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Abstract. This paper proposes a framework for evaluatinggadlity, and
guidance in an Instructional Design (ID) ontologgvelopment. A systematic
search of the e-learning ontologies literature adaa key characteristics and
issues relating to the intended purposes of ID logtes. A synthesis of it
contributed to identifying the four crucial elementof Reusability,
Personalisation, Quality Assurance and Applicabivhich was identified as
relevant to the modelling, validation and executpyocesses of the ontology
development. The use of this framework would finstorm the development
of a quality ID ontology that would meet the needsboth learners and ID
authors and second, serve as a guide in evaludiffiegent ID ontologies.

1. Introduction

According to Aroyo and Dicheva (2004), specifyiegisable chunks of learning content
and defining an abstract way of describing designgdifferent units of learning (for
example, courses and lessons) are two of the masént research issues in the
eLearning community, which have been considereth@snajor barriers to improving
eLearning. This study focuses on issues relatinthéorepresentation of designs for
different units of learning using ontology, thatiisstructional design (ID) ontology.

It is well known that developing an ID ontology dgiite a complex issue,
because there have always been different opiniegarding the concepts which should
be included in an instructional design model (De&ued2006). Nevertheless, ID
ontology is one of the essential elements whichrdmrtes to the delivery of a quality
web-based learning experience (Paquette, 2003)onf@logy not only supports the
creation of instructional designs that are shaeeabid reusable between different
eLearning systems, but it also enables and faeitthe computational reasoning in
them so that the automatic construction of perseeglelearning experience can be
achieved (Lama et al., 2005; Amorim et al., 2006).

While ID ontologies have being continuously imprdvand developed over
recent years, researchers have expressed varinasros in their own studies regarding
the challenges in developing an ID ontology thakesait possible to fulfil its intended
function or purpose. However, none of the studép®rted about each ID ontology have
referenced other research, or have explicitly lypion the findings of those who have



published previously; thus the findings have nogrbérought together or compared.
Furthermore, none of the researchers have drawethtegthe issues discussed in the
many studies to develop a set of key attributeldadntologies which could help solve
current eLearning problems. Therefore, this studysao identify the crucial attributes
or elements across all published ID ontology studied develop a framework based on
these elements which could be used for evaluatiaguality of an ID ontology.

‘Quality’ is a term that is not usually formally fiteed (Kim, Fox & Gruninger,
1995). However, it is necessary to define qualityhis study for two reasons: first, the
definition of the term quality provides a benchméok the identification of the crucial
elements associated with the ID ontology, sincedheements contribute to achieve the
quality requirements defined for an ID ontologyr@ed, the definition of the term
quality provides the measurement for what is actaimo be a quality ID ontology.
According to the 1SO 91260f the International Organisation for Standardisgt
quality is defined as “the totality of charactadstof an entity that bears on its ability to
satisfy stated and implied needs” (ISO, 2001, p. Bhis definition is adopted for this
study. That is to say, for an ID ontology to behadh quality, it must possess certain
characteristics that satisfy its intended functompurpose. The intended purposes of an
ID ontology include, but not be limited to: 1) bgiable to increase the expressiveness
of the instructional design and facilitate compiotadl reasoning (Lama, et al., 2005;
Amorim at al., 2006); 2) enabling instructional id@s to be more easily searched,
shared and reused (Knight, Gage® Richards, 2005); 3) being able to support
automatic construction of personalized eLearningeeence (Van Marcke, 1992); 4)
being able to support the creation of pedagogicalyind instructional designs
(Mizoguchi & Bourdeau, 2000).

2. Literature Review

In our review of literature, we have looked at tieneral benefits ontology bring to
eLearning, as well as what ID ontology could cdnitté to solve major elLearning
issues. We have identified that the use of ontologytributes to the development of
instructional design, though the current literatumdicates that an ID ontology is
difficult to develop. Nevertheless, while Mizogu@and Bourdeau (2000) are proposing
to identify the minimal agreement for the desigraafID ontology, by examining the
purposes of ID ontologies, we have found that mebesis have expressed various views
regarding the crucial challenges facing developméan ID ontology. These key issues
include:

lwhether or not to use concepts hierarchy to imprdwe reusability of

instructional designs;

2.selecting the appropriate language for developmtpaontology;

3.the need to develop an ID ontology with learniranstards in mind;

4 .whether ID ontology needs to be related to learsigbes;

5.whether ID ontology needs to be related to domamwkedge;

6.the challenges of applying instructional theorream ID ontology;

7.the need to use axioms in ID ontology;

8.the availability of authoring tools (based on timodogy).

1 1SO 9126 is the software product evaluation stehém the International Organization for Standzation (1SO,
2001).



None of the researchers have considered thesesigswn integrative way to
evaluate the developed ID ontologies. The issuestified in our review have also been
used to construct the framework that could infone development of an ID ontology.

