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Preface

Dear readers,

Issues connected with education, its content and forms are currently under a strict surveillance of
the society. Indeed, innovation of the content and forms of education has become nowadays a top
priority of higher school and universities. The pioneer of progressive educational methods and forms
at the Constantine the Philosopher University is the Department of Computer Science. This
Department develops methods of ICT utilization in education, looks for new ways of their
exploitation and implementation, and moreover educates in ICT future teachers from other fields as
well. It is understandable that most progress has been achieved in innovating own study programs.
The flagship here is the study program Applied Informatics. Distance education in this specialization
has been successfully carried out by this particular Department for several decades. Relevant results
are frequently presented at international conferences, e.g. DIVAI and others —in 2012 already a ninth
one of its type.

The need for the conference has arisen along with the growing tendency in terms of information
interchange in the field of ICT application in education focusing predominantly on the concept of e-
learning. Over time, the conference has built up its reputation and gained on popularity among the e-
learning supporters that traditionally meet in Nitra for the ninth time.

The conference proceedings, you have obtained, represent a collection of scientific papers from the
international conference DIVAI 2012 — Distance Learning in Applied Informatics.

Moreover, we wish the Department the high quality working staff, lecturers, scientists as well as
unceasing interest in the field from the part of students.

| truly believe in successful future development of the Department of Computer Science. As a
pioneer in the field of ICT application in education scientific research and various other fields, | am
assured the Department will keep updating and ahead in the field. On this occasion, | would like to
praise the work of guarantees, the team of organizers and sponsors, lecturers, and last but not least
participants of DIVAI 2012 conference, for they all are to be considered vital contribution to the
discussed issue as well as smooth conference running and scientific proceeding.

prof. RNDr. Lubomir Zelenicky, CSc.
The Dean of the Faculty of Natural Sciences,
Constantine the Philosopher University in Nitra
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Multimedia Application - Effective Support
of Education

Eva Milkova
Faculty of Science, University od Hradec Krdlové, Hradec Krdlové, Czech Republic
eva.mikova@uhk.cz

Abstract

Multimedia applications have substantially influenced education. They give teachers an excellent
chance to demonstrate and visualize the subject matter more clearly and comprehensibly, as well as
also enabling them to prepare study material for students which optimizes their study habits. The
author of the paper has been prepared with her students various multimedia applications dealing
with objects appropriate to subject matter for many years.

Logical thinking is an important foundational skill. It should be enhanced at all levels of studies.
Mathematics is one of the leading subjects that develop this skill. Graph theory together with
combinatorial optimization, the very interesting and practical part of applied mathematics, is a
powerful tool for teachers allowing them to develop logical thinking in students, increase their
imagination and make them familiar with solutions to various practical problems.

This paper offers some ideas how to make teaching and learning of the above mentioned branches of
mathematics and computer science more understandable and attractive using multimedia
applications. A multimedia application created by one of the author’s students, the program GrAlg, is
introduced at first. This is followed by a case study dealing with the well-known Breadth-First-Search
method and its relation to the other problems. The case study is described using a pedagogical
background and the program GrAlg. The presented approach used for teaching and learning graph
theory and combinatorial optimization can serve as an inspiration for instruction in other subjects as
well.

Keywords

Multimedia Application. Education. Logical Thinking. Graph Theory. Combinatorial Optimization.

Introduction

Information technology has changed many things in the world. Suitable multimedia applications
can substantially influenced education. They can be used both by the teacher as a supplement to the
problem interpretation and by students as an efficient assistance in their individual preparation.

Along with large software products dealing with a wide spectrum of objects developed by a
team of professionals there are also various smaller programs dealing with objects appropriate to
course subject matter created on a script given by the teacher with regard to students needs. In the
paper we devote attention to one of such applications, to the program GrAlg (Sitina, 2010).

DIVAI 2012 - 9th International Scientific Conference on Distance Learning in Applied Informatics, 2012.
ISBN 978-80-558-0092-9 13
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Student engagement is crucial for successful education. One of the pleasant ways to bring
discussed topics closer to students is their illustrations and visualization. Given terms or problems
will be recollected well by students if they are presented on real examples. To get deeper into each
problem and understand it entirely it is worth to explain subject matter in contexts and from as more
points of view as possible. To demonstrate and practice the use of the discussed issues it is often
worth including also the appropriate logical tasks into teaching methods. Not just because logical
tasks can provide students with an initial idea, and the motivation to apply the theoretical
knowledge, but it can also greatly contribute to the development of students’ logical thinking and
their imagination.

In this paper we initially introduce the five principles that we apply in our teaching of developing
logical thinking of students. Then we briefly describe the program GrAlg used as an important
support for teaching and learning graph theory as well as combinatorial optimization. By means of
the program and the pedagogical background we demonstrate our educational approach using a
case study dealing with the well-known Breadth-First-Search method and its relation to the other
problems.

The purpose of the paper is to present our approach to education using multimedia applications
support. This approach that has proved successful in developing students’ logical thinking when
teaching and learning graph theory and combinatorial optimization can serve as an inspiration for
instruction of other subjects as well.

Teaching principles

The aim of the subjects dealing with graph theory and combinatorial optimization is to develop
and deepen students’ capacity for logical thinking. Well-prepared students should be able to describe
various practical situations with the aid of graphs, solve the given problem expressed by the graph,
and translate the solution back into the initial situation.

Our approach to the development of logical thinking of students within the above mentioned
subjects can be characterized by the following basic principles that we apply in our teaching
(Milkova, 2009).

= When starting an explanation of new subject matter, a particular problem with a real life
example or puzzle is introduced as a motivation and suitable graph-representation of a
problem is discussed.

= |f possible, each concept and problem is examined from more than one point of view and
various approaches to the given problem solution are discussed with respect to the
already explained subject matter.

* |n addition to words visualization of the particular issue as well as it is possible is done.

= The explained topic is thoroughly practiced and students’ own examples describing the
topic are discussed.

= Using the constructed knowledge and suitable modification of the problem solution, we
proceed to new subject matter.

Multimedia application - program GrAlg

Students find modern technology very handy when looking up things of their own interest. The
teachers should take advantage of this fact and should try to prepare for them such multimedia

DIVAI 2012 - 9th International Scientific Conference on Distance Learning in Applied Informatics, 2012.
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study material, which would optimize their study habits. It means to create applications making
students’ study more effective, time-efficient and explained topics more comprehensible.

In the subjects dealing with graph theory and combinatorial optimization there is no problem in
illustrating the needed concepts using graphs. However, it is very important to prepare suitable
illustrative graphs and have the possibility to use colours to emphasize characteristics of the
explained concepts.

The ability to create appropriate graphs, to visualize graph concepts and algorithms, and to
support preparation of other useful study materials was the main reasons why the GrAlg (Graph
Algorithms) application was created. It was created in the Delphi environment by our student within
his thesis (Sitina, 2010).

The program enables the creation of a new graph, editing it, saving graph in the program, in its
matrix representation and also saving graph in bmp format. It also makes it possible to add colour to
vertices and edges, to change positions of vertices and edges by “drop and draw a vertex (an edge
respectively)” and to emphasize with colours basic graph concepts and graph algorithms on graphs
created within the program.

The big advantage of the GrAlg program is the possibility to run programs visualizing all of the
subjects explained algorithms on nondirected graphs (see Figure 1) in a way from which the whole
process and used data structures can clearly be seen.

The program allows the user to open more than one window so that two (or more) objects or
algorithms can be compared at once (see Figure 2).

% Algorihms choice @

MST BFS |DFS | Wakks|
v Display LIFO and FIFO

Breadth-First Search on vertices I—_]
1 -
Breadht first search on edges Starting vertex

DN

Components of a araph

Shortest path between two vertices
Circle of odd length

Circle containing a vertex

Circle containing an edge

Shortest circle containing a vertex
Girth of a graph / ok

"R TR R R NN )

Figure 1: Program GrAlg — The list of main algorithms (MST, BFS, DFS, Walks) and detailed list of algorithms
concerning the Breadth-First-Search algorithm (BFS).

DIVAI 2012 - 9th International Scientific Conference on Distance Learning in Applied Informatics, 2012.
ISBN 978-80-558-0092-9 15



Eva Milkovad
Multimedia Application — Effective Support of Education

N — | % E
Resume Stop | Algorithm choice fl_ Reload| Edges bieak Colors Subgraph| Complement | Characteristics | 7§77
sl B
Edit graph | Graph characteristics  Algorithms | Matrix | Edit graph  Graph characteristics | Algoiithms | Matrix

2

Figure 2: Program GrAlg — BFS algorithm run on the given graph starting in the vertex b (on the left) and gained
BFS Tree (T, b) with the root in the vertex b (on the right)

Case study

The Breadth-First-Search (BFS shortly) algorithm belongs to the most used searching algorithms
i.e. algorithms providing a consecutive searching of (working with) vertices and/or edges (see e.g.
(Demel, 2002), (Cormen, Leiserson, Rivest and Stein, 2009)). The spanning tree gained by the
algorithm forms a rooted tree, so called Breadth-First-Search Tree (BFS Tree shortly), that has special
and interesting properties. Using it we can obtain important statements enabling to formulate
various other algorithms (Milkov4d, 2010).

In this section we present a possible way to make students familiar with the properties of BFS
Tree using the program GrAlg and keeping the five above mentioned principles.
1* step: motivation and suitable graph-representation

Example

Let us have a look at the Figure 3. There are two types of cells (fields); white and black. The task
is to find a way to move from the point S (Start) to the point P (Post) using the smallest number of
steps possible keeping the following rules:

=  One step means to move to one cell.
= Go either horizontally or vertically.

= Do not enter nor go through black cells.

DIVAI 2012 - 9th International Scientific Conference on Distance Learning in Applied Informatics, 2012.
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Figure 3: Picture to the given puzzle

The graph representation to the task can be easily done in the following way. Let us complete
the Figure 3 by numbers and letters (see Figure 4). Then each cell is represented by the vertex Pc,
where Pe{A, B, C, D} and ce{1, 2, 3} and an edge is between each pair of vertices where the step
defined by the above rules is possible (see Figure 5 — created by means of the program GrAlg).

