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Abstract

The article describes a knowledge model, oriented to the asynchronous mode of distance learning. The formalization
of the knowledge model for a given domain, the operations on the knowledge and the algorithm of the knowledge
model creation are submitted. All received decisions can be realized in a program environment compatible with the
SCORM standard. The described methodology, based on a generalized knowledge model, enables to develop a distance
learning course mainly for the fundamental knowledge. In this paper we describe the methodology and illustrate its use
through a project to develop a distance learning course for a queuing system. Moreover, a practical application is pro-
posed based on the eQuality project.
� 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Distance learning (DL) is widely developed in
traditional educational institutions as well as in
large corporations [55,63]. The modern approach
to DL is based on two different methods of train-
ing: synchronous and asynchronous [67]. The
asynchronous method is based on the student�s
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access to the training system at any time and at
any place by means of the information network.
Considering the cost of training and elasticity of
application, in the reality of corporations and
universities the asynchronous method is more
popular. Therefore, in the given article, under the
process of training we understand distance learn-
ing in the asynchronous mode. Moreover, the
asynchronous systems of a DL training should
achieve:

• High flexibility of representation and contents
of didactic materials;
ed.
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• Fast adaptation to different social and cultural
conditions;

• Clarity of the incorporation and students access
to the didactic materials;

• Effective knowledge transfer from an artificial
computer system to the student.

Distance learning systems give students good
opportunities to cooperate with the system and
to have a great initiative at the same time. Flexibil-
ity of the content�s expression, rapid adaptation to
different social and cultural issue and open nature
on the implementation and access level are main
indicators of DL asynchronous system. In such
conditions a less creative student automatically be-
comes a less successful one, since the DL system
allows the student to organize the learning process
on his/her own. This means that DL systems have
high requirements as to the creative and initiative
abilities of the student.

The process of ‘‘teaching–learning’’ in an asyn-
chronous mode of DL is characterized by the new
function of the teacher, who loses the dominant
position and influence on the educational process
and transfers this role to the didactic materials
and learning process organization. In the process
of interactive co-operation with the DL system
the student extracts and assimilates the subject
knowledge independently. Therefore, didactic
materials in a DL system should contain the neces-
sary portion of knowledge, as well as the cognitive,
built-in scheme, compensating this way the
absence of the teacher in the learning process.

The continuous development and success of DL
technologies essentially depend on the joint con-
sideration of its pedagogical and economic aspects
[12,30,58]. This is caused by the necessity to in-
crease the efficiency of the DL process, and, on
the other hand, to reduce the expenses of its orga-
nization. The pedagogical aspects of DL are
mainly related to the model of knowledge repre-
sentation and transfer and the used pedagogical
tools [13]. The economic aspects are related to
the development of telecommunication space
ensuring interactive access to common informa-
tion resources for the teacher and the students in
a time-sharing mode. The problem includes unifi-
cation of pedagogical and economic aspects within
the framework of the integrated models of a DL
system design and support. Until now, the solution
has been based on the approaches oriented to
models of the knowledge representation and trans-
fer for traditional environment and organization
of teaching. However, a DL system functions in
a new teaching environment, with other standards
and forms of education and it dictates the necessity
of other approaches.

In traditional learning we deal with a situation,
when the knowledge of a subject domain and the
technique applied to teaching are continuously
accumulated and organized in the mind of the tea-
cher and are referred to didactic modes of knowl-
edge representation and transfer. The teacher
realizes the process of knowledge adaptation to
objectives and conditions of teaching in real time.
In the knowledge adaptation process a teacher in
his/her own, not formalized way, forms a set of
concepts and defines their semantic depth and mu-
tual relations. Keeping in direct touch with the stu-
dents, the teacher has an opportunity to change
the technique of teaching and also the depth, struc-
ture and borders of the used concepts, depending
on knowledge accumulated by the students.

In the DL process there is no direct contact be-
tween the teacher and the students. This important
function of the learning process is lost, and that re-
sults in the loss of learning efficiency. Thus, in DL
conditions the question appears—how to change
the role of the teacher and what replaces his func-
tions as the knowledge ‘‘provider’’, minimizing
his/her absence in the learning process?

The solution to this problem is possible only via
automation of intellectual processes, which are
carried out by the teacher in the teaching process.
At the same time, it is known that only formally
described processes can be the object of automa-
tion. Automation of such processes demands solv-
ing the following tasks:

• definition of basic operations, which form the
teaching process;

• control of results of these operations, in other
words, setting a dependence between the input
and output data for each operation;

• optimization and choice of the best parameters
of the learning process;
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• comparison of the final results of the traditional
and distance learning processes.

The paper is organized in the following way: in
the second section the knowledge issue is discussed
in the perspective of the DL process. In the third
section the concept network creation algorithm
and didactic materials compilation algorithm are
introduced. The 4th section covers some field of
knowledge engineering, mainly focused on the
ontology engineering. In the next two sections
the given algorithms are discussed in detail. In Sec-
tion 7 the algorithms are compared with the
requirements of the SCORM 2004 standard (Shar-
able Content Object Reference Model)—one of the
most significant distance learning standards [51].
Based on the eQuality project [2] in the 8th section
the algorithms application is demonstrated.
2. Knowledge in the traditional and distance
learning process

The natural language (NL) is the basic mode of
knowledge representation and transfer in conven-
tional teaching. However, various types of sym-
bolic/artificial languages can also be used (e.g.
[34]), what gives additional possibilities to enhance
the semantic expressiveness of the NL. From the
point of view of ergonomics and psychology, the
computer environment sets bounds on the NL
usage [11]. On the other hand, computer environ-
ment gives unlimited possibilities for using sym-
bolic and artificial languages and media.

