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Preface

Dear readers,

the conference proceedings, you have obtained, represents a collection of scientific papers from the
international conference DIVAI 2010 — Distance Learning in Applied Informatics. This conference is held
under the patronage of prof. RNDr. Libor Vozar, CSc. Rector of the Constantine the Philosopher
University in Nitra and prof. RNDr. Lubomir Zelenicky, CSc. Dean of the Faculty of Natural Sciences.

The conference proceedings contains not only the abstracts of the scientific papers presented at DIVAI
2010 - the international scientific conference, but also a CD with the full version of the presented papers.
The need for the conference was arisen by 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 built up the reputation and gained on popularity among the e-learning supporters that
traditionally meet in Nitra for the 8th time.

The program of the conference consists of presentations summarizing the latest inventions and
development in the field of e-learning as well as its application at Slovak, Czech and other foreign
universities.

DIVAI 2010, organized by the Department of Informatics, Faculty of Natural Sciences, Constantine the
Philosopher University in Nitra, takes place exactly in that very moment the problem of ICT application
(e-learning) and its support becomes crucial and widely discussed among international circles.

Therefore, we wish the Department of Informatics smooth running conference, success as well as power
to expand in terms of further knowledge base building and successful ICT application. 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.

| believe in future development of the Department of Informatics. As a pioneer in the field of ICT
application in education scientific research and various other fields, | am assured the department will
keep updated about the problem. At this opportunity | would like to praise the work of guarantees, the
team of organizers and sponsors, lecturers, and last but not least participants of DIVAI 2010 conference,
for they all are to be considered vital contribution to the problem 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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Keynote Lectures 25

Human versus Computer Intelligence in E-learning Process 27
Boris Abersek

To highlight the differences between conventional educational systems and simulation/game based systems,
it is useful to consider simulations, the class of system most closely related to games. In such system, the
ultimate goal is to create a virtual duplicate of reality for analysis, training, experimentation, or other
purposes. Simulating reality is an approach that may or may not be useful in creating experience. This
distinction yield several consequences. In simulation, behavior (of, say, objects, tools, engines and peoples)
should be as realistic as possible. In simulations, the representation of environment tends to be uniform and
consistent, allowing the users to act freely within that environment. For application seeking to teach users
through realistic experience, game design techniques can make the experience much more memorable. In a
testbed environment, the context and control afforded by games design techniques allow integration of
technologies and evaluation of the overall experience, even with partial implementation. Perhaps it's time to
take the lessons of game design seriously. | will start my paper with one simple question - could the ideas,
methodology and development methods that make computer and video games so successful as a compelling
users experience also be applied to developing relatively serious-mind applications? At the next few pages |
will try to answer this question.

First Year Students™ Experiences with Technology: The Case of Lithuania 35

Vincentas Lamanauskas, Violeta Slekiené, Loreta Raguliené

The role of ICT in education in whole and particularly in science education is very important topic. It is worth
emphasizing that in recent years, a general degree of integrating ICT in the process of teaching has increased
in Lithuania as well as in other countries. It is accepted that ICT makes the process of teaching/learning more
effective and beneficial whereas the education system starts functioning faster. The development of ICT and
the process of globalization determine alteration in the education system as well as in the whole society. The
implementation of new technologies in the educational process raises new possibilities for both teacher and
learner, enhances education quality and makes the educational process more versatile. The research 'Student
and Computer-Based Technologies' was conducted in January — March, 2010. Research sample consisted of
663 respondents who were 1st year university students (freshmen). To analyze research data, the measures
of descriptive statistics (absolute and relative frequencies, popularity/usefulness/necessity indexes) have
been applied. It has been stated, that respondents have practically unlimited opportunities to use mobile
phone, computer, internet and e-data mini storage device - USB stick. Relatively new and rather expensive
digital technologies are barely used. The most useful information communication technology for the first year
students while studying is compute.

E-Portfolio as the Adaptive E-Learning Tool 45

Jan Lojda

Intergenerational Portfolio Management (IPM) is a process for the development of an e-portfolio of
knowledge, skills and competencies produced in partnerships between more experienced and less
experienced workers, this often implies older and younger workers. IPM adds a new dimension and provides a
unique setting to explore individual strengths and weaknesses, together with values, attitudes, and broad
experiences that all play a part in how employees view and carry out their jobs. IPM enables to consider all
the issues that the employees think are important in enjoying their job and doing it well. This could include
the broader range of skills and experiences, the work itself and the systems and context of the workplace.
During the IPM learning process, employees may discover that there are some tasks that they could do better
or some tasks that could be changed to make them more effective at work or make the job more satisfying for
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them.. The IPM e-portfolio will provide a good basis for discussion between an individual employee and
his/her manager about plans for future training and development.

Individual Learning Styles and E-Learning 53
Petra Poulovad

The effectiveness of the educational process is given by such factors as learner’s intelligence, prior knowledge,
level of motivation, stress, self-confidence, and learner’s cognitive and learning style. The process of
instruction supported by ICT is considered suitable and beneficial for learners of all styles. The reason is it
offers a wide range of activities which can be aimed at any learning style and used by any teaching style
instructor. The possibility of individualization of the educational process from the both students” and
teachers’ point of view is the greatest advantage.

Track 1 — New Technologies for E-Learning 59
The Use of Simulation Game in Education Process and Its Interconnection to LMS 60
Mikulds Gangur

Virtual prediction market is an online simulation game running in the Faculty of Economics since autumn 2007
as a support education process in the selected course. Prediction market is a speculative market created for
purpose of making predictions. Assets are created according to the final cash value that is tied to a particular
event (e.g. Barack Obama will become U.S. president) or to estimate a score (e.g. the close value of PX index
on Friday February 19th). The current market prices can be also interpreted as predictions of the probability
of the event or the expected value of the score. In the paper this simulation game FreeMarket is presented as
the part of courses Financial Mathematics and Capital Markets Analysis. The prediction market and quality of
prediction estimates depend on the amount of the market participants and their trade activity. That’s why it’s
necessary to motivate students to trade on such market. The paper introduces some methods to increase
activity of students (market participants). First of all the results of market trades are supplement to final
students’ evaluation in these courses in the form of points that are added to total score of every student. In
reality the FreeMarket credits (money), that student earns on the market, are transferred to points according
to the declared rate. These points help students to increase their score for credit and final exam. The
interconnection between simulation game and LMS Moodle is described together with description of transfer
process. All these processes automatically and periodically update the students’ score of assignment that is
created in Moodle course for these purposes. Next in the paper the other tools to increase students’
motivation are presented. As support of trade volume and market liquidity to increase the automatic process
of stocks order regulations are introduced. This regulation is realized in two ways. In the first case the amount
of stocks of already emitted events on the market is increased according to users market demand. In the
second approach the list of events is prepared as external data file, the data are loaded to the system and
then selected events are automatically placed to the market according to the demanded start date of every
event. Next motivation factor for student activity showed is “FreeMarket inflation” that depends on the
amount of free money in the system compared to the amount of orders and current stocks value. The way of
inflation calculation is presented and its influence to the increased volume trades is explained. Finally other
characteristics of FreeMarket are presented. The calculation of FreeMarket index and volume of trades are
explained. Some of these characteristics became subject of students’ interest in the form of proposed events.
Thanks to this interest the premises were created for future automatic generation and sophisticated
estimated opening prices not only for internal FreeMarket characteristics but also for external real financial
market or economic indicators.

Semantic Utilities and E-Learning 67

Tomds Gregar, Tomds Pitner, Miroslav Warchil, Jan Mudrdk,
Ondrej Zezula, Jakub Talas, Igor Zemsky, Zdenék Lévek

Machines knowing content of the documents, i.e. the idea of semantic web, could help with transmitting the
knowledge. The lack of user-friendly tools for acquiring, storing and utilizing document semantics inflicts very
rare usage of semantics among non-specialized users. Semantic-web research concerns with theoretical
issues. We designed the project SELE (Semantic e-learning) to cope with some of these issues. This project
allows user to create open source light-weight tools for gathering semantics from real usage, usable in further
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Summary
research, and to use these tools (and also their development) in the learning. This paper describes a structure
of the framework, their basic processes and developed tools and modules.

