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Terms

LCMS

LO

LOM

RIO

RLO

RDF

DC

XML

XPath

XSLT

Instructional Design — the systematic process of
translating principles of learning into plans for

instruction.

Learning Content Management System — computerised

system for learning content management.

Learning Object — a modular teaching material

component.

Learning Object Metadata — metadata for describing a

learning object.

Reusable Information Object — a learning object
without strictly defined pedagogies.

Reusable Learning Object — same as a learning object.

Resource Description Framework for Metadata
Standards — a foundation for metadata processing and

systems interoperability.

Dublin Core — an organisation that promotes

interoperable metadata standards.

Extensible Markup Language — a universal markup

language for data interchange between applications.

XML Path Language — a querying languge for

addressing specific parts of an XML data object.

XSL Transformations — a language for specifying
transformations of XML documents.



DTD

VLE

wWa3C

IEEE

LTSC

Document Type Definition — a set of rules how XML

data should be structured.

Virtual Learning Environment — a software application

that supports online learning.

World Wide Web Consortium — a consortium that
develops interoperable technologies for World Wide
Web.

Institute of Electrical and Electronics Engineers — an

association of electrical and electronics engineers

IEEE Learning Technology Standards Committee -
develops technical standards, recommended practices,

and guides for learning technology.
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1 Introduction

This thesis focuses on introducing some approaches to learning dlipycti€sign and
research based on creating learning object repositories. A short introdockibti, usage
of digital libraries supporting content production, existing solutionsreating metadata
on digital learning material, and analysis of the topic-casemmapproach in web course
content production are also introduced.

‘Learning objects’, ‘learning object metadata’ and ‘learningeobjepositories’ are terms
that have lately been central to many discussions and projebtghopublic and private
educational organisations. These terms have been associated antfe af benefits, some
of which seem strange in educational context, such as systemspeértbility and
resource reusability. On the basis of the benefits that theses tmight suggest,
governments and industry are spending substantial amounts of money itiosdilica
technology. This has given rise to a significant learning object staddardisation
movement in the field of educational technology. (Friesen, 2003)

This thesis advances from theoretical issues to more teckasigatts of learning objects
research, such as standardisation etc. It is not the purposesgbagher to introduce
pedagogical aspects of teaching and learning extensivelyinibatteaching and designing
learning material is, or at least it should be, based on undergjasidhiuman learning,

some aspects of pedagogical issues and instructional design are discussed.
Main research questions considered in the thesis are the following:

 What is the current situation in learning objects research, hame tany ‘best

practises’ to create reusable learning objects?

* What is the current situation in learning object metadata @dsedo we need so

many different metadata standards?

 How are different learning theories taken into consideration imiteg object

research?



» How to apply learning object design theories in practisef?pissisible at this point
to implement an online course to existing virtual learning environnisntssing
and creating reusable learning objects?

Chapter 2 concentrates on introducing different learning theoriethaitdmpact on the
systematic design of instruction, instructional design. In ch&pthe concept ‘learning
object’ is introduced. Chapter 4 focuses on introducing XML and itscgtigins that are

commonly used with learning object technologies.

Learning object metadata and some metadata standardisatiots @ife introduced in
chapter 5. Chapter 6 consists of a critical overview of learmbpects and their
applicability for learning content production. Some existing learmiagerial repositories
and information resources that are usable for learning content pmdacé reviewed in

chapter 7.

In chapter 8 an application is tested for creating reusabl@ngacontent that is described
by standardised metadata. Furthermore, one structured methodologyeb course
content production is considered. Chapter 9 consists of conclusions sdules concerned

in this thesis.



2 On learning and instruction

Many theories define learning, but no single leaning definisouniversally accepted by
theorists, researchers, and practitioners. Learning can be dedimethavioural change or
change in the capacity for behaviour. It involves a changed capadightve in a given

fashion, i.e., becoming capable of doing something differently. Legrig also the

acquisition of knowledge and skills, the formation of mental strustamed the processing
of information and beliefs. (Schunk, 2000)

2.1 Learning theories

Behaviorism, cognitivism and constructivism — that is one way toacterrse and divide
learning theories, both historically and conceptually. Modern understandinguman
learning no longer states that learning is simply the tran$lenowledge from a teacher to
students, or simplifies learning as “repeating a new behavatdrn until it becomes
automatic”, as is the case in the operant conditioning theorywvbgthavioral psychology.
To understand the historical aspects of different theories of tgarmicomputer aided
instruction, as well as their importance today, a short revielebéviorism, cognitivism
and constructivism is introduced in this chapter. This summary idyni@sted on Dale H.

Schunk’s book on learning theories (Schunk, 2000).

Behaviorism rose in the beginning of the™2@entury. The theory of behaviorism
concentrates on the study of behaviours that can be observed and theRsig®an
psychologist lvan Pavlov’'s (1849-1936) contribution to the theory ofilegmas his well
known work on classical conditioning, remembered by the famous experonetbgs
salivating at the sight of the attendant bringing them food. JohdaBson (1878-1958) is
generally considered the founder of modern behaviorism. He belieseBaviov’'s model
could be extended to explain diverse forms of learning and persookétacteristics.
Watson believed that people are born capable of displaying justetim@ens: love, fear,
and rage. All other human behaviour is established through stimulus-resissos&tions
through conditioning.



Operant conditioning theory, formulated by B.F Skinner (1904-1990), is lasdte
assumption that features of the environment (stimuli, situations, gwemt®e as cues for
responding. Reinforcement strengthens responses (behaviour) andesdiess future
possibility of occurring, whereas punishing consequences dedseds&iour when the
stimuli are present. Operant principles have been applied to aspegts of teaching and

learning, e.g., simulations and programmed instruction.
Skinner believed that instruction is most effective when:
(a) Teachers present the material in small steps.
(b) Learners actively respond than passively listen.
(c) Teachers give feedback immediately following learners’ resgmson
(d) Learners move through the material at their own pace.

Basically, according to behavioristic principles human behaviours aocrtgsponse to
external factors and stimulating these factors changes thmalplity of the desired
response to occur in the future. Behavioristic methods are most useégetitive tasks
that require rapid actions to be taken when necessary. They emgedther-centered and
content driven, forcing learners into a passive role, merelgnlisg to lectures and

following instructions.

Teaching methods that concentrate on repeating and memorising intdifadisado not
necessarily help learners to achieve a deeper understandingngfdigeissue, nor do they
help learners to transfer their skills to other contexts. Fanpbe memorising formulas of
physics without understanding the symbols in them probably does not hégaither to
apply the formulas to real problems. However, behavioristic methadde succesfully
applied to some parts of teaching process, e.g., for introducingecoantent, as long as

the drawbacks of behaviorism in education are realised.

Behavioral theories dominated the psychology of learning for tse Half of the 20
century. However, as early as in the 1920’s the limitationshefliehavioral learning
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theory became obvious. Jean Piaget (1896-1980) was one of the mostninguattiars in
developing cognitivism, in which learning is seen as acquisition of letge and
cognitive structures due to information processing. As Schunk (2000), statgstive
theorists claimed that the operant conditioning theory, ignoring hyenteesses, offers an
incomplete account of human learning. As opposed to behaviorism, the knowledge
acquisition in cognitivism is measured by what learners know, ragssarily what they

do.

Social cognitive theory, developed by Albert Bandura (1925-) statepdabple learn from
their social environments. Human functioning is seen as a sdri@sitaal interactions
among personal factors, behaviours, and environmental events. Social viogniti
interprets learning as an information processing activity in wkimowledge is cognitively
represented as symbolic representations serving as guides ifor. dearning occurs
enactively through actual performances and indirectly by observing snaadellistening to
instructions. (Schunk, 2000)

Cognitivistic learning theories often state that learnemguiae knowledge into their
existing mental structures by actively processing new infoamaiffhis means that new
information and learners’ prior knowledge should overlap for a meaningéwhing
experience to occur. Cognitive methods are most useful when theisabtm gain
understanding on the whole subject instead of merely rememberingseparate facts or
behaviour models. Basically teaching should always be based on $gonevious
knowledge and the teacher should activate learners’ existing Imgmtasentations on the
subject by some means.

Constructivism, based on cognitive psychology and social psychologys stadé
individual learner must actively build knowledge and skills; peopdeaative learners and
must construct knowledge for themselves. The basic distinction v@pséy mentioned
theories is that while behaviourists view knowledge as somethingadpaens in response
to external factors (stimulus-response associations), and stgjeitview knowledge as
abstract symbolic representations of reality inside the |éarhead, constructivists view

knowledge as constructed internally by each individual. This meanknihatedge cannot
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be transferred from one person to another intact, since each individyssstheir own

knowledge to fit their personal frame of reference. In constrgatiygroblem solving and

authentic situations are considered important factors of a meaniegfolng experience.

Socio-constructivist theory, or social constructivism, is basieallgxtension of the above

mentioned constructivist idea, stating also that meaningful constiuoficknowledge

occurs when the learner interacts with other learners. (Schunk, 2000)

According to constructivist principles of learning, learners ntalst an active role in the

learning process and construct new knowledge themselves ®vaahnieaningful ‘deep

learning’ experiences. Teacher’s role is mainly to supporkniog/ledge creation process.

Constructivistic methods are most useful in complex and unique leagaaly and

activities, but they do often require advanced learning skills fttermearners. Applying

constructive methods to teaching also aims to help learnersogethair learning skills,

I.e., their capability to independently maintain and develop theiegsainal capabilities

without formal training. One should also remember that constructjfer example, is not

one single theory but rather an umbrella of several constructivist theories.

To clarify the basic distinctions between these three theosied their practical

applications, some example methods that are used for teachingerdiffekills are

presented in Table 1.

Theory Application Description

Behaviorism Drill and Learning through repetitive exercises is a commc
practise, used way of teaching skills that require physical act
simulation to be taken in a very short period of time in respons

external factors, e.g., accidents (fire service persof
or hostile attacks (armed forces).

Dnly
ons
eto

nel)
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Cognitivism Real-life basedNew information is based on learners’ previpus
problem knowledge. Learners also actively participate in |the
solving learning process by applying new information into
meaningful problems, instead of just passively listening

to instructions or lectures.

Constructivism Case analysisBasically the same as in cognitivism, but learners take
and resolutior) larger responsibility of their own learning ahd
(groupwork) | externalise their knowledge by some means. Actiyely
processing information and creating new knowledge,
possibly together with other learners, is considered the
most efficient way to learn new skills in (cognitively)

complex environments and tasks.

Table 1. Learning theories and applications.

However, these three main theories of learning overlap each otherexaonple,
behaviorism and constructivism, despite their obvious differences, shoulik remen as
two opposite theories that have nothing in common. Both theories tryplairexhe
learning experience and share some of the elements that abke wghen organizing
teaching and learning activities. In fact, Ertmer and Nevll®®3) suggest that teaching
strategy should be chosen according to learner’s previous experietive subject and the
level of cognitive processing required by the task (see FigurErom this point of view
the teacher can choose a suitable teaching strategy fravad#ble practical applications

of the different learning theories.

After decades of learning research and the influence of cogrpsyehology to this
research, educational psychologists and training designers devetopdel for the
systematic design of instruction, instructional design (Hakkinen, )200#s model is

shortly reviewed in the next section.
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Figure 1. Comparison of different instruction stigies (Ertmer & Newby, 1993).

2.2 Instructional Design

According to Gagne (1985), combining various kinds of learning outcomethanays
of analysing learning requirements in a rational and systemanner, it is possible to
describe a total set of ideas that constituteeary of instructionApplying these ideas into
plans for instructional materials is call@tstructional design(ID). Instructional system
development (ISD) combines instructional design theories with compofievase and

networks.

Gagne (1985) states that instructional design generally requioesajor questions to be

answered as basis for (instructional) design procedures:
1. What kinds of capabilities are to be learned?

2. What kinds of stimulation external to the learner will begipsrt the internal

processing necessary for learning?

14



After the learning outcome is identified, the instructional desigpecifies the external
conditions of learning and sequences them in a series of eveenstige general name of

instruction.
Gagne’s idea of instructional design can be divided into the following steps (Gagne, 1985)

1. Analyse the domain knowledge into a hierarchy of atoms, whichthez a small

piece of knowledge or a simple combination of previously specified atoms.

2. Sequence the instructional atoms so that a combination atom #&ugbt until its

components have been taught.

3. Design an instructional approach for each atom in the sequence. ddedye is
often divided into three phases: task analysis, selection of inetrattimethod,
and evaluation. Task analysis identifies the factors (e.g., studemist
knowledge) that need to be taken into account when the instructional mathods
selected. Finally, the instructional atoms are tested and dewisang, e.g.,
empirical methods to evaluate effectiveness, acceptabilityfeasiility of use of

the instructional package.