A B C D

P

318

Figure 4: Figure 3 completed by numbers and letters

(&) )—C@98

A2 459 D2

@

(E—(e9) )

Figure 5: Graph representation to the task given in the example

The solution to the example, using graph theory, is aimed at the usage of the BFS Tree property
dealing with the shortest path (see the following steps).

2™ step: various approaches to a given problem

Breadth-First-Search of an undirected graph we describe as an edge colouring process:

of the given connected undirected
are uncoloured. Let us choose
colour it blue and search it.

1. Initially all vertices and edges
graph G, with n vertices and m edges,
any single vertex, insert it into FIFO,

2. while FIFO is not empty do the following commands:
o choose the first vertex x in FIFO
o if there is an uncoloured edge {x,

if the vertex y is uncoloured then
search and colour blue both the vertex y and the edge {x, v},
insert the vertex y into FIFO
else search and colour the edge {x, y} red
else delete the vertex x from FIFO

y} then

and

Applying the BFS algorithm starting in a vertex v, it is evident that the blue coloured edges form
a spanning tree T and an appropriate rooted tree (7, v) with the root v, i.e. BFS Tree (7, v). BFS Tree

DIVAI 2012 - 9th International Scientific Conference on Distance Learning in Applied Informatics, 2012.
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has the following main property: the end-vertices of each non-tree edge of G belong either to the
same level or to the adjacent levels of BFS Tree.

We can observe end-vertices of non-tree (red) edges either regarding to the levels of BFS Tree,
or regarding to the subtrees (see Figure 6). Using these two different points of view we obtain
several useful statements (in detailed see Milkova, 2010).

Figure 6: BFS Tree completed with non-tree (red) edges and its observation regarding to the levels (on the left)
and to the subtrees (on the right)

The statement concerning the shortest path between two given vertices is important for solution of
the example given in the 1* step.

3" step: visualization

Using the GrAlg program visualization of the BFS algorithm starting in an arbitrary vertex v can
be easily presented at the lecture as well as the appropriate BFS Tree (T, v) (see Figures 2) and
various algorithms (see Figures 1) based on statements concerning BFS Tree. With the help of the
program there is no problem to emphasize both above mentioned observations of the BFS Tree
(T, v), demonstrate all statements and to illustrate a solution (see Figure 7) of the example given in
the 1% step.

Figure 7: One possible solution of the example, the shortest path from the root A3 = Start to the vertex D1 =
Post in the BFS Tree (T, A3)
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4" step: practise and discussion

The topic explained and illustrated at the lectures is thoroughly practiced at lessons and students’
own examples describing the topic are discussed.

We are very well aware that interesting resources prepared for self-study enable students more
consistent engagement with the subject. Students who are familiar with the materials are good
partners and lessons can be run more efficiently, like a discussion or consultation.

At our faculty students’ self-preparation is supported in the LMS Moodle. In the part
“Introduction” students find a detailed plan of lectures, the GrAlg program, samples of credit and
exam tests, and information concerning recommended literature and credit and exam conditions.
Electronic texts containing the subject matter explained in the lecture are placed in the appropriate
part “Theme” together with problem statements of tasks solved in lesson in addition to graphs
used during the lecture and the lesson. Students interested in the area explained within a subject
can find here additional material, and sources and information outside the immediate framework of
the subject.

Using the GrAlg program students can revise subject-matter and more deeply understand it.
They can use not only graphs prepared by the teacher but also graphs created by themselves and
explore the properties of these graphs and run in the program offered algorithms on these graphs.
The possibility to open more than one window enables them to follow mutual relations among used
concepts and algorithms.

gt step: moving to new subject matter

Completing the BFS Tree, appropriate to the example, by non-tree (red) edges (see Figure 8) we
can observe that there are other shortest paths between the root A3 and the vertex D1, i.e. more
solutions of the example. We would like to determine all solutions.

Figure 8: BFS Tree (T, A3) completed by non-tree edges

We move to new subject matter — to the definition and the construction of an x-y Shortest Path
Tree T,, determining all the shortest paths between two given vertices x and y (in detailed see
Milkova, 2010).
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Results

Using our teaching principles based on investigation a particular problem from more than one
point of view if possible, modification a problem and discussion the mutual relationships among
solved problems we encourage students to develop their logical thinking, to think about each
problem more than usual and to get deeper into the problem and to understand it.

Using puzzles enable us to enhance logical thinking of students in an enjoyable creative way.

Visualization of the particular issue as well as it is possible improves understanding of explained
subject matter.

The GrAlg program enables the students to acquire, complete, test and deepen their knowledge
and increase their imagination.

The GrAlg helps teachers explain all needed concepts and the process of particular algorithms.
Thus it enables the teacher to complete his/her explanation within lectures in such a way that the
topic is more comprehensible; the possibility to use colours allows the teacher to emphasize needed
objects and relations; the option to open more than one window enables to explain the problem
from more points of view and show mutual relations among used concepts and algorithms.
Moreover, the possibility to save each created graph in bmp format allows teachers easy insertion of
needed graphs into the study material and thus saves their time when preparing text material and
presentations.

Conclusion

There are various professional multimedia applications used as a useful support of education.
Using them various mathematical, chemical, physical etc. processes can be visualised in a lucid way
(see e.g. Prazak, 2010, Hubalovsky, 2010, Balogh, Magdin, Turcani, Burianova, 2011).

In the paper we emphasised how important and useful support of education can be achieved
also by means of a smaller program dealing with objects appropriate to course subject matter
created on a script given by the teacher with regard to students needs.

Moreover, students admire quality multimedia applications prepared by their colleagues who,
on the other hand, are proud that their works serve as a useful study material.
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Abstract

Evolution in computer and information communication technologies have made also possibilities to
develop intelligente technological solution for enhanced learning. Today, most researchers in the field
of educational technology seem to be preoccupied with either heuristic, the development of some
hove intelligence application, or the philosophy and psychology, concerned with the nature and scope
(limitations) of knowledge and representation or varius learning theories such as beheviorism,
constructivism and conectionism by computer program. The enthusiasm to develop technological
advanced learning tools resulted in technologies with limited application. The need to develop simple
computer-based tools to assist instruction and demonstrate its impressiveness to enhance learning is
most important, but those tools desperetly need to be designed with didactical and methodological
knowledge and only hardly then integrated into a pedagogical framework.

The paper presents the design and use of an interactive computer-aided learning tool for enhanced
learning. In this paper we also present the impact of an interactive computer-aided e-learning tool
whose primary objective is to assist students in learning.

Keywords

Education. ICT. Didactics. Phylosophy. Intelligente Learning Tools.

Introduction

A serious limitation in the traditional (lecture) approach in education is the fact, that it mostly
places the student in a passive role. What influences student’s experience is briefly shown at the
Figure 1. One of the basic questions facing educators has always been "Where do we begin in seeking
to improve human thinking?" Fortunately we do not have to begin from scratch in searching for
answers to this complicated question. The experts recommend: "One place to begin is in defining the
nature of thinking. Before we can make it better, we need to know more of what it is". New
discoveries in the field of developmental cognitive science and neuroscience hold a great promise for
improving current teaching methods. Yet there remains a significant gap between the scientific
discoveries that could improve our education system and the application of this knowledge.

Because the whole education system is too complicated for one paper, we will take into account
in this paper only one pillar (see Fig. 1), that is learning environment. Today the probably most
important element of the learning environment is information and communication technology (ICT).
ICT through e-learning, e-lab, networking, knowledge-based systems, and other technologies, will
play an increasingly important role in the way that education is taught and delivered to the student,
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especially to science and technology students. But all this modern technology must have base on
special didactics and media didactic. Through these technologies and didactic, the student will be
placed in an "active" role, as opposite to a "passive" environment of one-way lecturing. The teacher
can then act as a facilitator and author of the learning environment instead of merely a one-way
communicator (Novotny, 2011).

Teaching and Course/subject
learning curriculum

Y @

The students
experience
Quality of knowledge

Teachers z Q Learning environment

gualification

Figure 1: 4 pillars of education system

There is no denying about the appeal of computer and other ICT technologies. Their magnetic
effect on students’ attention is all too familiar to teachers but parents too, particularly when the
alternatives are boring homework and household chores (Massey and Brown, 2005). If we would like
to use this entire new gadget, we must know:

= something about the end user, that is how human intellect works and/or how human
percept individual information, and

= something about technological possibilities, that is how advance learning environment
must be built up.

And we can put also some additionally basic questions about processing of information:

= How can understanding of the information processing help to be a better teacher?
=  What assumptions about learning underlie this process?

=  What is metacognition and why is important that teacher understand it?

=  What kind of study strategies will help students to learn?

=  What teaching strategies can one use to help facilitate meaningful learning?

= Etc.

But let’s start from the beginning. A lot of research in education is concerned with the
development of intelligence applications such as Computer-Aided Instruction (CAl), Intelligent CAI,
Intelligent tutoring system (ETS) and Intelligent Learning Environment (ILA) (Felder, 1993; Allen,
2008) and also with applications that can be justified as being consistent with educational theories.
There is also a new trend which deals with comparing the performance and attitudes of students
taking online courses versus those taking lecture-based courses (Davis, 2003, Sunal, 2003).
Computer-supported collaborative learning (CSCL) is one of the most promising innovations to
improve teaching and learning with the help of modern information and communication technology.
Most recent developments in CSCL have been called e-Learning 2.0, but the concept of collaborative
or group learning whereby instructional methods are designed to encourage or require students to
work together on learning tasks has existed much longer. It is widely agreed to distinguish
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collaborative learning from the traditional “direct transfer” model in which the instructor is assumed
to be the distributor of knowledge and skills, which is often given the neologism e-Learning 1.0, even
though this direct transfer method most accurately reflects Computer-Based Learning systems (CBL)
(Stahl, 2006).

Information processing system

Locus of Control remains an important consideration in successful engagement of e-learners.
According to the work of Cassandra B. Whyte, the continuing attention to aspects of motivation and
success in regard to E-learning should be kept in context and concert with other educational efforts.
Information about motivational tendencies can help educators, psychologists, and technologists
develop insights to help students perform better academically (Whyte, 1980).