The question appears: how to achieve, in the
DL environment, the level of NL accuracy in
the knowledge manipulation? The solution to the
problem is developing a knowledge model of rep-
resentation and delivery. Knowledge, as an object
and purpose of study, can be divided into two
basic kinds: fundamental (theoretical) and opera-
tional (procedural). Each kind of training activity,
irrespective of the subject domain, demands the
assimilation of both theoretical knowledge and
practical skills.

Fundamental knowledge reflects conceptual
thinking and contains new paradigms, problem
statements, principles of behaviour etc. Procedural
knowledge is necessary for the development and
realization of scenarios, algorithms and the perfor-
mance of various kinds of operations. Analyzing
various problems and situations, examined in the
learning process, demand simultaneous use of both
kinds of knowledge but in different proportions,
depending on the complexity of the problem that
is being solved. New methods of procedural
knowledge representation and DL technologies
allow to create effective systems of computer train-
ing (simulators, expert systems, etc.). Such systems
set a relationship between practical skills (speed,
accuracy, conformity to standard) and the avail-
able theoretical base in real time.

Therefore, conceptual thinking is shown in the
following:

• abilities of abstraction and generalization,
• setting associative links,
• inference of a new knowledge on the basis of the

available one,
• formulation of paradoxical knowledge which

exceeds the existing paradigm.

There are no objective quantitative methods of
evaluating the conceptual knowledge acquired
during training. Therefore, assessment of the qual-
ity of learning the conceptual knowledge is based
on the objective properties of the domain and tech-
niques of studying it. With the same amount of
knowledge in the subject domain and other equal
conditions the various techniques of training can
affect the development of conceptual thinking in
a different degree. The responsibility for the choice
of the training technique lies in the hands of the
teacher. Therefore, in the conditions of DL, it is
necessary to use the methods of theoretical knowl-
edge representation that give opportunities to
present objective knowledge in the subject�s do-
main as well as techniques of studying it.

The analysis of existing models of knowledge
representation shows that none of them satisfy
the demands of DL. It is shown in [48] that the
structure of knowledge, which differs from the
Rules Systems, can be presented on the basis of
the semantic networks. The semantic networks
can represent both abstract categories and certain
objects. The big obstacle for using the semantic
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network is the difficulty with formal representa-
tion of the semantic relations. Semantic networks
are the starting point for such knowledge repre-
sentation models as Mind Maps [9], Conceptual
Maps [56,44] and Topic Maps [4,32]. The models
are oriented towards a specific kind of knowledge
and a concrete user. Each of them is dedicated to a
specific kind of tasks and a specific domain. The
level of universality in the DL knowledge model
should be high. The appropriate model must at
least work with one kind of knowledge (e.g. theo-
retical) in all its contexts. The final knowledge
representation system should merge the knowl-
edge manipulation language with the correspond-
ing pedagogical approach, which is used to learn
about a subject.

The mind stores knowledge in the form of a
concepts [5,41]. The concept is considered as a
structure of mind representation, which consists
of the proper description of a single-meaning class.
The methods of conceptual knowledge teaching
take advantage of the concept�s communication le-
vel between the students. Teacher can use meta-
phors or other pedagogical methods [13]. The
most important issue is to establish the cohesion
state, what is achieved when both, teacher�s and
student�s minds refer to the same concepts proto-
types simultaneously.

The proposed knowledge model plays the role
of a collaboration tool between the teacher and
the subject matter expert. In the phases of the
learning objectives� creation and student�s knowl-
edge discovery, the following activities are per-
formed based on the knowledge model:

• learning object creation,
• semantic border localization,
• synonyms chain creation.

These operations give the possibility to edit the
concept semantic from the expert�s side as well as
the teacher�s side. The knowledge model is the ba-
sis for the modular didactic materials formation.
The model of each concept is formulated as a log-
ical unit with references to the media metaphor
and other concepts that are stored in the reposi-
tory. Such approach is compatible with the
requirements of the Learning Management Sys-
tems (LMS) and Learning Content Management
Systems (LCMS), which are widely used in DL
[29]. LMS is a strategic solution designed for plan-
ning, delivering and managing all the training
events in the company, considering virtual classes
as well as the ones taught by an instructor [25].
The Learning Content Management System [8] is
what we call a system used for creating, storing,
making available (sending) personal educational
content in the form of a learning object.

The structure and construction of the learning
object are covered in detail by the SCORM stan-
dard [51]. However, there is a lack of informa-
tion or knowledge about the content of the
learning object in the SCORM standard. The
international research society has been investigat-
ing the problem of the learning object for several
years [15,27,33,47], however, the general solution
has not been found yet. Until now the set of guide-
lines and rules has been published [27]. The learn-
ing object problem is also discussed in [39,53,66]
and European Union programmes [1,3]. The
authors have proposed the above approach as
the next stage of the universal distance learning
system creation.
3. Idea of algorithms of the knowledge domain

representation based on the concepts network
formulation

The next two sub-sections present the general
idea of the concepts network creation algorithm
and didactic materials compilation algorithm.
The algorithms and associated concepts will be
discussed in detail in Sections 4–6.