New Possibilities for Virtualization Not Only in Education 73
Petr Halamicek, Arnost Motycka

In the field of ICT management is the use of foreign computing sources a relatively new trend. This trend is
more and more current and in future there will be a problem to escape from it. Today the administration of
decentralized IT environment forces companies to employ new IT workers, because the current
administrators are not able to handle the increasing number of a PC stations, applications, operating systems,
databases, information systems, etc. We usually meet the situation when one employee has not only PC
station, but also the notebook, PDA and others. On each of these devices there are different data and
different applications installed on different operating systems. The most acceptable solution is to start gradual
centralization by moving user operating systems and their applications to the powerful data centres, and then
providing personalized operating system and applications to end users. The personalized OS "runs" on a
powerful computing cluster and the user will be able to access it anytime and anywhere he wants. The
purpose of this article is to inform about new management options using the new ICT possibilities of applying
virtualization, to sketch a possible implementation in the classroom under administration of the Department
of Informatics, and then to present virtualization tools Citrix XenServer and Citrix XenDesktop and the
possibility of deployment. At the beginning it is necessary to consider the rate of deployment of virtualization
technologies, whether to move the whole infrastructure or only some part into the datacentre. It should also
be chosen the appropriate virtualization tool. The chosen solution passes through the phases of
implementation and testing, which proves the propriety of the solution.

Adaptive E-Learning in Area Operating and Database Systems 77

Milena Jandkovad

Students and other people interested in the area of operating and database systems have to their disposal
specialized books, manuals, and web pages. The user’s problem is orientation oneself in the themes and
practical implementation of new methods and products. The purpose of education is to search useful
methods and aspects for supporting optimal knowledge in multicultural and global societies based on
multidimensional methodology. Effective aspects are visualisation and the use of interactive elements in
presentations and simulations. Communication is important from the shared experiences point of view and
special themed knowledge. E-learning requires the same. Optimal integration of interactive elements into
communication with students is helped by simulation the real situation with Petri Nets. Adaptation the static
offer of education materials by dynamic and interactive elements is not automatic. In the way of searching a
well-balanced method is the inspirational access for contact mapping in a study by IBM called “Advocacy in
the customer focused enterprise”. Specific metrics are important for controlling the seriousness and prestige
of given firms. E-learning also constitutes prestige of a given university, their educators, and others
employees. The recommendation is that students must experience interest, topicality, plasticity, and
efficiency. Students are also clients; clients of e-learning.

Adaptive Techniques Usage Dependency for the Curriculum 83
Jozef Kapusta, Michal Munk

The aim of adaptive hypermedia systems is present personalized information for the user which are relevant
and the way, which is the most suitable for him. In the article we analyse usage of adaptive techniques Direct
Guidance and Links Annotation for e-course personalization. The aim of the analysis is to find out, which
technique is more effective in meaning of didactic efficiency. We aimed at the analysis of suitability of each
adaptive technique depending on the type of educational material. In the experiment, we evaluated whether
using of direct adaptive technique (e.g. technique of Direct Guidance, Hiding Links) is preferable in the lessons
which are aimed at modification of the previous students’ knowledge as in the lesson aimed at acquiring new
knowledge.

Decision Support System under Indeterminacy and Its Incorporation into LMS 91

Cyril Klimes, Zoltan Balogh

Managing a learning process by means of an LMS (Learning Management System) requires solving complex
decision processes which can be handled by using the System for support of decision-making (DSS). The DSSs
are interactive computer systems which help decision-making subjects use data and models to solve
unstructured problems. These systems are mostly based on risk analysis with usage of experience, judgement,

11
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and intuition and they allow a very fast and flexible analysis with fair response, which enables the use of
intuition and judgement of an experienced teacher. Such decisions are frequently led by undetermined
information, which requires other decision models. We presume a learning process with a closed
management cycle using the DSS. The DSS is then influenced by outside limiting conditions, among others
time conditions, minimal qualitative conditions, etc, as the main and determining for proper securing of the
educational process. The LMS is then roofed by the DSS, which suggests and chooses the most optimal
alternative of the educational process. The DSS is joined by independent parameters which characterize both
the current status of the educational process and restricting conditions and objectives of the top
management. With respect to the fact that the combination of their occurrence has various probability
incidence, we evaluate them by means of expert systems. Independent parameters and expert knowledge
enter the so-called statistic evaluation of probability of the individual suggested alternatives. The output is a
vector of the alternatives which is structured according to the probability magnitude of the individual
alternatives. In addition, each alternative has defined particular indicators which describe the given
alternative. The system of the indicators then enters the mathematical model which teaches the standard of
the given alternative. One of the most used methods for modelling of such systems uses a functional relation
to describe the development of the parameter in the monitored period. The functional relation, which stems
from the behaviour of dependent and independent parameters, must then necessarily copy various and
mostly significant deviances in the magnitude of the independent parameters. This trend is then automatically
transmitted, for no reason, into the behaviour prognosis of the given parameter. The most usual cause of such
a status is the effort to achieve the best approximation of the time series defining the behaviour of the given
parameters. The aim of the paper is to propose a method eliminating the above-mentioned, mostly incidental,
deviances in behaviour of unknown parameters and thus to create a model which would simulate the main
trends in the parameter behaviour more authentically.

Managing Educational Process in LMS with Using Petri Nets 107

Cyril Klimes, Zoltan Balogh

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. In the theory of management there can be seen the evident transition from
combinative practices to sequenced rows and optimized processes (strategy of continuous assessment of the
reflection of student’s schooling and based on that adapting the further education is equal with the dual
principle of identification and adaptable management). For the description and subsequent management in
this way of learning Petri nets are advantageously utilised. Another approach to describe actual and real
educational processes is utilising fuzzy modelling. If we want to describe the complicated reality we may
decide between the relevance of the information that would be less accurate and accurateness of the
information which would be less relevant. In the process of increasing the accuracy of description of
educational process we get to a point where accuracy and relevance become mutually excepted
characteristics. We may describe educational process in some sentences where we globally describe the parts
of educational equipment and the educational process itself. Hereby we have learned how to teach human
some knowledge but we will know nothing about linking of the steps of education, its components and/or
people. If we want to know details we have to specify it in detail, provide the ability to absorb knowledge,
quality of education, etc. with numbers. Therefore the number of information raises and because they are
accurate we learn more but only about a small part of the educational process. As far as we want to describe
all educational processes in detail it would lead up to a huge number of detailed information which nobody
would be able to read. And if yes, to understand the essence which is described he would need natural
language, i.e. he would return to inaccurate characteristics. On the contrary, he would badly lose in accurate
details because human psychic has limited possibilities. Namely, it turns out that accuracy is just fancy or is on
principle unavailable. All these facts are behind the considerations of founders of fuzzy logics. A strong device
arises applying fuzzy logics into Petri nets for modelling educational process mainly for simple intelligibility
and well-created mathematical apparatus, relatively simple design and for modularity of the solution (it is
possible to add and remove the modules without the need to remake the whole system) and for robustness of
design (in case the parameters of solving the task in a particular surroundings it is not necessary to modify the
system).The article is solving the problem of implementation of fuzzy Petri nets into the concepts of LMS. 107
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Neural Network Simulation of Optimal Control Problem 117
Tibor Kmet

A neural network based optimal control synthesis is presented for solving optimal control problems with
control and state constraints. The optimal control problem is transcribed into nonlinear programming
problem which is implemented with adaptive critic neural network. The proposed simulation methods is
illustrated by the optimal control problem of feeding adaptation of filter feeders of Daphnia. Results show
that adaptive critic based systematic pproach holds promise for obtaining the optimal control with control
and state constraints.