It seems that advancements in the use of technology for educational purposes have bypassed
two mayor elements: the integration of computer based applications in the instructional process and
vice versa, and consequently the transforming the role of instructor. While many perceive online
computer-aided learning tools a major breakthrough in teaching and learning, many educators and
trainers do not support it (Conlon, 1997). Although the growth of online computer-aided learning
tools has been significant recently, there still exists a mayor gap in design and evaluation of their
educational (teaching and learning perspectives) capabilities and effectiveness in enhancing the
learners’ experience (Saade, 2007).

recapitulation

\ Sensory Attention Encoding Long term
_ > Short term ¢ >
Sensory input
memory Pattern recognition memory Retrieval memory
N 1 ,
/ \\ | ,/
\\ 1 4
4
u v 'y
Decay Entropy - decay Interruption
Displacement decay Lost information

Figure 2: Model of information process

Broadbent (1958) proposed a general model of the human information-processing system as
briefly shown in Figure 2. This information processing model presented the basic mechanisms: three
main memory storages in which the information is operated on, and the processes of transforming
the information from input to output within each storage and from output to input between these
storages. The model suggested that the processing is a fixed serial order from one memory storage
to the next, and voluntary control of the system was represented by a selective-attention device and
by information feedback loops from the high-level processing system to earlier processing stages.

There are many different theories about the human information-processing system, but
probably the most widely accepted theory is labelled as the "stage theory". It is based on the work of
Atkinson and Shriffin (1986). The stage model assumes that the brain embodies a nervous system
that processes the information from the time of the input to the time of storage in long-term
memory. The system comprises three main stages that contain different physiological properties: the
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sensory registers, short-term memory and long-term memory. The sensory registers briefly store
representations of external stimuli from the environment until the information can be transferred
further. There appears to be different sensory registers for each sense. In any case, the sensory
registers can hold information for only a very brief period of time. The information is assumed to be
lost from the registers unless it is passed along into short-term memory.

Short-term memory can be thought of as conscious memory because, in addition to holding
information, it allows information to be manipulated, interpreted and transformed. The new
information in short-term memory, by subjection to further processing, may be transferred to and
made part of long-term memory. Long-term memory is a relatively unlimited and permanent
repository of information. Long term memory stores for later use of information. Once the
information is stored in the long-term memory, it stays.

The information processing model highlights the basic mechanisms in terms of stages and the
processes, and the representation and storage of information:

1.  Three main stages in which the information is operated on: sensory memory, short-term
memory (temporary working memory), and long-term memory.

2.  The processes of transforming the information from input to output within each stage
and from output to input between these stages, e.g. attention/pattern recognition,
encoding and retrieval.

3. Representation and storage of information, e.g. network models, Feature Comparison
Models, Propositional Models, Parallel Distributed Processing Models, etc.

Theory into practice: The influence to instructional systems design

Two key assumptions in information processing theories have great influence in the formulation
of instructional principles:

= The memory system is an active organized processor of information

1. Research studies in attention and perception, such as the pattern recognition filter
models of attention, and dual coding theory, have great impacts on the
instructional message design both in text and visual message in order to maximize
the attention and perception of the learners.

2. Studies in the characteristics of short-term memory, such as limited space and short
duration, give rise to the importance of mnemonic devices to reduce the workload
of the short-term memory, information organization in chunks or smaller
components to increase capacity. Also, the information processing models
proposes the use of rehearsal strategies to maintain information, and content
organization, such as elaboration theory, to help encode information by relating
incoming information to concept and ideas already in memory.

3.  Theoretical explanations on the retention in long-term memory emphasize the
effects of different conditions on levels of processing. Meaningful encoding
facilitates later retrieval. Graphic representations have been particular effective in
facilitating encoding and memory storage of information

®  Prior knowledge plays an important role in learning process

1. The influence is evidenced by the use of advance organizers and any instructional
strategies to strengthen activation of the existing memory structure. . Elaboration
strategy and Ausbel's meaningful learning employed in instructional design systems
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suggests the importance of relating meaning of the new information to each
individual learner. Also, the use of the metaphors and analogies provides
instructional effectiveness.

2. Emphasize the importance of self-regulatory skills in learning: conscious reasoning
and thought

Moreover, with the development of information processing view of learning, the task can be
examined from the perspective of human thought process. The cognitive operations that a learner
needs to carry out in order to complete a task or to solve a problem become the target of analysis.
Information processing task analysis uses flowcharts to represent cognitive operations step by step
and indicate the decision making process (Scandura, 1973).

The conceptualization of an active memory system puts a lot of attention on the operation of
information. The focus is on what and how this system is related to learning and cognition. In this
framework, a lot of different hypotheses are proposed to explain different types of memory systems,
the representation/structure of knowledge in memory, and how these representations influence and
interact with incoming information. In turn, those hypotheses provide implications on how to control
the instructional conditions. The assumption is that the correspondence between the instructional
conditions and the internal conditions of this active memory system will maximize the effectiveness
of the instruction.

Theoretical results

Today, the term “computer- assisted learning” is used loosely and represents the utilization of
any application for delivering content to the student. This may be: electronic material that students
would read or interactive learning tools to help learning. Concerns currently being explored by
researchers include student’s attitudes, course design and delivery, course evaluation, and instructor
behaviour and attitudes (Sunal, 2003, Achtemaier, 2003, Abersek, Kordigel Abersek, 2010). The
effectiveness of computer assisted learning applications and utilization of well-developed research
plans are relatively scarce at this time (Sunal, 2003). As we mentioned, any computer-aided
application/learning tool, especialy intelligent computer based tutoring system (the tutoring system
of the future) must have in general level two parts:

1.  The first part is heuristic part. Generally heuristic refers to experience-based techniques
for problem solving, learning, and discovery. Heuristic methods are used to speed up the
process of finding a satisfactory solution, where an exhaustive search is impractical.
Examples of this method include using a “rule of thumb”, an educated guess, an
intuitive judgment, or common sense. In more precise terms, heuristics are strategies
using readily accessible, though loosely applicable, information to control problem
solving in human beings and machines (Pearl, 1983). In computer science, metaheuristic
designates a computational method that optimizes a problem by iteratively trying to
improve a candidate solution with regard to a given measure of quality. Metaheuristics
make few or no assumptions about the problem being optimized and can search very
large spaces of candidate solutions. However, metaheuristics do not guarantee an
optimal solution is ever found. Many metaheuristics implement some form of stochastic
optimization.

2.  The second part is epistemological part, connected with the philosophy, pedagogy and
didactics. Epistemology is the branch of philosophy concerned with the nature and
scope (limitations) of knowledge. It addresses the questions: what is knowledge? How is
knowledge acquired? How do we know what we know? Much of the debate in this field
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has focused on analyzing the nature of knowledge and how it relates to connected
notions such as truth, belief, and justification. It also deals with the means of production
of knowledge, as well as scepticism about different knowledge claims. The term was
introduced by the Scottish philosopher James Frederick Ferrier (1808-1864). In our
paper, and in epistemology in general, the kind of knowledge usually discussed is
propositional knowledge, also known as "knowledge that". This is distinct from
"knowledge how" and "acquaintance-knowledge". For example: in mathematics, it is
known that 2 + 2 = 4, but there is also knowing how to add two numbers and knowing a
person (e.g., oneself), place (e.g., one's hometown), thing (e.g., cars), or activity (e.g.,
addition). Some philosophers think there is an important distinction between "knowing
that", "knowing how", and "acquaintance-knowledge", with epistemology primarily
interested in the first.

At the executive level the intelligent computer-aided learning tools are interactive computer
programs which incorporate expertise and provide advice on a wide range of tasks (Abersek, 2004,
Abersek, Popov, 2005). These systems typically consist of the following three basic components:

= the behaviour of the problem domain,

= context is a workspace for the problem constructed by the inference Mechanism from the
information provided by the user and the knowledge — base and

= inference mechanism, which monitors the execution of the program by using the
knowledge - base to modify the context.

In addition to the three main modules described above, the system should also be provided with
a graceful:

= userinterface,
= explanation facility,

= knowledge - acquisition module, as shown in Figure 3.
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Figure 3: Configuration of the Expert System (Abersek, 2004)

The mayor research questions that guided our study were:

1. Does the e-learning tool have a measurable effect on students learning?

2. What s the impact of the e-learning tool usage on students’ performance?

In other words, we seek to investigate if there are any usage-performance associations. While
using the e-learning tool, the score and the time of complete interactive session were measured. This
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embedded the investigation of possible association between students’ time to complete a session
and corresponding application scores.

Results: The e-learning tool, design and methodology

The study, we shall introduce as a example, examined the impact that the e-learning tool may
have on learning. The primarily objective of this case was to allow students to explore different
perspectives to concepts by manipulating related information. The aim of the exercise was to provide
the student with an opportunity to construct his/her own mental model of a specific concept. This
objective has some elements of the constructivist approach (Dalgano, 2009) and entails the
implementation of learning strategies designed to involve the student in the learning process as well
as a relatively high level of interactivity with instantaneous feedback. The e-learning tool was
developed so that students could practice and assess their knowledge and assess their knowledge of
content material and concepts to a specific matter (Jones, 2007).

In using the e-learning tool, students rehearse concepts specific to a subject matter by having
the application prompting them with multiple choice, true or false and fill-in-the-blanks questions
(Figure 3).

A rehearsing process entails a double randomization procedure, one type of question level and
the other at the actual question level. After logging into the main page of the e-learning tool, the
student can select which specific concept he/she wishes to rehearse. The e-learning tool now selects
from a pool of related questions also using the same randomization function. The student answers
the question; the time to answer the question is logged and feedback to the answer (correct or
incorrect) is given to the student. Another question is than selected by the e-learning tool using the
same procedure as described above. The session continues till the time is completed. After that a
student gets a detailed performance report and an overall performance score.

User
interface
(START)

Randomize type of
question

:> Prompt student with
question B

Feedback to question
answer is provided

Performance .
. Session end
details report

Figure 4: Flow Chart of the QUESTION-ANSWER process between students and system

Students answer question

The study examined the impact that the e-learning tool may have on learning. Two groups were
used from two different semesters. Students were involved as a part of the Design and technology
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Curriculum at the faculty of Natural science and mathematics, University of Maribor. A total of 34
students participated in the study. Once again: the mayor research questions that guided this study
were: Does the e-learning tool have a measurable effect on students learning? And what is the
impact of the e-learning tool usage on students’ performance? Our research is consistent with the
prior results where interactive computer based tutoring system - CBTS was been shown to positively
impact students learning (Wegner, 1999, Abersek, Kordigel, 2010). The results of the study are also
consistent with previous research suggesting that students who use some kind of tutoring system for
self-learning/evaluation higher in exams that those who use traditional study methods (Abersek,
Kordigel Abersek, 2011). Table 1 presents the performance statistic of the study.