3.1. Concepts network creation algorithm

The goal of the concepts network creation algo-
rithm (CNCA) (Fig. 1) is to identify the knowledge
in a specific subject domain and convert the
knowledge to the form of a concepts network
(CN). The subject domain analysis is conducted
on the first step of the expert�s work. The subject
matter expert analyses the domain and the con-
cepts are selected according to the rules of the con-
cepts description. The identified set of concepts is



Subject domain

Start

Criterion I

Rules of
concept

description

Expert: concepts of
subject domain

Concept
notions

Media
metaphor

Thesaurus of
concepts

Repository:
{concepts+
metaphors}

Applied the
concept

network into the
repository

Criterion II

End

Yes

Yes No

No

Fig. 1. The algorithm of the concepts network designing.

Network of
concepts

Ordered
multilevel graph

of concepts

Treelike graph Repository

Formation of
"Knowledge

portion"

transferred into
LO

Criterion III
(LO assessment)

Limitation of
media

Graph
consolidation

Determining of
sequence of

passage (routing)
of scaled up 

graph

Compilation of
didactic materials

Criterion IV
Teacher

assessment

Make the didactic
materials

accessible to
student

Start

End

Yes

No

Yes

No

"Knowledge
  portion" is

Fig. 2. Didactic materials compilation algorithm.

O. Zaikin et al. / European Journal of Operational Research 175 (2006) 1379–1399 1383
enhanced by adding a semantic relation. Simulta-
neously, the creation of the concepts multimedia
representation is being performed. The main func-
tion of each metaphor is to describe the concept
widely or the idea which is covered by the concept.
The abstract form of the concept implies its digital
representation. The complete processing informa-
tion, including concepts, meta-information (each
notion is characterized by the author, data, etc.),
media files is stored in the repository. The criterion

I of the concepts network algorithm decides
whether the choice of the multimedia metaphor
is correct. The expert, who is carefully considering
the judgment process, can enlarge the depth of the
concept metaphor basing on his/her knowledge of
the subject. After the positive semantic verification
the CN is applied to the repository structure. The
whole system is evaluated again according to crite-

rion II. The network of concepts should cover
every bit of knowledge in the specified domain.
The results of the algorithm are:
• Concepts network;
• Repository;
• Hypermedia network of concepts.

The last one maps the concepts onto their mul-
timedia representations stored in the repository.
The algorithm outcomes are fully compatible with
the SCORM standard.

3.2. Didactic materials compilation algorithm

The didactic materials compilation algorithm
(DMCA) (Fig. 2) adapts the didactic materials
for the student by taking under consideration the
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general educational standards and pedagogical
conditions of the learning process. In general, the
CN is adapted to a specific student by the content
personalization. The goal of the algorithm is to de-
velop a sequence of educational elements (in the
sense of the SCORM 2004 standard), which is
delivered to the student through the telecommuni-
cation network.

The CNCA algorithm creates a CN about the
subject area. In the first step of the DMCA algo-
rithm, the relationships in CN are ordered basing
on the student�s profile. In the next step, the or-
dered CN is transformed into a multilevel hierar-
chical graph with the basic concepts at the top
level. Concepts at the low level of the hierarchical
graph are interpreted as the objectives of learning.
Such graphic representation of knowledge deter-
mines uniqueness of each concept and the number
of its semantic links. The links define semantic
richness of each concept and its importance for
other concepts.

At the next stage of the algorithm, the multi-level
hierarchical network is decomposed into its own set
of tree-like sub-graphs which are based on the
methods described in this paper. The trees are cov-
ered by a �knowledge portion� mechanism, which is
constructed basing on cognitive regulations. The
selected �knowledge portion� is a basic element of
the learning object. Transformation of the �knowl-
edge portion� into a learning object requires a repre-
sentation of the concept in the repository content.

The data and its metadata are analyzed basing
on criterion III. Criterion III estimates the �size� of
the data according to the telecommunication net-
work bandwidth limitation, the copyright issue
and the resources accessibility. The clustering pro-
cess joins the concepts of every �knowledge portion�
into one node. The knowledge incorporated into
the �knowledge portion� together with the essential
metadata description creates the learning object.
The generated learning objects are impinged on
the CN, which is after that converted to a learning
object network. Afterwards the sequence of nodes
(learning objects) is set. The established learning
object chain determines the way of learning for
each student. Before the learning objects sequence
will be placed in the repository, all elements are
converted to a SCORM-compatible form. The
course instructor/teacher has to make the final
decision about the didactic materials acceptance
(criterion IV). Finally, the didactic materials are
accessible for every registered student.
4. Ontology considered as a knowledge model

In general the ontology X (called lightweight
ontology) can be defined as a 3-tuple [18,28,64]:

X ¼ hCD; ID;RDi; ð1Þ
where CD is a set of classes, which defines the con-
cepts used to the real object description; ID is a set
of instances, which represents the instance of the
concept defined in the set of classes; RD is a set
in relations on the set of classes.

In the paper the following assumptions are
made:

• Ontology describes the fundamental knowl-
edge;

• Ontology is build by the subject experts of the
specified domain;

• Concepts are the ontology nodes, connected by
relations;

• Ontology can be considered as an unordered
graph;

• Concepts have to be unique along the ontology.