Gagne’s theory of instructional design is closely related Kimr®r's idea on how to
organise instruction effectively. Teaching content is organisednstaictional sequences,
and learners proceed through prescribed sequences. If the learniegtcis clearly
specified (e.g., a well-defined task in a factory), ID methads effective. Basically,
instructional design is a set of methods, materials and assd#ssam@ed at promoting
competence in defined outcomes. Traditional ID methods and models hawve be
considered to be externally directed and content driven. However, nasvédalearning
content, as well as the learning goals and activities, can ke apriiplex and unique. In

such cases the problems of traditional ID methods become obvious. (Hakkinen 2002)

Tennyson (1994) stated that the (traditional) ID models are ofteideabistic and the 1D
practise should be seen as a dialogue between available sohrbrise definition and

refinement of instructional goals. In this sense instructionalgdesi neither as a top-
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down, objectives driven activity, nor as a bottom up, opportunistic agctibt a

combination of the two.

Current notions on learning have challenged instructional design caidideDifferent
conceptions of teaching and learning have, however, lead to differarg ereinstruction.
According to Hakkinen (2002), constructivism emphasises authentic pradsémmg,
while according to elaboration theory instruction should be organizettieasing order
of complexity for optimal learning. Hakkinen points out that the maioblpm of
instructional design has been its isolation from other fields afhiteg, learning and
technology. Instructional designers have not been very open to menatites; they have
not reassessed the basic foundations or assumptions of the ID models.oBae.g., the
constructivist philosophy of learning, instruction should support the construof
knowledge rather than just communicate information, as is ofteratieei traditional 1D

models.

Since the main concept of this thesis, i.e., the learning object model, has been ddwglope
instructional designers, possible drawbacks due to the traditid@ siiduld be considered
when analysing the models of learning object design and developnuavever, as Wiley
(2000, 2003) states, instructional design theory, or instructionalgéstguidelines, and
criteria for their application, must play a large role in tppligation of learning objects
technology if it is to succeed. Wiley refers to the fact thatigh many organizations and
committees promote discussion around the technology standardsangdessupport
learning object-based instruction, or about their financial opportunities, thebeéaa little
conversation around the instructional design implications of learning tebj€arrent
learning object approaches also frequently contradict recezdrodson learning, although

they harmonise well with 1980’s learning research.
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3 Learning objects

The term ‘learning object’ was introduced into the field of instometl technology around
1994. The main idea was that educational resources could be broken intcarmodul
components, which could later on be combined by instructors, learmersgvantually
computers into larger structures that would support learning. Bettaaisearning objects
would be in the digital form, they could be simultaneously used and rauskiflerent

learning contexts. (Gibbons et al., 2000)

3.1 Definitions

The building blocks of the new learning technology are callechilegirobjects. They are
the elements of a new type of computer-based instruction groundeel abject-oriented
paradigm of computer science (Wiley, 2000). The idea is that tesaahd instructional
designers can build learning objects that are deliverable ln@éntiernet and can be reused

a number of times in different contexts.

As Szyperski (1998) states, the terms ‘component’ and ‘object’ aten afised
interchangeably within the field of computer science. However, #reynot the same
concept. According to Szyperski, the characteristic propertigsafivare) components

are:

* A component is a unit of independent deployment that is well segdrata its

environment and other components.
e A component is a unit of third-party composition.
* A component has no persistent state.
Likewise, the characteristic properties of (software) objects aggpéBski, 1998):
* An object is a unit of instantiation; it has a unique identity.

* An object has state, which can be persistent.

17



* An object encapsulates its state and behaviour.

It could be said that a software component is a reusable adsataofinit of third-party
composition and constructed from objects. According to Szyperski (1998),as®ftw
objects are instances of classes, which themselves atedrbla (traditional) inheritance.
Exceptions to Szyperski's object definition are object-orietaeduages that do not use
classes, for example Self (Ungar & Smith, 1987) and Kevo (Taaa|sE096). From the
software engineering perspective, a more suitable descripti@n‘earning object’ would

be a ‘learning component’.

Reigeluth and Nelson (1997) suggested that “when teachers first agagss to
instructional materials, they often break the materials downti@m constituent parts.
They then reassemble these parts in ways that supportritieidual instructional goals”.
In Wiley’s (2000) opinion this initial step of decomposition could be bgpadsf the
instructors received instructional resources, learning objectsydagdual components.
This would potentially increase the speed and efficiency of onkaening material
development.

To achieve widespread use of learning object technology, manyisatjans have
developed and promoted instructional technology standards. Without such standards,
universities, corporations, and other organisations would have no wayswingsthe
interoperability of their instructional technologies, specificallgarning objects.
Standardisation of learning object metadata is discussed in chapter 5.

IEEE Learning Technology Standards Committee’s (LTSC) dedmitif a learning object
states (IEEE, 2002): “A learning object is defined as anyyewligital or non-digital, that
may be used for learning, education or training.” This definition has beticised (Wiley,

2000) for being too broad, since by this definition any entity thaeheasexisted (person,
historical event etc.) is a learning object. Another definitipMbley (2000) of a learning
object is “any digital resource that can be reused to supportirigar This definition

narrows LTSC’s definition to contain only digitally deliverable #@s$i. Sjunnesson (2003)
defines learning object as “the smallest part supporting leaninira digital system of

learning resources.” This definition specifies the learning olgecan atom of a larger
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system, making the features of learning resource managemengésigd thore important.

On the other hand, the Educational Object Economy Foundation (EOE, 2003) defines
learning object as an ‘educational Java object’, more preasédhlva applet available on

the web. It seems that there exists as many definitions learaing object as there are
authors and organisations trying to employ this concept.

3.2 Goals behind LO research

Wiley (2002) mentions two main goals behind learning objects research:
* To improve the economics of online instruction.
* To enable pedagogical innovation.

Many people are interested in reusability and learning objectaibe they seem to offer a
solution to the teacher bandwidth problem (reusability.org, 2003). ‘Teacher bandwalth’ is
term describing the number of students a teacher can servibés Behse teachers can be
seen as bottlenecks that limit the number of students who can gass doceducational
opportunity. Current LO research projects have somewhat differems$ idew learning
object repositories are to be used to support learning. One dasifi introduces three

main categories of LO research (reusability.org, 2003):

1. Automation: intelligent computer program replaces teachettjrgezourse content
automatically from a learning object repository.

2. By-hand: teachers find and use learning objects to create course content.

3. By-community: informal learning that takes place in sogialgs without a formal

teacher.

The first approach tries to overcome the teacher bandwidth problereplacing the
teacher with an intelligent computer program, an intelligent agent that atitally selects
and sequences learning objects for students. One purpose of ths IEB¥E project

(IEEE, 2002) is “to enable computer agents to automatically andrdyaldy compose

19



personalised lessons for an individual learner”. Other organisationsnigeanshe area of
automatical composition of learning material are, e.g., ADL/BNIO

(http://www.adlnet.org/) and IMS (http://imsproject.org/).

The second approach leaves the responsibility for combining and creainmg objects
to teachers and instructors. Presently this seems to be theealstic way to approach
the creation and reuse of learning objects, since there seemstodomsensus, e.g., on
explicitly specified learning object metadata, which is aessity for creating intelligent

tutoring systems.

On the other hand, fully automated instructional systems have belkshy variticised.
Based on, e.g., the constructive paradigm of learning the constructiewdowledge is
the most efficient way of acquiring new knowledge and, moreovandes must construct
new knowledge for themselves, since knowledge cannot be transfemed fperson (or
computer) to the learner intact. Modern learning theories emphasise the aotgarning,
such as ‘social context’ or ‘situatedness’. According to W{2§03) the instructional
design behind learning objects is increasingly moving towards detoalisation. This is
true because of an inversely proportional relationship between thefsizlearning object
and its potential reuse. This means that the less specificténeal context of the learning
object, the more instructional contexts it will fit in, thus havingreater potential for
reuse. However, a simple sequencing of highly decontextualisedtiedataesources, i.e.
learning objects, does not produce a meaningful context for learning.|ddds to

discussion of suitable granularity of learning objects.

The third category is the informal, ‘by-community’-style l@ag that takes place in
diverse social groups, collaborating to reuse existing resourceulliiple ways. This
approach is out of the scope of this thesis. Furthermore, one ptsdiy learning
material creation is a situation where teacher and leaoteaperatively create learning
content from existing resources, e.g., learning objects. Thiasigally a combination of

the ‘by-hand’ and ‘by-community’ categories.
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3.3 Granularity of learning objects

When creating learning objects, at least two important desigressare inevitable:
granularity and combination. Learning object granularity referbecsize of the learning
object, while combination refers to the manner in which the leaobjegts are assembled
to facilitate instruction (Wiley, 2000). As mentioned in the previouptemawhen creating
teaching material teachers tend to break the source msaitdaain into their constituent
parts, finally reassembling these parts in ways that supportititvidual instructional
goals. This description captures one of the basic notions behind thimdeabjects idea:
‘pre-deconstruct’ instructional media to increase the effigieot instructional design
(Gibbons et al., 2000).

The size of a learning object varies depending on severalrda&.g., the purpose and
context of the learning object. Many organisations have releasachmendations on the
granularity of learning objects; the smallest learning dljetng, e.g., just a digital image
and the largest a whole set of courses leading to a cedificat definitions give different
meanings to the size of the learning object; IEEE Learninghd@ogy Standards
Committee’s (IEEE, 2002) definition can basically mean anything frdigital image to a
whole course (talking about digital resources only), while the AaerSociety for
Training & Development (ASTD, http://www.astd.com) defines a |egrobject as “a
collection of reusable information objects, overview, summary, andsssents that
supports a specific learning objective”, making the learning bejaity a relatively large

piece of information.

Several learning object metadata specifications give ingtngcton how to express the
granularity in the metadata section of the learning objechitiefi. Both the IMS and
LOM specifications have an ‘aggregation level’ element in theitacata element set that
defines the functional granularity of the learning object. In théViL§pecification the
aggregation level 1 object is a piece of raw media, e.g.,taldigage or some text. Level
2 objects are collections of level 1 learning objects, e.g.,sarlesevel 3 objects are sets
of level 2 objects, e.g., courses, and finally level 4 objects ameedefe.g., as a set of
courses leading to a certificate (IEEE, 2002, IMS, 2001c).
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It is probably safe to say that there is no standard sizeléaraing object. This is, in fact,
quite obvious, since there is not even a standard definition of whatranggabject

actually is. Furthermore, the ‘learning object’ paradigm issthasn the object-oriented
paradigm of computer science. In object-oriented design the granwiaatyobject can be
anything from a small domain-independent function (i.e., a generip@uent) to a large
domain-specific component (e.g., a database). It seems thatathdagity of a learning
object depends on the context and the purpose it is used for. However, nehgngc
reusable components for teaching purposes, there has to be some waeta daitable

granularity framework recommendation to be used within the orgemmsahere learning

objects are created and used.

The amount of information in a learning object is a two-fold maBasically, the object
should have a meaningful purpose to be used independently, but the contexblgéthe
should not be too large if the learning object is to be used with lethieting objects in
different contexts. As Wiley (2003) mentions, content developers tendve towards
decontextualisation when creating learning objects to achievepbtghtial for reusability,
but highly decontextualised learning objects do not necessarily pravideaningful
context for learning. Modern learning theories state that learneed to fit new
information to their existing frame of reference to achiéwe‘tleep learning’ experience.
Rich context helps learners make these necessary links bateswanformation and their
existing knowledge. For the learner to be able to benefit froom#terial the context has

to be organised in a meaningful way.

3.4 Pedagogy of learning objects

Most learning object standards define the type of the learnsogiree based on, e.g., the
teaching approach or pedagogical paradigm mainly used withireéneing object. For
example, in the Celebrate metadata specification (Celel@2@®8) the learning object’s
‘Educational Learning Resource Type’ element can be definedas.gn assessment, drill
and practise, exploration, and information resource. One or more vatube salected for
each learning object. Similar elements can be found in LOM (JEBB2), IMS (IMS,
2001b) and SCORM (ADL, 2001) metadata specifications.
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However, the amount and quantity of pedagogy included in a learningt abjeot a self-
explanatory thing. It is widely accepted that ‘drilling’ typetinstional materials can be
used to train routines in well-defined scenarios (simulation$, étot they do not work
well when teaching issues that require complex information priages&ccording to
present understanding on human learning, when teaching complex assupsoblems a
more advanced, e.g., a problem-based approach would work bettetradhional ID
design methods are even said to lead to surface learning thtrerdeep learning
(Hakkinen, 2002). If traditional ID methods (e.g., drill and practise)raegrated tightly
to a learning resource, it may become unusable in different ¢sntdere some other
teaching philosophy would be more suitable. It has even been saitietiraing design
and reusability are incompatible” (Downes, 2003). This means tletrifing components
contain information about their relations to other resources on tieeHmas they are to be

sequenced later on, those components become unusable in different contexts.