3. Methodology

This study was framed by the meta-ethnography ndetlam interpretive
approach for synthesising the findings of ethnolgi@pesearch conducted in the field of
education (Noblit and Hare, 1988). The seven phasggested within the meta-
ethnography method are used to identify the stépleoresearch design, to synthesize
the crucial elements associated with the qualitfpadntology.

Among these steps, to determine the research quoeste have contacted
experts and carried out extensive analysis of @ wathge of studies about ID ontology.
After that, we identified similar key concepts afghtures between studies and the
elements from that which were considered as crigidghe ID ontology developers. We
have summarised it and noted the context of thevaelt research in a standard form
suitable for the later comparison step. This tasls wot finished until the end of the
synthesis effort, since the list of the crucialneémts was developed throughout the
research and not complete until the end of thearebeperiod.

4. The framework

Through a synthesis of the crucial elements consitién different ID ontologies, a
framework was formed for evaluating the qualitylbfontologies. The framework is
depicted in Figure 1. The four main categories etigability, Personalisation, Quality
assurance, and Applicability are shown in relatiorthe eight crucial elements. The
elements and the categories are also depicted latioreship to stages in the
development process for an ID ontology. These statodelling, Validation and

Execution are considered necessary by Sanchez(20@B) for creating an ID ontology.

CRUCIAL ELEMENTS ASSOCIATED WITH THE QUALITY OF AN ID ONTOLOGY

Reusability Personalisation Quality assurance Applicability
= Compliance with = Relations to learning | = Integration of = The availability of an
standards styles pedagogical knowledge authoring tool (based
= The use of concepts = Relations to domain = The use of ontology on the ontology)
hierarchy knowledge axioms
= The selected ontology
language

DEVELOPMENT PROCESS OF AN ID ONTOLOGY

4 4 A,

Modelling » Validation » Execution

Figure 1. The framework for evaluating the quality of an ID ontology



As shown in Figure 1, Reusability and Personabisabtf instructional designs
should be taken into account in the Modelling stafehe development of an ID
ontology. Reusability involves the considerationusfng concepts hierarchy, selecting
an appropriate ontology language, and complianci wtandards. Personalisation
involves consideration of relating the ID ontolowy both learning style and domain
knowledge. In the Validation stage of the developmef an ID ontology, the
mechanisms for assuring the quality of the developpstructional design model are
considered. This involves the integration of pedgcpd knowledge such as educational
theories, and the use of ontology axioms to detieetlogical consistency between
concepts. Lastly, the Execution stage concernsagi@icability of the ID ontology,
which could be proved (demonstrated) through arhairtg tool based on such
ontology.

4.1. Selection of the Elements

The elements considered as crucial for developingadity ID ontology were selected
based on consideration of the intended purpose$umctions that a quality ID ontology
should satisfy. This selection was based on thaitieh of ‘quality’ given in study, that
is, a high quality ID ontology is required to hasertain characteristics that satisfy its
intended purposes.

The elements were identified from an examinatiorioof ID ontologies. Brief
details of the selected ID ontologies are listedable 1.

Table 1. Development Background Details of the Four ID Ontologies

ID Ontology
Development Background IMS-LD LOCO ID ontology_Arapi et OMNIBUS
ontology al?
The ontology developers Lama, Knight, Arapi, Moumoultzis, Mizoguchi,
Sanchez, Gasew, Mylonakis Hayashi,
Amorim, Vila Richards Bourdeau
Year developed 2005 2005 2007 2007
Construction tool Protégé Protégé Unknown HOZO
The time the ontology had been in <1 year <1year Unknown 7 years
development
The person-years spent in developing the 5 3 5 3

ontology

The crucial elements included in the framework wasmpared across the four
ID ontologies, the details of which are shown irpl€a2.

Table 2. Comparison Matrix Crucial Elements

Note. ID ontology_Arapi et al. is the name given insthésearch to distinguish the ID ontology of Arapal. from the other ID
ontologies



ID ontology

. IMS-LD ontology LOCO ID ontology_Arapi et OMNIBUS
Crucial elements al.
Does the ontology Yes, including the Yes, including the Not available Yes, many
include any concepts  reference claskemto reference clasResource
hierarchy? learning object, the Description to learning
classExecution Entity, object the class Abstract
and theCompletion Activity and the
Unit Completion Requirement
What modelling OWL, F-Logic, SWRL  OWL OWL HOZO, OWL
language has been used(planned)
for the ontology?
Was the ontology IMS-LD IMS-LD IMS-LD, LOM IMS-LD
developed based on
learning standards?
Is the ontology related No No Yes Yes
to learning style?
Is the ontology related No No Yes Currently no but
to domain knowledge? planned to do
Does the ontology No No No Yes, educational
integrate any theories
pedagogical
knowledge?
Does the ontology have Yes, expressed in F- No No Yes, expressed in
axioms? Logic (design and HOZO (theory
runtime related) related)
Have the ontology got WebLD, the usability is Not available, but as the Learning Design SMARTIES; usability
any authoring tool currently being authors suggested, they Editor in LOGOS; is to be tested
available? Is it user- improved. planned to develop usability is to be
friendly? (LOCO-Analyst project, tested