4.1. Semantic unit of the knowledge model

description

Reality is defined by an unlimited and diverse
set of information and stimulus, which attract
human perception system. The cognitive science
assumes the mind natural ability of conceptualiza-
tion [23]. The conceptual scheme exists in every
domain [16] and informs about the domain bound-
aries and paradigm. Basing on the ontological ap-
proach one can create a conceptual model of the
knowledge domain, where the concepts are the
atomic, elementary semantic structures [7,26,59,
60]. On practical point of view, the ontology is a
set of concepts {c1, . . . , ci, . . . , cn} from a specific
domain. The modelling approach, considered as
a cognition tool, assumes certain level of simplifi-
cation of the examined object.
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The following definition of a concept will be
used in our research [36,38]: the concept is a nom-
ination of classes of objects, phenomena, abstract
category, for each of them the common features
are specified in such way that there is no difficulty
with distinguishing every class. Heaving of given
definition makes possible the modelling of the
knowledge model for any domain basing on the
set of basic concepts which were specified by an ex-
pert in a verbal way.

The concept /, is defined as a tuple:

/ ¼ hNð/Þ;X ; T i; ð2Þ

where N(/) is the name of the concept /; X is a set
of information, which provided the concept
description. The description is made basing on
one of the metadata standards (e.g. DublinCore,
IEEE LOM). T, the matrix of the concept depth
T ¼ ½̂tij� has the following meaning:

T ½̂tij� ¼

Nð/Þ; when i ¼ 1 ^ j ¼ 1;

Attribute i; when i 6¼ 1 ^ j ¼ 1;

Object j; when i ¼ 1 ^ j 6¼ 1;

tij; otherwise:

8>>><
>>>:

ð3Þ

All elements of the matrix T belong to the spec-
ified domain, as a result, they are included in a sin-
gle ontology {N(/), Object i, Attribute j, tij} 2 X,
for i = 1, . . . , I, j = 1, . . . , J.

Such concept definition allows a formal repre-
sentation of its internal structure and makes it pos-
sible to shift from a verbal form to a formal
description in the form of an abstraction, which
can be organized as a matrix or another graphic
structure [24,34]. In the case of the matrix (Fig.
3), the number of rows equals the number of attri-
butes of the concept and the number of columns
symbolizes the amount of objects merged into
one concept class [62]. The number of elements
in the matrix tij is called the concept depth in the
specified domain. The coloured field (Fig. 3) de-
scribes the context of the concept. The basic rela-
tions, which occurred between concepts and are
defined by the subject�s matter expert, are the fol-
lowing: homonym, synonym, meaning extension
and meaning deepening.

Aggregation (PART_OF) and generalization
(IS_A) are semantic operations, which can be con-
sidered as a result of the abstraction creation
method. The concept can be examined as an
abstraction [22,57], what helping to understand a
complex object by decomposing it into uncompli-
cated components.

4.2. Concepts network relations

Similar to the semantic network, the concepts
network (CN) does not attempt to represent the
real mind structure. The CN is no more than an
abstract representation, which is an instrumental
model adapted to the domain knowledge manipu-
lation in the form of ontology engineering.
Researchers believe that knowledge in the mind
is organized according to a cognitive economy:
concepts with a higher number of semantic rela-
tionships are situated on the upper level of the
knowledge representation�s structure.

In general, a CN always covers knowledge from
one, specific domain and for that reason can be
considered as an ontology. The statements con-
firming such declaration come from previous
assumptions.

The conceptual framework for a CN is based on
the ontology characteristic. The concept (/ =
hN(/), X, Ti) has been defined in the previous sec-
tion. Semantic relation is defined as a relation be-
tween two concepts. Out of many other existing
ones, the set of semantic relations: R = {IS_A,
PART_OF, Ø} is incorporated into the approach.
According to [22,57] the inclusion, aggregation
and association relations classes are the most
important ones. The last class notices some infor-
mation about the association between concepts.
In CN this type of information is carried on by
the inclusion and aggregation class. The remaining
relations� set R is, on one hand, relatively small
but, on the other hand, the cohesion with the
abstraction mechanism is preserved.

The IS_A relation, according to [17], covers
wide range of relations like: inheritance, implica-
tion and inclusion. The most popular IS_A appli-
cation is taxonomy. If any elements of T 1 ¼ ½̂tij�
(for the concept name N(/1)) can be described as
a matrix T 2 ¼ ½̂tij� (concept name N(/2)) then the
concept U2 is connected with the U1 by the IS_A
relation.
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The PART_OF relation is a base for several
types of hierarchy (e.g. whole-part) [56]. If
N(/1) � N(/3) and T 1 ¼ ½̂tij� � T 3 ¼ ½̂tij�, then the
concept /3 is connected to the U1 by the PART_
OF relation.

In presented approach the ontology is defined
as a tuple:

X ¼ hS;Pi; ð4Þ
where S = {/i}, i = 1, . . . , n is a set of concepts
from a specific domain; P : S · S ! R is a map-
ping from an ordered pair of concepts to the set
of connections R (similar to [10]).