Table 1: Performance statistic

Sample Min score Mean (SD) Max score
in % in %
Group A: With CBTS 46 75 (11.00) 94
Group B: Without CBTS 35 66 (12.00) 82

There is a clear indication that Group A shows better results than Group B. This indicates that
the application influenced students learning, this enhanced learning is reflected in the minimal,
maximal and consecutiveness in the mean score and indicate difference of 14%.

Conclusion

Information technology, through networking, knowledge-based systems and experience based
system, artificial intelligence system and other technologies will play an increasingly important role in
the way that knowledge is taught and delivered to the student. Through these technologies, the
student will be placed in an "active" role, as opposite to a "passive" environment of one-way
lecturing. The teacher can with the help of information technology, through networking, with
knowledge-based systems and experience based systems, artificial intelligence systems act as a
facilitator instead of merely a one-way communicator.

Computer based learning tools create a compelling experience. For application seeking to teach
users through realistic experience, computer based techniques can make the experience much more
memorable. In a test bed environment, the context and control afforded by intelligence design
techniques, intelligent heuristic allow integration of technologies and evaluation of the overall
experience, even with partial implementation. And we must point out, that for good and effective e-
learning tools the philosophical and didactical part is equally (maybe even more) important than
heuristics (technological, ICT part), since the history proves, that schools had been and can work also
without ICT, but ICT without pedagogy and didactics is empty and useless.
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Abstract

Mobile professionals can find themselves in desperate situations when they have ambitions and will
to improve their skills but have to face problems related to the fact of matching their work schedule
with lifelong learning centres timetables. The goal of this paper is to propose a cloud computing
solution for mobile learners. For this purpose, some software as services are designed and
implemented in order to enable mobile learners to localize learning centres on the move, to match
mobile learners’ free time with nearest lifelong learning centres scheduled courses, and to make
reservation and use of learning resources while being in motion.
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Introduction

Learning is populated by new concepts and technologies which might be used to enhance
lifelong learning. Indeed, x-learning such as e-learning (Stockley, 2003), m-learning (Caudill, 2007)
and p-learning (Syvanen et al., 2005), represent various approaches that were adopted for distance
learning purposes. However the utility of x-learning don’t reside only in being far from educational
institution but also it lets the learning opened to any person, any age, at any educational level and
social class or job (Reding, 2000).

E-learning involves the use of a computer in some way to provide training, educational or
learning material (Stockley, 2003). It is a principal solution for distance learning which has emerged
considerably with the development of the internet. It is based on providing practical tools via the
internet and provides the potential for cooperation and interaction (Bourne and al., 1997).

M-learning is defined as learning with mobile technologies when the learner is not in
predetermined location. This system is related to mobile devices that are available and used by all
people, such as personnel digital assistant, pocket personal computers or smart phones. It ensures
the effectiveness in the professional domain and provides a way to learn wherever and whenever
(Caudill, 2007; Schrum, 2002).

P-learning is learning enhanced, by taking into account unsolved constraints, with intelligent
environment and context awareness. It is an immersive experience which mediates between the
learner's mental (e.g. needs, preferences), physical (e.g. objects, other learners) and virtual (e.g.
content accessible with mobile devices, artefacts) contexts (Syvdnen et al., 2005). Pervasive learning
environment, that has to be offered to nowadays learners, is a collection of mobile users, mobile
services, mobile devices, contexts and policies (Syukur and Loke, 2006) through which apprentices
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can become totally absorbed in the learning practice. In that perspective, we aim to offer to mobile
learners a pervasive learning atmosphere able to respond efficiently to their needs through a
combination of the above tools with Location Based Services (LBS) concepts and tools.

Cloud computing may offer to both MLs and 2LCs the opportunity of focusing on teaching,
learning, and also working rather than on complex configuration and software systems, through fast
implementation and utilization. In fact, cloud computing offers many benefits to e-learning solutions
by providing the infrastructure, platform and educational services directly through cloud providers
and by using virtualization, centralized data storage and facilities for data access monitoring (Pocatilu
et al ., 2009). This allowed institutions both to cut down software and hardware expenses by
reducing the necessities of licensing and software updating and data centres maintaining.

In (Mircea and Andreescu, 2011), authors propose alternatives to the use of classical
information technologies, which improve agility and obtain savings. They strategy includes five
stages, with emphasis on the evaluation of data and processes/functions/applications from several
major universities based on some key criteria, while creating a correspondence between these
aspects and the models/services/applications that exist on the cloud market. Their results support
the use of cloud solutions in universities by improving knowledge in this field and providing a
practical guide adaptable to the university’s structure. The proposed model takes into account the
university’s architecture and criteria such as mission, availability and importance of applications and
also the data’s mission, sensitivity, confidentiality, integrity and availability.

In (Rajendran and Veilumuthu, 2011), authors develop a cost-effective model for storing and
fetching e-Learning Videos. The study develops an e-Learning model in the cloud environment, which
can be easily accessed by everyone without any constraints on geographical location. The video
materials are stored in the cloud and through a progressive download approach; the videos in the
form of sequence of bytes have been streamed to the learner in real time. The e-Learning Video on
Demand is developed similar to the real classroom environment, wherein a learner has to be present
on time to get the complete video of the relevant course he has registered for. By providing a
smooth and lively streaming of multimedia based e-Learning materials, the learners are benefited
with a cost-effective and virtual classroom environment. The application is scalable and cost effective
and therefore provides benefit to modern educational institutions in terms of investment and helps
in smooth functioning of e-Universities.

In (Al-Zoube, 2009), the author presents a cloud computing based solution for building virtual
and personal learning environment which is intended to design and monitor educational content as
well as to create a platform for exploring ideas. The author showed that cloud computing
technologies can be exploited to build the next generation of platform-independent tools and
scalable data storage e-learning systems to provide smart formal and informal learning. This set of
technologies has clear potential to distribute applications across a wider set of devices and greatly
reduce the overall cost of computing. The proposed approach provides flexible architecture enabling
learners to mashup heterogeneous set of services that support different learning activities such as
production, distribution, reflection, and discussion. More services that are semantically aware of
learners’ context have to be developed.

Methods

Learning is the most sacred task for human beings. An important number of persons fail to
pursue their studies because of various reasons and keep their ambitions for graduation or post
graduation into their hearts. Mobile professionals, a subset of this kind of people, can find
themselves in desperate situations when they have ambitions and will to improve their skills but they
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cannot match their work schedule with their class one. In fact, they are handicapped by their
mobility and the inflexibility of Lifelong Learning Centres (2LC).

A Mobile Learner (ML), usually moves from place to place connected by a road network, to take
care of his permanent and occasionally customers dispersed geographically. The ML activities may
vary in time and can allow him/her to have a free time at any moment. The ML has to react quickly in
front of happening events to catch an eventual course or exam. To perform this objective, he has to
find a 2LC, a class and a place in an acceptable time, while moving in one of the roads (e.g. in his car
or on his/her feet). This can be performed using mobile devices well equipped to query distant
databases and get efficient answers while moving. Answers can be ensured through a mediator,
implemented thanks to wireless and mobile network architectures, able to provide efficient
responses for location dependent queries triggered by MLs.

The goal of this paper is to propose an approach based on a cloud computing system for MLs
able to localize, to match MLs free time with scheduled courses, and to make reservation and use of
learning resources while being in motion. It supposes the following assumptions: 2LCs are distributed
in various locations and grouped and managed in one centralized structure, and MLs can follow their
courses in any 2LC.

Cloud computing solutions are based on virtualized resources that can be shared, not only by
MLs which do not need any background knowledge about offered services, but also by 2LCs. They
refer to both the applications delivered as services over the Internet and the hardware and systems
software in the data centres that implement and provide those services. The services are labelled as
Software as a Service (SaaS). The data centre hardware and software is called a Cloud which can be
made available in a pay-as-you-go manner to the public and sold as utility computing.

Any ML, obviously, could ask the cloud, through its offered Saa$S the main following questions:

= Which are the nearest 2LCs close to my current position?

= o |[sthere some classes corresponding to my planned courses and to my level?
= e Dothose classes’ schedules match with my free time?

= e |[sthere available place in these classes?

Results

The cloud solution is performed to ensure providing answers to above questions through a
location based services application interface implemented on the ML mobile device and based on the
following Software as a Services (SaaS):

= Centre locator SaaS: Following ML query, Centre Locater SaaS determines the Continuous
k Nearest Neighbors (CkNNs) 2LCs thanks to Delaunay Triangulation based on road (DT,)
(Khayati and Akaichi, 2008) (see figure 1). DT, provides a valid response for continuous
research of the k-Nearest Neighbors (for example: seek for me the 3 closest 2LCs from my
current position).
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Figure 1. Locating 2LCs

= (Classes and Level Matcher SaaS: More than determining the point of interests, the learner
desires are to distinguish if these points enclose some classes corresponding to his/her
planned courses and to his/her level. This is achieved through the Classes and Level
Matcher Saa$S able to match planned courses stored in ML mobile device database with
located 2LCs databases. It takes into account ML level and course level provided by 2LCs

(see figure 2).

Classes and Level Matcher Saa$ 3 courses corresponding to

the ML level are matched.
For each course, availability
Courses Centers % is displayed for each 2LC

DataMining C1(2places) <
C2(3places) ...
Data warehouse C1(3places)

Databases C2(2places)
C3(3places)

Check on Ci to make reservation

Figure 2. Matching with class and level

= Free Time Matcher SaaS: This SaaS matcher looks for whether the computed courses
schedule corresponds to ML projected free time. This is achieved through a matching
performed according to free time preferences stored in ML mobile device database with

the 2LCs courses schedules.
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= Availability Matcher SaaS: The SaaS determines whether there is an available place for ML

in the selected 2LC (see figure 3). If it is a positive answer ML decides on its subscription
into a class.

