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Abstract

In the last years, important steps have been under-
taken to bring the e-learning web to its full poten-
tial. In this paper, | describe an ontology that can
serve as a further step in this direction. The ontol-
ogy captures the instructional function of a learn-
ing resource, in other words, its “essence” from
a teaching/learning perspective, an aspect not yet
covered by learning object metadata standards. It
offers the well-known advantages of ontologies: it
can provide humans with a shared vocabulary and
can serve as the basis for the semantic interoper-
ability for machines. The article motivates the need
for such an ontology and describes several educa-
tional Web services that can benefit from it. To
exemplify the generality of the ontology, the arti-
cle describes how the ontology can be mapped onto
several knowledge representations currently used in
e-learning systems.

Introduction

1.1 Motivation
Imagine Eva, a teacher, preparing a lesson. Yesterday, itlescription of related work.

real-world application of gravity. For Clara, it adds a link to

a NASA site that describes the relation between gravity and

space ships; Bert is offered a page describing airplanes. Af-

ter the lesson a data mining service analyzes the paths of the
pupils and makes suggestions to Eva what content to include
permanently in the course.

In the last years, important steps have been undertaken to
achieve such a scenario. The development of sophisticated
web-based e-learning systems with a wide range of learner
support on the one hand and integrating architectures on the
other hand could sum up to a critical mass that brings the
Web to its full e-learning potential. In this paper, | describe
an ontology that can act as a binding glue between different
systems and services and serve as a basis for interoperability
with respect to instructional matters.

In the remainder of the introduction, | will briefly sum-
marize the need and scope of the here proposed instructional
ontology and describe the shortcomings of today’s e-learning
standards. The subsequent section portrays a number of po-
tential educational Web services that can profit from such an
ontology. Sectiofi]3, the main part of the paper, describes the
ontology in detail. It is followed by a proof of concept illus-
trating how the ontology can be mapped onto three frequently
used knowledge representations. The paper concludes with a

class, she introduced the conceptguévity. The learning
progress analyzer of her pupils noticed that some kids weré.2 Benefits of Using an Ontology

not able to apply the new knowledge. Therefore, Eva orderg, oni610gy expresses a common understanding of a domain
her authoring tool to search the web for examples and intefg) o serves as a basis of communication between people or
active exercises that specifically train the application of gra Systems. The need for ontologies has been widely recognized
ity. On the web-page of Anton, a fellow teacher, the 0ol 5 5 recent discussion s§@/orld Wide Web Consortium,

finds the necessary resources, and, in addition, an abstrcmozﬂ) therefore | will only summarize some expected ben-

description of an instructi.onal strategy which i_s based on %fits. In education, widespread appliance of such a shared
real-world-problem teaching approach, especially appropriy,giyctional vocabulary offers advantages for teachers and
ate for learning physical concepts. The tool shows its finding

o E d offers 1o feed them int tor. E Yearners. A more accurate search for learning resources, made
o Evaan g ﬁrs 0 teed them Into a couglse genera olr. VBossible by the explicit instructional function, leads to better
accepts, and the course generator assembles a curriculum thal s 5nq'less duplication, hence faster authoring of curricu-
follows the instructional strategy and is a_dapted to _the knowlmms_ By seeking instructionally appropriate learning mate-
edge_of her clag,s. The next Qay, her pL!pI|S work W'.th the N€%ial, learners can bridge knowledge gaps more efficiently.
learning materials. Depending on their personal interests, a o hogagogically relevant information of the ontology
browsing service adds links to learning resources that prowdglso brings forth better Web services. It can increase the ac-

*This publication was generated in the LeActiveMath project, curateness of a service because at design time, a Web ser-

funded by the European Community (IST-2003-507826). The auvice developer can foresee different functionality depending
thor is solely responsible for its content. on the type of the resource. For most educational services,



the information whether a resource contains a definition or al
example will be of use. Similarly, service composition is en-
hanced. For instance, a requester service can require differe
actions from a provider depending on the instructional type o
a resource. Furthermore, interoperability is eased. Then, i
theory, each system can provide its own specialized servic
and make use of the services offered by others.

1.3 Scope of the Ontology

The ontology described in this paper provides a vocabular
that captures the “instructional semantics” of a virtual or
text-book learning resource. In general, each learning objec
serves a particular pedagogical role. These roles are reflect
in the classes of the ontology.

