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Abstract. Current knowledge management focuses on knowledge acquisition,
storage, retrieval and maintenance. E-Learning systems technology today is
used primarily for training courses about carefully selected topics to be deli-
vered to students registered for those courses. Knowledge management is used
to rapidly capture, organize and deliver large amounts of corporate knowledge.
The practice of adding value to information by capturing tacit knowledge and
converting it into explicit knowledge is known as Knowledge Management. On-
tologies can represent an existing knowledge from a domain, in this work; on-
tologies allow to model different aspects of knowledge management for virtual
education in higher education. Universities, from the perspective of knowledge
management, provide an updated concept of higher education where knowledge
is considered a product, and the customers are students. This paper explains an
ontological framework, used to model and integrate knowledge management
processes and technological architecture for knowledge management in virtual
education.

Keywords: Knowledge Management - Virtual Education - Ontology - Higher
Education

1 Introduction

Knowledge management is the practice of adding value to information by converting
tacit knowledge into explicit knowledge, through storage, retrieval, filtering and
spreading of knowledge, and the creation and testing of new knowledge [2].
Currently, knowledge management is perhaps the most commonly used term in the
literature of management and although it is widely used in the management area, in
higher education it is rarely mentioned. However, it is in higher education where fu-
ture knowledge workers are being prepared and also knowledge workers are already
present as professors. Knowledge is an important resource in the knowledge society
and knowledge workers play an important role in it; therefore knowledge management
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and best practice solutions in the business world can be extended and used for its ap-
plication in modern higher education.

Ontology represents existing knowledge in a domain. In this case ontology
represents a different model for higher education knowledge management. An ontolo-
gy is ““A formal explicit specification of a shared conceptualization’’ [10]. Ontologies
are generally defined as a representation of a shared conceptualization of a particular
domain. It is anticipated that Ontologies and Semantic Web technologies will influ-
ence the next generation of e-learning systems and applications. The role of ontology
consists on facilitating the construction of a model domain. It provides a vocabulary
of terms and relationships in a specific domain.

In this research we present a knowledge management for virtual education through
ontology, focusing on academic processes carried out in universities. It is aimed to
create a knowledge representation through ontology and engineering methodology to
support both dimensions of knowledge. Ontology is used as the primary mechanism
for representing information and knowledge. It defines the meaning of the terms, as
well as the languages and relationships used in the knowledge management system.

2 Background

Gyorgy Kende [12] show knowledge as a key asset for higher education and define
knowledge management according to Davenport & Prusak [7]. They apply a business
model as a plus point of the organization to achieve competitive advantage, as well as
supporting tools to promote knowledge management and evaluation, utilization, crea-
tion, expansion, protection, division and intellectual equity of the organization. The
model of Intellectual Capital and its structure as the INTELECT model [4]. This defi-
nition is related to the business world, but it is updated in association with higher
education concepts, where knowledge is considered the product and students are the
customers.

Knowledge creation refers to the activity that modifies organizational knowledge
resources through socialization, internalization, externalization and combination of
knowledge. The spiral of knowledge [18] shows how to extend individual knowledge,
working groups into and across the organization. The authors explain the transfor-
mation of knowledge between individuals and between organizations and individual.

Paniagua et al. [20], describes how universities can develop these requirements un-
der the vision of universities as knowledge bases. These new dimensions see universi-
ties as innovation centers to produce and distribute knowledge as a product. Every
process of knowledge management for virtual education will be developed using this
vision.

3 State of the Art

Marla Corniel et al. [5] stand for an ontological model that provides support for deci-
sion making in the selection of educational opportunities for the Venezuelan higher
education subsystem (SES). The model makes the standardization of the vocabulary
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used in the domain. The prototype shows four elements: knowledge area, career,
agency, region, and possible relationships established among them.

Aggarwal et al. [1] defines a knowledge management framework for curriculum
development and research in universities. They define knowledge management
factors that enhance the curriculum: curriculum design, faculty development and
knowledge repositories, counseling techniques and lessons learned, relationships with
companies and support of technologies to knowledge management.

Huang et al. [11] present an e-learning semantic framework that considers both
technical and pedagogical aspects in an integrated environment. They present a gener-
ic model for semantic representation of context, both static and dynamic, considering
the interoperability between XML / RDF and e-learning technologies on the WWW.
The key feature of this framework is that it is sensitive to information management
services supporting context-enabled learning model for knowledge representation and
personality of the learner.

This research proposes a guiding model of quality standards for each one of the
virtual education processes defined though ontologies. These different abstraction
levels besides resembling the knowledge on the different processes of e-learning, will
allow to deduce new knowledge through the business rules established on the know-
ledge management system. Knowledge processes are established at diverse levels of
abstraction supported by a technological framework.

