (IMS-LD; IMS Global Learning Consortium, 2002), we will further
compare the examples from the literature with the IMS learning design, more specifically
with respect to the smallest reusable objects defined in these approaches.

Having thus derived recommendations and constraints regarding LO design, the concluding
section will describe the process of decomposing existing material in terms of checks and
analyses that have to be made successively.

This article will address the question of how to deal with the reuse of existing course
materials within the realm of a LO economy, both on the level of individual subject experts
and the broader organisational level. We will first derive requirements of LOs from the
literature in this area, concentrating not only on general principles of LO design but on some
practical examples as well.

To the extent that the IMS-LD can be understood as a pedagogically neutral set of building
blocks, to flexibly design, store and deliver education with, the higher-level sophistication of
the learning design obviously places constraints and requirements on the lower-level LOs (not
surprisingly similar to those generally found in the literature on LO design, stemming from
the very purpose of reusability behind the logic of object oriented design (modularity,
transportability etc.)). Although the scope of this chapter is on reusable objects, rather than
the question of how to aggregate them into a higher level learning design, the investigation of
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IMS-LD as compared to other object oriented approaches in the educational field, leads to
the opinion that although there is a common understanding of learning materials, broadly
consisting of content, practice-items and assessment items, the structure of IMS-LD offers a
more flexible approach for the reuse of different kinds of objects.

Problem Description and Guidelines

Problem description

The increasing popularity of e-learning has brought into focus the desirability and in some
cases the necessity of breaking up learning material into reusable parts called LOs. Perhaps
the most important reason for doing so is economic (c.f. Koutlis, Roschelle & Reppening,
1999). One LO can be used in more than one lesson or course. This makes economic sense if
a high number of people are willing to contribute, sharing the costs of the development and
maintenance of a large LO repository or more realistically network of repositories (See
Downes, Chapter XXX).

The economic benefit thus derives from resource sharing and increased flexibility. Another
benefit that stems from increased flexibility is the supports for more personalised delivery of
educational materials (Longmire, 2000). A further benefit that may stem from sharing is the
increase in collaboration within and between organizations. This way, it is possible to reuse
high quality material and by doing so improve the quality of education (South & Monson,
2000).

Two leading companies, Netg and Cisco that are involved in e-learning, have adopted an
object-oriented approach for the design of learning materials (L’ Allier, 1997; Cisco, 2001).
Both companies felt a need for flexible reuse in order to shorten development cycles and so
recognized that complete courses do not readily lend themselves for such reuse. They
decided to compose lessons out of smaller reusable parts. The main differences between Netg
and Cisco lies in how they defined and built their smaller reusable parts. Which brings us to
the question: what exactly do these smaller reusable parts look like?

Reusable Learning Objects: Requirements and Constraints

In Netg’s (1997) approach the smallest reusable object is called a “topic”, which consists of a
single learning objective, a learning activity and an assessment. This means that it should
teach “something” (learning activity) towards an intended criterion-based result (learning
objective) with a method to determine whether this result is met or not (assessment).
Comparable to Netg, Cisco (2001) also has its own terminology to describe LOs. They
developed a model in which the smallest reusable element is called a Reusable Information
Object or RIO. One RIO consists of content items, practice items and assessment items all
aimed at a single learning objective. The main subject that the LO deals with is determined by
the content item. It merely provides information needed to perform the other elements of the
RIO.

Cisco contends that a RIO is meant to let people learn something instead of merely presenting
information. Practice items serve this purpose because they give the learner the opportunity to
bring their knowledge and skills to practice. Assessment items consist of a question of a
measurable activity used to determine if the learner has mastered the learning objective for
the given RIO.

The design of the constructing elements of one RIO depends upon the learning objective that
is to be served and the cognitive level that it is aimed at, as well as the type of RIO that is
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constructed. Five different types of RIO’s are distinguished, classified as concerning a
concept, a fact, a procedure, a process or a principle.