However, for example the IMS Learning Design (IMS LD) sfegiion tries to solve this
problem by separating the learning design and content (IMS, 2008e).IMS LD
specification provides a language for expressing different pegsgty be used within
learning objects. Basically the IMS LD is an integration g Educational Modelling
Language (EML) work, developed by the Open University of the Netis, and several
existing IMS specifications. The purpose of the specification Bnetk as: “the
development of a framework that supports pedagogical diversity and tromwanhile

promoting the exchange and interoperability of e-learning materidds, 2003c).

According to Bannan-Ritland et al. (2001), to incorporate constructpriaciples, a
learning objects system must also be able to support learneatgeheartefacts by
incorporating learner contributions. This means that the learningtetghould also be
dynamic while they are used in VLE, so the learners can co-oyadyadr individually

create new knowledge and attach it to the existing teaching material.

Friesen (2003) has stated that pedagogy as a whole is not sanibthi can simply be
understood as neutral in its relation to technology or technical Ea¢icihs. Developers

and designers will have to recognise and choose relevant (abébprodiffering)
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pedagogical solutions when creating learning objects, or riskgpgdal irrelevance. In
my opinion also pedagogically neutral instructional resourcesudtabke to be used and
reused, as long as the teacher or instructor compiling the teaabiivity from the
resources has the abilities to choose and implement a relevargogedh approach,
according to the level of learners’ previous task knowledge and tieé d& cognitive
processing required by the task (see Figure 1). Teachingtiasthave been organised for
decades, or even centuries from ‘pedagogically neutral’ sourcesfaymation, long
before discussions of learning objects and standards. However, iostrotaterial as
described in ADL’s (Advanced Distributed Learning) Sharable @oridbject Reference
Model (SCORM) Version 1.2 that “will adapt itself to the unique dseeabilities,
background, interests and cognitive style of each learner” (ADL, 2001) does ndbseem
a very realistic approach by means of existing technologaations supporting content
creation and e-learning platforms. This kind of automatically adapéarning material

was also the main target of Friesen’s criticism.
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4 XML — Extensible Markup Language

Most learning object approaches use XML (Extensible Markup Lanyjd@geescribing
learning objects and the corresponding metadata. Therefore, inh#psec some main
concepts of XML are introduced. More practical approaches on use bf ¥kMexample
describing learning object metadata using XML syntax, aredotred in the following
chapters.

Ever since the invention of the printing press, writers have mads antenanuscripts to
instruct the printers on production issues, e.g., typesets. A aafledftnotes that conform
to a defined syntax and grammar can be called a markup lan@i@geuter applications,
to be interoperable, need to use a common markup language (Birbeck et al., 2001).

XML was designed as a universal markup language for datacharege between
applications. XML was developed by an XML Working Group in 1996. Thetlafetated
XML specification was published by W3C in October 2000 (W3C, 2000). oo to
Birbeck et al. (2001), some of the the design goals for XML were:

» Extensibility and separation of semantics and presentationXML provides a
basic syntax but does not define the actual tags; the tagrsbedreely extended.
Furthermore, the XML syntax says nothing about the actual prasenttthe
XML data.

* Simplicity and internalisation. XML data can be used for computer-to-computer
messages, as well as for human readable documents. Also, XML documasnts
use any of the world’s different alphabets, scripts, and writing systemsfined in
the Unicode 3.0 (http://www.unicode.org/) and ISO/IEC 10646 (http://www.is0.ch

standards.

» Usable over the Internet.XML, being a text format, can be easily transmitted over
the Internet using the basic WWW-protocols such as HTTP or HTTRSe is
also a version of HTML represented in an XML-compatible ferrSHTML 1.0
(http://mwww.w3.org/TR/xhtml1/).

25



4.1 Syntax

The XML syntax closely resembles the syntax of HTML documemis,there is an
important difference between these two markup languages: HTMtrildes data and
presentation, while XML only describes data and says nothing aboutetbentation. Data
that conforms to the XML 1.0 REC Specification (W3C, 2000) is knowwedisformed
Data is well formed XML if, e.g., (Birbeck et al., 2001):

* All start-tags have matching end-tags, or are empty elem&ais example:
<data>This is text</data> and<data/>

* Element tags do not overlap. This is forbiddedata>This is text<name>More

text</data></name>

* Characters used for markup are properly escaped. Five charécte, &, *, %)
have special meaning in XML mark-up. For example, the correity eaference
for < is &lt;

» Elements form a hierarchical tree with a single root node. @méyroot node can

exist in a single XML document.

An example of a well-formed and valid XML document containing infoionatibout

students is presented in Example 1.

<?xml version="1.0" encoding="is0-8859-1"7>
<IDOCTYPE students SYSTEM "students.dtd">
<students>
<student>
<name>Olli Opiskelija</name>
<studyline>Computer Science</studyline>
<starting_year>2000</starting_year>
</student>

<student>
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<name>Maija Meikalainen</name>

<studyline>Sociology</studyline>

<starting_year>1999</starting_year>
</student>

</students>

Example 1. XML document containing information abstwdents.

The first line is theXML declaration which is optional in XML documents. However, it is
best to always include an XML declaration in an XML document @ikbet al., 2001).
The XML declaration identifies the data as XML and states the XMsimerand encoding
that are used within the document. The second line iDdwment Type Declaration
stating that the document is to be validated using the given [@Md@ument Type
Definition). The third line is the root node of the document that contains all data elements.

4.2 DTD — Document Type Definition

DTD (Document Type Definition) is a set of rules on how XMLadstiould be structured.
A DTD can be incorporated within XML data, or it can exist agparate document. An
XML document that conforms to the XML 1.0 REC Specification {s&vell formed and
also complies with syntax, structural, and other rules as definadTD, is calledvalid
XML data.

Separating the XML data description to a DTD allows all appbos using the data share
a single description of the data, known as XML vocabulary A group of XML
documents that share a common XML vocabulary is knowndag@ament typeand each
individual document that conforms to a document typedeaiment instanc@Birbeck et
al., 2001). A DTD for the XML file about students in Example 1 is@nted in Example
2.
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<IELEMENT students (student*)>

<IELEMENT student (name, studyline, starting_year)>
<IELEMENT name (#PCDATA)>

<IELEMENT studyline (#PCDATA)>

<IELEMENT starting_year (#PCDATA)>

Example 2. DTD for student data.

The DTD states that the root element of the XML documentusgésits’ and it can contain
multiple ‘student’ elements. Each ‘student’ element has thresnesits: ‘name’,

‘studyline’, and ‘starting_year’. The content of these elements musktoalteata.

4.3 XML Schema

In addition to DTD, another way to define the structure of XML daenisis to use XML
Schema. Unlike DTDs, the XML Schema uses XML 1.0 syntax and cadibed with
generic XML tools. With XML Schema it is possible to defin®IX data descriptions
more accurately than by using DTDs. For example, XML Schefoavsalthe use of
common data types (e.g., value="decimal”) and precise spatifn of element structures
(e.g., a certain element can appear 1 to 7 times).

An XML document that is validated against an XML Schema isliglifferent than the

previous XML document. For example, the beginning of such document could be:

<?xml version="1.0" encoding="is0-8859-1"?>
<students xmins:xsi="http://www.w3.0rg/2001/XMLSche ma-instance"

xsi:noNamespaceSchemalocation="students.xsd">

In this example the second line of the document states thap#usic XML document is

to be validated against an XML Schema file named ‘students.xsd’.
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An XML Schema for the XML file about students in Example 1 is presented in Eg&npl

<?xml version="1.0" encoding="1S0O-8859-1" ?>
<xs:schema xmins:xs="http://www.w3.0rg/2001/XMLSche ma">
<xs:.element name="name" type="xs:string"/>
<xs:element name="studyline" type="xs:string"/>
<xs:element name="starting_year" type="xs:gYear"/>
<xs:element name="student">
<xs:complexType>
<xs:sequence>
<xs:element ref="name"/>
<xs:element ref="studyline"/>
<xs:element ref="starting_year"/>
</xs.sequence>
</xs:complexType>
</xs:element>
<xs:element name="students">
<xs:complexType>
<xs:sequence>
<xs:element ref="student" maxOccurs="unbounded"/ >
</xs:sequence>
</xs:complexType>
</xs:element>

</xs:schema>

Example 3. XML Schema for student data.

In this XML Schema document the data type of the elementitggayear’ is defined as
gYear meaning that the element content has to be presented using tjoei&realendar
year. Otherwise this XML Schema is corresponding to the DTD given in the Example
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If the number of students attending a class should for some reasestieted to 15-30,
the corresponding way to express this within the previous XML Sahantxample 3

would be:
<xs:element ref="student" minOccurs="15" maxOccurs= "30"/>

The benefit of using XML Schemas instead of DTDs is that tr@yide much more
control over the content of a document instance. This means, for exahgil controlling
the element content can be left for the XML parser insteadritihg the actual control
code into an application. This should reduce the possibility of errors whesating

complicated software applications that use XML for data storage and intgecha

4.4 XML Namespaces

When XML documents are created and used together with other XML @otsiwith a
shared vocabulary, there is a possibility of element name collidietvgeen different
documents. For example, just about any XML data could contain an eleraerd
<name> or <title>. As Birbeck et al. (2001) state: “XML NsBpaces provides a
compound name syntax that extends the definition of XML 1.0 names to dhsitire
unique names can be generated for shared vocabularies”. BasidallyNamespaces is
nothing more than a named collection of names. A practical examplee use of XML

namespaces with RDF is introduced in section 5.2.

4.5 XHTML

XHTML (http://www.w3.0org/TR/xhtml1/) is an abbreviation for Ertsble HyperText
Markup Language. The XHTML 1.0 implementation obeys all of thengrar rules of
XML, while conforming to the vocabulary of HTML (Birbeck et al., 2000)3C XHTML
1.0 recommendation (W3C, 2002) mentions some of the benefits for using XHTML.:

e XHTML documents are XML conforming. As such, they are readilyweid
edited, and validated with standard XML tools.
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XHTML documents can be written to operate as well or better ttinay did before
in existing HTML-conforming user agents as well as in new, XHTMO

conforming user agents.

 XHTML documents can utilise applications (e.g., scripts and applets) thatpen
either the HTML Document Object Model or the XML Document ©bjdodel,
DOM (http://lwww.w3.0rg/TR/REC-DOM-Level-1/).

Definitions of strictly conforming XHTML 1.0 documents can be foundthia W3C
XHTML 1.0 recommendation (W3C, 2002). An example of an XHTML 1.0 docurisent
presented in Example 5.

4.6 XPath and XSLT

The XML Path Language (XPath) is a querying language thated to address specific
parts of an XML data objects as nodes within the document treeXfPhath handles XML

data as paths within an abstract hierarchical tree structuredess (Birbeck et al., 2001).
XPath allows selected or filtered information from the sourcd_Xfdta or document to be
exchanged or displayed, making it a very important factor in déachange between

computers or applications.

In practise, the most important use of XPath at present tisinwKSLT (Extensible
Stylesheet Language Transformations), whether in transfammafi XML to HTML or
transformation of one form of XML to another (Birbeck et al., 2001). X&La& language

for specifying transformations of XML documents.

For example, the path to an individual student's name in Examples 1 i
/students/student/nameand there can be several ‘student’ elements within the XML
document. Therefore, the application needs to loop through all ‘studeméretie to be
able to extract every student’'s name from the document. XRptRssions for extracting

this information are presented in Example 4.
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To extract some information from the XML document in Example dntther format, for
example to an HTML file, an XSLT stylesheet is createdhiithe stylesheet in Example

4, XPath expressions are used to extract wanted information from the source document

<?xml version="1.0" encoding="is0-8859-1"?>

<xsl:stylesheet xmlns:xsl="http://www.w3.0rg/1999/X SL/Transform"
version="1.0">

<xsl:output method="xml" indent="yes" encoding="iso -8859-1" doctype-
public="-//W3C//DTD XHTML 1.0 Transitional//EN" doc type-
system="http://www.w3.0rg/TR/xhtmI1/DTD/transitiona l.dtd"/>

<xsl:template match="/">
<html>
<body>
<h2>Student names</h2>
<xsl:for-each select="students/student">
<h3><xsl:value-of select="name"/></h3>
</xsl:for-each>
</body>
</html>
</xsl:template>

</xsl:stylesheet>

Example 4. XSLT stylesheet.

The stylesheet goes through each ‘student’ element in the X®&arfd writes the content

of the ‘name’ element into the result document. The expressishtemplate
match="/">  sets the context node of the XPath expression as the documenthmot (t
parent of the ‘students’ element in the source XML document). Xregsiorcxsi:for-

each select="students/student"> loops through all ‘student’ elements that are
children of the ‘students’ element. Finally, the expressiersl:.value-of

select="name"/> extracts the content of the ‘name’ element from each ‘studttient.
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All other text, including the HTML markup elements, is written into the result datuase
they appear within the stylesheet.