Availability Matcher Saa$

Center C2

The ML selects the desired
course provided in specified

Number of Places 5 rooms.

Data Mining

Room 2 1 place

Room4 1place v o
Room 7 1 place ¥

Databases

Room#6 1 place v

.....

Room 3 1 place

Figure 3. Determining availability and making reservation

= Learning Resources Manager SaaS: This SaaS aims to help MLs to perform other tasks
related to the use of some virtual learning resources. MLs have only to provide minimal
but sufficient information, to acquire responses to their requests.

Most of the SaaS presented above are interactive. Obviously, this interactivity has to be
decreased due to the professionals’ mobility related to their work nature. This can be ensured by
defining alerts according to ML preferences such as those specifying free times, programmed
locations at programmed times, etc (see figure 4). An Alert service, also implemented as a SaaS, may
extract MLs preferences information to compute matching performed by one of the above SaaS in
automatic way, and alert MLs in an adequate time. Those have only to visualize such messages and

to decide, whether or not, they are tolerable to their needs. The Alert SaaS is described by the
following algorithm.

Algorithm Alert (ML preferences);
Begin
For each ML do
Begin
Step 1: Determine the list of 2LCs |; according to ML position;
Step 2: Determine the sub list of 2LCs (I, < ;) according to ML desired
course and level.
Step 3: Determine the sub list of 2LCs (I; < |,) according to ML

availability.
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Step 4: Determine the sub list of 2LCs (lI; — I3) according to
2LCs vacancies.
Step 5: If not empty I, send it to ML.
End;
End.

The first step is performed thanks to 2LCs Locator SaaS which determines the continuous k
nearest neighbours to ML current position. It uses DT, to filter a first list (I;) of 2LCs eventually
reachable by ML. The list |, is provided to Classes and Level Matcher SaaS which has to perform the
second step. It consists on the matching of the planned courses stored in ML mobile device database
with the located 2LCs databases by taking into account the level reached by the ML and the course
level provided by the 2LCs. The result of this second filtering is a list I, of 2LCs providing courses
belonging to ML curriculum. The list |, is an entry for the third step performed by Free Time Matcher
SaaS which has to verify if the computed courses schedule corresponds to the ML proposed free
time. This is achieved through a matching performed according to free time preferences stored in ML
mobile device database with the 2LCs courses schedules table, and giving as a result a list of 2LCs (ls).
This latter serves as an entry to Availability Matcher SaaS to perform the forth step. It consists on
determining if there is an available place for the ML in I5. Availability Matcher agent looks for such
availability into the 2LC database and informs the ML with I;. Results can be visualized by ML on a
map, resulting from a Map Saas, in which we show elements of |,.

According to ML free time
specifications, alerts are

processed and displayed on
hic DNA

Free Time Matcher Saa$

Time Preferences
1] Y W H F g

10h- Al O

12h ciy (@)

12h.- AICHD)
14h cy)

18 (=0}

Show Alerts

Figure 4. Managing alerts

Discussions

In our proposed system, a huge of data is manipulated. Obviously, the analysis of this data may
help to enhance 2LCs activities and MLs success. This is performed by gathering and historizing data
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about 2LCs and MLs activities related to learning process into one repository called Cloud Data
Warehouse (CDW).

A data warehouse is a subject-oriented, integrated, time-variant, and non-volatile collection of
data in support of management's decision making process (Inmon, 1992). Our CDW is subject-
oriented because it is organized around major subjects, such as ML, 2LC, and courses. It is integrated
because it is constructed by integrating multiple heterogeneous sources, such as MLs and 2LCs
databases and transaction records related to learning process. It is time-variant because data are
stored to provide information from a historical perspective (e.g., the past 3-5 years). It is non-volatile
because it is separated physically of data transformed from the application data found in the
operational environment. Moreover, it includes spatial and temporal data about movements of
mobile learners.

A data cube consents to model and viewed data in multiple dimensions. Those are the
perspectives with respect to which we desire to maintain records. For example, we may create a
Mobile Learner Activities (MLA) data warehouse in order to keep records of the 2LCs’s assignments
with respect to the dimensions time, ML, branch, and location. These dimensions allow the 2LCs
centralized administration to keep track of things like monthly assignments of MLs, and the branches
and locations at which the MLs were assigned. For example, a dimension table for ML may contain
the attributes ML identifier and name, initial ML 2LC, etc. A multidimensional data model is typically
organized around a central theme, like ML activities. This theme is represented by a fact table which
includes numerical measures destined to analyze relationships between dimensions. Examples of
facts for a MLA data warehouse include number of assignments, learning time spent, number of
courses, etc. The fact table contains also keys to each of the related dimension tables.

Using the above information many types of analysis are conducted on both MLs and 2LCs
activities leading to decisions that can be made on enhancing 2LCs infrastructures and MLs work
assignments and/or success.

Analysis can be also conducted on alerts by including another fact table called Alerts which
shares dimensions time, location, etc. with the other two fact tables ML and 2LCs Activities. Analysts
may make trigger queries about rates of MLs subscription following sent alerts. This may lead to
enhance MLs administered preferences by performing adjustments on them.

Conclusion

In this work, we proposed an assistance system, based on pervasive cloud solution, for lifelong
mobile learners. It constitutes a way out for mobile professionals motivated to improve their skills
through a lifelong learning process. The solution is performed by a subset of SaaSs ensuring learning
centres localization, learning centres courses matching with mobile professional curriculum and
level, learning centres courses schedules matching with mobile professional free time, and mobile
professional subscription according to learning centres vacancies. All activities described above
generate data which are integrated into a data warehouse and analyzed according decision makers’
needs. Future works will focus on enhancing the proposed cloud computing solution by more SaaSs
implementing various MLs and 2LCs needs according to educational domains taken into account.
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Abstract

The final function of the learning management system (LMS) is routing the communication depending
on the student’s knowledge and abilities and according to that changing the quantity and
ambitiousness of the material offered to the student. Interaction between student and LMS in the
process of teaching and learning is a composite process. The aim of the system for the teaching
control is to regulate the communication according to the student’s knowledge and ability and thus
modify the amount and sophistication of submitted materials for the student. In the concept of
control theory, the transition from combinatorial procedure to sequential series and optimized
processes is obvious. One of the assets of modelling the teaching processes by means of Petri nets is
their formal description, which is complemented by a visual graphic representation. A precise and
accurate specification of the process is thus allowed, which enables us to remove ambiguities,
uncertainties and dubiousness and contradictions. For the description of teaching processes, such as
browsing in the study material in e-lerning education, it is appropriate to use mathematic and graphic
methods, where mainly serial machines are successfully used, which, however, have certain
limitations. These issues could be solved more effectively using Petri nets for their precise and exact
specification.

Keywords

Modeling process. Petri nets. Learning Management System (LMS). E-learning. Web-based education.
E-course.

Introduction

Static structure of information on the web, the task of which is to provide information, has long
been overcome. More and more web software systems originate which are more complex than ever
before. From the point of view of the system’s application, there is a more and more frequent
necessity to enrich the information space of heterogeneous sources, managed by the mentioned
systems, with elements of adaptation to the user and/or the environment, in which the user
operates. The aim is to present the user personalized information, if possible only those that are
relevant for the user, and in such a way, which suits the given user most (Bielikova and Navrat, 2006).

With the rapid advance of the Internet, e-learning systems have become more and more
popular (Gomez-Albarran, 2005), (Jun-Ming et al., 2006). An e-learning system provides the following
functions: (1) delivery of learning content for students via the Internet; (2) record of learning
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progress and portfolio; (3) management of learning content, assessment and course; and so on
(Scorm 4th Edition Version).

E-learning has become an increasingly popular learning approach in universities due to the rapid
growth of web-based technologies. E-learning implementation at universities is a long-lasting and
complicated process. This process has to overcome a wide range of internal and external factors
influencing e-learning effectiveness and content quality resulting in stakeholders satisfaction and
acceptance of web-based learning (Drlik and Skalka, 2011).

The Internet and related web technologies do offer great solutions for presenting, publishing
and sharing learning content and information, as is the case in many other areas. Special software
called Learning Management System (LMS) (Figure 1) is generally used in most institutions providing
web-based learning (Cavus, 2008). Most universities combine a form of learning using one of a
number of commercial or free LMS. They decided to use products such as Claroline, Fle3, ILIAS, MS
Class Server, WebCT, Eden, Enterprise Knowledge Platform, LearningSpace, eAmos, eDoceo,
Uniforms, uLern, Aspen, Oracle iLearnin, NETOPIL School and Moodle (Capay and Tomanova, 2010)

Tracking of learning

Online course materials
/
y
Audio
Video
Animation

\ / Delivery
/ A

/ Mobile phone

/ “".
l Offline Course Material ‘—"f _’W
PDF:{ o
HTML+CSS t”’“‘

Student performance J

Forum
E-mail

Figure 1: Structure of the Learning Management System (LMS) (Cavus, 2008).

Now that the Internet is recognized as the main platform for education, web-based applications
are preferred when it comes to educational activities, channels for communications and systems to
access knowledge. LMS are often viewed as the starting point of any web-based learning program
(Cavus and Uzunboylu, 2007). Many pedagogues were introducing their models of electronic
education in the early 20th century, but they had no sufficient tools to their effective
implementation at that time (Skalka and Drlik, 2009). Nowadays electronic learning systems provide
the possibility of saving all information about student’s activities in one place. Teacher could monitor
the student’s activities after his login into system. Systems offer submission of the file, testing the
control of the communication and cooperation too. LMSs facilitates teacher to keep his methodical
portfolio dynamic and offer electronic students” portfolio in every moment (Capay and Tomanova,
2010). An LMS provides the platform for the web-based learning environment.

The aim of the system for the teaching control is to regulate the communication according to
the student’s knowledge and ability and thus modify the amount and sophistication of submitted
materials for the student. In the concept of control theory, the transition from combinatorial
procedure to sequential series and optimized processes is obvious (the strategy of continuous
assessment of the student instruction reflection, and based on that, adaptation of the following
instruction, is comparable with the dual principle of identification and adaptive management). There
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is an advantageous use of Petri nets for description and consequential control of this kind of teaching
form. (Klimes and Balogh, 2012)

Possibilities of transition with e-course

We differentiate two main types of teaching programmes according to how binding the
individual steps sequences are for the student. Those are linear and branch ones.

