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1. Introduction

The application of Information and Communication Technologies in a classroom
training process allows us to compare two basic stages — computer based training
and e-Learning [17]. These two concepts are similar but there are some differences
between them. Computer based training (CBT) is an attempt to automate education,
replace an educator, and develop self-paced learning. It is place, time and content-
predetermined learning [20]. This kind of teaching is a new method in the
traditional form of classroom learning. E-learning has its origins in CBT[23]. The
main focus of e-Learning is not only to educate without barriers of time and
distance, but to adjust to the user’s goals and needs. For the realization of this kind
of teaching we are obligated to develop appropriate learning resources and mobile
services.

Our team from the e-Commerce Laboratory of the University of Plovdiv has
developed a conceptual model of the entire system for e-Learning in secondary
schools and created a prototype model of the system based on the SCORM
(Sharable content object reference model) standard [29] and the architectural
framework of the DeLC model [16]. We have created a prototype version of the
SCORM-based educational portal in the secondary school — Brezovo, and carried
out experiments during the actual training process.

89



The main goal of the project is to create a conceptual model for the creation of
SCORM-based e-Learning system in secondary schools. To reach this godl, it is
necessary to develop an information model of an e-Learning portal that includes:
models of informational and technological infrastructure; domain models of
different school subjects; models for the creation, usage and sharing of e-Learning
materials by adaptation of the SCORM standard; a pedagogical model; an user’s
model [26], etc.

The aim of the paper is to present some aspects for modeling and methods for
realization of the system.

2. Architectural model of the e-Learning portal

The portal is a WEB-site that is connected to different groups of users, according to
their goals and needs. It supports the processes of analysis, synthesis, delivery of
information and services based on users personalization. To create an architectural
model of the educational portal we investigated a set of schools' portals from
different countries. There are different kinds of portals [27, 10]. Our team decided
to adapt the model of the corporate educational portal of the Delphi group as it
developed the architecture framework of the portal (Fig. 1) Our portal architecture
framework includes nine different layers. Some of them contain sub-layers or are
grouped in larger logical groups[18].

e Presentation layer — it is the portal architecture component that supports the
user's “single point of access’. The presentation layer provides the individualized
professional desktop. We could characterize our portal presentation requirement in
some areas as. color schemes — because colors are an important aspect for
e-Learning in secondary school; layout — the portal could permit users to change the
layout of the user’s screen and to optimize their personal settings; dynamic — this
means that the portal creates dynamic pages based on the profile of the user
reguesting the information.

¢ Personalization layer — this layer is responsible for providing information
filtered specifically for the user's working style and content preferences. The
request analyzer is a sub-layer of the client part, which has to analyze the user's
incoming requests and, in relation to the current domain, user and pedagogical
instances (profiles), can select the suitable e-Service(s). It is connected with the user
model. For redlization of the model we use overlay approach and hierarchy of
stereotypes. Every user, according to his profile characteristics and results from the
initial tests, becomes a member of a stereotype group and gets access to appropriate
e-Lessons and e-Services. For example, the student from 5th class who has 95%
success of the initial test becomes a member of the stereotype “Users’
->“Students” -> “5th class’ ->"Expert”. The next screenshots (Fig. 2) present the
main desktops of the guests, students — 1st class, teachers and school administration
staff.
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Fig. 2. Portal screenshots for different stereotype groups of users

Every user from a stereotype group can see and use resources and services

from parents

stereotypes of the hierarchy.

e E-Services contral layer — this layer is critical for our portal, because it is
service-based. This is the component that enables the portal users to initiate and
participate in online e-Business processes. We could look at the processes as.
integrated — when they are supported by infrastructure external to the portal itself
and are integrated into the portal services; inherent — when they are supported by
infrastructure internal to the portal; communication — to SUppOrt processes across
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wide area networks and manage multiple communication protocols; role and
stereotype-based — support the processes, based on the common roles of different
kinds of users (students, teachers, administrators, administration staff, etc.);
e-Learning linked — support the links to remote educational portals from the
e-Learning cluster. These links are very important for the exchange of e-Learning
services and resources between the portals and the educational net.