XML can be transformed for presentation using an XSL Transfoomatiool, such as
Saxon (http://saxon.sourceforge.net), JAXP (http://java.sun.com/xml) Xerces

(http://xml.apache.org). An XHTML document that is created by ¥8hsformation from
the XML document in Example 1 using the XSLT stylesheet in Exadhpé presented in

Example 5.

<?xml version="1.0" encoding="is0-8859-1"?>

<IDOCTYPE html PUBLIC "-//W3C/DTD XHTML 1.0 Transi tional//EN"
"http://www.w3.0rg/TR/xhtml|1/DTD/transitional .dtd">

<htmlI>

<body>

<h2>Student names</h2>

<h3>0lli Opiskelija</h3>

<h3>Maija Meik&auml;l&auml;inen</h3>
</body>

</htm!>

Example 5. XHTML document.

The first two lines of the document in Example 5 identify the deniras XML data and,
more specifically, as XHTML 1.0 data.

Since the source XML document contains non-ascii charactéts), (the iso-8859-1
encoding is used in both the source document and the stylesheet. Thhae &L parser
transforming the data into XHTML knows how to handle these characters gimpéx the
character‘d” is encoded aS&auml;” within the XHTML document. This means that
most browsers are able to validly display the result XHTML document.
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XML syntax is not meant to be written by hand, but using a suitapfdication.
Traditionally, user-end applications for authoring XML documents baea significantly
expensive. However, for example JEdit (http://www.jedit.org/) feealy available, open
source application for text editing that provides possibilitiesdtnaing XML documents
with support for validating documents against a DTD. A more advaacddlso freely
available XML editor from Altova Corp., Authentic 2004
(http://www.xmlspy.com/products_doc.html), has a so-called WYSIW¥(&-snterface,
which hides the technical aspects of XML from the user. One fepagiplication for

creating XML-syntax for learning object metadata is tested in ch@pter
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5 Learning Object Metadata

Metadata is generally known as data about data, or information iabamumation. Usually
metadata is written in some markup language and stored iygimatadata is part of the
object) or externally (metadata is attached to the object).appeach to store metadata
externally is likely to be most practical for many non-texteaburces, and is increasingly
used for text as well, primarily to support easier maintenance and shamejaufata.

In the web design the W3C definition of metadata is: “metadateachine understandable
information about web resources or other things” (Berners-Lee, 199Misl sense the
‘machine understandable information’ is the main idea behind meta@da@ardisation
and usage. Although all digitally stored information is ‘machinelabke’, it certainly is
not ‘machine understandable’, since computers, unlike humans, don’t nséiketatins of
the context of the data they process without any specificutigins. Learning object
metadata is often expressed as systematic description ofingaobjects to enable
searching and administration. Standardisation of learning objeetdatatis discussed in

section 5.4.

In this thesis the focus is on machine understandable metatetifid of metadata has
to be well defined, i.e. it has well defined semantics and stejctar computers and
intelligent agent applications to be able to read the metadatap@werful way to define
this sort of metadata is the Resource Description Framework)(Ribich is discussed in
section 5.2. One way to utilise the RDF in practise is to leeDublin Core metadata

standard, which is introduced in section 5.1.

5.1 Dublin Core Metadata Standard

The Dublin Core Metadata Initiative (DCMI) is an organisatioonpoting interoperable
metadata standards and developing specialised metadata vocabtdaridescribing
resources that enable more intelligent information discovergmgstDCMI has produced
the Dublin Core metadata standard, which is a simple yet igeelement set for
describing a wide range of networked resources. (Dublin Core, 2003)
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The Dublin Core metadata standard can be described as a amgalhde for making
statements about resources. It consists of two classes of telengents (nouns) and
qualifiers (adjectives). These terms can be arranged inim@espattern of statements.
The Dublin Core basic element set consists of elements desctit® content (e.g., Title,
Description), intellectual property (e.g., Creator, Rights), antamtiation (e.g., Date,
Language). Each element is optional and may be repeated. ulii@ Bore Element Set
has been translated to many languages, including Finnish (Hillman, .2008%

information on the practical usage of the Dublin Core will be given in the neidrsect

5.2 Resource Description Framework - RDF

Resource Description Framework is a foundation for processingdatatand providing
interoperability between applications that exchange machine-tadgable information.
The basic RDF data model consists of three object types: cesaial things described by
RDF expressions), properties (aspects, characteristics, atrilmut relations used to
describe a resource), and statements (a specific resogetbdo with a named property
and the value of that property) (RDF Specification, 1999).

The basic structure of a RDF statement consists of three parts:
» the subject (resource, identified by URL)
» the predicate (attribute, e.g., the type of metadata)
» the object (value, e.g., the value of the metadata)

The RDF statement can be described as a diagram, as shown in Figure 2.

d ) ™ Attribute
( Resource }—» Value

Figure 2. RDF statement diagram.
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~ _-_“"*\ DC:Creator

\ Document 1 )—b Ollll Hokkanen
Y Vs

Figure 3. Dublin Core RDF statement.

For example, the data model for expressing that “Olli Hokkanerhes author of
Document_1" using the Dublin Core element set is illustrated igur& 3. The

corresponding syntactic way of expressing this data model is presenteahiplE6.

<?xml:namespace ns = "http://www.w3.0rg/RDF/RDF/" p refix ="RDF" ?>
<?xml:namespace ns = "http://purl.oclc.org/DC/" pre fix ="DC" ?>
<RDF:RDF>

<RDF:Description RDF:about = "http://uri-of-Docum ent_1">

<DC:Creator>0Olli Hokkanen</DC:Creator>
</RDF:Description>

</RDF:RDF>

Example 6. Dublin Core RDF statement.

The first two lines in Example 6 express that this staternees XML namespaces to
identify the use of the RDF and Dublin Core schemas. The RbBénsr is declared as a
mechanism for the declaration of the necessary vocabulary neededgfessing the data
model. The Dublin Core schema is declared in order to utilise thabutazy defined by

the Dublin Core metadata standard. The elemBMF:RDF>marks the boundaries in this
document where the content is explicitly intended to be mappablenRDF data model

instance.

Sjunnesson (2003) mentions four areas where RDF statements appedarnpor

educational area:

* Intelligent software agents finding relevant information.
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» Personal annotations of any learning resource.
» Collaborative and distributed authoring and course construction.
* Reuse of learning material.

Systematically and explicitly described metadata along weimmonly used and formally
defined vocabularies — ontologies — is bound to become an important isBuzreaition,

use, and maintenance of learning object repositories.

5.3 Ontologies

Ontologies have become common in the World Wide Web in recent yaarsntalogy
defines a common vocabulary for people who need to share informatmomain. It
includes also machine understandable definitions of basic conceptitms domain and
relations among them (Noy & McGuinness, 2001). Shah et al. (2002) defioet@ogy
as: “ontology is an explicit specification of a representatimoabbulary for a domain;
definitions of classes, relations, functions, constraints, and other sibjébe ontologies
on the web range from large taxonomies categorising web s(es.,
http://www.yahoo.com) to categorisations of products for sale and fereiures (e.qg.,
http://www.amazon.com). Noy and McGuinness (2001) list some of thensder

developing an ontology:

* To share common understanding of the structure of information amonge p@opl
software agents. For example, software agents can extracmaifon from
several different sites that share and publish the same undeolyiolpgy of the

used terms.

* To enable reuse of domain knowledge. Several existing ontologies can be

integrated to describe a special domain of interest.

* To make domain assumptions explicit. The domain assumptions can be easil

changed afterwards if the domain knowledge changes. Hard-codingtsons
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about the domain with some programming language makes theseptsssm

harder to find, change, and understand later on than by using a specified ontology.

* To analyse domain knowledge based on machine-interpretable definitiding of

domain concepts.

Learning object repositories, if they are to be interoperable féincket, have to be based
on a taxonomy that is widely accepted for defining educational ressu@ontrolled
vocabularies are often calléaxonomiegBirbeck et al., 2001).

To clarify the difference betweenvacabulary ataxonomy and anontology these terms

and their relations can be summarised as:
* A vocabulary is a commonly used set of terms.

* A taxonomy is a controlled vocabulary (Birbeck et al., 2001). Terrag@xonomy

are usually organised into a hierarchical structure.

* An ontology is a common vocabulary that also includes machine understandable
definitions of basic conceptions in a specific domain and relatioreh@ them
(Noy & McGuinness, 2001).

Basically, in the educational context ontology development meansatbgocisation of
educational materials and their relations so that they caffdumtively stored and used in
different contexts. At the present moment global (or even natiars&) of commonly
accepted keywords for describing learning objects and resouscestili under

development.

Several libraries of reusable ontologies are available on the fdfedample the DAML
ontology library (http://www.daml.org/ontologies/) and the Ontolingua ogtollibrary
(http://www.ksl.stanford.edu/software/ontolingua/). A number of publielyailable
commercial ontologies can also be used, for example the Rosettanet
(http://www.rosettanet.org), a consortium of several informatexhriology, electronic

components, and telecommunications companies. In education, ontology development al

39



means that the educational taxonomic ontologies have to mety¢heicommercial and

other kinds that may intervene with education (Sjunnesson, 2003).
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Figure 4. Original vision of the Semantic Web byigs-Lee (Shah et al., 2002).

Figure 4 illustrates the original idea of the SemantiebWhttp://www.w3.0rg/2001/sw/)
and relations between the concepts introduced in chapters 4 and 5. XMioltayies
provide the necessary means to declare and use simple dataestushich are stored as
machine-readable XML documents. Since XML is defined only asyh&acticlevel, RDF
and ontologies are used to define necessary fossrahnticsover the XML documents.
(Shah et al., 2002)

5.4 Learning object metadata standardisation

To achieve interoperability between different learning and negsi systems, the
standardisation of metadata elements describing the resouressdsd. Several standards
for describing learning object metadata have been developed througibocation
between the private and public sectors. One of the first attem@sndardise learning

object metadata descriptions is the LOM standard.

541 LOM

The IEEE Learning Technology Standards Committee (LTSC) has dmestoping the
Learning Object Metadata (http://ltsc.ieee.org/wgl2/) standace 4997. LOM defines a

set of metadata elements that can be used to describe deaesiources. The LOM
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standard has also been translated to Finnish by TIEKE (Finnishmiation Society
Development Centre, http://www.tieke.fi/). The IEEE LOM Drafar@tard is intended to
support consistent definition of metadata elements across miuttiplementations, but it
does not include information on how to represent metadata in a machdadle format,
which is a necessity for exchanging metadata (IMS, 2001a).

The LOM standard focuses on the minimal set of attributes needatotv learning
objects to be managed, located, and evaluated. The basic fields apdypetit of the
standard can be extended, and the fields can have a status of opljigatst be present)
or optional (can be absent). Relevant attributes of learning olpebts described include
type of object, author, owner, terms of distribution, and format. Whppdicable,
Learning Object Metadata may also include pedagogicabutts such as; teaching or
interaction style, grade level, mastery level, and prereqsisithe standard does not
determine how these features are implemented. Some aims loDMeproject are, e.g.,
(IEEE, 2002):

* To enable learners or instructors to search, evaluate, acquirejtiise learning
objects, and to enable the sharing and exchange of learning olgjexts any

technology supported learning systems.

* To enable the development of learning objects in units that can be cdnaride
decomposed in meaningful ways and to enable computer agents to @&alynat

and dynamically compose personalized lessons for an individual learner.

* To enable a strong and growing economy for learning objects that ts@mor

sustains all forms of distribution: non-profit, not-for-profit and for profit.

* To enable education, training, and learning organisations, both goverpuielit,
and private, to express educational content and performance standasds in
standardised format that is independent of the content itself.

» To define a standard that is simple yet extensible to multiolemains and

jurisdictions so as to be most easily and broadly adopted and appliénl suport
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necessary security and authentication for the distribution and useawrfing

objects.

LOM has been the starting point for several other learningcolsgandards for more

defined purposes, for example the CELEBRATE and IMS definitions.

5.4.2 CELEBRATE

CELEBRATE (Context eLearning with Broadband Technologies) iggelacale (€5m),
30 month (June 2002 - November 2004) project supported by the European Commission’s
IST (Information Society Technologies) Programme (Celebr2®®3). The Celebrate
project involves 500 schools across Europe and 22 partner organisation2d peseers
in the project include European Ministries of Education along with uriiles;s
educational publishers (e.g., SanomaWSQY), and technology suppliers suShna
Microsystems all over Europe. The project’s aim is to provide ssheith access to an
online content repository that includes the ability to share learmibgcts and
‘components’ (‘components’ meaning multimedia assets on Celebratels pages;

information objects elsewhere in this thesis) that can be used to creategednjects.