2009)

4.1.1 Categorisation of the Elements

The crucial elements in the framework are group®d four categories, which are
Reusability, Personalisation, Quality assurance, Applicability (see Figure 1). The
rationale for this categorisation is elaborateawel

Reusability

While instructional design knowledge is considetede necessary to any elLearning
system, it is important to enable this kind of kiedge to be reused and shared between
different systems ( Knight, Gaséw Richards, 2006). Increasing the reusability of a
instructional design model is considered as on¢hefintended purposes of any ID
ontology (Knight et al., 2005). The first three @al elements discussed earlier, namely:
the concepts hierarchy, the selected ontology lagguand compliance with standards
make particular contributions to the reusabilityradtructional designs.

The three elements are all concerned with the bglityaof instructional designs.
The element ‘the use of concepts hierarchy’ is abflmiuse of abstract class concept for



an ID ontology. Abstract classes help organise taokespecific instructional design
knowledge to be reused.

The element ‘the selected ontology language’ isceamed with the selection of
an appropriate ontology language for developinglrontology that could be easily
adopted in any elearning system. Based on the msgddound in the four ID
ontologies, OWL is considered as a potential maugllanguage for developing 1D
ontology since it facilitates the reusability ofyaantology between different systems.

The element ‘compliance with learning standardsalso concerned with the
reusability of instructional design models in diffiet eLearning systems. The IMS-LD
specification, as the de facto learning designdstedh assures the design model is
widely accepted by the other eLearning systemsrefoee, any ID ontologies that are
compliant with the IMS-LD are guaranteed to prodweasable instructional design
models.

Personalisation

Learning personalisation is another issue whichga@&sed a lot attention in the last few
years in the eLearning community (DeveédZ006). There is a need to overcome the
one-size-fits-all approach, because each learnemigue, that is to say, they have
different background knowledge, learning goalsfgrences and pace, thus they require
a personalised learning environment that can éateheir unique learning needs so that
their learning experience become more effectivee ®ettings for this kind of
personalisation are fairly restricted in the triadial learning environment (Mizoguchi
& Bourdeau, 2000), whereas it is considered to &g \achievable in the elLearning
environment. Generally speaking, learning perseatitn includes tailoring instruction
based on learners’ requirements and deliveringlélening contents that suit their
individual learning activities (Deved%i 2006). Learner Model Ontology which
describes learners with respect to learning backgtopreferences, goals and so on. To
achieve true personalisation of instruction, ID cdogly needs to interact with the
Learner Model Ontology to retrieve the personabinfation about a particular learner.

In order to be able to produce instructional desmpuels that cater well for each
individual learner’s needs, the relations to betirhing style and domain knowledge are
the crucial elements in a quality ID ontology. Ttaeg both concerned with the ability to
personalise instruction based on the Learner MGa¢blogy. The element ‘relations to
learning style’ is about relating each instructiodasign to learning style so that an
appropriate instructional design can be selecteteirners according to their preferred
learning style. The element ‘relations to domairowledge’ is about relating each
instructional design and their learning activitieghe subject domain they belong so the
developed instructional design model can be salececording to the domain
information specified in the learner’s profile. &nboth elements are concerned with
the personalisation aspect of instruction, they gimped under the category named
Personalisation.

Quality Assurance

A valid instructional design model usually requineslusion of certain concepts that are
necessary for describing any teaching and learagtgns. For example, a valid IMS-



LD model needs to include the core concdparning Objective, Method, Learning
Object, Learning Design, Activity and Role (Koper & Olivier, 2004). In relation to
developing pedagogically sound instruction, Mizdguend Bourdeau (2000) point out
the necessity of integrating educational theons instructional design models since
this would assure the quality (effectiveness) asth However, the question is how to
ensure that an instructional design model is boticept-valid as well as theory-valid.
Traditionally (before the development of instruoéd design models using ontology),
software programmers usually had to understandléiseription of the model, and then
write its logic and concept constraints into thegrzamme code. Although validation
could be done in this way, the flexibility in terna$ applying and updating different
instructional design models would be lost if thegrevnot understood by the system but
only the programmers themselves, since these atginal design models are usually
required to be updated frequently. The current Wwagletect logical consistency using
ontology is by the application of ontology axionisrha, et al., 2005; Amorim et al.,
2006; Mizoguchi, Hayashi, & Bourdeau, 2007). Axiorage used for representing
knowledge which has to be accepted without prooiz@guchi, 1998) and provide
semantic constraints among concepts along withraigo definition of concepts
(Mizoguchi & Bourdeau, 2000).