In order to improve computer processing, the X
form is transformed into a non-oriented graph GX.
The ontology in form of the non-oriented graph
GX has the following definition:

GX ¼ ðV ;EÞ; ð5Þ
where V = {vi} is a set of graph nodes (i = 1,2,
. . . , n), every node matches one concept from the
ontology; E = {ej} is a set of graph edges (j =
1,2, . . . , m). The edge between nodes v and w is de-
fined as a symmetric relation {v, w}.

The incidental matrix A = kaijk corresponded
to the graph GX has the dimension n · n (where
n is the total number of ontology concepts). Each
element of the A matrix can be computed from:

aij ¼
1; for fi; jg 2 E;

0; for fi; jg 62 E:

�
ð6Þ

The transformation (X ) GX) from X form to GX

form is defined in the following way:
aij ¼ aji ¼
1; if Pðsi; sjÞ;
0; otherwise:

�
ð7Þ

The reverse transformation (GX ) X) from GX

form to X form is defined in the following way:

Pðsi; sjÞ ¼
@; if aij ¼ 1;

Ø; otherwise

�
ð8Þ

where @ is any element from the set: {IS_A,
PART_OF, Ø}.
5. Scheme of the concepts network creation

algorithm

This section presents some propositions for the
concepts network creation algorithm (CNCA)
implementation. The CNCA algorithm, briefly de-
scribed in Section 3.1, can be put into service as a
procedure shown in Fig. 4.

In order to make the discussion of presented
methods more strict, the Queuing Systems theory
example is examined basing on [35,46]. In the pre-
liminary study step of the procedure the unstruc-
tured reality is limited to the field of the
discussed domain. The domain�s boundaries have
to be founded and specified. It will make possible
to create the ontology. In case of the technical
and mathematic science the existing taxonomies
(e.g. The Mathematics Subject Classification
(MSC 2000)) provide some additional help, e.g.
for the Queuing System theory the following asso-
ciation can be used:
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According to [49] on the basis of the knowledge
identification step an expert decides what knowl-
edge and information are useful in the ontology
creation. The potential knowledge sources can
be: a related expert, corresponding ontologies,
digital sources. After that, the knowledge is al-
ready indexed.
le 1
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At the verbalization step, the expert�s knowl-
edge is recorded. The verbalization begins the
knowledge coding process. The knowledge coding
process adapts knowledge to the requirements of
the environment (e.g. LMS/LCMS systems). The
knowledge in DL environment is transformed into
a collection of concepts / with their matrixes
T ¼ ½̂tij�. Table 1 shows the concept depth matrix
for the Queuing Systems concept. The concept is
described by several other Queuing Systems
theory concepts (like M/M/1 Queuing System or
M/M/1/S Queuing System). The concepts can be
/m/m M/M/1/S M/D/1/C G/G/1/prt . . .

) M(P) M(P) General . . .

) M(E) Deterministic General . . .

1 1 1 . . .

S FCFS FCFS Priority . . .

1 Limited by C 1 . . .
Limited by S 1 1 . . .
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differentiated basing on their attributes (like the
kind of servicing or population).

The knowledge is structured during the graph
representation phase. This phase creates a network
(e.g. conceptual maps), which plays the role of the
formal knowledge representation model. During
this phase the relations are set. The example of
CN for the Queuing Systems domain is shown in
Fig. 5.

At the last step of the procedure, the CN is chan-
ged into a computer ready form. The computeriza-
tion phase adjusts the structures of the DL model
to the digital form. The knowledge manipulation
language defines the model inputs and outputs.
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The final ontology can be expressed in one of the
well accepted onto-languages (e.g. FLogic [7]).
6. Proposition for the didactic materials
compilation algorithm

The repository with the finished learning objects
will be relatively large. A learning object is a
strongly personalized piece of educational content
and because of this, each student should possess
his/her own set of learning objects. Basing on this
assumption, the repository has to store an enor-
mous number of learning objects in order to pro-
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vide common access for many students—what is
not feasible.

As [6,31] shows, the conceptual learning process
bases on the concepts manipulation process. The
proposed idea is to store knowledge about a spe-
cific domain in an ontological, generic form. By
taking advantage of the concepts network (CN)
structure, the knowledge can be stored in the
repository on two layers: ontology and SCORM
(Fig. 6). The ontology layer accumulates the
knowledge in the CN form. Based on the CNCA
algorithm the expert creates the knowledge do-
main model, where CN concept is specified and
the depth matrix is established. On the second
layer the knowledge is compiled into SCORM-like
structure. Nowadays almost any LMS/LCMS sys-
tem can import and operate with SCORM-like
structures.

Every student has his/her own learning capabil-
ities. Hence, the system should adapt the learning
process to the individual student profile, which
consists of information about the student�s learn-
ing style [40], previous knowledge and experience
in the specific domain. Furthermore, the didactic
content is affected by the learning objectives. Bas-
ing on this information, the LMS/LCMS system
should adapt the CN to the learning object. The
authors propose the didactic materials compilation
algorithm (DMCA) to perform this task. The
DMCA algorithm consists of several steps, which
will be discussed below (more details about the
algorithm can be found in [50]).
6.1. Concepts network dimension reduction

The basic generic ontology (expert�s ontology
XE) generated by the expert in many cases is be-
yond the learning objectives. The teacher, who car-
ries in mind the course intention, student�s profile
and his/her characteristics, is obligated to set the
course aim and objectives. Therefore, the ontology
has to be limited in order to achieve the teacher�s
expectations. In other words, the teacher�s ontol-
ogy XT enters the expert�s ontology XE. The result
ontology XT(E) (usually XT(E) < XE) covers the re-
quired student�s course knowledge, and is called a
reduced expert�s ontology XT(E).