The ontology of instructional objects covers instructional
theories only partially, namely those parts that describe th
learning materials independently of a specific learning con
text. Hence, it does not encompass learning goals. Learnin
goals are one primary cause why in a specific context an in
structional object is selected, but as instructional objects ca
serve to attain various goals and one goal of the ontology i
re-use, | excluded learning goals and other context-specifi
information.

A concrete example illustrates best the entities describe
by the ontology. FigurE]1 presents several learning resource
(taken from[Bartle and Sherbert, 19B2clearly divided into
several distinct paragraphs. Each paragraph serves a partic
lar instructional role The first two introduce two concepts (a
definitionand atheoren), the third providegxamples of ap-
plicationsof the concept, and the last one offers to the learne
activities to applythe concept. These reseource can be as
sembled by an author or a Web service to compose a page
a course (as it was done here).

The ontology provides a standardized vocabulary of the in
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structional function of a resource. Additionally, the ontol-
ogy can be used to partially describe the instructional strategy

that underlies the composition of a curriculum. A (simplified) Figure 1: A page from a mathematics textbook that contains
strategy for the example in Figyre 1 is the following: To intro- several types of instructional objects.
duce a new concept, present learning resources in the order

conceptr, examples for, exercises for. . _ Text, ExamIn LOM, these values are provided as a list, with-
_Seminal work regarding ontologies and instructional de-oyt taking into account the inherent structure which a repre-
sign was done by Mizoguchi[Mizoguchi and Bourdeau, sentation as an ontology as envisaged in this article would
2004 lay out how ontologies can help to overcome problemsyrovide. More critical, the LOM types mix instructional and
in the domain of artificial intelligence in education. The work technical information. The first three values of the above ex-
presented in this article was designed to be a step towards thignple describe the format of a resource, whereas the last three
goal. cover the instructional type. They represent different dimen-
. , . sions, hence should be separated. Furthermore, several in-
1.4 Shortcomings of Today's E-Learning structional objects are not covered by LOM (edgfinition,
Standards examplg. IMS LD describes ordered activities in learning

Today’s standards prove the (commercial) importance ofnd the roles of the involved parties. It does not represent
reuse and interoperability of learning material. For this ar-Single learning resources and their instructional functions.
ticle, particularly relevant standards are IEEE Learning Ob- To summarize, today’s standards do not cover the instruc-
ject Metadata (LOMI[IEEE Learning Technology Standards tional function of a learning resource, and, in addition, were
Committee, 200D, and IMS Learning Design (LD[IMS not designed for the Semantic Web. However, the full e-
Global Learning Consortium, 20P3 LOM'’s educational learning potential of the Web will only be reached if Seman-
category allows a description of resources from an instructic Web techniques are supported. The following section de-
tional perspective. Possible types of learning resources arecribes several educational Web services and their usage of
among othersDiagram, Figure, Table, Exercise, Narrative an ontology of instructional objects.