4 Ontological Model for Virtual Education

The Ontological Model Architecture for knowledge management is shown in Figure 1.
It is formed by three layers: Model, Process and Technology. Those layers are all seen
from the ontologies at different levels: general, domain and task. In the following
figure the architecture of knowledge model shown consists of three layers: the know-
ledge management layer, the educational processes layer, and the technology layer.
Acquisition of knowledge is done through ontologies, representing each of the layers
of the model, from the general, domain and task view.
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Human Structural Relational
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O Elearning Process
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Academic .
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Fig. 1. Knowledge Management Model for Virtual Higher Education through Ontologies.
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Knowledge Management Layer. The knowledge management layer describes the
intellectual capital model consisting of 1) human capital, which is composed by the
roles performed by students, professors, researchers and training personnel; 2) struc-
tural capital, made of policies and procedures to carry out the various academic
processes existing in higher education, such as curriculum development, knowledge
transfer service to community, technology development, and research and innovation;
3) relational capital is found, representing customer relationships. In this case we refer
to students, professors, alliances and other institutions.

Educational Process Layer. The educational process layer consists of three modules:
the collaborative environment module, the learning management module, and the user
and services management module. These modules describe how processes are run in a
virtual educational organization. The collaborative environment module describes the
activities to be performed by professors, students and researcher in a virtual environ-
ment. We are using ontologies for collaborative learning management as described in
this model (the first version was developed in Muiloz, et al., [15, 16, 17]). The learn-
ing management module is defined according to different instructional teaching mod-
els through the knowledge management. The users and service management module
describe the different processes and activities undertaken to support users in an educa-
tional system, as well as the different types of users and services.

Technology Layer. Knowledge Technology Management involves the vision, mis-
sion, business models, and strategies which solve global managing of information and
knowledge in virtual education. This platform has three layers: the creation, display
and sharing of knowledge layer, the knowledge management layer and the data layer.
The creation, display and sharing of knowledge layer would be shown to users
through a Knowledge Portal and supported by elements such as the Semantic Web
and technologies providing descriptions of the business model. All that has been
shown above allows the conversion process of tacit to explicit knowledge and vice
versa [19]. The technological elements that support the knowledge layer include:
knowledge bases (as organizational memory and semantic repository of learning ob-
jects), information systems (like learning management systems, knowledge manage-
ment content, knowledge-based systems, decision support systems, data mining, etc.).
The information retrieval system, document management and workflow management
support organizational memory.

Ontology Layer. In this transversal layer the concepts can be defined through the
general, domain and task ontology as well as relationships and instances of the ele-
ments of different layer of Knowledge Management, Process and Technology Layers
of academic processes in Virtual Education. This layer will allow showing the know-
how of the processes of virtual higher education, establishing standards, from the
view of knowledge management. From the perspective of the processes a model to be
followed is the development of activities through existing and new knowledge, which
can be provided by ontologies: also, viewing the ontologies on technology as agents
of application and integration. The ontology model, in general, will guide the integra-
tion process among the layers that from the framework.
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Some concepts used to describe the ontologies are: Intellectual Capital, Human
Capital and Structural Capital and Technological Layer. Relationships can be: is a;
part of; have. Axioms that construct the ontology are described in Table 1.

Table 1. Axioms that support the General Ontology Process Knowledge Management for
Virtual Education.