The presentation of the different models and their relationships is achieved
with the help of ontology. They are connected with the Local Ontology Data Base
(LODB) that supplies a set of intelligent services to different groups of users.

e Integration layer — the e-Service model of Del.C includes three types of
services, according to their location — local, remote, and back-end. This component
supports the use of all kind of services. It is responsible for the selected e-service(s)
run-time management and control and ensures appropriate Gateway Management
for all kinds of services— Loca Gateway, Remote Gateway and Back-end Gateway .
The Info Station Center (ISCenter) is accessible in this layer. The IS Center is
connected with a set of Info Stations, which provide opportunities for the use of
mobile e-Services [4]. We develop different scenarios for mobile access to e
learning portal, but the results will be published additionally.

The next three layers are united into the Loca services. All of them are
connected to the Local DB and Local Ontology DB [21]. The services placed here
are connected with the e-Learning process and they are built according to the DeL.C
services concept model [16]. Distributed organization of the services allows the
remova or inclusion of different kinds of services avoiding the effect of these
actions on the other ones. We developed special administrative tools to support the
services.

e Collaboration layer — it represents an asynchronous (forums, off-line
consults) and synchronous (on-line consults, chat-rooms) communication between
different stereotype groups. Collaboration should focus and support different levels
of communication — student-student, teacher-student, teacher-teacher, teacher-
parent, etc. The next screenshot (Fig. 3) presents the actua realization of the
communication teacher-teacher in the portal.

Fig. 3. Communication between teachers
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e Search layer — it provides tools for identifying and accessing specific
information available within or via the educational portal. The collections of
information, which are connected with e-Learning, are usually quite large. There
are different possibilities for implementation of a search, such as: text box search,
parametric search, search based on the choices or behaviours of other users
(collaborative search), natural language context-based search, and so on. Another
possibility is the use of a case-based reasoning model [12, 1]. It leads the user
through a series of steps to determine the most appropriate choices and helps him
with recommendations for search refinement. The algorithm uses CRN-net and
communicates with Web Services using XML-transactions via WSDL, UDDI and
SOAP.

o Categorization layer — the educational portal supports different groups of
users and provides the possibility for categorization of information according to
their profiles and preferences. We could use a combination of automatic, manual,
dynamic and modifiable categorizations. One of the methods for categorization of
the information is the application of the rough set theory [14].

o Loop process layer — this layer differs from the other architectural elements
in that it is not connected with a specific aspect of information management. It
enables the educational portal to adjust easily to changes in the organizational work
and information environment. The layer takes advantage of e-Services such as:
authoring and posting, community, transactions, process involvement, preferences,
and so on.

The architecture given is independent on the integrated packages within it -
they could be easily added or removed. This is ensured by the distributed structure
and the fact, that each educational portal is built as an independent unit for
electronic training.

This distributed structure of the portal framework ensures:

e Redlization and interaction between the main models:; the user model, the
domain model, the pedagogical model, the service model, etc.

e Possibilities for the creation of a SCORM RTE and management of the
training process by an appropriate LMS that alows publishing, registration and
removal of e-Learning packages,; sharing and use of learning resources for different
kinds of students according to their profiles and stereotypes, support of the
submission of meta-information from SCOs, lessons, packages and authors into the
on-line content repository, etc.

Realization of the infrastructure model of Del.C by Remove services ensures
an appropriate interface (remote gateway) for sharing and usage of training
resources and services from other e-Learning portals into the regional or national
learning nets. The advantages of this net-based infrastructure model are connected
with its open structure. We can create new virtual structures (e-Learning clusters.)
and transform or remove current ones. These actions don’t disturb the work of the
other portals in the system because they are independent e-Learning items with a
closed cycle of teaching. The given architectural framework makes the system
independent from integrated e-Learning packages — they can be easily added or
removed.
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3. Parameterization of templates and models