On History of Information Visualization 129

Madria Kmetovd

Information visualization is a new discipline using computer graphics technologies and based on piece of
knowledge in statistics, informatics, geometry and psychology. Visualization offers technique for creating
images, charts and animations for communicate some information. This is the merit of information
visualization doing it extremely important for distant learning. Good and powerful visual representation of
abstract data may help in communicating, analyzing data and confirming hypotheses and can substitute many
pages of explanatory text. Examples from history give inspirations for building excellent visual
representations, but wrong examples should be avoided in next creation of visualization.

The Possibilities of Evaluation and Implementation of Statistics Module in the LMS Moodle 135

Peter Kuna, Martin Magdin
In the contribution authors draw attention to e-learning courses evaluation from the standpoint of making
and implementing new Statistics modul in the environment of LMS MOODLE system. In the present time,
great emphasis is layed on gathering new information in a very short time, but also on a possibility of testing
or certification of gained knowledge with its automatic interpretation and giving a feedback. For gathering
new information are used various statistics methods. The authors decide to concern their attention on LMS
MOODLE system, which belongs to one of the most used e-learning systems.

A Proposal for Adaptation Implementation within E-Learning Systems 139

Roman Malo

E-learning systems are mostly one of the most important parts of university information systems. Within
these systems a lot of functions are enabled for student’s or teacher’s activities during their educational
interactions, nowadays often including any kind of adaptation. Using adaptation within e-learning systems is
very important because this is the way how to: Increase elearning efficiency — Information delivered by the
preferred way are for students more understandable, one person likes for example text with pictures other
elects audio records. Generally, that is why students don’t need so much time in comparison with common
learning. The support of individual teaching i.e. adaptation extents e-Learning advantages also in the area of
individualization. There is no limitation to use elearning course as a tool within face-to-face teaching for
example for explanation of new problems, preparation for discussion and other activities. Respect students’
needs — Traditional teaching often doesn’t suit to all students because each of them must more or less
conform to teacher’s style. Learning styles adaptation enables enforcing students’ needs. Reduction of “bad”
influence of the teacher — What to do if teacher (or prepared course) are not optimal? Adaptation is also one
of the solutions which can reduce this state. Described possibilities are the reason why adaptation should be
considered at least as a possible future benefit. It is a domain that could bring more flexible and useful way of
learning together with efficiency and easier motivation of students. The general questions are what and how
to adapt and where are the limits for the whole implementation. It is clear that architecture of e-learning
system has to cover up basic components common for adaptive systems. It means adaptive engine with rules
of adaptation, user model, domain model and monitor of users’ actions (behavior). The paper describes a
proposal for implementing adaptation mechanisms for optimizing study and learning activities of students
using various applications of e-learning systems. Basic classification and description of advantages and
disadvantages of possible types of adaptation is also part of this paper. The e-learning system ELIS is
considered as a concrete platform and the example of system with potential to extend its current
functionality with adaptation.

13
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LMS Moodle as the Tool for Evaluation of Presentations by the Audience 141
Miroslava Mesdrosovd

In the paper we discuss the possibilities of realization of the evaluation that is composed of several partial
evaluations, especially if they were carried out by different evaluators. This type of evaluation can be used for
example in evaluating the presentations, if we want also the audience (e.g. the other students) to join the
evaluation process. Our intention is to introduce the possibilities that the learning management system,
particularly LMS Moodle that we use to manage the education, offers to make the process of gathering data
for evaluation, processing them and publishing the results to the students easier, more transparent for the
students, more effective and less time-consuming for the teacher. We propose the usage of the Feedback
activity in LSM Moodle as the tool for gathering the input data for evaluation from the students, the
spreadsheet for processing the data and getting the final evaluation and the Grades module in LMS Moodle to
publish the results to the students.

Multimedia Support in Artificial Intelligence and Robotics Courses 149
Ondrej Popelka, Michael Stencl

In this paper we present our approach and achievements in e-learning materials for artificial intelligence
courses at FBE at Mendel University. There are three courses focused on the subject of artificial intelligence —
Artificial Intelligence | and Il and Neural networks in Applications and Handling Equipment. For these courses
we have created an e-learning course consisting of an introductory text and many multimedia objects. The
course itself is not directly correlated to any of the courses of full-time study. Rather they form a consistent
introduction to artificial intelligence itself making them very suitable for lifelong learning. Specific subjects
covered by the course are state space searching, heuristics, learning algorithms and neural networks. We have
invested a great effort in making the content of the e-learning course attractive. Another part of our effort
went into making the e-learning course interactive and generally fun to work with. To achieve this, the course
contains several applications and interactive animations and some recordings of artificial intelligence in
action. All of these objects are usable both in online and offline browsing mode. We have chosen a game of
tic-tac-toe to demonstrate the creation of artificial intelligence computer player. Apart from this the course
contains interactive animations created using Adobe Flash.

Business Architecture Modelling in Education 155
Ivana Rdbovad

All organizations are in commercial pressure that dictates that they must become more efficient in the way
that they are able to exploit their data assets. One of the most challenging problems facing companies today
is the ability to quickly and accurately answer the most basic of business questions. In fact, the larger and
more distributed the organization, the more complex this problem appears to become. The model of business
processes and model of other business concepts describes how the business intends to conduct itself. Many
factors that crucially affect business operations are defined in business process description and business
concepts specifications. Processes are often embedded in information systems without solid description or
process model prepared to change registration. Students of informatics and managements domains at
universities have to be good prepared for demands of external business environment. Requirements from
praxis are inclement and they call for the knowledge of analytical procedures at level of information systems
and at business level. That’s why procedures and methods of business process modeling and enterprise
architecture modeling are created and implemented in our education. The article deals with experience and
pieces of knowledge from Information System Modelling, subject of education at UKF in Nitra. Business
modelling creates an abstraction of complex business and establishes a common understanding that can be
communicated to the business’s stakeholders. Models help to identify new business opportunities (business
improvement or innovation). We use in education UML as a very suitable language for modelling, because it
has the ability to describe both the structural aspects of a business, the behavioral aspects of business and
also the business rules that affect both structure and behavioral. We learn approach and extensions, the
Eriksson Penker Business extensions to UML that extend UML with adapted model elements for business
modelling. Method empower mapping of relationships between process diagrams and use case diagram and
indicates which process will be support which functions of system in use case diagram. In Erriksson-Penker
approach appears term of business architecture (enterprise architecture) as a complex composed of four
different views (abstraction) of business each of which captures information about specific aspect of the
business. In lectures we present (excepting business process diagrams) number of UML diagrams that show a
specific part of business structure or a specific business situation. The diagrams contain and express the
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objects, processes, rules, goals and visions defined in business situation. The article presents some interesting
diagrams of business processes and their elements. Our approach to education could provide students and
future business analysts with an essential approach to understanding, redesigning and communicating what
really happens in business processes.

Virtualization as New Approach for Raising Efficiency in Distance Learning 161
Peter Svec, Martin Drlik, Jén Skalka

Virtualization is a way to abstract applications and their underlying components away from the hardware
supporting them and present a logical view of these resources. Virtual machine software and operating
system virtualization technology can both help increase the utilization of physical resources by consolidating
functions onto a smaller number of systems. There are some unspoken rules that affect implementation of
new technologies. We are discussing these rules in this paper and analyzing their impact for implementation
of virtualised environment at our university. As the e-learning solution, we are using LMS Moodle. That
system has quite big requirements for hardware; not only the amount of memory installed but also the
storage capacity. There are two approaches to virtual processing commonly used; the virtual machine
software and partitioned operating systems. We are discussing what approach is the best for our e-learning
solution and what virtualisation technology fits for us. We can choose from five virtualisation technologies;
access virtualization that allows nearly any device to access any application without either having to know too
much about the other; application virtualization allowing applications to run on many different operating
systems and hardware platforms; processing virtualization that hides physical hardware configuration from
system services, operating systems or applications; storage virtualization that hides where storage systems
are and what type of device is actually supporting applications and data; network virtualization that presents
a view of the network that differs from the physical view.