enten First-Order Logic (FOL)
Virtual Education Models have Knowledge Managemnt laver| 7 x Virtu delix] > have (x, Ahave (x, Educat A have (x, Ted ]
and Educational Process laver and Knowledge
Technology Layer
The Knowledeg Iayer have Intellectus| Capital vy r1{x) — have [xntellectualCapital]
Intellectual Capital has Human Capital, Structural Capital and| ¥ x Intellectual Capital (1] — have (1, ital) A have (x, Stru pital) A have (x
Relational Capital
Human Capital has Roles, Work Capacity Leadership and| v x Human Capital (x) — have (x, Roles] A have (x, WorkCapacity) Ahave [x, Leadership) A have (x, Training)
Training
Roles are employees performing different organizational| v Role (x| is_a (x, Employees] A have (x, Salary] A performs (x, OrganizationalProcess]
processes andthey have salary
CapacityWorki performance Role v CapacityWorking (x) > is_a {x, Performance Evaluation)
Leadership skills v x Leadership x) — have [x, il
The training phases have Training Needs Detection, Identify| 7 x Training (x) — have (x, TrainingNeedsDetect) A have (x, ResourcesTrainigidenty) A have (x, Trainig ign) A have (x, TrainingProgram) A have {x,
[Training Resour ces, Training Plan Design ion Training gProg: have (x gProg have (x, TrainingProgr: itoring)
Program, Evaluation, Control and Monitoring
Structural capital has organizatonal structure, organiztional| v Structural Capital () — have (x, A have (x, i Ahave (x, i A havelx, Research) A have.
culture, technological Systems, Research and Innovation (x, Innovation)
The organizational structure has processes, and[ v izat ure(x) —» have (x, Processes) A havelx inati Ahave (x edures)
Control Areas, Rules and Procedures (degree of standardization o]
activities)
The organizational cultures have values, wision, standard,| ¥ x OrganizationalCulture (x] — have (x, Values) A have (x, Vision] A have (x, Standards) A have (x, Workinglanguage] A have (x Systems) A have (x,
working language, systems, symbols, beliefs and habits. mbols) A have (x, Beliefs) A have (x, Habits)
Organizational Systems have structure, procedures and| v x Organizationalsystem (x) > have (x, Structure) A have (x, Procedures) A have (x, OrganizationalProcess)
The Technological System has Communication Networks,| v x Technologi (x) > have (x Comuni have (x, Hardware] A have [x, Software]
Hardware and Software that support an organization
Research and development activites are aimed to acquire| v x () = i=_alx, ience) V is_a (x, i Vis_a [, Visa x
more knowledge. These activities can be: Basic Science Research, |ProcessDevelopment)
Technological Development for Problem Solving, Product o
process D
Innovation is a technological innovation or service innovation,| ¥ SisalT tion) Vs a (x, servi Vis_a (x, Bussi ion) V is_a tion) Vis_a (x,
or innovation in business models, or design innovation, or social|Social nnovation)
innovation
The Relational Capitalhas Users, ions and Allian, ¥ x Relational Capital (x) — have (x, Users) A have (x. i have [, Alliances)
The Educational Process layers has Learning | v x Pr ionalLayer (x] — have (x, ‘Ahave (x, CollaborativeWorking) A have (x, ManagementUserServices)
c gand User i
The Management Learning have Teaching Module and| ¥x ig (x) = have (x, A have (x, Ls
Learning Module
The Learning Module is a Visusl or Auditery or Reading/Writing| 7 xLearningModule (x) — i5_a (x, Visual) Vis_a (x, Auditory) V 1s_a (x ReadingWriting] Vis_a (x Kinesthetic)
or Kinesthetic
The Teaching Module is a direct instruction or inquiry-based| 7 x TeachingModule (x] — ia_a [x,Directinstruction) V is_a (x, Ing is_a (x, Cooperat:
learning or cooperative learning
The technology layer has creation, presentation and sharing| 7 xTechnologicallayer (x) — have [x, CreationPresentationsharinglayer) A have (x ayer] Ahave (x Data)
layer, knowledge Iayer, and network and data layer

These three layers are modeled using ontologies to represent knowledge, processes
and technology layers. The Ontologies will be developed in three levels: General,
Domain and Tasks. The general Ontology is shown in Figure 2.
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Fig. 2. General Ontology for Virtual Education.

The Ontology for Collaborative Module describes the activities to be performed in
a collaborative environment for the learning management for both student-to-student
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and student-to-teacher interaction. To describe this model we are using ontologies for
collaborative learning in management, which first version was developed in Mufioz
et al., [17] it is shown in figure 3.

Fig. 3. Ontology for collaborative learning, Mufioz et al., [17]

The learning Management Model describes the instructional model of students and
teachers through knowledge management as shown in Figure 4.
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Fig. 4. Learning Management Ontology.

The learning management ontology shows the concepts that govern the process of
teaching and learning in a virtual education, based on different instructional theories.
The Learning Module contains different learning styles. One of the most accepted
understandings of learning styles is that student learning styles fall into three “catego-
ries:” Visual Learners, Auditory Learners and Kinesthetic Learners. These learning
styles are found within educational theorist Neil Fleming’s VARK [9] model of Stu-
dent Learning. VARK is an acronym that refers to the four types of learning styles:
Visual, Auditory, Reading/Writing Preference, and Kinesthetic.

The Teaching module refers to the general principles, pedagogy and management
strategies used for classroom instruction. There are three main teaching styles in edu-
cational pedagogy: direct instruction, inquiry-based learning and cooperative learning.
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Direct instruction is the general term that refers to the traditional teaching strategy
that relies on explicit teaching through lectures and teacher-led demonstrations. Direct
instruction is the primary teaching strategy under the teacher-centered approach, in
that teachers and professors are the sole supplier of knowledge and information. Di-
rect instruction is effective in teaching basic and fundamental skills across all content
areas.