Taking the differences between Netg and Cisco into account it is clear that there is no single
“right way” to create LOs. Several principles and guidelines are available in the literature that
can be use to aid in the design process, but if the principle of reusing LOs is to be used on a
greater scale, a unified process is desirable. In other words, it would be helpful to have a
standard or at least some overall guidelines for the creation of LOs (Hamel & Ryan-Jones,
2002).

Several decisions have to be made and agreed upon before this is accomplished. One of the
most important is the size or granularity of a LO and is not an easy question to answer. The
granularity that South and Monson (2000) designed for Birmingham Young University may
or may not be ideal for other situations. Small LOs can be used in many situations, but you
must design a system of metadata so that each object can be easily found and identified
(Quinn & Hobbs, 2000). Wiley (2002) argues that this choice should be based upon a
comparison between the cost of decomposition including the adding of metadata to each
object and the benefit you will gain from the reuse. Most likely, practice will show what the
ideal granularity will be. As Jacobsen (2001) describes it: “Object granularity will be largely
solved as best practices emerge”.

A next question concerns the types of LOs that are to be constructed. An overall guideline for
the construction of LOs would include a structure describing which elements are needed to
construct a LO. The elements of which such structure is built and the degrees of freedom one
has when working with it are only two of many questions that have to be answered. Here too,
a pragmatic view is applicable according to Downes (See Chapter XXX) LOs can be defined
by the problems that they solve. Several problems are likely, such as the difficulty of locating
LOs in the vast amount of learning material on the Internet and the impossibility of working
with LOs that are in a different format (html, java, etc.) at the same time. On the other hand
these problems point to a solution for their creation. By making an inventory of these
problems, solutions become clearer too. Longmire (2000) has discerned some general aspects
of LOs, which can be seen as requirements according to which they are to be developed:

e LOs are modular, free standing and transportable among different learning
environments;

LOs are nonsequential;

LOs are able to satisfy a single learning objective;

LOs are accessibile to a broad audience;

LOs are coherent with predetermined schemas, so a limited amount of metadata can
capture its essence; and

e [Os can be used in different visual schema without losing their essential meaning.

Of course there still are many questions to be answered that concern specific situations, but
this is a good start.

Summarizing the findings from the literature and an examination of working examples, there
seems to be a common understanding that a distinction can be made between three main
elements in learning materials: learning activities, content, and assessment. As to the more
generally stated requirements of LOs, several authors in the field stress the importance of the
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issues granularity, accessibility and self-containedness, albeit in somewhat differing terms
and with few specific guidelines.

Reusable objects in the IMS Learning Design

In recent years the Open University of the Netherlands has worked on a means to develop,
store and deliver educational materials in ways that enhance flexibility in a number of
respects:

pedagogic neutrality;
reusability;
personalisation; and
medium neutrality.

The resulting Educational Modelling Language (EML), which is XML-based, so far has been
used in the redesign of several existing courses and in the development of entirely new
courses, mainly with a focus on reusability and/or personalisation. It also has found further
recognition in the fact that it was integrated in the IMS Learning Design (IMS-LD), which is
an important step towards standardization.

The basic principle underlying EML and IMS-LD is quite simple — it distinguishes between
activities and environments: people learn by doing (by performing learning-activities) within
a context that enables and/or supports them in performing these activities (established through
the presence of proper environments and/or support-activities). This chapter concentrates on
those EML elements relating to the topic of reusable LOs: activities and environments. (It
suffices to know that these and other main elements are labelled, contain metadata, and are
provided with attributes like an Id, supporting reusability).

There are two types of activities: learning activities (to be performed by the learner) and
support-activities (to be performed by a teacher, tutor). A learning activity can contain

(several types of) learning objectives, and consists of at least an activity description and a
completed statement, indicating when the activity is completed, which can be modelled to be
left for the user to decide.