It is intended that Celebrate will act as a catalyst lier European elLearning content
industry (the entire value-chain including content owners, publishecaddsisters,
national school networks and ICT platform vendors). The Celebratecprdgals with
several research issues, which will be tested during the prBmcexample, one aim of
the project is to explore how the learning object methodology can be applied taedlcat
activities and services as well as learning materiallebCae is also going to investigate
how learning objects can be handled by a ‘new generation’ of Lea@ogent
Management Systems (LCMS) from different vendors and to hiesinteroperability of
these systems in a real-life demonstrator. (Celebrate, 2003)

The Celebrate project web pages state the aims of the page¢CELEBRATE will
particularly analyse the extent to which new, more flexibtené of content development
and distribution (based on reusable LOs) impact upon the learning pevzkssipport a
new pedagogy for elLearning in schools based on constructivist leamoadgls. In
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particular, the project will assess how the use of LOs encauthgedevelopment of key
digital age skills such as collaborative working, creativity, migitiplinarity,

adaptiveness, intercultural communication and problem-solving.” (Celebrate, 2003)

One dimension of the project is to create a metadata defintidre tused within the
Celebrate project. This Celebrate Metadata Application Prafdééines mandatory,
recommended, and optional elements of LOM Data Model and exteloglsiefining new

elements and new vocabularies for Celebrate project. Theselpavents are ‘Learning
Principles’ and ‘CELEBRATE Digital Rights’. New vocabularieave been defined for
‘Learning Resource Type’, ‘Intended End User Role’ and ‘Context*Hducational’

category and some refinements have been made to ‘Language’spalee and ‘Typical

Age Range’ value space.

These research issues are definitely crucial to the whataihg objects issue if it is to
succeed. There are already some learning objects availableevi@elebrate web pages
(http://celebrate.eun.org), most of which are multimedia apmitatimplemented with
Macromedia Flash technology (http://www.macromedia.com/softiask/j. In the year
2004 the Celebrate project is going to open a portal for submittangitg objects into a
repository and creating suitable metadata for them. Some resultexperiences of the
Celebrate project are to be published in the year 2004.

543 IMS

The IMS Global Learning Consortium (http://www.imsglobal.org) depglopen technical
specifications for interoperable learning technology. IMS spatibns are available to the
public at no charge, and no fee is required to implement the spéoifis. IMS is a
worldwide non-profit organisation that includes more than 50 memberseveny sector
of the global e-learning community. They include, e.g., hardware andaseftvendors,
educational institutions, publishers, government agencies, systemgatoteg and

multimedia content providers.

IMS has contributed to the learning object metadata standa@wdisatovement by

developing descriptions and guides on how to represent metadata inaktbow to
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implement learning object repositories. IMS has also published taxoanchyocabulary

lists to be used with LOM metadata descriptions. IMS previouséased a document

describing a short list of LOM metadata elements (cahedMS Core) that was hoped to

simplify meta-data implementation. However, the IMS Core spatifin did not meet its

expectations, so IMS has dropped all references to the IMS ee#ication from present
standards. (IMS, 2001a)

The IMS Learning Resource Meta Data XML Binding specificati@scribes how the

IEEE LOM element set (with some IMS related extensionsg¢psesented in XML. The

root elemenklom> contains following elements (IMS, 2001b):

<general> General information about the learning object.

<lifecycle> Features related to the history and current state of thisirigar

object and those who have affected this learning object during its evolution.
<metametadata> Information about the metadata instance itself.

<technical> The technical requirements and characteristics of the learning

object.

<educational> Conditions of educational use of the resource.

<rights>  Conditions of use of the resource.

<relation> Features of the resource in relationship to other learning objects.

<annotation> Comments on the educational use of the learning object, for

example suggestions and comments on instructional methods.

<classification> Characteristic of the resource by entries in classifications.

An illustration of the usage &fgeneral> -elementis shown in Figure 5.
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Figure 5. IMS Learning Resource Meta-Data XML Binglkgeneral>-element
description (IMS, 2001a).
In Figure 5 all elements tagged with a question mark (etgle> , <aggregation
level> ) can appear once or not at all inside {lgeneral> element. Elements tagged

with an asterisk character can appear several times or not at all.

The XML-syntax describing a course using the IMS Learningp®eg Meta Data XML

Binding specification is presented in Example 7. In this example<temeral>-

element contains only sub-elemesttle> | <description> , and<keyword>.
<general>
<title>
<langstring xml:lang="en">Introduction to Java< /langstring>
<ftitle>

<description>

<langstring xml:lang="en">Introductory course t 0 Java and object-
oriented programming </langstring>

</description>
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<keyword>
<langstring xml:lang="en">java</langstring>
</keyword>

</general>

Example 7. IMS XML Binding example.

The<langstring>  -element along with theml:lang  attribute declares the language
used inside the element. Naturally, the IMS XML Binding is noamheo be written by
hand, but by using some metadata application. The usage of an open agmplication
(ReLoad) to create an IMS Content Package (IMS, 2003b) is discussed in section 7.2.

One valuable source of information about learning object standaraspadially the IMS
specifications is CETIS (The Centre for Educational InteroplsabBtandards,
http://cetis.ac.uk/), which is an organisation advising UniversitiesGolleges in the UK
about the strategic, technical, and pedagogic implications of ecl@htiechnology
standards. CETIS also manages UK implementation groups examiningehef IMS
specifications, and promotes discussion on practical implementatioreduzfational

technology approaches and standards.
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6 Thoughts on learning objects

In this chapter an example scenario that shows why leaohjegts have become an issue
of interest within the field of learning technology is introduced. Tnenularity and
pedagogy of learning objects are also discussed. Furthermasetd tlarify different

definitions for learning objects.

6.1 Learning objects in practise

To summarise the situation why the talk about learning objectsrhesyed, the following

three imaginary cases represent my understanding of the psésetion. These cases
illustrate a scenario in which the learning object approach couldséé to benefit the

teachers and learners alike.

A teacher’s objective is to create material for a coursghtain classroom, VLE (virtual
learning environment), or a combination of these. If suitable mhtam@ot be found
straight away (e.g., a book meant to be used to teach the issugather usually has to
create the materials he or she is going to use throughout th&ecdu comprehensive
schools and similar institutions just one specific book to teach sssoe (along with
ready made instruction material for the teacher) is ofted,usut this is seldom the case at
university level. Of course, at comprehensive schools teachers moduce and exploit

material in addition to the ‘official’ books and materials.

Case 1. Traditionally, when using VLEs or when creating normasiam teaching
material, the teacher or instructor gathers information froie wariety of resources
(books, internet etc.), chops the information to usable sized components (lessoadd=tc.),
pedagogy to these components, and, finally, constructs the actuah¢eatterials to be
delivered to the learners. The main problem behind this approdicatisvery teacher or
instructor has to do the same information gathering, chopping and trectunsng process
individually, and the end result (e.g., lesson notes or materidid k) is usually not
reusable by other teachers or instructors. Therefore, some roaangké this process more
effective would be extremely useful for organisations and indivédirakhe educational

sector.
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Case 2. As mentioned before in this paper, the vision behind learningsolgettte
learning object repository where a large number of well-dedignd pedagogically sound
learning objects can be found and reused in several contexts. Teadhstructor would
simply make a search in this repository for suitable learabjgcts and transfer them to
the new environment (classroom or VLE). Even software agents coulskldeo construct
digitally deliverable courses if the metadata within the objattthe repository contains
sufficient information about the relations of the learning objedtso individual learners
could use this repository and software agents to search fornganaterial according to
their needs. This approach has been widely criticised to be tooisiatias mentioned in
section 3.2.

Case 3. It seems, based on the issues mentioned above, that theatistist approach for
university level education would be to create an information objefdrihation object
meaning a learning object without strictly defined pedagogigsdsitory rather than a
learning object repository. This means that the objects in thesitepy contain
information in a suitable format that can be used to teach somethiong with the
necessary metadata in a structured format so queries candeetanihe objects database
and possible relations between objects can be expressed. Howeverpedagogical
issues are to be taken care of by the teacher or instruatgrthese instructional objects.
Pedagogy as a whole can be a too complicated issue to be edprds@cally in a
reasonable amount of time. Furthermore, a competent teacher arctmstshould be
capable of applying a suitable teaching approach in differenexisnwithout detailed

instructions on how to use a certain instructional media, e.g., a learning object.

For example, the teacher chooses suitable resources from @& $edrning objects
concerning the subject at hand. Then she or he sequences them inirrgfukway and
adds a suitable pedagogical approach, according to the contextsafbjbeet, the level of
learners’ previous knowledge, and the level of required cognitive.skiks pedagogical
approach could be a groupwork, small research based on the matesame suitable
teaching method used in a classroom etc. The teacher could also add additienalsna
support the usage of existing learning objects, maybe even oeatkearning objects in
the repository to be used later on.
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The sequencing of the learning objects most likely requires sessméling in a sense
that in reality the learning objects can not be attached togettieut any extra effort, for
example binding the objects together into a meaningful entity adlthtional textual
contribution. Learning material very commonly contains textualreefees to previous
subjects to help learners realise connections between differecs {epy., “As mentioned

in the previous chapter, ...”). If learning objects are meant to beassiedlividual entities,
these textual references naturally should not exist in the atgelft(e.g., “As mentioned

in <name_of another_LO3Y. This affects considerably the way that information can be
presented in a learning object if it is to be automaticaljpuerced to be used in several

contexts.

At first, sequencing and modifying learning objects by hand sd¢enhe an ineffective
solution compared to a fully automated system where learning obgdts be chosen and
sequenced based on certain criteria (e.g., “artificial igegice”). The teacher has to
evaluate the quality and suitability of the learning objects amét #ibout how to use them
in the best way to support teaching. Basically, the teachertchgsocess the data,
internalise the content, and assemble the actual teachingahdtewever, during this
process the teacher probably gets a deeper understanding of énmlnagid it's quality
than if he or she would just be receiving and using a ready madsecsitcture without
any personal commitment. Personally, | would not want to atterattaré where the
lecturer sees the teaching materials (slides etc.) fdirdtg¢ime at the lecture, or attend a
course in a VLE where the material is automatically extaind sequenced by a computer
program and the teacher’s role is reduced to an administrator kiflgisof automated
instruction, which was the ideal form of efficient education oftfasses according to the
learning conceptions of the 70’s, does not fit well into modern understaofihuman

learning.

Using computerised systems for automatic generation of leacongent from, e.g.,

learner contributions or databases and exploiting the results asdisefor co-operative
work in a VLE can be a very motivating and rewarding way tdifatg instruction for the

learners and teachers alike. However, trying to replace teachethegonocess of teaching
with technical substitutes available at the present moment is not likelyaeeslic
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6.2 Practical granularity and pedagogy of learmmhbppcts

As mentioned in section 3.3, learning object granularity (i.e. tleeddia learning object)
is a complicated issue and depends on several factors. In additt@missues mentioned
before, | would also point out that the concept of a learning objeatelass suitable size
and amount of metadata, is probably different depending on the author egtescsuch
entities. A teacher with limited resources and computer skiisginly does not want to fill
in dozens of elements defined in various metadata specificationestwilsk learning
content, or create massive teaching entities with simulatants assessments when
creating teaching material (lectures etc.). Likewissulgject specialist group developing
reusable digitally deliverable learning components in a lasgale has the resources to
make use of all the definitions, which should help the use of theseunces in
sophisticated environments. Perhaps it is best to try to find theaocepts of the content
and use them as the basis for individual learning objects, expandingizéheand
complexity of each learning object according to available ressumainly time reserved

for implementation).

Furthermore, in my opinion, it is not a necessity to include ipeor restrictive
pedagogical instructions (e.g., assessments, tests) in antpaotject, since this
considerably restricts the choice of the pedagogical paradigm tsdzk in instruction.
However, as mentioned in section 3.4, technically simple applicationsaafern
educational theories (e.g., activating questions and real lifel ippsblems) do probably
not restrict the usage of a learning object in different contdémtsgrated simulations,
assessments, or multiple-choice questions, on the other hand, could eleetsability
potential if they cannot easily be departed from the learningtibjeeeded. Altogether, it
is probably best to separate pedagogical approaches fromttiz iaéormation content

when designing and creating learning objects.

The IMS Learning Design specification (IMS, 2003c), which triesdparate learning
design and content, eventually turning the pedagogical design intoableegemponent,
tries to realise the issue. However, the IMS LD specificatas the other specifications

dealing with Learning Objects, is quite a complex specification, seeomtools and
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applications are required before a non-technical person can implémeeXiML-syntax

defining a specific IMS Learning Design element.