2 Web Services Using an Instructional ontology does not describe the content taught by the learning
Ontology material, e.g., concepts in physic and their structure. Instead,
_ each class of the ontology stands for a particular instructional
This section provides several examples of Web services angje a learning resource, for instance a paragraph in a text-
their possible benefit from an ontology of instructional ob-pook, can play. For some objects, determining the role is
jects. straightforward. In most text-books, exercises are distinctly
Course Generator. A course generator (e.glUllrich,|  marked. For other objects, it may be less obvious.
2003) assembles learning resources to a curriculum that |n order to provide an ontology that can be applied in a
takes into account the knowledge state of the leaner, his prefarge variety of contexts, it was necessary to analyze a sig-
erences, learning goals, and capabilities. If (third-party) renjificant amount of sources. Here, sources ranged from text
sources are annotated by their instructional function, a coursgassification [Mann and Thompson, 19B8 over instruc-
generator can include them in a curriculum. Work in this di-tignal design theories (e.glReigeluth, 199p to instruc-
rection was done in Open Corpus Hypermedia. For instanceional oriented knowledge representations which were im-
[Henze and Nejdl, 20QJropose an approach based on a doplemented in e-learning systems (efyan Marcke, 1998;
main ontology. The additional use of an instructional ontol—spechtet al, 2001; Pawlowski, 2002; Lucket al, 2003;
ogy can lead to a more accurate selection of the resource @isco Systems, Inc, 2003
be included. In addition to theoretical applicability, an ontology should
Learner Modeling. A learner model stores personal pref- be easily understandable for authors. Therefore, one design
erences and information about the learner's mastery of dagoal was to come up with a limited set of classes which still
main concepts. The information is regularly updated accordencompasses all necessary instructional objects. Two teach-
ing to the learner’s interactions with the content. A userers and two instructional experts reviewed the ontology, and,
model server such as PersonlKdy et al, 2003) can use besides minor suggestions which were integrated, rated it
the information about the instructional function of a learningvery positively.
resource for more precise updating. For instance, reading an |n the following, | will describe the classes and proper-
example should trigger a different updating of the mastery oties of the ontology of instructional objects. Fig{ije 2 shows
a concept than solving an exercise. the class hierarchy. The ontology was implemented using
Browsing services. Services that support the user in Progge (Gennariet al, 2003).
browsing through content benefit if the instructional function Instructional Object. “Instructional object” is the root
of a learning resource is made explicit. They can better selealass of the ontology. Several properties are defined at this
and classify the presented objects. Systems that adaptivelgvel: a unique identifier; “learning context”, which describes
add links to content[Brusilovskyet al, 199§), can decide the educational context of the typical target audience; and
what link to add and how to classify them more appropri-“field”, which describes the field of the target audience. The
ately. Similarly, tools that generate concept maps can bettéfeld of an instructional object can differ from the domain
adapt the maps to the intended purpose, both with respect the resource describes. For instance, a mathematical con-
the selection and the graphical appearance of the elementsept can be illustrated by an example from economics or from
A dictionary that provides a view on the dependencies of thenedicine. An additional slot includes Dublin Core Metadata,
domain elements can sort the element with respect to thei.g., information about creator of the resource. The property
instructional type. “analogous” indicates that an instructional object shares some
Authoring support. An ontology of instructional objects aspects with another instructional object.
assists authors by allowing for better search facilities and by Concept. The class “concept” subsumes instructional ob-
describing an conceptual model of the content structure. lfects that describe the central pieces of knowledge, the main
offers teachers with a set of concepts at the adequate abstragieces of information being taught in a course. Pure concepts
ness level to talk about instructional strategies. They describgre seldom found in learning materials. Most of the time,
their teaching strategy at a level abstract from the concretéhey come in the form of one of their specializations “fact”,
learning resources. Hence, instructional scenarios can be e¥definition”, “law”, and “process”. Albeit concepts are not
changed and re-used. An ontology of instructional objecthecessarily instruction-specific because they cover types of
can additionally support the author by providing an operaknowledge in general, they are included in the ontology be-
tional model in the sense ¢f\royo and Mizoguchi, 2008  cause they are necessary for instruction. Learning objects of-
that provides hints to the author, e.g., what instructional obien have the instructional function of presenting a concept.
jects are missing in his course. Concepts rarely stand alone, more often than not they de-
Additional service that can profit from the ontology are, pend on another concept. This is represented byépends-
for instance, data mining, interactive exercises, and intelligenbn property which has its range the class “concept”.
assistants. Fact. An instructional object that is a “fact” provides in-
formation based on real occurrences; it describes an event or
inti i something that holds without being a general rule. An ex-
3 Description of the Ontology of Instructional ample is “Euclid lived from about 365 to 300 BC”. In math-
ltems ematics, the line of distinction between facts and examples
The goal of this work is to provide an ontology that describegs fuzzy as most facts can be considered as examples, for in-
a learning resource from an instructional perspective. Thetance %/2 is irrational.”.
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Figure 2: Class hierarchy of instructional objects.

ematics, it describes a statement which can be proven true on
the basis of explicit assumptions. Examples are “The inter-
section of submonoids is a submonoid”, odd&l's incom-
pleteness theorem.

Process.“Process” and its subclasses describe a sequence
of events. The deeper in the class hierarchy, the more formal
and specialized they become. A process provides information
on a flow of events that describes how something works and
can involve several actors. Typical examples are “the process
of digestion”, and “how is someone hired in a company”.

Policy. A “policy” describes a fixed or predetermined pol-
icy or mode of action. One principal actor can employ it as
an informal direction for tasks or a guideline. Curve sketch-
ing in mathematics, for instance, provides a general guideline
of how to determine the essential parts of a function. Similar
guidelines exist for analyzing a work of literature.

Procedure. A “procedure” consists of a specified sequence
of steps or formal instructions to achieve an end. It can be as
formal as an algorithm. Typical examples are Euclid’s algo-
rithm, or instructions to operate a machine.

Satellite. “Satellite” elements (the name was adopted
from [Mann and Thompson, 19B8subsume instructional
objects which are not the main building blocks of the domain
to be learned, but elements that provide additional informa-
tion about the concepts. In principle, concepts provide all
the information necessary to describe a domain. However,
from an instructional point of view, the satellite objects con-
tain crucial information. They motivate the learner, and offer
engaging and challenging learning opportunities. Every satel-
lite object offers information about one or several concepts.
The identifiers of these concepts are enumerated in a “for”
property.