6.2. Basic concepts selection using the student’s

profile

A set of concepts SS, represents the knowledge
which has been learned and understood by the stu-
dent in a specific domain and it is defined in the
student�s profile. The learning process will be more
effective if the relation between the acquired
knowledge and the new one is emphasised. The
common knowledge space allows student to do
knowledge assimilation. Therefore, such shared
concepts can play the role of starting points for
the new learning process.

The idea is to integrate the SS set with the re-
duced expert�s ontology XT(E). For this, the basic
concept set should be obtained and the ontology
XT(E) has to be updated. If we move the discussion
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from the conceptual level to the mathematical one,
the non-oriented ontological graph GX = (V, E)
should be converted into an oriented graph ~GX,
where the orientation is made on the base of the
SS set. The supported transformation X ) GX

(from the abstract ontological form into the math-
ematical one) is discussed in Section 4.2.

In the Queuing System example, the basic set of
concepts SS has the following form SS1 = {Erlang
Distribution, General Distribution, Determinis-
tic Distribution, Exponential/Poisson Distribu-
tion, First Come First Serve (FCFS), Last Come
First Serve (LCFS), Random servicing, Priority
Discipline}.
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The oriented graph ~GX provides additional
information about learning process. The student
(teacher) can deduct the direction of learning by
simply following the oriented relations. In Fig. 7
an example of the oriented graph corresponds to
Fig. 5 and SS1 set is represented.

Student begins with the basic concepts, which
are included in the SS1 set, and then explores every
concept according to the oriented relationship.
The learning process finishes after the student
has visited every concept (node of graph). The ori-
ented relationship is made on the basis of the most
likely direction the real learning process would
occur.
Deterministic
Distribution

Erlang
Distribution

General
Distribution

Distribution
Law

Layout of
Server

Number
of servers

Queuing
Discipline

Service Time
Distribution FCFS

LCFS

Random
Servicing

Priority
Discipline

Exponential/
Poisson

distribution

Properties

ffect

Sequentiality

Behavior

Delay

Loss

Delay -
loss

Exponential

Deterministic

General

ted to an oriented graph using the SS1 set.



O. Zaikin et al. / European Journal of Operational Research 175 (2006) 1379–1399 1391
The result of the discussed step is the oriented
graph:

~GX ¼ ðV ;~EÞ; ð9Þ

where V = {vi} is a set of nodes of the graph
(i = 1,2, . . . , n). Every node matches one concept
from the ontology XT(E); ~E ¼ fejg is a set of edges
of the graph (j = 1,2, . . . , m 0). The edge between
nodes v and w is defined as a relation (v, w).

The incidental matrix ~A ¼ kaijk represents the
oriented graph ~GX. The matrix elements can be
computed from:

aij ¼
1; for ði; jÞ 2 ~E;
0; otherwise:

(
ð10Þ
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6.3. Hierarchically ordered concepts network

Next phase of the DMCA algorithm transfers
the oriented graph ~GX to the hierarchical ordered

concepts network GX. Each concept of the hierar-
chically ordered network is characterized by a cor-
responding level. The network nodes cannot be
connected within the same level.

The concepts, which belong to the basic knowl-
edge set SS, are located on the first level (i.e. level 1
in Fig. 8). These concepts are called basic ones.
The other levels consist of the concepts included
in the course�s objective and the student should
memorize them (levels 2–10 in Fig. 8). The hierar-
chical location gives information about relations
between concepts.
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The result of this phase is the hierarchically or-
dered concepts network which can be represented
as a 3-tuple:

G ¼ ðL; V ;EÞ; ð11Þ
where L = {l}, l = 1, . . . , l* is a set of levels;
V ¼ fvlkg is a set of network nodes: l is the level
index; k is the current node number on the level
l, E ¼ feig is a set of the graph edges (j = 1, 2,

. . . , m 0, E ¼ ~E).
The incidental matrix A ¼ kaijk reflects the hier-

archical network ð~A ¼ AÞ.

6.4. Transformation of the hierarchically ordered

concepts network

The main aim of the DMCA algorithm is to cre-
ate the sequence of learning objects. In the DL
environment rooted in the SCORM standard
(SCORM 1.2 or better) the content sequence is
determined, based on the dedicated SCORM
structure called Activity Tree (SCORM standard
is discussed in detail in Section 7). The next step
of the DMCA algorithm converts the hierarchical

network GX into a forest ^̂GX. The forest consists of
a set of trees ĜX. Every tree can be considered as a
SCORM�s Activity Tree. Finally, the set of Activ-
ity Trees makes up a course for LMS/LCMS
systems.

The number of trees in the forest depends on
the learning method selected in the initial phase.
For the inductive learning style the number of
trees in the forest is equal to the number of leafs
in the hierarchical network. On the contrary, in
the deductive learning style the number of trees
in the forest is identical to the number of nodes
on the first level of the hierarchical network.