Designing and Creating Educational Activities Using the Methods of Modelling for Combined Form of Education
with E-Learning Support 167

Milan Turcani

The subject of our interest is educational process, which can be considered as dynamic process, changing in
time, which can be examined from various viewpoints. We can focus on participants of this process, i.e. on
students and lecturers, and observe their mutual relations and interactions. Educational process understood
as a dynamic system is an insofar extensive sphere that it provides almost limitless opportunities of
observation, modelling and simulation. In this contribution we shall focus mainly on the special part of
educational processes — on teaching of subjects focusing on technical and system issues (Logical systems,
Architecture of computers, Operating systems and Computer networks), which are specific with their focus on
adopting the knowledge on principles and functionality of computer systems for the processing and transfer
of information within the studies of informatics. 167

Implementation of Interactive Equipment in Informatics Education 173
Martin Vozadr

All over the world, various teaching methods are used to get better results in education. Regarding the theme
of this paper we decided to use Computer-Based Learning (CBL) in the teaching-learning process. Teaching the
numerical and optimizing algorithms in the traditional form (e.i. lecture) is not very attractive and motivating
for students. Therefore we decided to add visual demonstrations of the function of algorithms to the
explanation of the educational content. In the lessons we use the dynamic visualizations that make the
teaching-learning process more dynamic and effective. Furthermore, we can motivate the students better
than before. The introduced paper deals with teaching optimizing algorithms with the usage of CBL. The
optimizing algorithms form the curriculum of Numerical mathematics and optimization subject that is the
obligatory subject for the students of Informatics in the fourth year of study of Teaching of academic subjects
on the Faculty of Natural Sciences of Constantine the Philosopher University in Nitra. The content of the
subject includes basic numerical and optimizing methods. For this subject we created the study materials and
electronic didactic aids. The materials for the study of Numerical mathematics and optimization consist of
more components forming a complete unit in the end. At the university education portal we created course
using LMS Moodle. By this way we provide access to materials for all the time. Individual lectures in the
course are thematically grouped. For each method there is an interactive presentation created by graphic
editor based on vector graphics, e.g. Macromedia Flash MX. Using presentations, we stimulate students’
imagination, as well as, by using visual material, we facilitate their learning and understanding of the
algorithm. Next lessons include teaching text in pdf format, examples of practice and a forum. To confirm our
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assumptions that teaching subject Numerical mathematics and optimization using the aids will be much easier
and more effective we realized the research. The research was realized by questionnaire method, method of
content analysis and quantitative methods of educational research. We asked students to fill up the
questionnaire that was aimed at evaluation of the presentations and the application. We gained 31
evaluations that was the exact number of students undergoing the eighth term. In the paper, we mention only
some of the twelve questions. On the basic of the research as well as practical experience, we can agree upon
the conclusion that the described presentations and the application if sufficient aid facilitating the teaching
and learning of Optimization subject. A teacher can use this material at the lectures, seminars, moreover;
students can use them at home while preparing for school.

Track 2 - Technology Enhanced Teaching at Secondary School 177

ICT in Literature Education for Children with Special Needs 179
Metka Kordigel Abersek

The development of literacy skills can provide important advantages for children with special needs. Exposes
to early storytelling and learning the receptive role in literature - listening - situation provides the child with
preknowledge and experiences, needed for later literacy acquisition. It cannot be assumed that if the child's
language competence is not (yet) developed; he cannot learn to listen to a story and to understand it. On the
contrary, ICT in literature education for children with special needs gives us the opportunity to use visual
communication code to provide communication support for children with special needs, while supporting
literary aesthetic experience and at the same time the process of emergent literacy. Historically educators
have assumed that listening/reading to stories are skills that develop after children learn to talk. Because
many children with special needs have significant delays in language development, there has been a
reluctance to introduce storytelling activities to these children. However as Watson, Layton, Pierce, and
Abraham (1994) point out, early exposure to literacy (also storytelling) activities are important for all children,
regardless of their speech and language ability. The possibilities, given by the use of ICT, should have the
consequence of rediscovering the importance of including storytelling activities in preschool curricula. This
activity can support specific skills of listening, sound discrimination, and speech sound production in children
who have hearing loss, communication delays, and learning disabilities. It is particularly important to realize
that for some children who will never develop intelligible spoken language, use of pictures and print may be a
critical alternative mode. In our paper we shall present the results of the case study, in which we used ICT as a
means for literature education in a group of young adults. Our results show not only that ICT is an interesting
tool, young people with special needs find nice and fancy, it does not only motivate but gives results of much
higher quality regarding the understanding and interpretation of key structural elements of the literary text.
Our investigation shows the connection of using visual support to the storytelling via ICT and listeners
(viewers) understanding of literary persons and literary setting. Reception of the story supported with ICT
shows results in understanding the moral of literary characters and the understanding of literary action, which
was measured by the ability of predicting the story. On the behalf of the experiment we can conclude, many
highly motivating and efficient ICT strategies can be used throughout the literature reception activities to
encourage the literature understanding, language acquisition and emergent literature skills for young people
with special needs.

Functions, Calculus, and Linear Systems in School Mathematics with MS Excel 180
Jan Benacka

The paper gives some examples of using Excel as an effective modelling tool for teaching and learning
functions and calculus at secondary school from the view of teaching the corresponding skills in informatics
lessons. They are: graphing elementary functions, graphing polynomials and general functions, finding zero
points and extremes of functions, and solving systems of linear equations. Developing interactive models of
parametric systems for studying their behaviour at changing inputs is a known way of using spreadsheets.
Making the models, students gather new knowledge and skills in the spirit of constructivism and discovering
mathematics.
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The Help of Visualization for Boys’ Motivation Fostering in SCIENCE Education:
the Results of diagnostic research 189
Renata Bilbokaite

Electronic Automated Evaluated Tests in the Subjects of Programming 195

Martin Cdapay

Assessment and classification is very sensitive phase of the learning process and it is necessary to ensure the
greatest possible fairness and objectivity throughout the whole process of testing. Assessment of
programming knowledge and skills is especially challenging task. Testing programming, whether the practical
or the theoretical part, is likely subjective. To ensure the objectivity of the assessment, possibly reducing the
degree of subjectivity, it was necessary to proceed to develop a unified system, at least in the case of testing
knowledge of the theoretical part. However, there was not a database of questions and tasks that would
require an active application of knowledge and programming skills for correct answer, and in which the
correctness of responses could be evaluated automatically. The aim of the paper is present the developed and
verified model of computer-aided knowledge testing with regard to the content of programming subjects. We
analyzed the possibilities of systems suitable for testing and enabling simple archiving of results and their
statistical processing and we finally chose LMS Moodle as the most accessible alternative for educational
organizations. We developed and implemented model of computer-aided testing specified the 28 thematic
areas and defined their goals and assumptions to master them. We built up a database of 237 questions and
tasks appropriate for testing knowledge of the subjects of programming formulated for implementation into
the selected computer system. Our model was verified during research, which took place during three years
among the students of the Department of Informatics after the completion of programming test at the end of
the semester. In the last phase we realized national research among the selected group of secondary and
university teachers of Informatics. We verified the efficiency and effectiveness of the testing system based on
the created model. We also defined the propriety of computer usage in the process of examination of
students’ knowledge. According to the results, the predominance of positive perception of electronic testing
is clear, but there was also not confirmed that the students clearly prefer computer testing and evaluation to
teacher’s assessment. The biggest complaint from the students and partially from teachers was directed to
display the remaining time, which make rise of the nervousness. The results of the research show that the
elaboration of the content into the thematic areas of the model, and specification of their objectives are
reasonable. Recommendation of further usage of electronic tests is unquestionable.