‘The use of ontology axioms’ and ‘integration ofdpgogical knowledge’ are
both focused on assurance of the quality of dewslapstructional design models. The
element ‘the use of ontology axioms’ is includedhis category because it concerns the
use of axioms to detect the logical consistencanninstructional design model. For
example, the axioms can be used to ensure an dtistral design model is IMS-LD
compliant by configuring the IMS-LD related conceptThis would ensure the
relationships between IMS-LD concepts are appréglyicexpressed in the developed
instructional design model. The element ‘integmatid pedagogical knowledge’ relates
to the use of pedagogical knowledge such as eduedtiheories to improve or assure
the effectiveness of any instruction. It helps depgedagogically sound instructional
design models as well as their overall quality. §,hitiwas also considered as one of the
quality assurance elements.

Applicability

It is important to consider whether an ID ontologyuld be easily applied in any
authoring system. The various authoring tools ledpcute (interpret) an ID ontology
for producing valid instructional design models.p@eding on the complexity of a
particular 1D ontology, a specific authoring toos iusually developed for its
implementation. It would be advantageous if an Hotbgy isstandardised so that it
can be executed in any authoring tool, which ingpligs wider applicability.
Alternatively, an ID ontology should have a fullgropatible authoring tool to ensure its
successful implementation if it cannot be impleradnn the other authoring tools. The
crucial element ‘the availability of an authoringot based on the ontology’, is
concerned with the application of ID ontologiesyghit is grouped in the category
named Applicability.



Expert Feedback on the Framework

The developed framework was sent to two expertgdbdation to ensure its credibility.
In particular, one of the experts suggested dejetie Usability category as well as the
element included in the initial framework — ‘inclos of context information’. He
considered information about context is more rel¢eand important for personalisation
of instructional design, since it indicates in whi@rcumstance a particular instructional
design was or was not useful for a particular stud€he researcher thus decided to
place the element ‘inclusion of context informatiorto the personalisation category.
However, it was found that this element createdidaton with the other elements in
the category, ‘relations to learning style’ andadtmns to domain knowledge’, because
context information also includes the informatiomoat learning styles and domain
knowledge. For this reason, the element ‘inclusmi context information’ was
completely removed from the framework.

5. Conclusion and future work

The aim of this study was to identify the elemerdssidered as crucial for a quality
Instructional Design (ID) ontology. Based on coesadion of these crucial elements,
this study also formulated a framework for evalugtthe quality of ID ontologies by

synthesising the identified crucial elements. Itswexpected that such a framework
would provide a guideline for practitioners to deyeand evaluate any ID ontology,
since the framework describes the crucial elemtart@an ID ontology as well as the

steps suggested for considering these in relatidine development process.

Through an examination of four ID ontologies, tlagidy identified eight
elements as crucial to helping meet the intendeghgses of an ID ontology were
grouped into four categories, which are ReusabiRgrsonalisation, Quality assurance,
and Applicability. In considering quality in relati to the development stages of an ID
ontology, the elements included in both of the abilgy and personalisation categories
are of relevance in the modelling stage, whereaselements in quality assurance
category are important at the validation stagese¢honder applicability category are
relevant to execution stage.

The quality framework described was validated Wy texperts after it was
developed. The feedback received from the expeatslynrelated to potential ambiguity
in some terms used in the framework as well asribreing of one element to a different
category, though this subsequently removed allthage

5.1 Limitations

The limitations of this study relate first, to theethod of analysis and the problem of
gaining a full understanding of the context thupagential failure of identifying key
framework categories. This was mitigated by apghanalyst triangulation. Second, the
reliance on publicly-available information on ID tologies could have limited the
study. However by downloading each of the ontolegi@d on-going communication
with the developers, this problem was minimisedrd;the potential for researcher bias
was identified, so the reproducibility of the syedls is suggested for future research.
Finally, the meta-ethnography approach has onlgniyg been used and some processes
may be ill-defined.



5.2 Implications and Future Work

This research has presented a framework, basedtegaties and their crucial elements
considered necessary for a quality ID ontology. Tesearch findings could be
replicated (and updated with newly-developed IDotogies). In this way the reliability
and validity of the quality framework would be foer validated. This study noted that
the current ID ontologies have mostly involved depers of advanced technology
groups. The majority of them have not involved ediomal practitioners. Since the
purpose of ID ontology is to solve problems forctezrs and course designers, future
research projects could include the practitionerghis way the ID ontology is more
likely to prove useful and meets the needs of thecationalists, thus better responding
to teaching and learning needs. The evaluationdveark developed in this research for
assessing the quality of an ID ontology could bplemented in future ID ontologies.
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