The result of the transformation of the hierar-
chically ordered concepts network into the forest
^̂GX is the set of trees ĜX. Every tree has the follow-
ing description:

ĜX ¼ ðL; V̂ ;E
_

Þ; ð12Þ

where L = {l}, l = 1, . . . , l* is the level set;
V̂ ¼ fvlkg is a set of graph nodes, where l is the level
index; k is the current node number on the l level;

E
_

¼ feig, j = 1,2, . . . , m00 is a set of graph edges.
During the transformation GX ! ^̂GX a duplica-
tion problem occurs. Moving from the hierarchi-
cally ordered concepts network into the set of
trees causes some concepts duplication. The oper-
ation of duplication indicates that some nodes of
the hierarchically ordered concepts network will
be doubled in order to get the tree-like structure.
The duplication operation guarantees that every
concept will be present in a comprehensive con-
text, which ensures a high level of accuracy.

6.5. Creation of overlapping portions

One learning object, m which includes just one
concept, is not a feasible ratio for an efficient
work. It is easy to imagine the tree with a numer-
ous number of nodes, which are difficult to main-
tain. Moreover, from the organization�s point of
view such structure will also cause administration
and security difficulties. The authors came up with
a new idea. In the presented approach, learning
objects accumulate similar concepts into one ob-
ject. In the next step, the tree ĜX will be covered
with the portions, which will be converted further
into a learning object. Portion is a sub-graph of the
initial tree graph ĜX. All portions of the discussed
tree are included in the portion set gp ¼ fĜ

i

pg,
where i = 1, . . . , p*.

The portion Ĝp definition is the following:

Ĝp ¼ ðLp; V̂ p; ÊpÞ; ð13Þ
where Lp = {l} is a level set for the portion Ĝp,
Lp � L; V̂ p ¼ fvp

i g is a node set for the portion

Ĝp, V̂ p � V̂ ; Êp ¼ fep
i g is an edge set for the por-

tion Ĝp.
The portion creation rules are the following:

(1) Every portion Ĝp is a sub-graph of ĜX,
Âp � Â.

(2) Sum of the sub-graphs Ĝp gives the ĜX

graph, in which the portions unrelated to

ĜX cannot be allowed.
(3) Every portion Ĝp has a limited number of

nodes.
(4) Every portion has to contain at least one

node common with another portion, i.e.

Ĝ
i

p \ Ĝ
j

p 6¼ ;, where fĜi

p; Ĝ
j

pg 2 gp, i 5 j.
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As we already mentioned above, learning ob-
jects accumulate similar concepts into one object.
The question is—how many concepts should be
incorporated into one learning object? The answer
comes from the cognitive science. Mind research
provides a useful memory model, which consist
of the following memory types: sensor memory,
short-term (ST) memory and long-term memory.
The information from the environment is con-
verted into an electrical signal by the sensor mem-
ory. After that, basing on the knowledge obtained
from the unlimited long-term memory, the infor-
mation is analyzed in the ST memory. Finally,
some part of information is encoded in the ST
memory to the form of a cognitive structure and
then sent to the long-term memory as knowledge.

The most important type for our study is the ST
memory, due to its limited capacity. The idea is to
relate the ‘‘size’’ of the learning object to the ST
memory capacity. The ST memory capacity is
determined by the Miller Magic number (7 ± 2)
[43], which was updated by Cowan (about 4)
[14]. The newest research [19] brings up new esti-
mation (about 3). Another research [61,65] is fo-
cused on the empirical experiments and localizes
the ST memory as a tiny spot in the posterior pari-
etal cortex.

An additional significant indicator is the unique
nature of the ST capacity. The limitation is
counted by chunks, not bites. A chunk [20,21,54]
is a set of concepts which are strongly related to
each other and, at the same time, weakly related
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Fig. 10. Cluster
with other concepts. In case of the concept defini-
tion from Section 4.1, the concept is considered as
a chunk.

Therefore, the number of concepts in Ĝp should
not overcome Pmax, where Pmax is the ST memory
capacity set by a psychological survey. In Fig. 9
there is shown an example of a tree, which was ob-
tained from the hierarchical ordered Queuing Sys-
tem concepts network (Fig. 8).

As a result, the discussed step generated a set gp,
which is a sub-set of Ĝp for every tree in the forest
^̂GX.

6.6. Graph clustering

The last phase of the didactic materials compi-
lation algorithm is the graph clustering. At this
step any portions of any tree ĜX from the forest
^̂GX are integrated into the form of a consolidated
node Ws. The consolidated node has a name,
which comes for example from the largest inte-
grated concept. The clustered graph S has the fol-
lowing description:

S ¼ ðN s;W s;EsÞ; ð14Þ
where N = {n} is a set of levels for the clustered
graph S; Ws = {wi} is a set of nodes for the clus-
tered graph S, i = 1, . . . , card(gp); Es = {ei} is a
set of edges for the clustered graph S.