The Implementation of the Teaching Support System in the Complex of Economic-Gastronomic
Schools for Computer Science Technicians 201

Jacek Grudzien

After reform of the curriculum in Polish schools (the eight year primary school and four- or five-year high
school was transformed into six-year primary school, three-year secondary and three-or four-year upper-
secondary school) a problem of the declining level of knowledge emerged among high-school graduates. The
main reasons of this are several phenomena, including: insufficient number of hours in the course of science
education in vocational schools, shortening of the learning time for technical subjects to one year and rapidly
evolving technology. The aim of the paper is to prevent this undesirable phenomenon among computer
science technician graduates from the school where the author works. The article presents several
approaches to the implementation of a combined curriculum of vocational subjects for this profession in
order to overcome students’ difficulties with the material mastery. The results of the teaching and knowledge
recording of the scope of the subject Computer Technology Devices parts Computer Arithmetic and Digital
Devices for groups benefiting from traditional teaching methods were compared with the results of groups
using different methods of supporting e-learning. The groups were divided into several categories,
concerning: standard teaching, teaching along with standard power-assisted materials placed on the web,
standard teaching with assistance e-learning Claroline platform and standard teaching with assistance e-
learning platform Moodle, which allows the introduction of elements of artificial intelligence to control the
learning process of students. This last mentioned group used an unfinished skeleton of Moodle course, which
is still in its experimental stage. The purpose of a thorough analysis of the material consolidation were tests
carried out after six - seven months since the end-of-course date. The knowledge tests were including the
ability to convert numbers between different numeric systems, coding decimal numbers, recognition of
symbols of digital elements and understanding of the operation of simple digital circuits. The test results were
treated statistically and presented in the form of graphs and histograms. On the basis of the test results, the
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differences between students studying different methods were found. There were also found the
dissimilarities in the efficiency of learning among high school learners and the learning competence of the
students after the introduction of e-learning (based on the author's former paper). The paper presents a few
conclusions: the creation of the e-learning course for pupils is much greater challenge for the author of the
course than the creation of the course for students and not all learning platforms are able to fulfill properly its
mission to assist the learning process. The introduction of several techniques based on the achievements of
artificial intelligence (a simple expert system used in the module lesson of MOODLE) has radically improved
high-school student performance. The implementation of the different teaching strategies to improve the
students’ results of the professional examinations was proposed in the recommendations. It proved the
necessity of continuing working on the experimental platform based on the MOODLE in order to improve the
learning process in the high-school.

Information and Communication Technologies and E-Learning in the Opinion of Teachers
and Students of Secondary Schools in Poland 209

Agnieszka Heba

The changing market conditions related to the processes of globalization cause changes in human resource
management. An employee wishing to retain their place of work must be flexible and capable of rapid
adaptation of new technologies, especially information technology. Standard professional preparation,
especially in the areas of advanced technology no longer enough, which forces the use of new techniques and
technologies of teaching, especially in the sciences directly related to information technology. The case of
learning throughout life has been noticed and appreciated by European institutions. Defined eight key
competences that are needed by every man for self-fulfillment and personal development, for active
citizenship and full social inclusion and employment. These include, inter alia, mathematical competence.
Very accurately described it, Mogens Nisse. The idea of mathematical competence is in Polish and Czech
standards, examination requirements. The article presents the results of the first stage of his doctoral thesis
undertaken at the Faculty of Education, University of Ostrava on the development of mathematical
competence in students of secondary schools using e-learning. Essential factors inspiring the creation and
implementation of the research were: to develop techniques for creating e-learning courses through, inter
alia, a system MOODLE CLMS), the desire to create the possibility of the emergence of a new type of
educational materials and the results of surveys conducted among students and teachers of the Silesian
province. | stage of research related to the results of two surveys sent to 500 students and 500 mathematics
teachers of secondary schools in Poland within the province of Silesia. Studied knowledge of respondents
about the use of modern ICT in education and e-learning. Developed a questionnaire consisting of 21
questions, grouped by type of information to provide. Initial questions provide general information about
respondents, age, gender, indication of the type of school in which they work and learn for students. In
addition, questions were addressed to teachers, inter alia, the seniority and the type of school completed.
Another of the questions concerned the use of modern ICT technology - communication in education, in
particular concerning the evaluation of their computer skills. Surveyed were asked to indicate the programs
that they use in class or preparing for it. The last group of questions concerned, knowledge by teachers and
students of e-learning and operate the system in Moodle. After analysis of the results found that Polish
teachers of mathematics and students have insufficient knowledge of the use of modern information and
communication technologies in education and e-learning. On the basis of survey data as a result there were
specified milestones for research and their implementation.

Network Learning Activities Based on Collaboration 215

Gabriela Lovdszovd, Viera Palmdrova, Julia Tomanovad

Collaborative learning occurs in situations when two or more people are engaged in learning activity that
involves some kind of productive collaboration (e. g. working on group projects, joint problem solving,
collaborative writing, debates/discussions, team competitions, role playing games). Every member of a
learning group shares his/her knowledge, skills, experience, creative ideas, opinions, attitudes as well as
motivation to fulfill the task successfully with his/her fellow learners. Individuals have to co-operate in pairs or
groups to search for understanding and solutions. They often create a concrete artifact of their common
learning (e. g. computer program, constructed model, presentation of project’s results) in order to show it to
others. This social interaction is considered to be one of the key concepts in modern constructivist and
constructionist learning theories. In this paper, the classification of collaborative learning activities suitable for
classroom environment is discussed. We focus on teacher coordinated, synchronous, problem solving and
strategy planning class activities mediated by computers in network. We have been looking for such
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collaborative learning context, in which the benefit of face to face communication combines effectively with
advantages provided by digital technology enhancement (multimedia, interactivity, immediate feedback,
attractive scenario). As a result of this effort, an original online educational game was designed and
implemented. The game was developed using Imagine Logo. The built-in network support included in this
programming environment solves the problem of establishing the client-server connection, controlling the
online communication and transmitting data via network through specialized classes. The paper presents
features of the above-mentioned educational game and deals with some implementation details as well. The
game is an open system so it can be customized to fit the needs of its potential users better (educational goal
and rules of the game, nature and difficulty of tasks to be managed by players, time limit, number of
competing teams). In conclusion, we sum up the findings acquired while realizing suggested network-based
collaborative learning activity with students. These findings relate mainly to methodical and organizational
aspects of computer supported collaborative learning (CSCL) activities: (1) collaboration stimulates students’
motivation to learn and enhances their activity significantly, (2) digital technology helps to meet the
educational goals of an collaborative learning activity in a more attractive and effective manner, (3) the
educational goal of a network-based collaborative learning activity is a crucial attribute of its design.