As mentioned in section 3.4, Bannan-Ritland et al. (2001) have statetbthatorporate

constructivist principles, a learning objects system should be tabfipport learner-
generated artefacts by attaching learner contributions toingaobjects. However, if the
learning objects are used in a virtual learning environmentdeaontributions could as
well be attached to the VLE’s database instead of the actualrig objects. Of course the
contributions can later on be transformed to new learning objects, if needed:tisepttas

means that learning objects do not have to be dynamic in relati@arteer-generated
artefacts. In my opinion learning objects should rather be seeanw other source of

information that can be imported into a VLE or other medium supporting learning.

6.3 LO, RLO or RIO?

In this thesis the discussion is about learning objects (LO). Howeher reusable
components of instruction have several definitions and several namesamikeacronym
(e.g., LO) can have several different meanings according tauther, or different terms

can mean the same concept.

ASTD’s (American Society for Training & Development) onlindearning magazine
(ASTD, 2003) defines a reusable information object (RIO) asofkeation of content,
practice, and assessment items assembled around a single learningeolf}¢Ot are built
from templates based on whether the goal is to communicatecept, fact, process,
principle, or procedure.” Likewise, a reusable learning object (RisOdefined as “a
collection of RIOs, overview, summary, and assessments that supEpéific learning
objective.” In ASTD’s definition a reusable learning object large piece of information,
implemented to support a specific learning objective and concluded fmathes objects,

RIOs. And, to make things even more complicated, a reusable infonmabject,

according to ASTD, is a collection of content, practise, and amsessitems. This
definition of a RIO is considerably wider than for example W&egr Sjunnesson’s

definitions of a learning object (Wiley, 2000, Sjunnesson, 2003). FurthermorIGhe
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definition, being a collection of a concept, fact, and a process,léaaapplication of the
traditional instructional design method developed by Gagne. As meniiosedtion 2.2,

the problems of traditional ID methods and models become obvious in complex and unique
learning goals and activities (Hakkinen 2002). For example, assetssthat are used to

test and ensure that skills have been acquired, do not necessakilywell with complex

information contexts.

For clarity’s sake | have chosen to focus my discussion in thig ttee¢earning objects
defined as a (digitally deliverable) reusable atom of instructh®TD’s concept of a
learning object is too large to be reused in several contex¢swise, narrowing the
concept of a LO to cover all digital entities (e.g., images\Vdey (2000) has stated does
not fit well into the concepts of modularity, separation of content amdext, and
reusability borrowed from object-oriented software design. Aaligiage is just a digital

image, no matter what definition it is given to.
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7 Learning material repositories

The main idea behind learning object design and research is thefidekearning object
repository, a renewing source of information that contains reusablgoc@mts (learning
objects) for creating teaching and learning materials, festuvhole courses etc. Two
different views on how a learning object repository could be creatddmaintained are
commercial (for-profit) and free (non-profit) approach. In the cemwml approach so
called ‘subject experts’ get paid for creating materialtfigr repository, and the access to
using the repository is restricted only for paying customerstutistis etc. The driving
power behind this approach is to create a growing economy baske@ramg objects,
where structured and standardised information chunks, learning olwexik] be the

goods delivered for paying customers as in any other economy.

The other approach is the ‘open source’ way of creating new kdgeud-ach participant
using the repository could contribute new learning objects for theiteqyoand the access
to learning object is free, available to anyone. Naturally, combimsabetween these two
approaches have been developed, for example, the repository could bechoogssside

organisation’s intranet.

A considerably different approach is to use peer-to-peer technadogseate, store and
maintain learning objects. One such approach is the POOL (http:/Adusplash.net)
project (Portal for Online Objects for Learning), which is fuhdy Canada’s Research
and Innovation Network. Hatala and Richards (2002) state the beokfitser-to-peer
approach as: “for learning objects this means that individualuttsts, if provided with
the standard metadata and communication protocol, can develop and stoneatbanls
so that others may directly search and access their publeriatst or become aware of
semi-public materials which the individual may wish to negotiatesicleration for use.
Individuals may also store private materials that are uni@dselopment, or are not

intended for mass consumption”.
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7.1 Existing learning material repositories

In this chapter two freely available teaching and learningena collections or

repositories available on the web are reviewed. These colleatmmsist of metadata
describing the content while the actual material is stored orsah&e web server or
somewhere else on the web. Usually the metadata descriptions provess to complete
courses or lectures, not to ‘reusable learning objects’. Basioadlgt existing repositories
on the web are a collection of sophisticated links to teachingimess, e.g., lecture slides,
not to actual learning objects within the repository. Thesailegmaterial collections are
evaluated here on the basis of reusability (copyright issuege ysatential etc.). For a
more detailed survey of learning object repositories see, e.gye(N& Duval, 2002).

Digital libraries that have become one of the main sources ofmiation for learning

content creation are also discussed.

7.1.1 Merlot

MERLOT (Multimedia Educational Resource for Learning and Onlineaching,
http://www.merlot.org) is a collection of learning materialsigeed primarily for faculty
and students of higher education. Access to materials is open batatinly members of
the Merlot community can add their own materials in the collecembership to the

Merlot project is free of charge.

Merlot project conducts structured peer reviews of all mateffde purpose of the peer
review process is to allow users decide if the matewdlswork on their courses. This
naturally helps other people when they are browsing for usableriadatvithin the
repository. Each review is conducted by at least two higher edodatulty members.
Reviews are divided in three dimensions: quality of content, potezftedtiveness, and

ease of use.
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Figure 6. Merlot project (http://www.merlot.org).

When submitting material the author submits a web form describingdterial. Required
information is the title of the material, the content URL, tgpenaterial, and at least one
subject category. Subject categories are based on the Lidr&gngress classification
system used by most higher education libraries in the U.S. Optidoaination includes
e.g., material description, target audience, author information, and ta@chmiarmation.
Merlot projects also uses the LOM metadata descriptions.

Merlot repository holds only metadata describing the materihls; actual teaching
materials are stored elsewhere on the web. Therefore, ttleingaresources described
within Merlot project have been implemented with a wide varietiedfinologies. Merlot

does not define the format of the teaching materials, neitherntdessrict the pedagogical
usage of the resources.

Compared to normal search engines, Merlot makes it possibéatchsonly for teaching
materials that have been reviewed by other users, not jushebywuthors. Currently
(September 2003) there are more than 9000 materials available threwigi, khore than
1000 peer reviews, and more than 15000 people have joined the community.
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From the reusability point of view the resources that can be fouadghmerlot are not
very reusable in the sense that the materials are spreakrlthe web and the licensing
regulations or costs involved with use have to be checked individudlyy avith the
quality and “trustworthiness” of materials. A teacher can alilikao these resources, but

it's not (usually) allowed to modify and store them on some other web server.

7.1.2 MIT OpenCourseWare

MIT (Massachusetts Institute of Technology) OCW (OpenCourseWamject

(http://ocw.mit.edu/) is a large-scale publishing project targéiededucators, students,
and self-learners around the world. OCW is a publication of MITseonraterials and it is
freely available to anyone. Access to OCW does not requiragegistration. Currently,

material from 500 MIT graduate and undergraduate courses is available on the OCW.
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Figure 7. MIT OpenCourseWare pages (http://ocwetit/).

Materials on the OCW pages are grouped by MIT academic tdegges and the course
subjects vary from anthropology to nuclear science. The ‘AdvancadiB®ption makes

it possible to search for words or phrases found in metadata pdestrields (e.g.,
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keywords) or the course sections (e.g., exams or study ngteAbong with the MIT
Libraries the MIT OCW has developed a set of metadata to erahleate searches across
course content materials. Each course is structured intorsed¢g.g., syllabus, readings,

assignments, lecture videos). Materials are mostly available in htmdH-dormat.

Unlike in the Merlot repository approach, the materials found on O@/ffeely available
for non-commercial use with no charge. On the OCW pages the us®tefials is
described as: “course materials offered on the MIT OCW Webnsity be used, copied,
distributed, translated, and modified, but only for non-commercial edudapanaoses
that are made freely available to other users under the ®ame defined by the MIT
OCW legal notice.” More precisely, materials on OCW areribigted under the Creative

Commons licence terms (see http://creativecommons.org/licensesdayin@/).

As Wiley (2002) puts it, “MIT obviously recognises that the instnis primary value is
not in it's content as much as it is in the social interactibias it facilitates.” In my
opinion this approach on free access to information and emphasis ohaspaats of
learning shows that the assumptions of socio-cultural theory onrgafsee chapter 1)
have been accepted even at the organisational level of MIT. Indhse ghe course
materials is just a subset of the MIT education and web is sabstitute for the whole

academic education experience.

From the learning object point of view the materials on the pagesiot divided into
actual learning objects that are individually described by metadat reusable in different
contexts. Rather, in OCW every course itself is a learninigyedescribed by metadata,
and divided into subsections (e.qg., lectures). When thinking about modifyimgatieeials
for the purpose of building a new course, the materials havedopied and pasted as any
traditional source of information. However, the quality and quantitthef materials is
substantial, and the possibility to freely modify and redistrithgentaterials should make
the OCW a very interesting source of information for many pewogking at higher
educational sector. At this point this seems to be by far tigedasource of approved

higher education teaching materials. Since all resourcexcrally used in MIT education
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and created exclusively by members of the MIT Faculty, thestitrorthiness’ of the

teaching materials on OCW should be widely approved.

7.2 Repository technologies

When learning material is assembled into a repository, a suitdbleological solution for
maintaining repository content and necessary functionality ha$etochosen and
implemented. One specification for implementing a repository is provided by IMS

7.2.1 Digital repositories interoperability — IMS specification

The IMS Global Learning Consortium has released a specificadiocerning the creation
of learning object repositories, the IMS interoperability speatifin
(http://www.imsglobal.org/digitalrepositories). The purpose of the iBpaton is to
provide recommendations for the interoperation of the most commontoegdainctions.
IMS specification defines digital repositories as being “@enliection of resources that are
accessible via a network without prior knowledge of the structuteeoddllection”. These
repositories may hold the actual learning objects or only met#uatalescribe learning
objects. Learning objects within such repositories are desigmethetet other IMS
specifications (see section 5.4.3).

IMS Core Functions Information Model (IMS, 2003) defines, e.g., functiachitacture
design, along with use cases, for most common repository functionstdléseare defined
as creator, learner, infoseeker, and agent. Repository functions irelgde, learner or an
agent searching for material, a creator submitting and modisnsting material, and an
agent searching for metadata from multiple repositories and pojuitiown repository
with the new metadata. The IMS interoperability recommendatinatia complete formal
technical specification on how to create a learning object repgsiather it tries to define
some issues that should be considered when thinking about using leabjgats in
multiple repositories.

58



7.2.2 Norwegian education portal

The Norwegian ministry of education and research has establisheduaation portal

(http://www.utdanning.no) as part of the Norwegian learning net foedueation sector.
One aim of the project is better reuse and sharing of learniegtebjrhe portal provides
functionalities for searching resources through a common inteufsing a web browser.
For this purpose the portal has to index the resources from diff@smirce providers,
and a common vocabulary and categorisation of resources had to bistestiab{Skar et
al., 2003)

Skar et al. (2003) mention some of the chosen technologies and reasons for choosing them:

* XML over HTTP is used as the transportation protocol. This solutiooresns
interoperability across content providers, and XML at the synthtad is likely

to stay technically supported in the future.

« The LOM standard (see section 5.4.1) was chosen to ensure consateahey
data/domain level. From the LOM standard only 21 element$eftdtal 90
elements were used to establish a minimalist but stilidlexframework for
describing resources. Emphasis was on elements for claseificof learning
resources, since they are used to categorise learning resmia navigational

structure.

* The portal and search interface was developed with IBM Websploeta Server
(http://www.ibm.com/websphere) and Verity K2 (http://www.verity.cpag the

search engine.

Similar national education portal initiatives that have exploited tOM standard have
previously been established in, e.g.,, Canada (http://www.cancoreazad) UK

(http://www.curriculumonline.gov.uk).
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7.3 Digital libraries supporting learning contenbguction

One of the main obstacles in creating teaching materialfisdaelevant and trustworthy
source for information on the subject in question. Traditionally the veag has been a
visit to a library where scientific publications, journals, and boaks lme borrowed and
used as information resources. Along with the traditional lisas®veral organisations
and consortiums have developed their own digitally deliverable infmmaources,
digital libraries. Quite commonly academic libraries have siliEstr to digitally
deliverable scientific journals instead of having all esseptialications available off-the-
shelf.