The clustered graph S can be converted into the
SCORM activity tree structure. The sequence of
learning objects in the SCORM nomenclature is
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called an activity tree. The clustered graph
obtained from the tree (Fig. 9) is demonstrated
in Fig. 10. The clustered graph is converted to a
SCORM activity tree structure (shown in Fig.
11). Basing on the activity tree, the LMS/LCMS
systems generate a learning objects sequence. In
general, LMS/LCMS systems use a pre-order
strategy. The sequence in Fig. 11 is as follows: A,
B, BA, BAA, BB, BBA, BC, BCA, BCAA, BCB,
BCBA, BCC, BCCA. Moreover, the SCORM
standard can use a script language in order to pre-
vent repetition (e.g. Distributed Law in Fig. 10).
The build-in script language gives advanced se-
quence control options. For instance the following
rule IF node_4.state = completed THEN go.previ-

ous can be applied.
7. SCORM framework

The SCORM layer model consists of four con-
ceptual layers (Fig. 12). At the bottom is the data
layer (1). The data layer includes all data files,
which are used to the concept�s metaphor creation.
Furthermore, the data layer contains all meta-data
files used at higher layers of the SCORM model
(i.e. as a part of IEEE LOM declaration for the
Sharable Content Object). The second layer (2)
covers the structures intended to data integration.
There is a number of SCORM integrated struc-
tures: Sharable Content Object, Asset, Content
Aggregation. Each of them has its own, special
role. The structure Content Aggregation is the
most important one due to the integration fea-
tures. The Sharable Content Object and Asset
can be integrated into a learning object-like
structure. The third layer (3) is a sequence layer.
On this level the transformation Content Aggre-
gation ! Activity Tree occurs. Simultaneously,
the transformation Asset, Sharable Content
Object ! Learning Activity takes place and the
learning object content is made. On the highest
layer (4) the mechanisms of LMS/LCMS system
create the learning object basing on the activity
tree analysis.

The goal of the proposed algorithms is to en-
hance the SCORM standard by adding two addi-
tional layers (X, Y). The concepts network
creation algorithm (CNCA) is implemented be-
tween layer 1 and 2 (layer X in Fig. 13). The
CNCA layer works with the ontology and concept
structures. Concepts can be seen as Sharable
Content Objects. The matrix of concept depth
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expressed in XML is adapted to the SCORM
standard. Moreover, ontology can be considered
as a generic form of the SCORM Content
Aggregation.

Another proposed algorithm i.e. didactic mate-
rials compilation algorithm (DMCA) enters the
second additional layer. This layer is placed be-
tween the second and third layer. The main task
of layer Y is to adapt the concepts network (CN)
to the requirements of SCORM sequencing theory.
Based on the proposed algorithm the network
ontology structure is transformed to the forest.
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Fig. 14. Architecture of th
Each of the forest trees has the nature of an activ-
ity tree and the tree nodes are the learning
activities.
8. Application

The quality issue is a difficult problem, espe-
cially in the human-centered technology [52].
Around the world the quality research projects
are running in order to find a methodology or pro-
cedures that allow achieving a high level of quality.
One of the biggest issues is the quality in distance
learning [42,45]. Therefore, a deep investigation is
required. The authors have done some research in
the framework of the European eQuality project
[2].

The eQuality project objectives are to produce a
common reference methodological framework for
Quality in ODL in Europe, taking into account
cultural differences, experiences, needs and best
practices, joined with the ongoing normalization
work. The project incorporates several European
universities: European University Pole of Mont-
pellier and Languedoc-Roussillon (France), Uni-
versity Montpellier 2 (France), Open University
of Catalonia (Spain), University of Tampere
INTERNET

n
SIMAN compiler

model's code

results of the simulation

lues of a model's paramaters

e on-line simulator.
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(Finland), Szczecin University of Technology (Po-
land), University of applied sciences Valais (Swit-
zerland), Lausanne University (Switzerland).

The algorithms (CNCA, DNCA) presented in
this paper are being successfully applied in a train-
ing session organized to provide feedback upon
the eQuality project methodology and tools. The
training session is set in the Simulation Web Portal
(SWP) environment. The SWP consist of four
main modules/sections: simulation principles, on-
line tests, on-line simulation, personal files man-
agement [37]. The first section is a simple textbook
on computer simulations. Its aim is to introduce
students to the computer simulation principles.
The second section ‘‘on-line tests’’ is a set of exer-
cises where students can verify their knowledge. In
order to solve some of the exercises, student is
asked to build a simple simulation model, carry
out a simulation experiment and give its results.
These tasks can be done in the next section ‘‘on-
line simulation’’. The On-line Simulator (Fig. 14)
is based on the SIMAN language compiler from
Rockwell�s ARENA simulation package. This sys-
tem is highly specialized in serving educational
purposes and was designed to demonstrate the
abilities and advantages of computer simulation.
In the last module, ‘‘Personal files management’’,
a registered user can save and open simulations� re-
sults and parameters of all models developed in the
‘‘on-line simulation’’ section.
9. Summary

The proposed approach provides a high quality
of interaction between all participants of the dis-
tance learning process, namely:

• shares more precisely the functions of an expert
of the subject domain and the teacher which
prepares methodical materials for DL;

• allows to carry out an exchange between the
student and the teacher at the level of
knowledge.

The model of knowledge representation and
transfer can serve as a platform for cooperation
between the teacher and the expert. The new tea-
cher�s role in DL provokes a more creative ap-
proach to the analysis of the conceptual scheme
of the subject domain and the choice of a teaching
method depending on the objectives of learning
and the initial knowledge of students.

The developed algorithms allow uniting the
knowledge of the subject domain and methods of
teaching, thus providing high quality methodical
materials. Apart from that, algorithms can also
be used as a methodical toolkit for the teacher,
working in both traditional and distance learning
systems.
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[49] E. Radosiński, Systemy informatyczne w dynamicznej
analizie decyzyjnej, Wydawnictwo Naukowe PWN, Warsz-
awa, Wrocław, 2001.
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