= Linear teaching programmes dictate a strict and binding sequence of steps for all students
in a single line. Contents of education are studied in small amounts of information;
however, the best is to study one of the information in each step only. The designed
notion is practiced as to the need, until the student masters it. Adding one notion to
another, the student gets acquainted with the whole theme and its issues. Opponents of
linear programmes state that very small steps interrupt the trains of thought of the
student in an undesirable way. As to the practical experience, linear programming is
suitable for teaching basics and principles of the problem and also for the formation of
the word-stock and new concepts. (Klimes and Balogh, 2006).

= Branch teaching programmes are susceptible of varied procedures when solving
problems. Alternatives of ,branches“of the programme finally lead to the successful
coping with the problem; however, each student takes the line, while its length
corresponds to his personality, knowledge and gift. When teaching facts, a certain main
line is visible in the programme, out of which various formed side lines evert and
reintegrate. The main line usually allows for proceeding in wider and more demanding
steps, which can be mastered only by a gifted student, answering adequately to the
inserted control questions. Shorter and easier steps for less gifted individuals and slowly
working students take place in secondary lines. There are examples for successful revise
of a particular lecture, tasks and instructions referring the student e.g. to solve an
experience, use graphic tools or sequence which completes the lecture so that the
opinion or fact would be confirmed. Branch programmes are especially suitable for the
provision and manipulation with new concepts. Their basic benefit is that they allow the
student to choose, upon studying the study material, the individual line, which
corresponds to his intellect and previous knowledge. (Klimes and Balogh, 2006).

E-course modeling with Petri nets

When modelling the educational process, it is necessary to draw from interaction
understanding, from mutual social interactions of participants of the educational process. A ,,general
model of educational process”, was thus created which includes wider environs, input factors, the
process itself and its products (immediate results and long-term effects) (Balogh and Turcani, 2009).

The aim is to create a functional communication control model in LMS system by means of the
created model in Petri nets. It is necessary to create a universal e-course model in LMS by which the
pedagogue’s and student’s activity would represented in the course and in arbitrary subjects, e-
courses would be created according to similar models. The model has been created so that it would
reflect the pedagogue’s and the student’s requirements. It would be enough modular, intelligible
and clear and would not be too complicated.

The benefit of educational process modelling using Petri nets is its formal description, which is
complemented by a visual graphic depiction. This allows for a precise and exact specification of the
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process, which facilitates elimination of ambiguity, vagueness and contradictions. Petri nets besides
the visual graphic expression have also square defined mathematical fundaments which can suitably
be used in various software tools for the specification and analysis of computer-solved company
processes. For the description of educational processes, such as passing through the study material
in e-learning education, it is appropriate to use mathematic and graphic methods where mostly serial
machines are profitably used. However, they have certain limitations. The issue can be solved by
means of Petri nets, thanks to their precise and exact specification. (Balogh, Turéani, and Burianova,
2010), (Magdin, Capay and Mesarosova, 2011)

For the description of the communication of a man with a computer it is suitable to use graphic
tools (Markl, 2003), allowing to adequately describe and express the interaction. The teaching
interaction between a student and an information system managing the instruction is a complex
process, for which Petri nets should be applied.

Edge superimposition is one of the problems with interpretation of the model in Petri nets but in
many cases it is necessary. This problem can be solved by marking each of the edges by means of
various colours. This colour dissimilarity helps the identification of various process flows and also to
understand the functionality of the model. Then it is possible to divide the model into each sector
and thus name their components what helps identify each component’s function, i.e. place
appellation and transitions.

E-course model production with exam

There are markings (tokens) in two places in the initial model state: Pedagogue (P800) and
Student (P0). Tokens symbolises the pedagogue’s and the student’s process while using LMS.

The place and transition numeration is specified. Places, where are the pedagogue’s positions,
begin with the number 8 what is the pedagogue’s identification number. The second number
identifies the sector (part of the model) where is a place. And there is the last number what is the
pedagogue’s place type:

= (0 entrance place — conditions to open a new lesson

= 1 entrance place - conditions for lesson availableness

= 2 entrance place — conditions to peruse the task

= 3 entrance place — conditions for lesson availableness

Student gets into the first sector (introductory part) by registration into the course. This sector
contains various information about the course e.g. subject information sheet, recommended
literature, course requirement to successfully pass the course, links of web pages referring to the
themes, etc. These choices are represented by places P101 to P106. After the token (student)

perused the selected information, he gets to the place P109 (Figure 2) from where he will be able to
advance to the first lesson, if the pedagogue allows it.
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Figure 2: The incipient state of the model

The pedagogue’s task

On the created process model we can see that the information (articles, themes, textbook, and
publications) is available for the student only if the pedagogue allows it. In this case the pedagogue is
the administrator of the course; he creates and modifies the course, uploads, adds or removes links
and materials for study, checks students” activities, prepares, corrects, replies to tasks and many
other functions that the system allows. The created model represents the student’s perspective;
therefore, the model does not contain the pedagogue’s activity options and the important elements
concerned about the student have been left. The pedagogue’s task has thus simplified. He opens
new lessons in the course, then assigns some tasks to it and finally, declassifies the exam so that the
student would fulfil the requirements.

We can monitor the transition realization on Figure 3 where the first numbers interpret the
previous sector on the transitions T121 and T122. The second number interprets the next sector and
the third is a type of transition where 1 is the transition for opening a new lesson and 2 is a transition
from the previous lesson to the next.

Vyber casti lekcie
i prestudovanie

Tio1 T TAfd /TidE RM@ET106
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pedagéy () Pron] pida] Pros] Pros] Pros| Pios)
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TS T T30 T4l T1150 T116,

TE00,

Pedagdg otvorl lekcie v kurze
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Figure 3: Before transition realization
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Figure 4: After transition realization

E-course lessons

Courses in LMS are divided into individual lessons according to the course of study of a
particular subject. It contains study materials, interactive animation, pictures, tasks, autotests, tests,
exercises, etc. Lessons can be divided according to various criterions e.g. theme, content, time, etc.
And according to settings, students can set linear or ramified education. It is always the pedagogue
who sets these parameters and who determines the style and the rate of the educational process.
The number and the content of the lessons are not limited, i.e. PX01 —PX06, where XeN N = {1, 2,
3...}. The number of lessons does not affect the function of the model.
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Figure 5: Student’s transition through the lesson

After the student passed the task or perused the lesson, he is able to return to the previous
lessons which he had already passed successfully (Figure 6) or is able to shift to another new lesson.
He can choose from the previous lessons to which he wants to return and chooses from the
transitions T440, T430, T410, (TXX0). The marking logic of these transitions is:

= 1. number identifies the current sector (in this case 4)
= 2. number is the number of sector (lesson) where the student wants to get (3,2,1)

= 3. number (0), is a intersectional transition
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Figure 6: The choice of previous lessons

Inhibitive and test edges were used in the model, then also deterministically types of transitions,
places with a given capacity and various IF-THEN rules. Procedural e-course model designed in LMS
contains other important parts e.g. scoring, the student’s continuous assessment and the student’s
exam results.

Discussion

The importance of advanced information and communication technologies, such to education
has increased significantly during the past few years. In order for electronic learning systems making
use of these technologies to be successful, effective and of a quality comparable to some of the
traditional educational learning systems, the electronic learning systems must be designed and
constructed with care, using a scientific approach embracing well designed procedures and
techniques (Drlik and Skalka, 2011).

E-learning has become an increasingly popular learning approach in universities due to the rapid
growth of web based technologies. E-learning implementation at traditional universities as well as
creating of any kind of virtual universities is a long-lasting and complicated process. It is necessary to
see the e-learning implementation as a continuous and iterative process. The points of the entry into
this process will vary depending on the institutional context and personal skills of the teacher. It is
becoming increasingly clear that there are many reservations, worries, objections and questions
about e-learning from the pedagogical, professional, and sociological point of view that must be
taken seriously (Barajas and Gannaway, 2000).

Conclusion

The target function of LMS managing the instruction is the direction of communication as to the
student’s knowledge and abilities, thus changing the amount and demandingness of the materials
submitted to the student. In the theory of management there is an obvious transition from
combination procedures to sequence chains and optimized processes (the strategy of continuous
assessment of the student instruction reflection, and based on that, adaptation of the following
instruction, is comparable with the dual principle of identification and adaptive management). For
the description of the communication of a man with a computer it is suitable to use graphic tools
(Markl, 2003), allowing for suitably describing and expressing the interaction. The teaching
interaction between a student and an information system managing the instruction is a complex
process, for which Petri nets should be applied. Another attitude to the description of true and real
teaching procedures is an application of fuzzy modelling (Novak, 2000). Most frequently, the
personalization of e-learning courses is realized on the bases of extracted knowledge of usage data
by means of the web log mining techniques (Munk, Kapusta and Svec, 2010), (Munk, Vrabelova and
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Kapusta, 2011) (Munk, Kapusta and Svec, 2010); however, we focus on the personalization using
Petri nets.
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Abstract

Informatics is a young subject taught at primary and secondary schools in Slovakia. Based on the new
school reform, it has been taught compulsory since 2008. Lifelong education of the teachers of
informatics subjects at primary and secondary schools is therefore a must. The teachers have to
respond flexibly to the changes in the field of information and communication technologies and to use
modern methods in the educational process. Learning to learn and ability to use modern information
and communication technologies effectively are becoming the most important competences
nowadays. The implementation of the school reform pointed out the lack of qualified teachers
suitable to teach Informatics and Informatics Education. That was the reason why national project
aimed at further education for primary and secondary school teachers in informatics financed
from European structural funds was prepared. A strategic objective of the project was to design,
prepare and realize modern further education supported by digital technologies. Direct education
was broaden by e-learning support via LMS Moodle. Communication, assignment submission
and/or testing were thus mostly conducted online. Some time after the successful completion of
the project we conducted a questionnaire investigation the main purpose of which was to explore
the opinions of the teachers participating in the project. The questionnaire was aimed not only at
the area of acquired knowledge and abilities. We were particularly interested in the usefulness of
the methods as well as study materials presented during the education — mainly whether the
teachers use them in their teaching practice.