Interactivity. An instructional objects that is an “interac-
tivity” offers some kind of interactive aspect. It corresponds
to the “active” type of interactivity in LOM’s educational cat-
egory. An interactivity is more general than an exercise as it
does not necessarily have a defined goal that the learner has
to achieve. It is designed to develop or train a skill or abil-
ity related to a concept. The difficulty of an interactivity is
represented in the property of the same name.

The subclasses of “interactivity” do not capture technical

Definition. A “definition” is an instructional object that aspects. In general, the way how an interactivity is realized,
states the meaning of a word, phrase, or symbol. Often, ifor instance as a multiple choice question or an erroneous ex-
describes a set of conditions or circumstances that an entitymple, is independent of its instructional function. A well-
must fulfill in order to count as an instance of a class. Examdesigned multiple choice question can target knowledge as
ples for definitions are “A group is a mathematical structurewell as application of a concept.
consisting of...” and “The middle ages describes the period Exploration. “Exploration” is an instructional object in
of time that....". which the user can freely explore aspects of a concept with-

Law. An instructional object that is a “law” describes a out a specified goal, or with a goal but no predefined solution
general principle between phenomena or expressions that hpath. Cognitive tools[{ajoie and Derry, 1998) or simula-
been proven to hold, or is based on consistent experience. tions are typical examples of an exploration object.

Law of Nature. A “law of nature” is a scientific general- Real World Problem. “Real world problems” are fre-
ization based on observation. Typical examples are Kepler'guently used in instructional design, especially in construc-
first law of planetary motion: “The orbit of a planet about tivist theories, e.g[Jonassen, 1999 They describe a situa-

a star is an ellipse with the star at one focus.”, or Einstein’gion from the learner’s daily private or professional life that
equivalence of mass and energye = mc?”. Similar laws involves open questions or problems. Solving the problems
of nature exist in biology, chemistry, etc. requires knowledge about a set of concepts. Authentic real

Theorem. A “theorem” is an instructional object which world problem are an excellent way of motivating the learner
describes an idea that has been demonstrated as true. In matis-they can directly experience the relevance of a concept.



Invitation. An “invitation” is a request to the learner to 4.1 DocBook

perform a specific activity. For instance, it can consist of apocBook [Walsh and Muellner, 199%erves a standard for
call for discussion with oth(_ar ;tudents. Meta-cognitive hi”tsvvriting structured documents using SGML or XML. Doc-
often have the form of an invitation, e.g., “Reflect on whatpggo elements describe the complete structure of a document
you have learned". . — . down to basic entities, e.g., the parameters of functions. The
Knowledge, Comprehension, Application, Analysis,  glements in-between are the most interesting in the scope of
Synthesis, Evaluation Exercise.Instructional objects from nis article. DocBook offers several elements that describe

these classes correspond to typical exercises found in learggnient at paragraph level (called “block” elements).
ing materials. The classes were adopted ft@&wom, 1956

and differ in the educational objective they aim the student DocBook structional OBject
to achieve, e.g., whether a learner can recall or apply a con- Example Example
cept. Recently, new classifications have emerged, for instance Procedure Procedure
PISAs literacies[Schieicher, 1999 It may be necessary to . L kb
include them in the future, but currently Bloom’s taxonomy CmdSynopsis/FuncSynopsjsDefinition
is dominantly used. Highlights Summary
Example. An “example” serves to illustrate a concept. L ara.Figure depends on content

Similar to interactivities, it has a “difficulty” slot.
Knowledge, Comprehension, Application, Analysis,
Synthesis, Evaluation Example. These subclasses of “ex-
ample” are similar to those of exercises. They illustrate con-

cepts with different educational objectives. . . X .
P ) and instructional objects. “CmdSynopsis” and “FuncSyn-

Non-Example. A “non-example” is an instructional object is” d ibe th d . f g
that is not an example of a concept but is often mistakinghyPPS!S® describe the parameters and options of a command;

thought of as one. It includes “counter-examples”. Highlights” summarizes main points. As one can see, al-
Evidence. An “evidence” provides supporting claims, for though DocBook was not designed for educational purposes,

instance observations or proofs, made for a law or one of itS€Veral elements such as “example” and “procedure” can be
irectly described by the ontology of instructional objects.

subclasses. Therefore, the “for’-property of an evidence hag| X i
a range the class “law” owever, such a table functions as a very rough guideline
Proof. A “proof” is a more strict evidence. It can consist O T infer the exact instructional purpose of a block el-
ement by its tag alone is not possible in general. Especially

of a test or a formal derivation of a concept. : o "
Demonstration. A “demonstration” consists of a situation wnh_regard to abstract elements such as ‘para (pa.ragraph)
: or “figure”, the content has to be taken into account in order

in which is shown that a specific law holds. Experiments in . . X ;

physics or chemistry are typical examples of demonstrationd® determine the correct |nstr.uct|onal function. .