“The relationship between an activity and an environment can be derived from the linguistic
description of the activities. Most nouns in the activity imply the availability of learning
objects in the environment, references to other persons imply the availability of
communication services, some verbs imply the availability of supportive services or tools.
For instance the activity: ‘read the problem and discuss solutions with your peers’ refers to
environment components: ‘the problem’ which must be available for reading; and ‘peers’
who must be available to communicate with (including communication means).” (IMS Global
Learning Consortium, 2002).

This means that the link between an activity and LOs and/or services is made by defining a
learning environment containing LOs and/or services, within the activity. In this sense an
environment is a so-called wrapper for LOs and/or services. LOs are defined here as any
reproducible and addressable digital or non-digital resources used to perform learning
activities or support activities. Examples are: web pages, text books, productivity tools (text
processors, editors, calculators, etc.), instruments (microscope, etc.), and test items.

Besides resources which can be defined at design time, there are numerous so-called ‘service-
facilities’ used during teaching and learning, such as chat, e-mail, monitoring, discussion



Transforming existing content 5

forums, announcement channels, index-search etc. (These services can be declared at design
time but have to be instantiated during run-time, because “what is needed is an instance of the
service that is unique to the run-time instance of a learning design and its assigned users”
(IMS LD). This means that services can be ‘replicated’ as part of a design, rather than reused
directly.

In short, environments are referenced from within the activity and can consist of either LOs
or services. Figure 1 shows the different EML elements described above and the relationships
between them:

Learning Activity Learning object
Type:
. . -test-object
Learning objective / _100l-object
-1-".: -conlent-object
[Environment ref] - -
> Service

Activity description

Figure 1. Learning activity

Further investigating the implications of this model with regard to reuse there are several
points to make:

1. The term “learning objects” holds a specific meaning within the IMS Learning Design
and does not for instance include learning activities. Of course learning activities are
reusable objects (elements, if you like), so the point that has to be made here is that, in
order to avoid further confusion, we will from now on use the term reusable object, rather
than reusable LO. Use of the term LO will be restricted to the meaning it has within the
IMS Learning Design: an object (text, tool, test-item) needed to perform an activity.

2. The terms, activity and environment are pedagogically neutral.

3. The model in Figure 1 is a strong simplification in that it focuses on the level of a learning
activity, whereas the IMS Learning Design shows that it is possible for instance to model
activity structures with a single complete learning environment, available within every
single activity within the structure. Although this obviously holds implications for
reusability, this issue will not be addressed at great length here.

4. Figure 1 shows that the sole requirement of the element learning activity is that it contains
an activity description; it does not necessarily contain a learning-objective, nor
environment-references.

5. Both activities and LOs contain attributes which make them retrievable and reusable
independently.
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This last point indicates an important difference from approaches like Netg’s and Cisco’s,
because the smallest reusable objects there consist of the ‘composite’ parts called a topic
(Netg) or RIO (Cisco). These objects of course can be repurposed/adapted, but don’t seem to
allow for instance for a single content-item to be selected and reused, as the figure below
illustrates.

Learning

objective Prachice lems

Content
tems

Learning
activity

Assessment
iems

Asgsessmont

Figure 2. Smallest reusable objects in different object oriented design approaches

Now bearing these different models in mind let’s return to the subject expert who once made
a course, which he or she is now asked to revise in such a way that it will align with
principles of object-oriented design. The next section will elaborate on the decision making
process that is likely to evolve.

Consequences for the reuse of existing course materials

Regarding the decomposition of existing course materials the question is: what constituent
parts can be distinguished and how can requirements for reusable object design be dealt with,
especially when the materials concerned have been developed from a different perspective?
Some interesting differences have been explained between two working examples: Netg and
Cisco. When breaking down existing courses into smaller reusable objects these examples
raise several questions, such as:

e Course materials quite often don’t stand alone. They are embedded in services like
group-tutoring, individual tutoring. How does one deal with services like these when
breaking down course materials into smaller chunks?

e In distance education (our home instructional mode), course materials are often
developed with the aim of integrating content and practice (tasks, activities). How
necessary and how easy is it to ‘disentwine’ these elements?

e [s it necessary to prescribe that a learning-object should be built on a single learning
objective? Is this not an undesirable and unnecessarily inflexible way to proceed?

