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Abstract. Intelligence in an ITS authoring system could rely on content-based
engineering of instructional design (ID) knowledge, i.e. based on principles
such as conceptualization, standardization and theory -awareness. An ontology -
based architecture with appropriate ontologies has been proposed for a theory-
aware ITS authoring system. Ontological engineering (OE) as a collaborative
process jointly conducted by an OE expert and an ID expert is presented as a
step on aroadmap towards a theory -aware I TS authoring system.

1 Introduction

What is (at) the core of Artificia Intelligence and Education (AIED) systems?
This has been aquestion for aslong asthe field of AIED has come of age, and various
answers have been suggested such as curriculum planning [1,2], student modeling
[3,4], teaching expertise [5,6], and dialogue modeling [7,8,9], among others. Also
suggested was the idea of intelligence implemented dl over the periphery of an ITS
rather than centralized at a core [10], as is for instance the case of adaptive
hypermedia [11].

In this paper, the claim is that declarative knowledge about instruction could be the
beating heart of an ITS, where shared intelligence among the designer/author and the
authoring environment is the dynamic component for the interactive construction of
instructional scenarios and learning environments. The goal of the work presented
below is to explore the basic layer needed toward the architecture of an OE based
authoring system, as described in [12]. The starting point and the main ideas are
therefore shortly reminded in the next section.

2. Some Problemsin ITSand in Instructional Technology Resear ch

ITS research on knowledge representation so far has concentrated mainly on
procedural knowledge, as opposed to declarative; cognitive modeling is often



conducted from a naturalistic point of view. Authoring of ITS can be said fragmental
[13]. ITSs have also been aresearch focus for years in Instructional Technology (IT),
a field close to AIED, with the modeling of instructional design knowledge in
authoring environments [14,15,16], or in an instructional design workbench [17].

An analysis of the existing in terms of components shows that few environments
combine authoring tools and knowledge representation of instructional theories and
principles, and that none of them possesses desired functionalities of an intelligent
authoring system such as Retrieve appropriate theories for selecting instructional
methodsor Provide principles for structuring a learning environment.

Declarative knowledge is mainly absent in those systems, as is the maintenance of
itsintegrity. OE has the potential to solve these problems by proposing a declarative
knowledge modeling approach [18,19,20]; as a result, the semantic-based knowledge
systematization could provide a gateway to learning objects and their management
[21]. Instructional Design theories provide the principled knowledge to make high
level design decisions such as instructional strategies [22], or to orient the lower level
decisions such as learning material. However, tackling the systematization of
instructional knowledge is not without major challenges; the two next sections will
describe some of these challenges.

3. Collaborative Ontological Engineering of Instructional Design
Knowledge: Challenges of such an Enterprise

The ontological engineering process was conducted collaboratively by an OE
expert and an ID expert. Among the many dallenges of this enterprise are the
following questions:;

?? should a unification or an integration of theories be a goal, given that
theories have competitive or complementary views?

?? should a unification or an integration of theoretical and practical knowledge
be agoal, given that such aview isfar from available and even questionable?

?? by which criteria should we consider theoretical knowledge? Experimental
evidence versus hypothetical or speculative? classical versus emerging?

?? how can a common terminology be found and become acceptable by
sometimes divergent theoreticians and practitioners?

?? how to distinguish Learning Theories from Instructional Theories from
Instructional Design Theories, when the many classifications available show
serious variations and strong overlaps?

?? how to specify these theories when, again, the many classifications of these
show serious variations and strong overlaps?

?? how to respect the integrity of each theory vs to integrate theories as

questioned by Mayer [23] or Wasson [1]?

how to link theoretical to practical knowledge?

how to distinguish between domain and task ontologies and to link both in
the case of an ontology-based I TS authoring system?

?? what kind of attributes can be given tothingswhen these things are theories?

Cognitivist/constructivist? Validated/emergent?

INTEN



A very particular question was raised: what should be the status of instructional
design knowledge, domain or task knowledge? The following section describes the
exploration that was conducted based on Gibbons' view of instructional technology as
adesign science.