The development process and creation of e-Lessons for students in Bulgarian
schools requires keeping a lot of didactics and methodology rules that are drawn
from traditional lesson structures and defined educational and cognitive aims. This
is a reason why the main step of the development process is the structuring of the
e-Lesson according to cognitive levels of the Bloom taxonomy [3, 31]. These
definite educational aims give us possibilities for appropriate selection, structure
and connection between SCOs in the lessons. The lesson structure and sequencing
of its behaviours will be various for different kinds of lessons — for new knowledge,
exercises, testing, etc. [5, 6]. Traditional computer-based systems alow students to
pass linearly from one part of a lesson e-Content to another, between lessons or
modules. The e-Learning standard SCORM, with its Sequencing and Navigation
Modd (S&N), allows passage between e-Learning resources, based on a set of
rules, connected with didactic aims, the context, the knowledge and behaviours of
the students. The LMS controls the process of training, according to the sequencing
of rules, created by the author of the e-Content.

The e-Lesson is the main educational unit for projection and the cross point for
al the models. For example, the lesson “The Solar System”, using the concept
structure of the domain “Physics and Astronomy”, is created by ten informational
SCOs, and is managed by the SCORM LMS of the educational portal. According to
didactic purposes, the lesson will be used for independent training of students from
11th class. The Content Structure Diagram determines the sequencing of steps for
teaching new knowledge and testing at the end of the lesson. The user model
includes personal information about the student, his individual profile, the user’s
learning session, his WEB Browser (IE), hardware platform (Home Desktop PC,
mobile device), software platform (Windows XP, portal framework [28], SCORM
RTE, WEB server...), etc. The learning portal offers suitable services according to
the user profile of the student such as “Test system”, “Virtual excursion into the
cosmos’, “Question game”, possibilities to get additional information from the
“Virtual School Library” and more (Fig. 4).

There are different guides for the creation of standard-based e-Content. They
describe the sequence of steps for development of new or transformation of
e-Lessons. The Best Practice Guide for Content Developers of Carnegie Mellon
University (BPG) [24] (BPG) supports the latest version of SCORM standard. It
suggests methods for structuring of the e-Content; planning and standardization in
the e-Lesson development process; determination of learning objects-SCOs,
structure and creation of tests; sequencing and navigation of learning activities. The
guide describes the basic package from ten templates and five models that allow us
to create different kinds of lessons according to didactics aims and tasks. The
Bloom's Taxonomy of Cognitive Objectives includes six levels: Knowledge,
Comprehension, Application, Analysis, Synthesis and Evaluation. Table 1 presents
the correlation between kinds of lessons, didactic cognitive objectives and main
BPG- templates.
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Fig. 4. E-Learning services

Table1
Kind of lessons
New
BPG ng\'\g Exercise Genera- Test
Temp- Description 9 andreview | lization -
(know- - : (application,
lates (application, |(@analysis, )
ledge, . . evaluation)
analysis)  |synthesis)
compre-
hension)
‘Single SCO” — single SCO with
1 one Asset. It is a main template. s
IThe template can be used as a part y

of different models

‘SCO with Assets’ — single SCO
with many Assets. We can use it
for creation of learning resources
with a single structure, containing
2 lsome Assets — pictures, graphics,
music, etc. — and a final test. The
LMS doesn’t use the results from
the test but the system stores them
for future analysis

yes yes
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Tablel(continued)

‘The Black Box” — the common
structure from one SCO with a set
of links and many Assets. In the
LMS this structure is called “The
Black Box”. We can use this
template to present  new
knowledge when the learner must
achieve a perfect test score. This
template presents a typical CBT
lesson

yes

‘Multiple SCOs with Assets’ —
many SCOs and Assets

yes

yes

yes

‘Remediation Using Objectives’
I for new knowledge with testing.
This template alows a learner to
get additional information from
informational  SCOs when he
makes a mistake on a SCO-test.
The LMS manages this process
with the Objective mechanism

yes

yes

‘Pre- and post-test Sequencing”
I this template allows us to use a
pretest and a posttest. According
to the answers of students from
the pretest, OBJs are passed or
failed. If the student passes the
pre-test he can pass to posttest; if
he makes a mistake he must see
the informational SCOs. LMS
doesn’t manage results from the
posttest