Keywords

Computer Science Education. Life Long Learning. National Project.

Introduction

The need to increase the qualification is closely connected with the term lifelong learning
(Baran, 2011). LLL comprises all phases of learning, from pre-school to post-retirement, and covers
the whole spectrum of formal, non-formal and informal learning. It means that learning as a process
occurs at all times in all places. It should be a process of continuous learning directed towards not
only providing the individual needs, but should also be relevant to the community (Laal, 2011).
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Several key competences were formulated to enable the creation of the system that would
reflect the needs of modern society. Ability to use modern information and communication
technology (ICT) effectively is one of them. However, it is not only the students who should be able
to work with ICT. If the teachers want to teach new things, they first need to know them and be able
to use them in real life as well as for educational purposes (MesaroSova and Cépay, 2011).

In comparison with the teachers of other subjects, the lifelong education of informatics teachers
is remarkably different mainly due to the quickly developing requirements on their subject. The
teachers of informatics subjects prepare their students for reality that will be noticeably different in
the time when they finish their studies. Teachers must give students the opportunity to learn how to
learn and help them to succeed in the process. Informatics is a young subject taught at primary and
secondary schools in Slovakia. In 2008 a new school reform was introduced into practice. It included
also informatics teaching strengthening into primary and secondary education and in this way, it
replies to a process of society informatization and digital technologies dissemination into all parts of
life. (Lovaszova, 2011).

Many of informatics teachers do not have formal university education in the field “Informatics
Teaching”. The problem of the lack of qualified teachers can be systematically resolved by a formally
accredited study. For these reasons national project of further education for primary and secondary
school teachers in informatics financed from European structural funds was prepared and executed
in 2008 - 2011. After the end of the project, we conducted an investigation on the satisfaction with
the project — the results of the investigation are described in the last chapter of the paper.

Possibilities of the development of ICT abilities and knowledge
of primary and secondary school teachers

The term lifelong learning (LLL) can be seen as general as well as vocational education and
preparation within the student’s life (Meerah, 2011; European Commission Directorate — General for
Education and Culture, 2002), while the result is the development of abilities, knowledge and
competences from the personal or professional point of view. (Murdoch-Eaton, 2012). Fostering LLL
is a topic of high relevance for current educational policy. School lays the cornerstone for the key
components of LLL, specifically persistent motivation to learn and self-regulated learning behaviour.
LLL is a central socio-political concern and has been a focus of European educational policies since
2000 (Luftenegger et al., 2012). Nowadays, due to the decision of European Parliament in the field of
LLL development the programme named “Lifelong Learning Programme” is being executed. Its aim
for the period of 2007-2013 is to develop particular existing educational systems and systems of
professional preparation within the European Union, so that they will become the world quality
standard.

Continuous education

Today’s world is characterized by continuous education (Volodina, 2011). Continuous education
is closely connected to lifelong education. Its name implies the education that is continuing, ongoing,
therefore postgradual. It represents the education assigned to the teachers who work as pedagogues
at schools. Therefore it is focused on modernisation and innovation of everyday educational process
in primary, secondary or tertiary schools environment. An example of continuous education within
lifelong education aimed at development of knowledge and abilities in the area of implementation
and active usage of ICT in education was project DVUI (DalSie vzdeldvanie ucitelov zakladnych $kol a
strednych $kdl v predmete informatika — Further education of the teachers of primary and secondary
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schools in the subject of Informatics) realised in 2008-2011. The project began as a respond to direct
assignment and operational program learning announcement (no. OPV/K/RKZ/NP/2008-2) of the
Ministry of Education SR.

Similar projects have been executed since 2007 throughout the whole European Union. For
instance, in Czech Republic the Operational Programme Education for Competitiveness was
established in 2007, being a part of long-term thematic operational programmes category. It is aimed
mainly at enhancement and modernisation of the systems of initial, tertiary and further education,
their interconnection into complex system of lifelong education and at improvement of the
conditions in research and development. The list of all operational programmes, that were accepted
by European Commission at the beginning of the programme period (namely 2007-2013), is available
at the http://ec.europa.eu/regional_policy/country/prordn/index_sk.cfm  website. Particular
programmes are aimed at the area of regional politics, but they enable cooperation and
development among the member countries of the European Union as well.

Qualified informatics teachers at primary and secondary schools

Informatics is a young subject taught at primary and secondary schools in Slovakia. In 2008 a
new school reform was introduced into practice. Based on objectives of school reform, content of
informatics subjects in primary and secondary education is divided into five themes:

1. Information around us,

2. Communication by means of ICT,

3. Procedures, problem solving, algorithmic thinking,
4. Principles of ICT functioning,
5

Information society.

As we have already mentioned above, there is a lack of qualified teachers of informatics
subjects, while they do not have formal university education in the field “Informatics Teaching”. For
these reasons, the national project “Further education for primary and secondary school teachers in
Informatics” financed from European structural funds was prepared. An investigator of the project
was National Institute for Education. The execution of the project started in October 2008. A
strategic objective of the project was to design, prepare and realize modern further education for
informatics teachers at primary and secondary schools supported by digital technologies. The project
was realised during 36 months. Its specific objectives were (DVUI, 2009):

* to prepare and realize accredited study programs for three target groups of informatics
teachers in primary and secondary education,

= to equip education participants with digital technologies needed for their effective
education which they can consequently use in a teaching process.

The education was conducted at five Slovak universities which prepare future informatics
teachers: Comenius University in Bratislava, Pavol Jozef Safarik University in Kogice, Constantine the
Philosopher University in Nitra, Matej Bel University in Banska Bystrica and University of Zilina. In
cooperation of these universities, under the supervision of the main expert supervisor of the project
prof. lvan Kalas from Comenius University in Bratislava, a concept of three study programs for three
target groups of teachers was created (DVUI, 2009):

= the first target group (1TG): specialized study for teachers in primary education,
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= the second target group (2TG): qualification study for teachers in lower and higher
secondary education without qualification for informatics teaching,

= the third target group (3TG): specialized study for qualified informatics teachers in lower
and higher secondary education.

Purpose of all three study programs was to provide the participants with modern, actual and
attractive education which pursues four content lines (Lovaszova, 2011; DVUI, 2009):

= digital literacy of a teacher — the objective of education in this line was to obtain and
develop knowledge and skills for productive, creative and safe use of digital technologies
in ensuring professional and personal needs of a teacher,

= modern school - the objective of education in this line is to get participants familiar with
modern cognitive theories and with new views on school as a space for reflection,
research, communication and cooperative learning, with new forms of cognitive process
organization, modern forms for pupils’ motivation and evaluation, alternative educational
systems, and to present a vision of a modern school that uses digital technologies for the
key competences development of pupils,

= informatics — is a core of a training for education participants. This line content was
thematically and professionally drawn up to be suitable for each target group needs,

= didactics of informatics — the objective of education in this line is to get participants
familiar with objectives, content and methodology of informatics teaching.

Each of these lines in all three study programs consisted of modules as the basic study units
(study unit represents 6 or 8 lessons depending on target group).

Proper education was preceded by preparation of study programs, study materials, e-learning
education environment and by training of lecturers.

The professionals from five universities and the teachers from practice took part in this
preparation. The result of their cooperation is a series of about 100 textbooks and some original
teaching software. Printed study materials for participants of education were created too and were
supported also by e-learning courses which contain materials and software necessary for studying
and enable participants to communicate electronically with lecturers and also the other participants.

The teachers in all target groups elaborated their final paperworks under supervision of the
experienced lecturers. They finished up the education by its presentation and discussion about the
subject of study. Their final paperworks were mostly focused on preparing original methodology
materials for teachers and learning materials for pupils or creating of didactic software applications
and e-learning courses.

A strategic objective of the project was to provide education for 1500 informatics teachers from
all parts of Slovakia. The education was conducted by five universities from June 2009 to June 2011.
The specialization study within the project was finished up by 350 teachers in primary education (the
1st target group) and 300 qualified teachers in secondary education (the 3rd target group) in June
2010. The same number of teachers completed further education in the second year of the project
duration. New qualification for informatics teaching was obtained by 200 teachers in a two-year
qualification study (the 2nd target group) (Lovaszova, 2011).

At Constantine the Philosopher University in Nitra education was provided by Department of
Computer Science for teachers from Nitra and Trnava regions and was finished up by 160 teachers in
the 1st target group, 42 teachers in the 2nd target group and 120 teachers in the 3rd target group.
Teaching was provided by 17 lecturers.
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The investigation of the satisfaction with the DVUI education

The investigation was conducted some time after the end of the project (1.5 a year after the first
run, 0.5 year for the second) among teachers from Nitra and Trnava regions. The teachers therefore
had enough time to evaluate the relevance of the project from the point of view of their pedagogical
practice. The objective of the investigation was to find out how the pedagogists evaluated our
methods of teaching within DVUI project and to point out the problem items in the assessment of
the teaching methods. Moreover, we wished to find out whether the teachers of Informatics and
Informatics Education use acquired knowledge and abilities, as well as study materials in their own
teaching. The questionnaire was also designed to show the existence of greater differences in
evaluation of quality and educational method of individual participants of DVUI education, and
whether the participants actively implement the knowledge and skills acquired during the education
in their current work in educational institutions. We were thus interested mostly in the area of
implementation and use of ICT, whether on primary or secondary schools, or active use of acquired
innovative approaches and methods in education.

The investigation was conducted by means of electronic questionnaire in the course of January
and February 2012. We mostly used closed type of questions with five-point scale of agreement or
disagreement. The respondents were able to give their opinion in open questions.

General data of the respondents

211 participants took part in the evaluation altogether, 48 male and 163 female. 66% of the
respondents were from primary schools and 14% from eight-year gymnaziums. The rest of the
respondents were from business academies or specialised schools. Only 14 teachers completed
continual education based on their employer’s instruction. The rest stated that their participating
was based on their own initiative. Most of the respondents, on top of teaching informatics subjects,
also teach other subjects or are in charge of computer administration (Figure 1). 12 respondents
stated they are head masters of educational institution. All of the respondents consider their
relationship towards long-term education very good or good.

secondary school teacher of informatics subjects _
primary school teacher —
administrator —
secondary school teacher of non-informatics subjects -
director -
other -

Source: own research

Figure 1: Work position of respondents.
We get interesting results when we compare the length of teaching practice and the length of

teaching of informatics subjects practice. As many as 36% of the respondents have teaching practice
longer than twenty years (Table 1). Some of the respondents were university graduates at the time of
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the project execution. Almost 60% of the respondents, however, have teaching of informatics subject
practice shorter than 5 years (Table 1).