4. Gibbons' Exploration into Instructional Technology Knowledge

The issue of considering ID knowledge as domain knowledge or task knowledge is
whether to build it into the domain or into the task ontology; considering it as science
means engineering the ID knowledge under domain knowledge. For this reason, the
work of Gibbons on Instructional Technology (IT) as a design science was given
special attention. What is Instructional Technology? The Association for Educational
Communications and Technology (AECT) states: "Instructional Technology is the
theory and practice of design, development, utilization, management and evaluation
of processes and resources for learning." (vww.aect.org). 1T is composed of two
main components: Instructional Design and Instructional Development [24]. Gibbons
views IT as a design science in the sense of Simon [25], and attempts to relate
theoretical knowledge to practical knowledge as done in the field of industrial design
[26]. Classes of technological knowledge are proposed: 1) Fundamental Design
Concepts (Operational Principle, Normal Configuration), 2) Criteria and
Specifications, 3) Theoretical Tools, 4) Quantitative Data, 5) Practical Considerations,
6) Design Instrumentalities. As an example, a ‘normal configuration’ is defined as
‘the general shape and arrangement that are commonly agreed to best embody the
operational principle. Should these classes apply to IT Instructional design’s
operational principle could be: to build an instructional system that sustains and
fosters the learning process, ensures the quality and the effectiveness of learning.
This view has the potential to provide a framework for specifying IT knowledge, and
stimulates reflection about the actual status of IT knowledge. For example, ID
principles are defined as follows by Merrill [27]: @) aprinciple is arelationship that is
aways true under appropriate conditions, b) fundamental principles for instructional
design do exist, c) these design principles apply regardless of the instructional
program or practices involved, d) violating them results in a decrement in learning
and performance. Given this definition, ID principles could be considered as
‘Operational principles’ in the sense of Gibbons.

Further considerations relate to the basic principles of knowledge systematization
asthey apply to the systematization of theoretical knowledge, and of multiple theories
for the same field.

5. Knowledge Systematization of Theoretical Knowledge

Knowledge systematization has been done for human consumption to date. The
results have mainly been described in natural language in the form of a book or a
paper. It might be no problem if humans learn them. But, it becomes a problem when
we try to make computers understand and use the knowledge. Knowledge



systematization for computer-consumption from engineering point of view should
enable a seamless flow of knowledge from theoretical world to practical world.

Our systematization project is done not for the sake of theory but for using the
theory. By this, we mean that theories should be interpreted from an engineering point
of view. Engineering is heavily based on the requirements of practice. For example, a
head of a company might want to train some specific competencies/skills such as
creative thinking, reasoning in an abstract space, negotiation in sales activities,
planning, presentation, etc. of employees who have various background and
experiences from novice to expert. Because of the variety of learning goals
(competencies and skills) and of the heterogeneity of learners, a variety of theories
can help the learning process. For example, although situatedness has been claimed to
be one of the most critical factors in successful learning, it is not always considered
that way in training practice. Human Resource Development divisions have identified
that a skill which is too much specialized for a specific situation or domain to be
applied to many situations is not what they need. Instead, what they need are skills
which prove to be effective in many situations, that is, competencies. Needless to say,
they never want too abstract knowledge which is hard to apply to rea world
situations, but at the same time, they also dislike inflexible skills which apply only in
a specific situation. Another example is socia interaction. Some learning theorists
claim that social interaction is the essence of learning process, however, for a
company which wants to train their employees reasoning capability in an abstract
space or their motor skills, social interaction may seem of little importance.

In short, contrary to the claim of some learning theorists that “this is the only
learning theory which explains the learning process’, the fact that a variety of
learning theories exist may be viewed in a positive way. There exists a variety of
requirements for effective learning, and each of them needs a most suitable theory and
needs to be interpreted in the terms used in the application domain. Having a
collection of the existing theoriesin an authoring system also allows to respond to the
preferences of the instructional designers/authors and of their clients. Moreover, it
might prove to be a stimulus to a reflective process on the side of the
designers/authors as they consider the potential and relevance of each theory and the
compatibility among them, eventually resulting in an improved level of quality. For
these reasons, useful characterization of each theory is what we need from an
engineering point of view.

When the enterprise is knowledge systematization, the necessary characteristics
that systematized knowledge is expected to have are the following: 1) Concepts found
in al the knowledge are clearly defined, 2) Concepts are organized in an isa
structure, 3) Dependencies and necessary relations among concepts are explicitly
captured, 4) Each viewpoint used for structuring knowledge, if any, is made explicit,
5) Ready for multiple access, 6) Consistency is maintained. The above clearly shows
that OE does contribute to the systematization of knowledge. Furthermore, when the
user of the systematized knowledge is an engineer or a designer, which is our case,
the set of viewpoints has to include practical points of view. One of our research goals
isto make theories available for engineers and for designers/authors of 1TSs.