yes

‘Pre- and posttest Sequencing —
2" — a variant of teaching with
two tests — before and after the
training process. The informa
tional SCOs are grouped in a
separate Aggregation. The learner
must give answers to the test-
items from the pretest. If he
makes a mistake he must see the
respective informational SCOs
from the Aggregation. Finally, he
must make a posttest. The LMS
manages the results from pre- and
posttests by OBJs

yes

yes

‘Remediation Using Objectives
2" — dlows the LMS to control
the access of the learner to the
final test. He can’t passto it if he
hasn't completed the learning
process in the Aggregation. The
LM S manages the results from the

tests by OBJs

yes

yes

yes
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Tablel(continued)

‘Basic Three-Way Branching” —
we can use the intra-SCO rules
that are similar of the traditional
CBT lessons. According to the
choice of the learner, OBJ set a
9 value from [-1;1] and the LMS yes yes
branches out the learning process
according to this value. We could
make a parameterization of the
template according to the number
of choices

‘Pre- and posttest Sequencing
with New Content for
Remediation” — usage in the final
stage of the learning process for
control of the student's
10  knowledge. According to the yes yes yes yes
behavior of the learner and the
result from the pretest, he can
pass directly to the final test or
see additional information and
take the final test again

Our goal is to parameterize the basic templates and models. This process
allows us to create a series of different templates and models according to didactic
aims. For example, the content structure diagram of basic template 5 is visualized
by Fig. 2. This template alows the student to get additional information from
informational SCOs when he makes a mistake on a SCO3-test. The LMS manages
this process with the Objective mechanism. We can parameterize this template
using the next parameters:

—Number_of _SCOs — (default valueis 3);

—Has test — (default value “Yes’). When Has test="yes’, the Questions=
(Number_of SCOs— 1)= number of Objective variables;

—(0OBJ_n, min_value_n), (n < Number_of _SCOs);

— (SCO-n, pattern_num ), n < Number_of_SCOs and pattern_num<5.
Default value (SCO1,pattern_2(1,n0)); (SCO2,pattern_2(3, no));

—Set (SCO_Number_of _SCOs(Asset_k); OBJ_Kk), k < Number_of_SCOs;

—Read (SCO_k, OBJ_K).

The teacher will determine the values of the parameters and the system will
generate the most appropriate structure of the e-Lesson. If any vaues aren't
selected, the system will post default values of parameters. The parameterization of
the sequencing and navigation rules for template 5 according to behaviours of every
student is presented in Table 2.



Table2

Behaviours Scorm Function

RA: Rollup: All: satisfied,
completed

1. To complete RA the student must complete Posttest in All SCO-k: isRolledUp=false, k<

the last SCO- (Number_of SCOs) Number_of SCOs
SCO- (Number_of_SCOs):
isRolledUp=true

2. The student must complete SCO-(k-1) before SCO-k, k< | RA: Flow=true;

Number_of SCOs Choice = false

3. To complete SCO- Number_of _SCOs the learner must

successfully pass every OBJs No SCORM Function

4. I the student makes amistakein OBJ-k from SCO- g%g'k(N umber_of_SCOs): set

(Number_of_SCOs) — passes directly to SCO-k SCO-k: skip if OBk p

5. The student has two attempts for every SCOs All SCOs: Attempt Limit=2

6. If the student makes atest in SCO(Num_of_SCOs) after .
the second attempt — the training is failed No SCORM Function

For example, we can post the next values of the parameters:
= Number_of SCOs=10;
= Has test="yes’;
= (OBJ n;0.75), n< 10;
=  (SCO_n, pattern_2(0,n0)), n < 10;
»  Set (SCO_10( Asset_n), Obj_n), n< 10;
= Read (SCO_n, Obj_n), n< 10.

The content structure diagram of the parameterized template 5 is visualized in
Fig. 5.
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Fig. 5. Content structure diagram of the main template 5
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The result is a set of lessons for generdization of knowledge with 6
informational objects-SCOs and final test in SCO-7 with six questions (Fig. 4). The
answers of the questions are connected with respective objectives and SCOs. If the
student makes a mistake, the LM S present respective SCO again.