Searching Eastwards 221

Alena Maslariova

A teacher who creates his/her own teaching materials often gets inpired with other teachers. Teacher
searches not only for ready made materials, but also for ideas that could be modified for his/her purposes.
After some time teacher starts searching beyond the sources in his/her mother tongue, usually in English.
Nevertheless, our contribution is aimed at Russian sources. Firstly, we have searched the sources of the
Russian State Library. It offers searching not only among books and articles, but also dissertations, and
interlibrary lending services. General Federal Educational Portals (ba3oBbie ¢denepanbHble 06pa3oBaTe/ibHble
noptanbl) with its several links can be considered as the main informational signpost.The first of its links is the
Federal Portal ,The Russian Education” (PeaepanbHbiii noptan "Poccuiickoe obpasoBaHue"). There we can
find a catalogue of educational Internet resources. We can search according to the level of education, subject,
kind of resource, and user. Federal Centre of Informational-educational Resources (PeaepanbHbiii LEHTP
MHbopMaLMOHHO-06pa3oBaTeNbHbIX pecypcos) is an interesting portal offering six types of educational
resources. They are divided according to the level to the comprehensive, secondary comprehensive, lower
professional education, and upper professional education. These domains are further divided according to the
subjects. The materials (teaching units/objects) are described (copyright, software, time assessment, target
user, size etc.) Russian national portal for secondary education (Poccuitckuii 06leobpasoBaTenbHblli NopTan)
offers Internet resources of teaching texts, lesson units, and information on local educational portals. Portal of
Informational Support of Comprehensive State Exam (MopTan MHGOPMALMOHHON MOAAEPIKKN €aUHOro
rocygapcTBeHHOro sk3ameHa) provides the sample tasks for this exam.We also mention several specialised
portals, such as Federal Educational Portal "Economy. Sociology. Management.", Federal Law Portal "Legal
Russia", Social Humanities and Political Education portal, ICT in Education with developed searching for
Internet resources. Russian Portal of Open Education (Poccuiickuit nopTtan oTKpbiToro obpasoeaHua) offers
more than 200 subjects of education. The visitors can animate the course work in two demo Moodle courses.
The portal All-Russian Pupils” Olympic Games (Bcepoccuiickas onMMNMaga LWKOMbHUKOB) provides
organisational information and chosen sample tasks from previous years. From the point of view of our
subject, the most interesting is the portal Network of Creative Teachers (CeTb TBOpueckux yunteneit). It offers
ready made teaching projects, methodology, guidance for using ICT educational support, forums and
assessments. A Window of Approach to Educational Resources. Electronic Library (EgMHoe oKHO gocTtyna K
obpasoBaTesibHbIM pecypcam. IneKkTpoHHas bubnanoteka.) offers on-line teaching and methodology texts.
Web pages of individual schools are none the less interesting sources. Some of them offer teaching materials.
Searching eastwards provides very edifying comparison of Russian and Czech Internet education background.
It offers methodology support as well as display of possible future shape of Czech educational portals.

Application of Computerized Test Technologies for Quality of Knowledge Diagnostics 227
Konstantine N. Nishchev

The article presents the experience in developing and application of a test system allowing to diagnose the
assessment of learners’ knowledge through its monitoring during the set period of study. Among the recent
educational technologies the computerised technologies of knowledge assessment and quality of knowledge
take an important place. Effective components of the above technologies are computerised test systems
featuring a high level of processing promptness and technological effectiveness of assessment. The important
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advantage of the computerised test systems lies in the opportunity to use them as an instrumental means of
monitoring and diagnostics of the academic process. Under the author’s guidance there has been developed a
computerised test system allowing to diagnose the current state of the academic process through its
monitoring results.. The system lets the user assess the current level of students’ knowledge, present the
testing results in a wide range of forms and statistical samples. Another important advantage of the system is
the opportunity to automatically determine the components of testing materials content which were the
most difficult to complete. Analysis of such information provides reasons to change the academic process in a
certain discipline. A set of programmes functions in the OS Windows and is available for use as a networking
option. The system provides the opportunity to create test assignments databases by a user without any
programming skills; the opportunity to automatically compile test assignments using the test assignments
databases in various disciplines; the opportunity to manage the procedure of testing from the working place
of a lecturer; the opportunity to control each student’s completing progress in a real time; the opportunity to
automatically present the results of a testing in various aspects in respect to analytical goals. System has the
function to diagnose the quality of academic process as it allows to summarise and analyse the results of
testing received by students in the set sections of the study material (syllabus in whole, separate part of a
syllabus, separate themes). Structurally the system consists of the following parts for preparation and editing
of electronic test assignments; preparation of documentation accompanying testing; administration of testing
and control of its procedure (working place of a lecturer); organization of a test procedure (working place of a
test); statistical processing of test results. Test system was trialed when students knowledge assessment in
general physics had been monitored. Results testify to the opportunity of its wider use including the systems
of distant learning.

Remote Teaching as Information Search Skills’ Education Means for Senior Pupils 231

Palmira Peciuliauskiené, Marija Barkauskaité, Angelé Borodiniené

In the informational — creative society a person has to study nearly all his life, to absorb the knowledge
created somewhere else in the world, to use it, to create new knowledge and to pass it to others. These
processes are determined by the development of technologies and the variety of sources. The two kinds of
long-existed information sources (printed and verbal) were supplied by a new kind of information sources —
electronic information sources: electronic course books, databases, teaching material on electronic media,
and others. When the variety of information and its sources is increasing, other information management
skills are necessary — to select the necessary knowledge, to systemize, to analyze and to spread it. In the
second half of the XX century it was enough to find one or several printed sources of necessary information in
order to solve a problem, and nowadays — to select one suitable source from a number of printed and
electronic sources. To do this, new skills are necessary — information skills. They start forming in a
comprehensive school. The structure of information skills is complicated. They are made of information
search, understanding adaptation, and spread skills. This article only analyzes the skills of information search.
Considering the new possibilities of teaching, the article discusses a scientific problem of how from an
educological point of view senior pupils information search skills’ are being influenced by remote teaching as
well as physics tasks of different integrality level. The conducted quantitative research shows that traditional
and new technologies are combined in educational practice of secondary schools. The article analyzes
information search skills of senior pupils (final classes XI — XII). The first stage of information search is the
planning of information search. The survey allowed distinguishing the following steps of information search
planning: the content analysis of the assigned task, the prediction of possible information sources (electronic
or printed). The second stage of information search is work with information sources. The article analyzes
how senior pupils plan information search, what information sources they use, how often open code distant
teaching program Moodle is used. What is more, the article analyzes whether and how the first and the
second stages of information search are influenced by the content of the assigned task. In the research
according to the content type the assigned tasks are grouped as follows: nonintegrated content, internal
integrated content, and inter-subject content.

Technological and Educational Factors Determining Information Search Skills of Senior Pupils 233
Palmira Peciuliauskiené, Marija Barkauskaité, Angelé Borodiniené

The article deals with educational and technological factors, which determine senior pupils’ (XI — XII formers’)
information search skills. The conducted quantitative research shows that when respondents (senior pupils)
search for educational information, they use internet-electronic information search systems most often.
When planning information search, students should raise questions, which stimulate the meaningfulness of
studying. Fast information search tempo on the Internet sources limits pupils’ reflexive planning skills, does
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not stimulate deeper insights into the task content or alternative search of information sources. Educational
processes influence the formation of information search skills. The format of the assigned tasks content
determines the planning of information search. Interdisciplinary tasks encourage pupils to plan information
search, to see into the task content better, and to reflect the studying. Non-integrated tasks limit the planning
of information search. They stimulate mechanic, fast search of information in the internet-electronic
information search system.

Psychological and Pedagogical Challenges in B-Learning 243

Stawomir Postek, Maria Ledzinska

In this article we attempt to present a review of the chain of thought and research studies which led from
traditional, institutionalized education, through distance education and e-learning to the newest ideas of b-
learning and complementary learning. Each stage presented its creators with certain difficulties, highlighted
by research projects of which selected samples we discuss. In the case of complementary learning, the most
recent development in distance education, aside from discussing the research results, we present the reader
with an outlook on the problems not yet resolved, and awaiting scientific attention.

E-Learning and the Relevance of Digital Competencies of Teachers 249

Mateja Psunder, Mateja Ploj Virti¢

This paper presents a historical development of distance learning and a comparison with e-learning. The
advantages and disadvantages of e-learning and distance learning are discussed. Since the preparation of e-
material is a demanding and time-consuming task, the article also includes a discussion about preparing study
material and the characteristics of good e-materials. Quality preparation of e-materials requires qualified
teachers who master, beside the manufacture of e-materials, also the use of ICT. These skills have been added
to the list of teacher competencies in the last decade. We call them digital skills. The paper presents the
Moodle Educational Portal, which is one of the most popular open source learning systems in the field of
education. Moodle is a Course Management System (CMS), also known as a Learning Management System
(LMS) or a Virtual Learning Environment (VLE). In the conclusion, the vision of integrating e-learning into the
study process at the higher education is described. This vertical connection of the entire education within the
same field of expertise is very important for all three levels of users.