6. Ontological Engineering, a Deconstructionist Approach

For an instructional scientist, OE starts with the deconstruction of the existing body
of knowledge, both theoretical and practical. Although a risky enterprise, it is worth
the journey. Needless to say, this restructuring process should not be considered a
substitute to theory building. A simplified description of the OE process for Level 1
is: 1) Extract most essential concepts and most essential links among them; 2) Define
them by their meaning, their attributes, and the semantic constraints on them.
Ontological categories for a process are generally: actor (subject, thing which does
actions), behaviour (verb, action, phenomena), object (thing being processed by
actor), goal (state to be achieved), situation (context in which an action is done) and
attributes (characteristics; of all of the above).

Thefirst assumption isthat “everything is concrete”, and that concrete is defined as
dimensioned by time and space.

The second assumption is that we have two kinds of worlds: 1) Concrete worlds
(learning, instruction, instructional design) that we describe based upon the best
possible approximation of what is existing, 2) Abstract worlds (Iearning, instruction,
instructional design) where we reflect existing theories with the best possible fidelity.
These are called Worlds of theories.

Fig. 1 Abstract and concrete worlds and how they relate to each other.
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The fourth assumption is that theories are “things’ in the world of theories: 1)
Theories of learning, of instruction, of instructional design, 2) Theories of knowledge
(epistemologies) on which theories of learning rely, 3) The worlds of theories is part
of the Domain Ontology.

Definitions of the theoretical knowledge considered are: 1) A theory of learning is
a conceptual system to describe, explain, predict and study natural phenomena
involved in the learning process, 2) A theory of instruction is a conceptual system to



describe, explain, predict and study artificial activities for supporting, organizing,
fostering, facilitating, accelerating or evaluating the learning process, 3) A theory of
instructional design is a conceptual system to describe, explain, predict and study the
design of artificial activities for supporting, organizing, fostering, facilitating,
accelerating or evaluating the learning process. Figure 1 illustrates aview of how the
three worlds of theories relate to the three concrete worlds.

One of the difficulties that we had in building ontologies of these theories is how to
differentiate the relations and constraints contained in an ontology from those in the
target theory, since an ontology itself is a theory of existence by definition and hence
contains relations and/or constraints among objects just like a target theory is a set of
relations/constraints among objects in the target world. We resolved this issue by
giving each theory a primary identity with full relations/constraints it needs.
Considering the fact that a theory tries to explain its target world we came up with a
framework of our ontology building enterprise as shown in Fig. 2. It shows a nested
structure of Learning, Instruction, and Instructional Design worlds. Each of the three
kinds of theories explains processes/events which happen in each world. One of the
major differences among the three kinds of processes/events is that while the lower
two are real world processes/events, the other is a planning or design process. A
theory needs to refer to objects existing in the target world when it tries to say
something about them, which suggests that a theory may have its own set of objects,
since any object in a theory is obtained according to the theory-specific articulation of
the target world. In fact, alearning theory uses its own way of describing the learning
process from its particular view. Each theory has its own viewpoint from which it
views the target world. Although these
distinctions are not perfect but [ Instructional Desgnworld |
questionable, they seem reasonable
enough to serve the purpose of thiswork.

| Instructiona Design theory |
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theories of learning and instruction is provided by Kearsley as an hypermedia base
[28]. A view of learning theories from an ID perspective is found in Ertmer and
Newby [29]. How Learning Theories view Learning isinspired from Mayer [23].

For the world of learning, the main concepts could be: learning activity,
assignment, reading, interacting, problem-solving, learning phase, learning
difficulties/remediation. For the world of theories of learning, the main @ncepts
could be: theory of learning, epistemological ground, taxonomy, learning, motivation,
attention, comprehension, memory, cognition, meta-cognition, learning phase,
learning difficulties/remediation.

For the world of instruction, the main concepts could be: instruction, learning,
instructional strategies, teaching, tutoring, assessment of learning. For the world of
theories of instruction, the main concepts could be: theory of instruction, theory of
learning, epistemological ground, taxonomy, learning, instructional strategies,
teaching, tutoring, assessment of learning.