The parameterization of the basic templates from the BPG allows us to create
different variants of e-Learning resources. The change of the abstract level in the
templates and models allows for the generation of different levels of e-Content:
lessons, modules, courses, packages. Communication between authors and the
system for determination of the values of parameters allows the system to
dynamically generate the concrete model of e-Content.

4. Authoring tools and teacher’ s workplace

The BPG describes the participants of the development team in two main groups.
Thefirst of them includes authors of e-Learning content, the second — programmers
and creators of the system. The specialistsin the first group need to have only basic
knowledge of the standard, but the participants in the second group should know the
technical direction of SCORM. Our god is to create appropriate, convenient tools
for use by specialists from the first group — instructional designers and teachers. We
can describe their roles, rights and specific characteristics as follows:
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= |ngtructional Designers (1D) — they analyze and create content structures
of the lesson after consultation with teachers. IDs could create basic learning
resources (SCOs, Assets) and structure e-Lessons according to the content structure
diagram, sequencing and navigation rules. They test and package SCORM-based e-
Content. We created a specific environment and tools in our SCORM editor
SELBO, which support the creation of SCOs, Assets, structuring of the
organizational tree, creation of content structure diagrams and rules according to the
behaviour of learners, to package e-learning content and creation of an XML
manifest-file.

= Teachers — they are pedagogical specidlists, who create e-Lessons
according to specific preliminary definite didactic aims and tasks. One and the same
SCOs and Assets could be used in the structure of different kinds of lessons — for
different classes, students, educational subjects, forms of teaching, etc. The teacher
is a specialist in some learning domain — literature, biology, chemistry, history, etc.
It is not necessary to know the technical details of SCORM or computer science.
Therefore, it is necessary to work with specific workplace of the SCORM editor
SELBO. After the determination of didactic and cognitive aims, the development
environment offers more appropriate templates and models for structuring of the
e-Lesson. This process will be redized as a dialog between the teacher and his
personal agent, who will suggest optima solutions according to definite
requirements [22, 19, 8]. The choice of an e-content model and the connection of
the organization’ s three nodes with concrete learning resources (SCOs, Assets) can
be realized as a step-by-step process, managed by the agent.

Our team created a model for the development of e-Learning content that
includes the following steps:

= Step 1. Create a domain model. We structure ontology of different
educational subjects. The main building elements correspond with informational
items- SCOs, Assets.

= Step 2. Specify SCOs and Assets. The development authoring tool SELBO
allows us to create new and support existing, multi-use SCOs from the on-line
Content Repository. To search, choose and access more appropriate SCOs, we use
Meta information stored in the database.

= Step 3-A. To choose more appropriate templates and models which ensure
application of preliminary didactic aims and tasks in the training process. The
author of an e-Learning content defines values of parameters in a dialog with his
personal agent and the system dynamically generates an instance of a concrete
template or model. This parameterized template includes the entire structure of the
SCORM - based lesson, according to the requirements of the main SCORM models-
CAM, S&N, RTE.

= Step 3-B. If the author of an e-Content does not use parameterize templates
and models, he should create a specific structure of the lesson and define
sequencing and navigations rules [15].

= Step 4. Create Meta data for SCOs, e-Lessons, e-Courses, e-Modules etc.,
which includes multi-profile information for characteristics of e-Learning content.
If the author does not define any definite values, the system uses the default ones.
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= Step 5. Make a package from the created e-Learning content and upload it
into the learning portal.

We also developed the SCORM-oriented editor SELBO with two separate
layers:

= Editor, which ensures a comfortable environment to create, edit, update,
support, and store SCOs, to structure new and transform existing lessons. SELBO
includes a set of tools for realization of the basic SCORM models (CAM, S&N,
RTE) and a specia module for interaction with domain ontology of different
educational subjects. This layer requires a high level of knowledge for the standard
and itismainly for IDs.