Track 3 - Life Long Learning 257

Towards the Reflection of Virtual Learning Environment 259

Martin Bilek, llona Semrddovd, Ivana Simonovd

The paper deals with research activities run at the University of Hradec Kralove, Faculty of Education and
Faculty of Informatics and Management, Czech Republic, which relate to information and communication
technologies implemented in the process of instruction in various subjects. Particularly the role of a virtual
learning environment (VLE) is mentioned and discussed, and information about core current projects is
provided. The project work is understood to be a tool of VLE reflection, which is considered both from
generally accepted points of view, and new approaches are also introduced.

Continual Education of Teachers by the Means of Accredited Educational Program
with E-Learning Support 265

Madria Burianovd, Martin Magdin

The following contribution deals with the continual education of Primary school teachers, particularly by the
content of educational programme with an e-learning support created at the Department of Informatics at
UKF in Nitra. The continual education Act as a part of whole-life education is effective from 1.november 2009.
It solves a task of systematic process of acquiring knowledges, capabilities, skills on standard function of
pedagogical and specialized activity or supplement of professional competences of pedagogical and
specialized employees. These competences are necessary for completion qualified conditions of pedagogical
and specialized employee. The educational continual programmes are based on acquiring the definite number
of credits and also on support of carrier growth of teachers in contrast with previous educational activities in
postgraduate education with achieving of certificate after graduation, which did not solve other carrier
growth neither teachers compensation packages. After taking effect of continual education Act, many
educational institutions started to create and offer programmes of various kinds. The selection and
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accreditation of each educational programme depend on new-coined accredited commission of Ministry of
education of Slovakia. The hypothesis about subject fields of UKF which will be supported by positive
judgement of educational content and following accreditation is noticeable. The programmes of informatic
character will have more difficult position, because many public either private institution had been offering
various courses and activities which were focused on acquiring computer skills by achieving of standard
necessary for certificate ECDL. By the time this interest had declined. The Department of Informatics as a
consequence of previously mentioned problem, decided to develop continual educational program which
would increase basic computer knowledges of teachers. The concentration was focused mainly on those
products which will support innovating teaching methods by using project teaching in daily practice of primary
school teachers. The training activity Press enter accredited by the accredited commission by the end of the
previous year. It is based on combined form of education with the e-learning support. It contains topics
relating to the knowledges of orientation in virtual space and sphere of hardware and personal security and
its extending. The attention is paid to children’s safety using an internet space for various activities. The
security knowledge or copyrights abusing have also connection with virtual space. One of the topics is also the
creation of own web pages by normal way or with the help of models, patterns of various commercial or non-
commercial institutions. Attractive and good quality presentation on own web site is not going without any
knowledges from graphic sphere. The knowledges from multimedia are also closely connected with it. The
knowledges of systems LMS sphere for teaching operation are the right orientation in scholarship market. 265

E-Learning in the Courses of Life Long Learning 271
Hana Maresovd

Information and communication technologies (ICT) have become a very important part of our everyday lives.
Thus the ICT skills have become an essential need for everyone who wants to benefit from innovation of
today’s world. On the face of it, we can say that ICT play an important role especially in education. ICT can
help to transformation of learning environment — it enable new ways of teaching and learning, it helps to
constitute a shift from a teacher-centred pedagogy to a student’s active learning and has changed much more
aspects of traditional pedagogy. E-learning encompasses all forms of Technology-Enhanced Learning or Web-
based learning including computer based learning, computer based training and computer-supported
collaborative learning. E-learning is usually suited to distance learning but can also be used in conjunction
with face-to-face teaching (blended learning). In higher education we can see the increasing tendency to work
in virtual learning environment or multiuser virtual environment in which all study processes are handled
through a consistent user interface. Various forms of e-learning provide benefits especially in the case of life
long learning students. It is convenience and flexibility to learners first of all which means that learners are not
bound to a specific time or place to physically attend classes. The Department of ICT education of the Centre
for Lifelong Education (Faculty of Education, Palacky University in Olomouc) provides for last 4 years the life
long courses for teachers focused on the use of ICT in education of different subjects (English language, Czech
language etc.). Our courses are focused on development of basic ICT skills and its creative use in classroom. To
help our learners develop ICT skills also in the area of e-learning activities, the courses have been realized as a
blended learning which means the part of face-to-face teaching and study in the Learning Management
System Unifor. On the base of our experiences from the courses since 2006 we can note that the majority of
teachers usually come with basic ICT skills (which mean the work with MS Office software, work in Internet
network (mail, chat, internet sources searching) or work with an education software). They are less skilled in
the area of work with interactive whiteboard or using Web 2.0 tools (mostly it is a passive work with “wiki”
tools or multimedia storages as YouTube etc.). The majority of the learners are not able to work with ICT in a
creative way which means that they have created their first online blog or the first published webpage in our
seminars. Therefore we find it beneficial to teach our learners how to work with ICT actively to be able to use
the virtual environment in their own communication with their pupils (by creating online education objects or
online school magazine etc.). E-learning in LMS also enables our teachers to develop their ICT skills by the use
it within the educational process and help them to better understand the digital educational object structure.

On Experience in the Delivery of E-Learning-Assisted Lifelong Learning 277
Eugenia Smyrnova-Trybulska

Distance learning, owing to such advantages as flexibility, ease of access, modular character, quality, cost-
effectiveness, state-of-the-art technology, large audiences, social balance, global reach, the new role of the
teacher, positive effect on the learner, has become a leading mode of tuition and instructional technology
practically at all levels of the education system. It is difficult to imagine today any contemporary university or
department without a website. Moreover, it is getting more and more common for universities and individual
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Summary

departments to operate distance learning platforms which implement various teaching, scientific and
educational goals. This article examines various aspects of experience in the use of the distance learning
platform of the Faculty of Ethnology and Sciences of Education (FESE) in Cieszyn (University of Silesia in
Katowice) in teacher training and lifelong learning. Furthermore, the author discusses examples of good
practice in comprehensive, systematic and effective use of the faculty distance learning platform, based on
CLMS MOODLE system in order to: 1) provide pedagogical support for teaching programme courses, run in
the full-time and part-time mode (hybrid learning), 2) assist teaching staff as well as graduate and post-
graduate students in carrying out scientific research and pedagogical experiments, 3) train future and active
teachers, post-graduate students, counsellors, teacher trainers, therapists, and others teachers in distance
learning — to use e-learning in their own work and to act as tutors, 4) provide access to educational materials
for students and other users; 5) foster international cooperation, in particular, through international projects.

E-Learning Supported Lifelong Learning: Leonardo Da Vinci Projects Innoskills and Faster 285

Jifi Vacek, Dana Egerovad

The paper briefly summarizes information on two projects of the Leonardo da Vinci programme — transfer of
innovation, in which the UWB participates as the project partner. The project InnoSkills focuses on the growth
of competencies of the SME staff in innovation management. The training is supported by the learning
platform http://www.innoskills.net. Its main elements are: Innovation Guide, consisting of consisting of 12
chapters focused on different issues of the innovation management; the guide is implemented as online e-
learning modules supported by multimedia elements. Innovation Rooms offering access to selected web
based tools enabling collaboration and knowledge sharing. Resource Library containing additional material,
web links, documents and articles linked to the chapters of the Innovation Guide. Guide to informal and
cooperative learning. The main target groups are SME managers, consultants, students and researchers.
Project partners are Treviso Tecnologia (Italy, coordinator), LINK MV and Pro-competence (Germany), E-
Learning concepts Rietsch KEG (Austria), Parkurbis (Portugal) and Firenze Tecnologia (ltaly) The project
FASTER focuses on ambitious, rapidly growing, knowledge-intensive entrepreneurs and companies (gazelles).
At the UWB, the main target groups are nascent entrepreneurs — master and Ph.D. students. Other possible
users are starting companies looking for best practices, examples, possibilities of financing, business planning,
etc. It is based on the ISTUD Entrepreneurship Programme adapted to partner countries on the basis of the
regional analysis of entrepreneurial milieu and training needs in partner countries. The training materials and
other tools will be available at the project website http://www.fasterentrepreneurs.eu/. FASTER project
fosters the cooperation among key actors involved in entrepreneurship promotion such as organizations
providing learning opportunities, incubators, Technology Transfer Offices and early stage investors. The
cooperation among the above mentioned actors is crucial for the success and effectiveness of the training
programme, because it will give the opportunity to the would-be entrepreneur to build a network able to
support him in the starting phase. Project partners are The West Pomeranian Business School (Poland —
coordinator), ISTUD Foundation and RTD Talos (Italy), INNOSTART (Hungary) and META Group (Cyprus). The
full paper includes more detailed information on the objectives and outputs of both projects, references to
additional information and examples of the use of project platforms.