For the world of instructional design, the main concepts could be: instructional
design, instruction, learning, instructional scenario, learning environment, selection of
methods, selection of media, selection of assessment methods. For the world of
theories of instructional design, the main concepts could be: theory of instructional
design, theory of instruction, theory of learning, epistemological ground, taxonomy,
learning, selection of methods, selection of media, selection of assessment methods.

As aconclusion to this preliminary portrait of knowledge relevant to the OE of 1D
knowledge, it is obviously too early to say whether these distinctions will reveal
valuable; it is anticipated that a series of iterations may be needed before a
satisfactory collection of termsis found.

8. Building these Ontologiesinto the Ontology Editor

The building of these ontologies into the Ontology Editor* fulfills the Level 1 of
OE, and exposes the links and the hierarchy to constraint checking. Essentially, the
building process consists, besides consolidating the terms and the hierarchy, in the
specification of |s-a and Part-of relationships for each term. Generate and test is the
preferred method, until a reasonable structure is obtained, and until all the constraints
are fully respected. Another ontological category to be considered is role, as it
proved to be aquite useful onein our case:

a) Instructional designer is a role (agent of design), with, as sub-roles, analyst of
learning contents, of learners characteristics, of learning context; designer of
scenarios, of learning environments, developer of learning environments,
collaborator with other designers, etc.

b) Instructor is a role (agent of instruction), with, as sub-roles, information presenter;
discussion moderator; asking questions/answering questions; asking for/giving
explanation; solving problems; collaborate; assess |earning; game master; organizing
|ab experiment/field experi ment; organize simulation/role play, etc.

c) Learner isarole (agent of learning), with, as sub-roles, asking/answering questions,
asking for/giving explanation; solve problems, play simulation games; make
assignments; pass examinations; self-manage learning; self-assess learning, etc.



An extract of the building within the Ontology Editor is shown in Fig. 3.
Figure 3. Extract of the ontology built within the Ontology Editor
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9. Further Work

The work towards a Level 1 of the ontology needs to be completed, in that the
collection of terms must be stabilized, the hierarchy also needs to be stabilized, the
relations need to be completed and refined, the definitions need to be completed, the
semantic constraints need to be fully checked. A series of iterationsis expected to be
necessary to obtain a satisfactory Level 1.

Further steps on our roadmap include:

1) Produce two detailed examples. Based on the assumption that “everything is
concrete”, and that “concrete” means ‘dimensioned by time and space”, we plan to
illustrate this idea with two concrete examples, specified within the Ontology Editor:
Learner-Instructor interaction (what is it made of? Specify components and roles),
Scenario building (what is it made of ? Scenarize the desired functionalities).

2) Elaborate functionalities of an ontology-based ITS authoring system The
functionalities of such a system can be: Intelligent theory retriever, Intelligent
navigator based on theories, Advisor to form an appropriate collaborative learning
group, etc. Steps towards the identification of these functionalities are: 1) imagine
what users can do with an ontology-aware authoring environment, 2) specify new



functionalities, 3) build a scenario-based demo of functionalities, 4) test mockup and
validate with users.

A long term perspective for thiswork isto provide the next generation of authoring
systems with a scientific basis for semantic standards of |earning objects and their
management.

10. Concluding Remarks

We have presented a work in progress in AIED research that aims at -ontology-
awareness for future ITS authoring systems. Collaborative ontological engineering of
ID knowledge has been described, followed by the first results on a road map towards
an ontol ogy -aware authoring system.

The implications of “ontology-awareness’ are meaningful, not only for AIED
research into system building but also for knowledge sharing between humans and
computers. OE enables humans to share theories with computers, and stimulates the
quest for a consensus among humans. If an ontology represents a shared
conceptualization in a community, OE has the potential to contribute to the building
of such aconceptualization.

Discussions about the hierarchical nature of ontologies can help find general
concepts by going up the hierarchy. The is-a and part-of hierarchies help humansin
finding the essential differences between them. The first results described above
represent a possible shared conceptualization. It may be far from complete, but it
should provide agood start to come up with aricher agreement.

*The Ontology Editor was developed at Mizlab, Osaka University
(http: //www.ei.sanken.osaka-u.ac.jp/oe/oe.html).
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