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COGNITIVE BIAS IN KNOWLEDGE ENGINEERING COURSE
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Abstract: The paper presents experience in teaching of knowledge and ontological engineering. The teaching
framework is targeted on the development of cognitive skills that will allow facilitating the process of knowledge
elicitation, structuring and ontology development for scaffolding students’ research. The structuring procedure is
the kernel of ontological engineering. The 5-steps ontology designing process is described. Special stress is put
on “peautification” principles of ontology creating. The academic curriculum includes interactive game-format
training of lateral thinking, interpersonal cognitive intellect and visual mind mapping techniques.
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Introduction

Young researchers of computer science and information technologies use a lot of informal rules-of-thumb advice
that may help but not a systematic guidelines. Major recommendations deal with library work, citation and other
important but not essential components of research activity. Web resources now help to streamline the process of
finding, selecting, and entering information from the Web, corporate databases, and reference materials into a
paper. We are speaking about not syntax but semantic of study. Our course is aimed at information engineering —
structuring and shaping the research framewaork. This issue has hardly been explored yet.

Students are engaged in various semantically-based activities. Indeed, any conceptual data modeling is a form
of informal Semantic Modeling [26]. They do all the “bottleneck” activity including data and knowledge elicitation,
structuring, formalizing. But do they do it professionally? They need knowledge engineers’ analytical skills.

Knowledge Engineering traditionally emphasized and rapidly developed a range of techniques and tools including
knowledge acquisition, conceptual structuring and representation models [1], [24]. But for practitioners it is still a
rather new, eclectic domain that draws upon areas like cognitive science. Accordingly, knowledge engineering
has been, and still is, in danger from fragmentation, incoherence and superficiality. Still few universities deliver
courses in practical knowledge engineering.

This paper describes recent experience in teaching such course. The total number of students that were taught is
more than 160 — in Finland, Russian and USA.

Teaching Framework

Knowledge Engineering course (KEC) is based on university courses in intelligent-systems development,
cognitive sciences, user modeling, and human-computer interaction delivered by authors in 1988-2005. KEC
proposes information structuring multi-disciplinary methodology, including the principles, practices, issues,
methods, techniques involved with the knowledge elicitation, structuring and formalizing. Emphasis is put not on
technologies and tools, but in training of analytical skills. KEC also includes Ontological Engineering that is further
development of knowledge engineering towards ontology design and creating.

Students are introduced to major issues in the field and to the role of the knowledge analyst in strategic
information system development. Attention is given both to developing inter-personal information communication
skills and analytical cognitive creative abilities.

The class feature short lectures, discussions, tests, quizzes and exercises. Lectures are important but the
emphasis is put on learning through discussions, simulation, special games, training and case studies. A good
deal of the course focuses on auto-reflection and auto-formalizing of knowledge, training of analytical and
communicative abilities, discovery, creativity, cognitive styles features, and gaining new insights.

KEC consists of 4 inter-connected modules:
® (Getting Started in KE (12 hours),
® Practical KE in depth (12 hours),
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® Ontological Engineering (12 hours),
® Business Processes Modelling (12 hours).

Different combination of sub-topics is possible. Fig.1 illustrates the structure.
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Fig.1. Outline of training on knowledge engineering

The main difference of KEC to existing curricula is cognitive (not technological) bias. Fig.2. shows the main
issues covered by tests and practical exercises. Students of IT-departments often under-value the significance of
psychological background of categorization, laddering and lateral thinking. But during learning process some of
them feel “insight” and become very enthusiastic.
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Fig.2. The main topics of practical exercises

The practical methods of knowledge elicitation gain the main interest during teaching as they really work. The
training is organized that students study main techniques in pairs “expert — knowledge analysts” with a shift of
roles when needed. Some psychological assessment techniques help students to realize their strong and week
points in inter-personal communication and intelligence.

But only knowledge structuring exercises show the importance of obtained analytical skills for the students. Even
simple tests from their own research domains are rather difficult at the first classes.

The study is aimed on semantics not syntax of knowledge engineering. We suppose that systems and languages
may be self-studied while general scope and knowledge-stressed approach should be trained thoroughly.
Students often under-estimate the role of cognitive styles, verbal skills and logics in information processing. It is
supposed to be common sense while it needs to be taught.
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Fig.3. Theory and practice of knowledge elicitation

KNOWLEDGE
STRUCTURING
TECHNIQUES

Taxonomies

Decision Trees

Concept mapping

Mind mapping

Laddering

Process mapping Diagram-based

Composition
structures

Repertory grids

Card
sorting

Matrix-based
techniques

Sorting

Ranking

Fig.4. Knowledge structuring techniques

Stress on Ontological Engineering

Ontologies are fashionable now. But our experience in training show that nobody can deal with ontologies without
knowledge engineering practice. How to teach ontology design? The theory differs from practical needs...

There are numerous well-known definitions of this milestone term (Gruber, 1993; Guarino and Giaretta, 1998;
Jasper and Uschold, 1999; Mizogushi and Bourdeau, 2000; Neches, 1991) but they may be generalized as
“Ontology is a hierarchically structured set of terms for describing an arbitrary domain” [9]. In other words
“ontologies are nothing but making knowledge explicit” [12].