These questions concern not only practical (efficiency) issues but touch on pedagogical issues
as well. Besides efficiency and pedagogy related issues there is a third area on which
questions rise regarding the transformation of existing course materials into smaller reusable
objects relating to motivational/organisational factors.
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Starting our investigation of possibilities to efficiently transform existing educational material
into reusable learning-objects we formulated several premises:

1. Breaking educational materials down into smaller reusable chunks is a time costly
endeavour requiring the cooperation of subject experts. It will only be considered useful
and sensible to the extent that subject experts expect that they themselves or others might
want to reuse (parts of) the existing material.

2. The term “reuse” is often used in a broad sense, covering a wide range of possible actions.
In our approach to the transformation of existing materials to reusable objects we expect
to have to distinguish between several types of reuse: “reuse as is”, repurposing (reuse in
a different context) and customisation (reuse with adaptations made).

3. We expect reuse of existing materials at the Open University of the Netherlands to occur
in respect to the development of new courses (including revised courses) and in the
context of the development of courses for third parties.

4. Educational institutions favour the idea of object-oriented design as a principle to enhance
reusability, ergo: the design of educational materials will increasingly follow an object-
oriented approach and with that, parts of existing materials will be as it were
‘automatically’ integrated into new, reusable LOs.

5. Nevertheless, and most certainly within the setting of an educational institution, it will be
necessary to adopt a model to guide the development of new materials along the principle
of object oriented design: what objects do we wish to design and how do we wish to
(re)use (aggregate) them (Longmire, 2002)?

6. Taking the desire for reuse beyond the limits of a single institution there’s a need to
adhere to a standardised approach.

7. Against this background and in relation to the issues and premises stated above, the
question we address further is: What recommendations can we draw from the IMS-LD
and the more general requirements referred to in this section, for an individual subject
expert who is about to embark on the task of decomposing existing course materials into
smaller reusable objects?

The process of decomposition: checks, analyses and decisions

Earlier we have argued that teachers will only decompose existing course material in a
structured manner if there is a balance between workload and future added value during the
process of aggregation of new learning materials. Therefore, it is likely that institutions that
aggregate according to a certain object orientated instructional design will work
systematically at the decomposition of existing materials. They will also be willing to put
effort into slicing materials up into the most reusable form. We will describe the process of
decomposition towards the smallest meaningful parts, preparing as many reusable objects as
is conceivable, using as much of the existing material as possible. Our own situation at the
Open University of the Netherlands will be the basis for this, while bearing in mind the
findings from the literature as described above.

Lets assume that a certain faculty instructs its staff to decompose existing courses to reusable
smaller parts. All parts in the existing courses can be determined as either being ‘content’ , ¢
activities’ (learning or support), ‘assessment’ or ‘services’. Several checks, analyses and
decisions will have to be made in this process, because not all existing course materials are
instantly ready to be decomposed into digital objects. The course materials may not be
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available in electronic form, there might be problems with copyright restrictions or
intellectual property rights. Is it, for instance, allowed to make changes in the original course
material? Therefore, the process of decomposition starts with an investigation of the existing
materials at hand and will involve the following steps:

1. Decide what course material is in demand for reuse and is likely to be part of newly
developed courses/learning experiences? Which materials would faculty or others want to
reuse?

2. Check whether the material is available for reuse: copyright clearance, intellectual
property rights. Bear in mind that copyright issues may differ along with the intended
mode of delivery.

3. Check whether the course material is available in original format. For instance: a figure
printed in a textbook might no longer be available separately, but only as integrated part
of a printing plate.