Inquiry-based learning is a teaching method that focuses on student investigation
and hands-on learning. In this method, the teacher’s primary role is that of a facilita-
tor, providing guidance and support for students through the learning process. In-
quiry-based learning falls under the student-centered approach, in that students play
an active and participatory role in their own learning process.

Cooperative Learning refers to a method of teaching and classroom management
that emphasizes group work and a strong sense of community. This model fosters
students’ academic and social growth and includes teaching techniques such as
“Think-Pair-Share” and reciprocal teaching. Cooperative learning falls under the stu-
dent-centered approach because learners are placed in responsibility of their learning
and development. This method focuses on the belief that students learn best when
working with and learning from their peers.

The users and services management module is just being developed and should
describe the different processes and activities to support users in the learning man-
agement model, as well as the different types of users and services. Knowledge
Management Technology is the vision, mission, business models, and strategies
which solve globally managing information and knowledge in higher education.

The Technology Management layer is an adaptation of the architecture proposed
by Paniagua et al. [20], and describes the technological elements that must support the
model, as shown in figure 5.
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Ontology describing these three layers as shown in figure 6. The presentation layer
shows the business model and strategic management to the users through a Know-
ledge Portal and supported by elements such as the Semantic Web. All these activities
allow the conversion process of tacit to explicit knowledge, according to Nonaka
&Takeuchi [19], for example the transformation of tacit knowledge to explicit know-
ledge occurs while recording knowledge in the repositories, and new knowledge can
be deduced from ontologies. The presentation layer shows the business model and
strategic management to the users through a Knowledge Portal and supported by ele-
ments such as the Semantic Web. All these activities allow the conversion process of
tacit to explicit knowledge, according to Nonaka &Takeuchi [19].

Presentation, _cieating_and_sharing_Layer
K tT

( Thing e (virualEdusation p<}— K L

"X Data_Layer )

Fig. 6. Technology Knowledge Ontology for Virtual Education.

The knowledge management layer describes the technological elements that sup-
port the presentation layer such as: the creation and management of knowledge bases
like organizational memory and semantic sources of learning objects, these are sup-
ported by ontologies that allow integration of learning management systems and
knowledge management objects. Knowledge-based systems, decision support systems
and data mining allow updating of knowledge. The information systems, document
management and workflow management support organizational memory. Ontologies
for integration process to both systems and ontologies. The data and networking layer
is formed by the external data sources, Web servers, email and domain repositories,
among others.

5 Conclusions

Universities are generators of knowledge, and thus there are new knowledge workers
being formed in them by professors, who in turn are knowledge workers as well. On
the other hand, it is really important that knowledge completes its permanent vital
cycle (tacit-to-explicit-to-tacit) so that added value can be provided to processes per-
formed by universities. The latter allows universities to be real organizations that
learn by preserving their experiences, reusing them properly and evolving them into
best practices. Using business models and best practices should (with proper respect
to academics as repository of formalized knowledge obtained from the theory-
practice-theory cycle) allow universities to be more dynamic and to better serve their
clients with mature and reusable “knowledge products”.

A first version of a formal model for virtual education is presented in this research,
using first-order logic (FOL). It is modeled through ontologies, which describe the
semantic architecture of a knowledge management system. We have been able to
establish rules and meaning of behaviors through the different ontologies of the
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processes that comprises it. The ontologies describe the intelligent behavior of the
model. General ontologies describe the superior level of processes, while domain
ontologies describe the different processes in the education domain such as collabora-
tive learning, teaching, etc. Finally, task ontologies will describe different tasks of the
model, for example creation of learning objects.

General Ontology is the element that represents the management of knowledge
which guides the model; this ontology is formed by concepts that allow to integrate
the diverse layers that form the model, as well as the rules and axioms that domain the
framework from a general view. This is apparent when we describe the structural
capital, containing the learning management processes and collaborative work, such
as found on the processes and technologies on the third layer. General ontology
(shown in figure 2) integrates different layers of the model done through axioms of
behavior described on table 1. For instance a rule states that “integrations include the
human capital, which includes professors, students and researchers.”

Each one of the ontologies describes the processes of integration and re-use of
knowledge given on the different processes; this is a work in development using Neon
methodology.

Future research will be conducted on the development of intelligent agents that
support recommended activities to establish processes standards. Agents whom would
allow to consult on the activities of measurement of quality which will be communi-
cated to users, as well as other Agents who will allow the creation of users’ profiles.
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