Since 2000 a major interest of researchers focuses on building customized tools that aid in the process of
knowledge capture and structuring. This new generation of tools — such as Protégé, OntoEdit, and OQIlEd - is
concerned with visual knowledge mapping that facilitates knowledge sharing and reuse [18], [19], [22]. The
problem of iconic representation has been partially solved by developing knowledge repositories and ontology
servers where reusable static domain knowledge is stored. Ontolingua, and Ontobroker are examples of such
projects [20], [21].
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Ontology creating also faces the knowledge acquisition bottleneck problem. The ontology developer encounters
the additional problem of not having any sufficiently tested and generalized methodologies, which would
recommend what activities to perform and at what stage of the ontology development process. The lack of
structured guidelines and methods hinders the development of shared and consensual ontologies within and
between the specialists. Moreover, it makes the extension of a given ontology by others, its reuse in other
ontologies, and final applications difficult [11].

Until now, only few effective domain-independent methodological approaches have been reported for building
ontologies [4]; [25], [16]. What they have in common is that they start from the identification of the purpose of the
ontology and the needs for the domain knowledge acquisition. However, having acquired a significant amount of
knowledge, major researchers propose a formal language expressing the idea as a set of intermediate
representations and then generating the ontology using translators. These representations bridge the gap
between how people see a domain and the languages in which ontologies are formalized. The conceptual models
are implicit in the implementation codes. A re-engineering process is usually required to make the conceptual
models explicit. Ontological commitments and design criteria are implicit in the ontology code.

Figure 3 presents our vision of the mainstream state-of-the-art categorization in ontological engineering [12], [13],
[28] and may help students and analyst to figure out what type of ontology he/she really needs. We use
Mindmanager™ and Cmap™ as they proved to be rather powerful visual tools.
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Fig.5. Ontology mind map

We try to simplify a bunch of different approaches, terms and notations for practical use (Fig. 5) and even dare to
propose a 5-step recipe which help practical ontology design.
Exercises during training help us to evaluate and update it unless it starts to work.

Ontology Design Recipe

The existing methodologies describing ontology life cycle [28], [16], [9] deal with general phases and sometimes
don't discover the design process in details. Five simple practical steps were proposed.

Step 1. Glossary development: The first step should be devoted to gathering all the information relevant to the
described domain. The main goal of this step is selecting and verbalizing all the essential objects and concepts in
the domain.

Step 2. Laddering: Having all the essential objects and concepts of the domain in hand, the next step is to define
the main levels of abstraction. It is also important to elucidate the type of ontology according to Figure 1
classification, such as taxonomy, partonomy, and genealogy. This is being done at this step since it affects the
next stages of the design. Consequently, the high level hierarchies among the concepts should be revealed and
the hierarchy should be represented visually on the defined levels.

Step3. Disintegration: The main goal of this step is breaking high level concepts, built in the previous step, into a
set of detailed ones where it is needed. This could be done via a top-down strategy trying to break the high level
concept from the root of previously built hierarchy.
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Step4. Categorization: At this stage, detailed concepts are revealed in a structured hierarchy and the main goal
at this stage is generalization via bottom-up structuring strategy. This could be done by associating similar
concepts to create meta-concepts from leaves of the aforementioned hierarchy.

Step 5. Refinement: The final step is devoted to updating the visual structure by excluding the excessiveness,
synonymy, and contradictions. As mentioned before, the main goal of the final step is try to create a beautiful
ontology. We believe what makes ontology beautiful is harmony.

Using these tips the students develop several huge practical ontologies to conduct systemically more structured
research. This approach is based on developing of a set of ontologies:

e Problem-ontology definition (ontology N1 describing main concepts)

o Ontology of reviewed approaches (ontology N2 describing the history of the problem)

o  Experiment framework design (ontology N3 presenting experimental conception)

o Data structure ontology (ontology N4 presenting input and output data)t

¢ Mathematical modelling and main results ontology design (ontology N5 describing results)

Not all five ontologies are obligatory, but even an attempt to create them is a first step to perform systemic
scientific study.

Conclusion

Students and teachers both are knowledge workers. So students enter “the world of ontologies” with interest and
begin to use it in their practical research work.

Our experience in training of knowledge analysts and teaching this course in the period of 1999-2006 confirm the
unique role of knowledge structuring for developing ontologies quickly, efficiently and effectively. We follow David
Jonassen’s idea of “using concept maps as a mind tool” [14]. The use of visual paradigm enables students to
process and understand greater volume of information.

The course is double-ontological as the development of educational knowledge structures in the form of
ontologies provides training and learning support. Teaching ontologies scaffold and improve students’
understanding of the courseware and later help to realize substantive and syntactic company knowledge. As
such, they can play a part in the overall pattern of learning, facilitating for example analysis, comparison,
generalization and transferability of understanding to analogous problems.

Ontological framework scaffolds the student's research activity. But ontological engineering is rather easy for
«old» sciences with good structure. Researchers in new, multi-disciplinary and ill-structured disciplines as HCI,
cognitive sconces, management, etc. will face a bunch of difficulties in design and development phases.
Ontologies also are rather subjective.

Our paper presents one of the first attempts to show the visionary role of knowledge engineering in helping
student research. Ontologies are good for better self-understanding of research and then for knowledge sharing.

We also have experienced to teach the modification of this course to the practitioners. It was in-service training of
analysts for IT-departments of some companies. The training was a success, as knowledge engineering is a
unique set of methods that help everywhere. It is a real ‘silver bullet'.
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