= Teacher’s workplace with comfortable, user friendly interface that will help
teachers to create e-Lessons. We could describe the interaction between teachers
and the system with the UML sequencing diagramin Fig. 8.
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Fig. 8. UML sequence diagram
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The template structure is similar to the ontology structure, because both are
virtual structures, described by meta-data — characteristics, classification structures
and organizations, interaction between pedagogical ams and cognitive levels of
Bloom'’ s taxonomy, etc. We would develop the next teachers' workplaces — history,
Bulgarian literature, Bulgarian folklore, discrete mathematics.

5. An adaptation model of the system

The role of the adaptation model is to interpret the main models as the domain,
goal, user, pedagogical and even presentation models. It can update these models
and generate the appropriate presentation of e-Learning resources for every user.
Typical elements of the adaptation model are condition-action rules that change
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variables values of the learning environment and adapt it to individual user’'s
characteristics, knowledge background, abilities, preferences etc. We can consider
three levels of the model:

= Elementary level (EAL) — adaptation to the static user profile information,
type of the devices for access to the e-Learning portal (mobile or standard), etc. For
realization of this adaptation level we use stereotypes, the CC/PP protocol, and
mechanisms for realization of the mobile services that we develop with our partners
from Limeric University. At this level the adaptations to pedagogical, goa and
domain models are based on the stereotype user information and it resultsin a set of
e-Lessons from typical domains, according to traditional didactics aims and
pedagogical methods for this group of learners (for regular students, 3th class
graduation, Math, etc.).

= Adaptive level (AL) — this level is connected with some mechanisms for
presentation of more appropriate e-Learning materials for every student, according
to his knowledge background, persona aims, interests and ambitions. This
adaptation can be realized on the base of log-information for interactions between
this user and LM S and the set of condition-action rules, created by the author of the
e-content. Discovering of the base user knowledge is being done by a test checkoui.
The next step is to compare this knowledge with targets from the domain ontology
and to get rules and conclude which concepts of what level must be learned. After
this filtering, the system compares individual student’s aims and ambitions with the
pedagogical aims of the teacher and government educational standards [26]. The
result is a personalized e-Lesson, which is adapted to particular characteristics of
the learner (Fig. 9).

= Dynamic adaptable level (DAL) — the adaptation of this level is connected
with the dynamic interaction between the user and the LMS. After generation of a
personalized e-Lesson with appropriate learning resources, the LMS starts the
individual training process as a sequence of actions that the learner must
accomplish. Depending on his actions and behaviours when he interacts with the
system, and based on the information stored from past e-Learning sessions, LMS
dynamically adapt themselves to the changed characteristics of the environment and
generates new condition-action rules for continuing of the training process.

The conceptual multilayer adaptation model of the school e-Learning system
describes the interactions between different models. The student wants to learn a
given topic that is connected with a set of concepts from relevant domain ontology.
From a technical point of view, every concept is connected with one or more
SCORM-based learning resources (SCOs), which are stored in a special on-line
Content repository. The SCOs are transmitted in the relevant parameterized
templates — apart from the Pedagogical model? By the consecutive creation of a set
of rules, the free template variables are connected with the values from the previous
two levels. The adaptation process results in specific actions that are managed by
the LMS. According to the student's behaviors we create specific images of
template rules and via the Objective mechanism of SCORM RTE, the LMS
manages the level of realization of the pedagogical aims.
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Fig. 9. Adaptation Model of the e-Learning system

6. Conclusions and future work

The report presents a conceptual model and some results for redlization of the e-
learning system [30]. Our future tasks are connected with the formalization of the
adaptive model by UML, ITL and policies [9]. We have considered that SCORM
standard allows the creation of multi-use and personalized e-Learning resources.
The application of parameterized templates, scenarios and models for the design
and application of SCORM-based e-Learning resources and the separation of the
Goals& Tasks Model makes the Pedagogical Model more independent. The
distributed model of services gives us possibilities for sharing, individualization and
adaptation to the user’s preferences and requirements. The redlization of the mobile
services model will allow us to supply e-Learning resources and services just-in-
time and from anywhere [13, 2].
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