4. Check whether the original format matches the desired (“agreed upon”/”interoperable’)
format.

After the selection of available course material, the material has to be broken down into
smaller reusable parts. All parts in the selected material have to be determined as either being
‘content’, an ‘activity’ (learning or support), an ‘assessment-item’ or a ‘service’. This is a
relatively simple task. The hard work comes with the determination as to what parts are
intrinsically meaningful and potentially reusable. The potential reusability of ‘content’ is
expected to be generally high. Isolating content from existing material will mostly lead to a
reusable object. This is not the case for many activities in existing material. A large amount
of activities are expected not to be intrinsically meaningful nor potentially reusable if
separated from the content. In that case the activity cannot be isolated and separated from the
content without losing its semantic and pragmatic meaning and its effectiveness towards the
attainment of the learning objective(s) (Koper, 2003). These learning activities are only
reusable in combination with the prescribed content (environment) which make them not (or
less) suitable for reuse in other contexts.

Another reason why the reusability of activities is more problematic, is that they might not
stand on their own and have side effects to the dossiers of learners. For instance, when a
learner has to ‘hand in” a copy of work done. As in the case of services, these kinds of
activities might be reproduced but can’t be simply reused.

In practice we expect to decompose into:

Content;

Learning activities free of content (more rare to be found);

Learning activities with content (with prescribed learning environment); and
Test-objects.

So the next steps in the process of decomposition will be to:
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1. Analyse the selected materials and decide which parts can be defined as being either
content, an intertwined combination of activity and content, a learning activity free of
content or a test object.

2. Check on possible side effects.

Having done so, it is still left to determine the smallest intrinsically meaningful parts. In order
to do so we need to check whether the distinguished objects meet the requirements of being
reusable in the sense that they appear to be self-contained and ideally non-sequential
(Longmire, 2000), meaning that all concepts, principles, methods etc. are sufficiently
explained within the object it self. Existing (non-object-oriented designed) course material
will often contain references to other parts (e.g., chapters). These references need to be
removed or adapted in order to make the objects free standing. In practice objects will not
always be ‘non-sequential’, or in order to be so they would become too large. Non-sequential
therefore means that objects should be without any references to any presumed prerequisite
prior knowledge, other than through the use of metadata.

Slicing existing course material therefore eventually requires:

Determine the beginning and end of each smallest intrinsically meaningful part (modularity)
by determining the extend to which parts meet the requirement of being non-sequential and
free standing (self-contained) .

This is what has to be done from the point of view of the subject expert. Although the process
of decomposition is described here as a stepwise approach, in practice, of course, steps 1, 5
and 7 will appear to be interrelated.

Needless to say that reusability stretches further than this and presupposes that the subject
expert will be offered appropriate tools like an adequate content-management system and
guidelines regarding formats/metadata etc. in order to make the objects addressable and
available for others (sharing/repository). These issues are far from solved at this stage and
include (re)defining tasks and responsibilities on an organisational level (Giesbertz ,
Schlussmans, Koper & Schuncken, 2001). The purpose of this chapter was to investigate the
process of decomposing existing learning materials into reusable objects, against the
background of current developments in the standardisation of learning design.

Conclusion and discussion

A LO economy as envisioned by Downes (2000, 2002) is still far from being realised and
requires for solutions on several levels: learning-design, technology, standardisation,
economical principles, legislation (copyright), and organisation. In this article we
concentrated on the combined issues of learning-design and standardisation, by investigating
IMS-LD’s structure and terminology as a tool/guideline for the decomposition of existing
course material into smaller reusable objects.

Compared to other approaches towards object oriented design in the field (Netg, Cisco), IMS-
LD offers a very flexible approach in terms of reuse of different objects and combinations of
objects. However the process of decomposing existing learning materials into reusable
objects as described in section three of this article appears to require minute attention to a
variety of details from a subject expert. Furthermore the process as described above
somewhat implies a “shortest- route” approach in transforming current content to reusable
objects, disregarding pedagogical issues and possible desires for transformations in this
respect.
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As to the creation of content-objects there might be little objection to such an approach.
Rather, extra investments are likely to have to be taken into account with respect to the
(re)design of learning-activities. In this sense we expect the reuse of existing course materials
and their transformation to reusable objects to remain largely confined to content-objects.
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