Scientific articles are also located outside the actual weinals, for example scientists
frequently post preprints of their articles on their own personal siels. The rapid
increase in the volume of scientific literature has led teaehers constantly fighting
information overload when searching for information. Staying up te dath recently
published literature - and actually finding relevant sources besoming increasingly

difficult, if not impossible. (Lawrence et al., 1999)

7.3.1 CiteSeer

CiteSeer, also known as Researchindex (http://citeseer.@rg/sdientific literature digital
library that aims to improve the dissemination and feedback of Hicelterature
available on the web. Typical web search engines have diffiaulh keeping up to date
and they currently do not index the contents of Postscript and PDRl{lgodocument
format) files. One approach to find relevant scientific papets use a citation index that
catalogues the citations that an article makes, linking the artittiethvé cited works. Many
citation indexes of scientific literature, however, depend heavilhuman preparation or
editing of the citation information. To make the extra editing reguénts unnecessary,
CiteSeer uses ACI (Autonomous Citation Index) to autonomously caeatation index
that can be used for literature search and evaluation. CiteSeks Wwyprdownloading
papers from the web and converting them to text. It then parseotiverted papers to
extract the citations and the context in which the citationsrerde in the body of the

paper and stores the parsed information in a database. (Lawrence et al., 1999)
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CiteSeer indexes Postscript and PDF research articles owetheand provides many
features to allow efficient citation indexing and searching fanatities, e.g., locating
related and similar documents, autonomous use of search enginesalidgcto locate

scientific papers on the web. Citation indexes can also be usettlteefated articles that

may not be found using keywords.

A quick search on CiteSeer with a phrase “learning object” gl\&&s hits to scientific
papers considering learning objects, although some hits referctimadearning research.
Compared to searching scientific publications via standard seagihes (e.g., Google),
CiteSeer gives much more accurate results, along with listhgsated publications and

citations.

7.3.2 Public Library of Science - PL0oS

Traditionally access to digital scientific libraries and jolsnmaquires paying subscription
fees that can sometimes be very high. Commonly universitarigs and different
organisations have paid these fees, so that their students and esplieyable to access
the journals. Individuals outside these organisations cannot easilyaga@ss to those
journals, and likewise the subscription fees can be too high feraewganisations that
could benefit from the information. However, recently some widely puielil attempts

have been made that may change the concept on access to isciafdiination

considerably.

Public Library of Science (http://www.plos.org) is a non-profit orgaton of scientists
and physicians committed to making the world's scientific and mlelitierature a freely
available public resource. PLoS focuses on publishing biological anccahedsearch
literature. PL0S Biology launched its first issue on October 2003, bqihnt and online,
and the PloS Medicine journal will follow in 2004. Access to alljals is free of charge
to anyone. It is assumed that unrestricted access to sciedéfis, methods, results, and
conclusions will speed the progress of science and medicine, andosdldimectly bring
the benefits of research to the public (PloS, 2003).
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All articles published in the PloS undergo a strict peer revievedlitorial as in any other
scientific publications. However, since publishing, reviewing, and eddntigles costs
money, in the PloS publishing is seen as an integral part of skaroh process, and an
subscription fee has to be paid for all published articles to coves theenses. Presently
the publication fee is $1500.

As is the case with the MIT OCW learning resources, aitlast within the PloS are
scientifically reliable, making it a valuable source for leagncontent creation. However,
currently the PloS covers only biological issues, and medicalegrtivill be published in

the year 2004.

7.4 Software Agents

Software agents can be used to support learning, or especially oneiginin, in several
ways, e.g., by notifying the learner of relevant learning conampossibly even by
allowing computer agents to “automatically and dynamically compuesonalized
lessons for an individual learner” (IEEE, 2003). Agents could alsoosufipe learning
content creation process by notifying an individual when, for examplag gesearch
related content appears in a digital library, or when a learoinjgct with certain

descriptions is submitted into a learning object repository.

Agent-oriented computing can be understood as a paradigm for softwameesimy, as
the object-oriented computing paradigm. Agent-oriented approachesme&e the
modelling, designing and building complex distributed software systasisr than other

software engineering approaches (Jennings, 1999).

Jennings (1999) has defined software agents as entities that havilltdvang

characteristics:

» Clearly identifiable problem solving entities with well-definbdundaries and

interfaces.
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» Situated (embedded) in a particular environment - they receive irglated to the
state of their environment through sensors and they act on therenent through
effectors.

» Designed to fulfil a specific purpose - they have particularabis (goals) to

achieve.

* Autonomous - they have control both over their internal state and ovewotei

behaviour.

» Capable of exhibiting flexible problem solving behaviour in pursuit af thesign
objectives - they need to be both reactive (able to respond in ky feséion to
changes that occur in their environment) and proactive (able to oppactihyist

adopt new goals).

The main difference between agents and objects in object-oriersigth dethat agents are
able to independently and autonomously adjust their behaviour, whereats abgpond to

a certain impulse. Moreover, when modelling large systemsatisral to modularise the
software components in terms of the objectives they achieve, insteadg., data or

objects they possess, as is often the custom practise in obgdedridesign (Jennings,
1999).

When designing and modelling complicated software systems, sohmégiees are needed
for tackling complexity in software. Jennings (1999) mentions threthods for tackling
software complexity and discusses the suitability of the ag@ented paradigm for those

techniques. These techniques are called decomposition, abstraction, and coganisati

* The most basic technique for tackling any large problem is tdealivinto smaller,
more manageable chunks that can be dealt with in relative @ylatie.,
decompose the problem. In complex systems, these chunks that eneatsita
own control have to deal with other chunks to fulfil their objectivswever, in
complex and distributed systems it is impossible to predictnatyse all the

possibilities for interactions between components at design-time. [&éads to
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conclusion that components need the ability to initiate and respontetadtions

in a flexible manner. Such components are more precisely software agents.

* The process of defining a simplified model of the system tmgihasises some of
the details or properties, while suppressing others, is calddiepn abstraction. In
Jennings’ opinion (1999) the most powerful abstractions in softwarendasiy
those that “minimise the semantic gap between the units of sssmdlyat are
intuitively used to conceptualise the problem and the constructs priesém
solution paradigm”. In complex systems these abstractions ngtocatespond to

agent metaphors.

« The process of identifying and managing interrelationships batwegious
problem-solving components is called organisation. In agent systemgitexpl
representations are made of organisational relationships andusgsuctn the
agent-oriented design the notion of a primitive component can vary augdadi
the needs of the observer, meaning that, e.g., entire sub-systeins ziewed as a
single entity, or alternatively teams or collections of ageats be viewed as
primitive components. Furthermore, such structures provide a variesyable
intermediate forms that are, in Jennings’ opinion, essential fod dgielopment
of complex systems. Basically this means that individual agentésganisational
groupings can be developed in relative isolation and then added irggstieen in

an incremental manner.

Agent-oriented approach offers interesting possibilities for Inglddistributed and
complex software systems, but it may not be the best choice tesduk for a more
conventional task where ‘intelligent’ and autonomous entities are ededeFurthermore,
software agents that support the learning process or theoreftearning materials in an
advanced way are yet to be seen.
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8 Case study for creating online course content

At the present moment learning objects are mainly a theoretinakpt; practical tools for
creating, storing, and using them are still to be developed. However, thateeady some
applications and methods that support the creation of reusable tpaomitent that is
described by metadata. In the next chapter one application rfogacrteating learning
content packages from existing material is tested. For the psrpbsgructured content

creation process one methodology, the topic-case approach, is considered and reviewe

8.1 Technologies for creating learning objects

To test an application meant for creating learning content ghalescribed by some
approved learning object metadata standard, the Reload applicatiarseehto create an
IMS content package consisting of materials taken from the ®ICW repository (see
section 7.1.2). Content packaging is the process of describing and ipackeayning

materials, such as an individual course or a collection of cquirsis interoperable,
distributable packages (Reload, 2003).

RelLoad is an open source content package and metadata editor deetltdpedolton
Institute, UK. The main purpose of the ReLoad application is to {eeaping content into
a single package and provide a suitable interface for metad=atioar The Reload
supports several learning object specifications, e.g., the ADL/SCQ@¥L, 2001) and
IMS metadata (IMS, 2001b) standards. The IMS Content Packagdicgiem (IMS,
2003b) defines a framework for describing and packaging learningriahateto
interoperable, distributable packages. In fact, a learning comaekbge, according to the
IMS Content Package specification, consists of physical fieeg., HTML and pdf
documents) and an XML document called the package manifest. The rmaaifsists of
metadata describing the content package, the hierarchy of {seews on the physical

files) called the organisation, and a sub-manifest section.

The RelLoad application can also be customised to accept diffeetatiata formats by
simply renaming and customising a pre-existing metadataipgisn file included in the
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application. This way RelLoad could be used for creating, e.gudae specific metadata
files.

According to the IMS Learning Design Specification (IMS, 2003c¥pacific ‘unit of
learning’ consists of an IMS content package along with instmgton the pedagogical
usage of the package, the IMS Learning Design element. IM8ning Design is
integrated with an IMS Content Package by including the ‘lear@sign’ element within

the ‘organisations’ element. This is one way to separate pegégmg content to achieve
better reusability.

8.1.1 Creating a content package

The source material (part of an MIT software engineermyse) consisted of two pdf-
documents that were imported into a content package using the RelLomatagpl For
the metadata declaration part the IMS metadata specifioasrused. The physical pdf-
documents were imported into the content package and their hierarstdeatared within

the organisation element. Figure 8 illustrates the main window of the ReLoachéppli
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Figure 8. ReLoad application.

66



After necessary information of the content package is declangctview of the result can
be viewed. ReLoad generates an HTML document of the content thae caewed in a

web browser. The result of the content package is shown in Figure 9.
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Figure 9. IMS Content Package made with Reloadicgmn.

Basically ReLoad creates a frame structure according to #rartiy that is defined
within the manifest document. Learning content management systethd/LEs that
support the IMS specifications have the necessary functionalitiesterpret this IMS-

specific content structure in a similar manner.

8.1.2 Content package metadata

RelLoad supports the creation of metadata with a specific feem Kigure 10). The IMS
specification does not define any of the metadata elemems@datory, so basically the
metadata could be just an empty metadata element tag. Tofscmurse, not the purpose
of the metadata section. To achieve interoperability some commatispranust be
established within an organisation creating content packages, concergngnandatory

67



metadata elements and some common vocabulary to be used within dadatametements

describing the content.

EMetadata - sw_design_patterns 5[
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HKeyword Design Patterns
Coverage
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Contribution
Role =] L
Import... Export... Cancel

Figure 10. Reload Metadata Form View.

After the metadata elements are declared the whole contedgeais ready to be saved,

Zipped, and imported to a learning object (or rather a content package) repository.

8.1.3 Incorporating learning objects to a virtual learning environment

After creating the IMS-specific content package with the Rdlagditor, the next step was
to import the content package to a virtual learning environment. UnivefsJyvaskyla
uses Optima (http://www.discendum.com), which is a VLE developed ntarfél by
Discendum Oy. However, Optima does not support importing IMS Contekadcinto
the system, so in this case the pdf-files have to be organisedwatfain Optima. The
manifest file, containing all metadata on the content package, iswndt of use within
Optima since Optima only opens the file in a browser but doeksawvet support for using
the metadata to support course creation. For the whole IMS Cont@giarto be a
useful technology, VLE producers need to add necessary functionatiy their

applications. However, the RelLoad editor and the necessary metagbd¢anentation
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seems to be a step into the direction of creating distributable alhdlefined learning

content.

8.2 The topic-case approach for creating courseeabn

The topic-case approach is an approach for capturing the necstesas for creating web
courses using a well-structured content-based development methaas Itoaimprove

existing methods for web course content design by applying softeageeering

metaphors to make the content implementation process more iteaativincrementive.
The whole process of creating learning material should alscab@rg-centric, instead of
organisation-centric (Hiltunen, Karkkainen, 2003). A somewhat similactsted process
for content management using the Rational Unified Process is iné@ddngMcintosh,

2000).

Eventually an application with suitable functionalities to supportwhele topic-case
implementation process should be developed. In the mean time, avédpétesource if
applicable) applications can be used to implement web course mageng the method.
The topic-case approach concentrates mostly on defining relainosg subject topics
and supporting the construction of web course material based on these tathier than
defining the metadata issues and the interoperability and ratysabilearning objects
discussed in this paper. The approach aims at actual impleiloentdta web course
structured by chunks of learning content that are defined by tep&sc The topic-cases
represent descriptions (i.e. metadata) and ‘user guide’ of theegotent areas (topics) of

the course subjects.

8.3 Topic-case development process phases

In general, the topic-case development process contains five phaslegobad study,
content design, pedagogical design, technical design, and iealiaad assessment. All
phases also allow incremental and iterative development of theougse, so the process
does not necessarily have to be done in a linear (e.g., watéaddlpn (see, e.g., Royce,
1987). Moreover, each phase should be supported by a suitable softwaratiappihat
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does not however restrict users’ actions considerably, i.e., it doé&sro®the user into an

explicitely designed way of creating course content.

8.3.1 Phase 1: Background study

The first phase of the topic-case process is the background stasigalB/ this means
answering the general questions (e.g., why to develop a web cbhavgd¢p use web or
VLE, time and resources) and, possibly, using the concept mapping tecfarigueating
a general view on contents of the course. Concept mapping is a gteshfor
‘brainstorming’, realising concepts and their relations by usiagwal notation. The user
chooses a topic of interest and recurses down into different aspdbie subject. The
difference to traditional techniques (e.g., linear writing) is inothe content but in the
presentation of the context. After the background study phase tH:ésisd the course
along with timetable and resource allocations should be realisédn@h, Karkkainen,
2003).