Table 1: Frequencies of respondents’ teaching practice

Teaching practice Teaching of informatics subjects

practice

interval (years) frequencies interval (years) frequencies

1-5 8 1-5 122

6-10 32 6-10 41

11-15 54 11-15 29

16 - 20 41 16 - 20 10

21-25 33 21-25 7

26 - 30 30 26 - 30 2

31-35 11

36 -40 2

Source: own research

Ergo, the teachers with long-time pedagogical practice started to teach another subject. We can
only conclude that before the execution of the project, these were the teachers who did not
complete formal preparation; however, the educational reform did not speak about teachers’
qualification. The reform was primarily aimed at the content of education. The numbers only confirm
the fact that informatics is truly a new subject. We were also surprised by the fact that among the
respondents there were teachers who have been teaching informatics for more than 20 years, when
the people did not even consider this kind of global impact of modern technologies.

Results

The questionnaire method allowed the respondents to express their agreement or
disagreement with a particular statement (1 — | completely agree, 5 — | completely disagree). The
results are presented in groups of graphs logically related to each other.

The answers show that during the continuous education, most of the teachers acquired
information suitable for their current needs (Figure 2a). Many of the project participants were
creators of a school educational program, directors of subject committees, administrators of school
websites, school’s webmasters or administrators of technicalities. This is the reason for them to find
the content of some of the modules familiar. There was no teacher who would find all of the
presented information completely new (Figure 2c). Despite this fact, most of the teachers had the
opportunity to be inspired by the demonstrations in practical exercises and discussions (Figure 2b),
which they could consequently utilize in further teaching practice. According to 72% of the
respondents, the education was sufficiently interactive, which means they had the chance to try the
work with individual environments in practice, participate in discussions etc.
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a) Information | acquired during the education are suitable for my current needs.

b) Practical parts and discussions conducted by the lecturers provided me with sufficient amount of demonstrations and
inspirations utilizable in my further teaching practice.

c) What percentage of the education’s content was completely new information to you?

0 20 40 60 80 100

Source: own research

Figure 2: Frequencies of respondets’ scaled answer.

After some time, it is appropriate to think also about the benefit of the provided materials and
technology, acquired by each of the participants, to the teachers. The acquisition of digital
technology (laptop and data projector) for the purposes of enhancing the educational process was
considered very important. The technology stays at schools, letting the school save their own
financial resources, while the teacher gets a new universal teaching aid. 87 specialized publications
were developed as a part of the project (18 - 1TG, 47 — 2TG, 22 - 3TG); they were specially
developed for each of the modules, taking account of the needs of the particular target group. These
materials, together with additional materials in the framework of e-learning support, were the basis
for the education. It is therefore interesting that not all of the participants used the materials during
the education (Figure 3a). After finishing the project, the utilization of the materials deteriorated
even more (Figure 3b).

a) b)

Source: own research

a) During the education, | used the provided study materials.
b) I use the provided study materials also in the present time.

Figure 3: Frequencies of respondents’ scaled answer.

The method of the education was adapted to current situations, modules and also target
groups. In some situations, the groups were joint (a discussion was conducted), in others, activation
methods were used or, in addition to the main lecturer, assistant lecturers were available. This was
the reason for 74% of the respondents to state they had a chance to exchange experiences with
lecturers and also other participants during the education.

The lectures and exercises in the framework of the education enabled the respondents to
acquire or broaden their skills, or to develop their intellectual and cognitive skills while using and
implementing ICT to the educational process (Figure 4a). Getting familiar with individual
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environments and ways of work during customization of media elements (pictures, animations,
video, sound) was not perceived sufficiently (Figure 4b). Didactics of programming had the worst
results in the evaluation (Figure 4c).

a) b)

0
_ II-_

Source: own research

Figure 4: Frequencies of respondets’ scaled answer. Description in the paragraph above.

Modules were divided into four areas (described above). Their structure was not considered
definitely good by the participants (only 46% of the respondents). Our ambition was to preserve the
logical progression of education, from the general knowledge to the specific, which, from the point of
view of the respondents, could have led to inappropriate timing of module in the education. Problem
solving and programming was, together with Digital literacy, considered to be the most valuable
topic (33 %).

Conclusion

The National project of further education for primary and secondary school teachers of
informatics can be considered a successful pilot project. Within the project, a unique set of study
materials was created, and is a high quality study literature for practising informatics teachers as
well as for future informatics teachers (Lovaszova, 2011). In case of future conducting of such a
project, 70% of the investigation’s respondents would surely like to participate again.
Participation in the project was a contribution not only for the participants, but also for their
lecturers, who had the opportunity to confront their teaching methods and materials with other
lecturers and the teachers, and cooperate with their colleagues during preparation of education
modules and study materials.
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Abstract

The research team of Faculty of Informatics and Management, University Hradec Krdlové has been
involved in the issue of utilization of web sources in tertiary education environment. The paper brings
an extract from an extensive long-term investigation on utilization of web portals in university
environment. In here presented findings come from the latest phase, from surveys which were
conducted in five European universities with students with comparable field of studies and with
comparable level of computer literacy. The survey explored students’ acceptance and breadth of web
offer utilization in a wide sense of the its meaning; covering various kinds of web portals from
standard generally utilized search engines to specific professionally designed portals, e.g. educational
portals or collaboratively developed social software application Wikipedia. The aim is to find out how
much time university students with similar specialization spend in selected Internet portals aside from
professional or nonprofessional reasons and compare and discuss the gained findings.
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Introduction

The Internet as a general phenomenon influencing our professional and non-professional lives
with its endless width of applications which are in perpetual process of change have attracted
attention of their common users as well as researches trying to explore the Internet potential from
various points of views, to determine its strengths and pitfalls, to show its beneficial contribution and
possible limitations. (Simonov4d, 2010)

Searching for information, watching news, ways of communication in virtual communities, boom
of social nets, professional and interest forums, marketing on the Internet, Internet banking,
shopping and last not least studying on the Internet is a common matter nowadays. Studying on the
Internet can be more or less some kind of directed systematic learning in specific learning
management systems, or it can be just natural free learning, all that fully corresponds to a natural
human need to learn and explore new areas and so consequently calls for an elaborate research.

In this contribution is primarily explored students’ acceptance and breadth of web offer
utilization in a wide sense of the its meaning; covering various kinds of web portals from standard
generally utilized search engines to specific professionally designed portals, e.g. educational portals
or collaboratively developed social software application Wikipedia.
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Methodological frame

The methodological frame except giving definition to the key word of the study covers the
following sections: background of the study, explanation of the study topic, stating the aims of the
comparison study and description of its survey sample and a research tool.

Key word definition

There is a wide offer of definitions of the key word “Portals” due to the fact that each of them,
as a rule, reflects specialization of their author and supporting the area of study, see more (Isaacs,
1999), (Jafari, 2003), (Li Xiao, 2005), (Plachy, 2007), (Munk, 2010) or (Malcolm, 2011).

But the core of the definition stays the same; portal as a gateway to other links and services or
an introductory page for a specific area or topic:

=  “An Internet site offering a directory of links to other sites (the free dictionary online)”

=  Portals are designed to be gateways to the Internet. They may have a link to a search
engine, a subject directory, and provide other services such as news, weather,
entertainment information, stock market information, shopping, and other services. Many
portal sites provide an option to customize the site according to the user's personal
interest. Portals are sponsored by the major search engine and browser providers, and may
include alliances with other major players on the Internet.
(http://www.sldirectory.com/searchf/portals.html)

= 'In simple terms, a portal is a web "supersite" with a collection of links to popular web
services on the Internet, a kind of "doorway into the Internet. The site provides a variety of
services including directories, online shopping, discussion groups, Web searching, channels
(small windows within a page that are dynamically updated and determined by the user)
and links to other sites.' (University Utah, 2008).

When it comes to portal categories, the situation is similar. There is no universal portal
categorization Collins (Collins, 2003), Malcolm (Malcolm, 2011), etc. except for the original, let’s say
traditional division that has not changed up to now: the Horizontal and Vertical portals or General
portals like Yahoo and Specialized, eg. CNN.

Study Background

The initial stage of an extensive long-term investigation on utilization of web sources in tertiary
education environment started four years ago when the first survey on time spent in assorted kinds
of portals from Search portals, via General, News, Educational, Language and Other portals in sense
of both professional and leisure interest was run at the Faculty of Informatics and Management,
University of Hradec Krdlové. At the initial stage of the research there were over two hundred portals
analysed. On the basic of pilot findings a set of selected portals was created. The key criterion was
width of utilization in population of web services users. Together with portal visits the width and
frequency of utilized services was examined. At that time the case study was based on comparison of
findings gained from accessible sample consisting of teachers and students of FIM (Faculty of
Informatics and Management). Various kinds of portals were selected; respondents were to answer
which of these portals they visited and how much time they spent in them. The other followed issue
was width and frequency of used web applications. The aim of the study was to find out what time
burden utilization of web portals and their services represent, see more (Cerna, 2008), (Cerna, 2009).
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Study topic, goals and sub-goals of the study

In this study the sample of participants is made of university students from five European
countries with similar field of studies and with comparable level of computer literacy. Likewise in the
previous survey the core of the investigation lies in portal visits.

The aim is to find out how much time university students with similar specialization spend in
selected Internet portals aside from professional or nonprofessional reasons and compare and
discuss the gained findings.

Special focus is devoted to Educational and Language portals with the aim to map situation in
utilization of virtual environment in education and learn about websites facilitating their language
studies. Last explored portal is a collaboratively developed social software application Wikipedia
which is considered to be a current phenomenon of shared wisdom; favorite with students and
generally cursed by academics Jaschic (Jaschic, 2007).

The selection of researched portals resulted in two sets of surveyed portals: a basic set and its
shortlist. The main research tool enabling gathering data in this study is a questionnaire which
contains the whole original set of portals encompassing Search Portals 