Note that the demonstration of a procedure, e.g., by showing ~lthough DocBook is not directly related to e-learning pur-

how a curve is sketched is not a demonstration in the herd20S€S: it is of interest here because its way of structuring

described sense, but is an application example. content in rather unspecnjed paragraphs is S|m|lar to sys-
Explanation. An “explanation” provides additional infor- tems such afHenze and Nejdl, 200[L; Weber and Brusiloviky,

mation about a concept. It elaborates on some aspect, poir.?t:g.)oj'; Braet al, 2003.

out important properties. 4.2 WINDS
Introduction. An “introduction” contains informationthat )

Conclusion. A “conclusion” sums up the main points of a sign and Tutoring System, uses the gdaptive Iearn_ing environ-
concept. ment ALE to provide several adaptive hypermedia features,
Remark. A “remark” provides additional, not obligatory €-9- adaptive link annotation. Its knowledge representation is
information about an aspect of a concept. It can contain inPased on Cisco’s learning objects and provides the following

teresting side information, or details on how the concepts i§yPes: Introduction, Issue, Fact, Definition, Example, Non-
related to other concepts. example, Simulation, Process, Procedure, Guidelines, Crite-

ria, Analogy, Instruction, Summary, Tests.
. . Most of the types can be directly matched onto the ontol-
4 Mapping Knowledge Representations onto ogy, unsurprisingly, as Cisco’s learning objects served as one
the Ontology source for the here described ontology, too. However, in the

An ontology fulfills its purpose if it is used by a large number Ontology, “analogous” is introduced as a property between
of parties. As the ontology of instructional objects describedWo instructional objects, and not as a stand-alone element.
in this article is a new development, only its potential use-The reason is that every object can serve as an analogy for
fulness can be shown. Sectibh 2 outlined educational WeBnother object, regardless of its type.

ser_vices and their benefit from the or_ltology. This section de- 3 ML =3

scribes three knowledge representations, two of them used 3 < >

e-learning systems, and shows that the ontology can be usddhe “Multidimensional Learning Objects and Modular Lec-
to describe the representation. tures Markup Language’s<ML >3 ([Lucke et al, 200d),

Table 1: Mapping of a selection of DocBook elements and
instructional objects

Table[1 contains a mapping between DocBook elements



is used by 12 German universities that encoded 150 contef®@ Conclusion

modules. It is of particular interest in the scope of this arti-ry,is 4 ricie describes an ontology of instructional objects
cle because its design was explicitly influenced by pecj"’HE’OQZVhich captures the educational “essence” of a learning re-
ical considerations<ML >3 represents learning materials in source. This ontology is supposed to serve as a shared and
“gggtn?nreequ(;lé?né ”'I;Defe blto;:_ks are IOf thteh tXPE’:‘tthfm't'?,n ' common understanding that can be communicated between
. pie’, ‘remark., quotation , “aigonthm-, NEorem , a5 and applications. A number of Web services were de-
proof”, “description”, "task’, or "fip". Because of its ped- scribed to illustrate how they benefit from the ontology. Ad-
ditionally, the connections between two document structur-

agogical bat_:kgroun_d, mostML >3 elements directly corre-
spond to an instructional object. Some element, such as “qu ng standards and the ontology exemplified the applicability
of the ontology.

tation” and “description” can not be mapped directly. Again,
it is necessary to asses the instructional purpose of the ele- An ontology is never completely stable and always the
sult of integrating different viewpoints. To stimulate dis-

ment. For instance, does the quotation serve as a bibliograppé
ical reference? Then it is no instructional object in the true \ccion and to enhance the scope of the ontology, the au-
sense. Or does the quotation introduce a concept, e.g., : " .

citing a famous scientist? Then it would be classified as a%cc:irvgr?]sa%e(t)r%? a foilémlﬁéhk}g Ohg?nelzpagﬁp(./)/W\;\tN}/S. the
hope of the author that the ontology is one step forward to
bring the Web to its full e-learning potential.
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