To apply the topic-case approach to actual teaching material, cdraantan existing
course on Virtual Learning Environments at University of Jyviaskiectured in spring
2003) was used. Therefore, the actual background study phase wasl tedgaphically
mapping the core concepts of the course. For concept mapping purpssesHreeMind
(http://freemind.sourceforge.net/), which is a free mind-mapping ioehded under GNU
Public License (see http://www.gnu.org/copyleft/gpl.html). The ugerface of Freemind
(see Figure 11) is very simple, it only takes a few minutésatm the basic functionalities

of the application.

Freemind stores mind-maps as XML documents, so it is relatasly to use the results in
other applications. An extraction of the XML-syntax of the mind-ntlaptrated in Figure
11 is given in Example 8.
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Figure 11. FreeMind mind-mapping tool.

<map>

<node TEXT="TIE346 - Virtuaaliset Oppimisympéaristot
<node TEXT="Oppiminen">

<node TEXT="Oppimiskasitykset">

<node TEXT="Materiaali" FOLDED="true">

<node TEXT="von Wright, Johan: Oppimiskasitysten hi
seurauksia, luvut 3 ja 5, Opetushallitus, 1992. "/>

</node>
<node TEXT="Pohdittavaa" FOLDED="true">

<node TEXT="Palauta mieleesi
yliopisto-opiskelujen ajalta. "/>

jokin hyva oppimiskoke

</node>

</node>
</node>
</node>

</map>

Example 8. Freemind XML mapping.
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For example, the child elements of the <map> node in Example & lsewdxtracted from
the document using XSL Transformations tools (see section 4.6) taHerskeletons for

individual topics that are refined later on.

The FreeMind tool does not quite fit into the concept of the topic-apgmach, since
nodes from different branches cannot be linked together. In facsthat the purpose of
FreeMind; FreeMind is meant for supporting cognitive information pedcgs by
producing tree-structural data. However, presently FreeMind is ainghe most
sophisticated freely available open source software applicatiahprovide graphical user

interface for mind mapping.

8.3.2 Phase 2: Content design

During the content design phase the basic content of the web coutesigeed and
documented. This phase is divided into two activities: describingpiestof a course on
a general level and finding relations between individual topicsvithehl topics in the
topic-case approach are documented using suitable forms thatecapt@ssary attributes
(i.e. title, description, learning objective) defining the content anelctifsgs of the topic.
Documenting a topic begins from initial descriptions defining the coneepts that were

realised during the ‘background study’—phase. The initial descriptions inclgde, e
* Name of the course
» Date and author
* Topic-case name
e Summary of the topic case
» Materials engaged with the topic
» Learning objectives

* Relations to other topic-cases
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The next step is to define relations between different topitshié point topics that are
very similar are merged into a single topic-case. Relati@tween different topic-cases
define the basic contentual hierarchy of the web course. Tteotstees that define these
relations indicate which topic-cases are pre-requisites li@r dbpics and should therefore
be implemented first. In the topic-case approach different tgmdstheir relations are
linked together by using qualifiers <<advances>> and <<require¥he qualifier
<<requires>> indicates what knowledge is required before taimetopic-case can be
accomplished properly, <<advances>> indicates the knowledge that wousdefioéto be
acquired, but is not compulsory for the following topic-case. Bagidak qualifiers
function as guidelines on how the topic-cases can be sequenceazhlaf@r example, the
concept ‘teaching’ requires concept ‘pedagogics’, and concept ‘pedagogiVLE’

advances the concept ‘pedagogics’.

8.3.3 Phase 3: Pedagogical design

Pedagogical design is often disregarded in web course désigigh teaching in a VLE
should be based on principles of human learning (Hiltunen & Karkkéainen, 2003). The
topic-case approach tries to ensure that a suitable pedagqpoaheh is used throughout
the web course by defining the pedagogical design as an individugh gdgse. In this
phase advisable teaching and learning activities, along with suitedsignments, are

declared.

The pedagogical design phase extends the topic-case form dredtedprevious phase

with the following attributes:
» Actor(s): involved in the topic-case (teachers and students)
» Description of activity in topic-case

* Pedagogical solutions in topic-case (advisable teaching amidnigaactions and

assessments)

Each topic-case can include more than one pedagogical solutiore#fsaeg. In this way,

e.g., different learners, learning situations, and learning environments can be slipporte
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8.3.4 Phase 4: Technical design

In the technical design phase the decisions concerning techssocals (e.g., software
platform, media, user interface) are made. However, the implatieenbf a web course
strongly depends on availability of resources and tools, so no detaledct decisions

are defined in the topic-case approach. Furthermore, the VLE platfiouse affects the
technical design phase considerably. Most VLE platforms enable imgponaterial, but

usually either in the platform’s own format, or in HTML. Howevéreusable chunks of
learning content (learning objects) become a popular way &ating learning material,
VLE producers are likely to add support for learning objects (&4, Content Packages,
see section 8.1) into their software products. The topic-case apgtoesmmot restrict the
choice of possible learning object standards (e.g., LOM, IMS) dbald be used for
describing the topic cases. Naturally, if an application usindojhie-case approach is to
be implemented, some existing standards and technologies should beteevand

exploited.

8.3.5 Phase 5: Realisation and assessment

The final implementation of the web course consists of completingntiadual topic-
cases using the chosen pedagogical and technical solutionsasBeessment means
reviewing and evaluating the whole process in every phase,llaasseviewing finished
topics and contents and their suitability for user, i.e. the techmealagogical, and

contentual skills required by the user.

The technical assessment is based on five usability argurhahtsah be used to evaluate
the technical functionality of the topic and the whole course corgistirtopics. The
assessment questions are, e.g., the easiness to learn to usle toense and pleasantness
and efficiency of using the course. The pedagogical assesssnmeant to ensure that all
topic-phases have a meaningful pedagogical solution that is temtsisth the underlying
pedagogical models for the web course. The contentual assessea s checking that all
selected topic-cases have been implemented properly and rela¢iovesen topics have

been defined correctly.
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8.4 Analysis

The topic-case approach should eventually be supported by an applitaticallows the
user to construct individual topics and define their relations usirgfisprms designed
for this purpose. Constructed topic-cases and their metadata shoulivatcally saved
to a web server, where other users could browse for existing @micsreate their own
topic-cases. Basically such an application is a flexible Bterfto a learning object
repository where learning content is maintained. The topic-cases fthat are used as the
basis for the construction of a web-course should also be autdiygtiedilled to allow

the user to bypass repetitive phases in the process.

In the topic-case approach, individual topic-cases can be realisediadual learning

objects described in this thesis. As the basis for the topicreatlata description fields,
some existing learning object metadata standard is a nataiakcsince by using existing
standards (see section 5.4) it is possible to benefit from emrpesiegained in other
repository initiatives, and more importantly, gain interoperabiith other repositories
(see, e.g., Skar et al., 2002). Existing learning object metatatdasds, e.g., the IMS
LOM specification (see section 5.4.3), cover all the topic-caserigéion fields mentioned
in the topic-case approach. For the pedagogical design phase, foplexd® IMS

Learning Design Specification (IMS, 2003c) offers possibilit@sdescribing educational

implementation of individual learning objects.

Perhaps the most natural way for constructing a learning olgpository is to use a
specific web server as the central storage space for leaobjegts and build all

functionality to the server end, allowing users to use a web br@agsan interface to the
repository (see, e.g., Skar et al., 2002). This significantly rechrokdems that are caused
by standalone software solutions, e.g., Java versions and computempederissues.

Existing freely available solutions for these purposes are, Agache Foundation’s

Cocoon project (http://cocoon.apache.org/), Zope (http://www.zope.org/), athoraFe
(http://www.fedora.info), which is an open source digital repository managesystem.
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9 Conclusions

Reusable learning objects as the basis for teaching matezation is still a developing
concept. Especially necessary tools for creating this kind oériahtare still to be
developed. Basically the learning content and metadata should bd stoa repository
using some markup language (e.g., XML) to achieve interoperaitity reusability.
Generating XML documents describing the content and metadata wsthitaitle tools is

definitely too complicated and laborious, even for technical experts.

It seems that the ‘e-Learning community’, which has been promataveral different
technological approaches meant to support learning throughout the hesaillectively
adapted the concept ‘learning object’ as the basis of future ngacointent production.
This is understandable, since the learning object concept seemattvacyive; using the
same content many times naturally helps to make the contemtioorgprocess more
effective than writing everything from the scratch. At the @nésnoment there are several
definitions and standards that can be used for describing learniegtlgnd their
metadata. If the LO concept is to succeed, it is likely tmdy a few of these definitions
survive. Based on the experience from other standardisation efforts stgpelards and
tools, if any, are going to be widely accepted within the legroisject movement in the

future.

Slogans like “write once, use everywhere” have often been nsegh content creation
processes promoting new ways to produce information. However, creating reusad cont
has in many cases turned out to be very expensive. Tools fangreantent using some
generic markup language are often expensive and difficult touseftivare engineering
the slogan has been twisted to “write once, debug everywhdastribing the difficulties
that software reuse has come across with different platfantisontexts. At the extreme,
learning objects are seen as pedagogically sound chunks of infornmbat can be
sequenced and reused without any significant personal effort, or eveeqbenced by

software agents to support learners’ individual goals and preferencéBE&£€2002).

However, according to modern conceptions of learning, knowledge cant@nbéerred

from human (or computer) to a person intact. Behind the learningtobgiaphor is an
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assumption that sequenced learning objects (learning packadadingctechnically
expressed pedagogy) contain ready-made knowledge that just odeddédlivered to the
learners who, after going through the pre-sequenced learning olgedtsnatically
achieve skills and knowledge as designed by the learning objéwirsuihis closely
resembles the programmed instruction of the 60’s, which did not function as planned.

If the concept ‘learning object’ is reduced to a piece ofrmédion along with necessary
metadata that is created and stored for some purpose (meaniagldehing object’ is
stripped of any pedagogical aspects and references to othersphectearly resembles
several other attempts to produce and reuse modular information atsatgpenal level.
For example, ‘content management’ and ‘knowledge managementotrsolive the
complexity of creating, storing and retrieving information éffitly and making the ‘tacit

knowledge’ transparent at organisational level (see, e.g., McIntosh, 2000).

As Hakkinen (2002) has stated, the main problem of instructional desggbe®a its
isolation from other fields of teaching, learning and technolbggddition to that | would
say that the problem with the learning object approach, being atsobsstructional
design technology, has been its isolation from other fields of contanagement and
creation, mainly business-oriented approaches. Instructional designeérgducational
researchers have come up with the concept of reusability and defirsed of new
concepts, but have not necessarily addressed the difficultiesetisatbility brings along
(see, e.g., Szyperski, 1998 & Friesen, 2003). Furthermore, pedagogyviasleais a
complicated issue, and combining it with the concept of reusabilikesnthings even
more complicated. Even though pedagogical issues have been considbimedhs LO
movement, it is not clear at this point how to combine technology adagpgy in a
meaningful way using learning objects. For example, it is gebea seen if the IMS
Learning Design Specification (IMS, 2003c), claiming to provide anége and flexible
language designed to enable many different pedagogies égpoessed”, is generic and

usable enough to be used for expressing pedagogies in different contexts.

Paradoxically, efficient use of learning objects supporting contegdtion requires a

learning object repository, a database where these objestsjbedel by metadata, are
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stored and retrieved from. The creation of such a repository esginat learning objects
can easily be created and stored into the repository with a sugplplication. If the

workload for creating a learning object exceeds significatiéy workload for creating
learning material as usual, it is unlikely that teachers evaude such an application.
Therefore the learning object should be a relatively simpleepaécinformation so an
application for creating such an entity could be easy to use. (@astt the application
should not force the user to do extensive amount of work when submitteayrang

object into a repository, for example to fill in dozens of mandatoeyadata description
fields. Otherwise the creation of these reusable learning ela¢etities, learning objects,
should be left for technical personnel and subject specialists. Baissthat compromises
have to be made in order to achieve an established practissatiborand use of learning

objects.

As a conclusion | would say that the concept of reusability shoubdb&shought of as
reshaping existing learning objects, or information objects, sotlieatearning object
repositories would function as valuable and trustworthy information esdar teachers
and learners in their individual goals. For example, the MIT OCujepr introduced in
this thesis is a good example of a valuable source of learnitegiahaThere is definitely
need for organisational, national, and global learning material repgesit These
repositories are managed by content management systems, andotifesction need to
exploit the technologies and common standards discussed in this thesisvef,

technology should support various forms of teaching and learning, not control them.
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