Distance Learning at Comprehensive School of Lithuania: the Need Analysis 293

Rytis Vilkonis, Irina Barabanova

The vision of distance education in Lithuania is to secure affordable life-long learning based on the use of
modern ICT for every citizen of Lithuania by expanding a distance teaching/learning network. (Development of
Lithuanian Distance Learning Network.- Strategy, 2005). Distance Education (DE) in Lithuania is expanding
quite rapidly. However until now it is more prevalent in universities. This is explained by a better technical
base of universities (Matulionis, 2007). In 2009, a research on the need for distance learning services within
the non-formal adult education framework showed that the distance learning opportunity would have the
circle of its users in the given field of education as well (Vilkonis, Turskiené, 2009). A course of distance
learning has also been prepared at one comprehensive school in Vilnius (Ozo school). It is used by children of
emigrants who wish to continue their education in Lithuania. For example, in the academic year 2006-2007
there were 220 distance learning students from Lithuania, Norway, Ireland, England, Spain, Belgium, Georgia,
the United States and Germany. The need for distance learning within a comprehensive education system has
not been investigated in Lithuania so far although certain features and theoretical background suggests the
existence of such a need. The research issue was expressed in the following questions: What is the current
need for distance education services at a comprehensive school of Lithuania? What groups of students are
interested in such an opportunity? Hence, the research was aimed at finding out the need for distance
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learning at a comprehensive school of Lithuania as well as target groups of students. The research was based
on qualitative research methodology. The underlying technique employed in the research was a Delphi
method expert survey. The research took place in October-December 2009. 12 experts participated in the
research. Employees from the education system and other institutions were selected as experts due to the
nature of their professional activities, available information and sufficient competence on answering
questions related to the needs of the students and the school. The findings showed that the need for distance
learning was stimulated by students and the school needs. In conclusion, the following groups of distance
students can be distinguished: children undergoing treatment for a long time (at home, in hospitals, health
centres), students living abroad, prisoners, athletes spending a large proportion of the school year at sports
camps, gifted students, students with special needs or special learning needs, students unable to attend
school or to train together with other students for various reasons (including pregnant schoolgirls), students
repeating the course, immigrants, working adult students and extra students in preparation for the final
examinations. Schools lacking one or another specialist are also interested in the distance learning
opportunity. It is a matter of great relevance in rural areas and remote regions. Distant teaching could be
referred to certain modules for several schools simultaneously.

List of Participants 299
Sponsors 301
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Abstract: To highlight the differences between conventional educational systems and simulation/game based
systems, it is useful to consider simulations, the class of system most closely related to games. In such
system, the ultimate goal is to create a virtual duplicate of reality for analysis, training,
experimentation, or other purposes. Simulating reality is an approach that may or may not be useful
in creating experience. This distinction yield several consequences. In simulation, behavior (of, say,
objects, tools, engines and peoples) should be as realistic as possible. In simulations, the
representation of environment tends to be uniform and consistent, allowing the users to act freely
within that environment. For application seeking to teach users through realistic experience, game
design techniques can make the experience much more memorable. In a testbed environment, the
context and control afforded by games design techniques allow integration of technologies and
evaluation of the overall experience, even with partial implementation. Perhaps it's time to take the
lessons of game design seriously. | will start my paper with one simple question - could the ideas,
methodology and development methods that make computer and video games so successful as a
compelling users experience also be applied to developing relatively serious-mind applications? At
the next few pages | will try to answer this question.

Introduction

A wave of innovation is being stimulated by the Information Technology (IT) revolution that promises
to revitalise our schools (Abersek, 1996, 2005). Outcome-based teaching methods, electronic learning at
a distance and collaborative group work are becoming popular phrases in today's progressive
educational milieu. These changes are proving so effective that they signal the need for a major
reconceptualization of the learning process. The goal of school system must focus on instilling that vital
desire of "learning to learn" in today's students. To accomplish this, teachers must involve the student as
an active, self-directed learner. Powerful new forms of IT are providing to create an information-rich
learning environment in which students and teachers can explore and not only learn or teach. More than
thirty studies have shown that this new approach improves learning over 50 percent compared to the
traditional approach. Also from our research it is obviously that with computer tutoring system we have
improved learning and get better knowledge (approx. from 20 to 40%, depend on type and generation of
tutoring system) with our students.

How to solve the educational problems of young generations with technical and nature science
knowledge? In this article | will hand out the concrete activities that will indicate solutions above for
mentioned problems. Important is that we use methods which enable students to actively participate in
educational process while acquiring skills necessary to function in tomorrow's world, especially
tomorrow technological society. As | mentioned previous | will restrict my attention in this paper only on
one of four pillars (according to figure 2) of educational system, namely only on the educational
environment.

Tutoring Educational Systems

There is no denying the appeal of computer especially if it's connected with video games. Their
magnetic effect on children's (and students too) attention is all too familiar to parents and teacher,



DIVAI 2010 - Distance Learning in Applied Informatics

particularly when the alternatives are homework and household chores (Massey and Brown, 2005).
Questions are:

1. What is it about computer and games that make them so appealing?
2. What lessons might be learned from their construction that could be applied to other
applications?

Before we answer to these questions we must first answer to:

e how does human intellect work and/or how does human percept individual information,
e how are computers and video games build and at the end

e how must be advance learning environment build up?

In the main part of this paper | will try to explore these questions, offering several examples of how
computer games ideas influence the architecture of systems not developed directly for entertainment
(Abersek, 2009).

For conventional software, design is usually driven by a specification of set of requirements. In game
design, the driving force is the user's experience. Game designer try to imagine what players will
experience as they work their way through the game, trying to deliver the most exciting and compelling
experience possible (Langely, 2006).

Two key aspects of player's experience are the goals they pursue and the environment in which they
pursue them. Game designer often seek to keep players engaged by creating three levels of goals:

e short-term, lasting perhaps seconds,
e medium-term, lasting minutes and
e long-term, lasting the length of the game.

A good story is not simply a sequence of things that happened but a carefully constructed tapestry in
which events are juxtaposed and emotions peak and ebb. A good game is also highly interactive,
deliberately generating tension between the degree of control the story imposes and the player's
freedom of interaction. Two extremes are:

1. With no story and complete freedom of interaction players do what they want, but their
experience can be boring.

2. On the other hand, if the story provides too much control, the experiences become more like
watching a movie than playing a game. The secret of the solution is in balancing these two
extremes. And this is also most important when we creating learning “game” environment. We
must always live enough time and space for exploring!

The main goal of a game is entertainment. But could be also learning pleasure? Could the same ideas
be applied to application with more serious-minding goals? (Jones and Beyron, 2007) We have identified
two general classes of application that could benefit from a game-based design approach, namely:

1. The first we call experience-based systems. In game design, the main focus is the user's
experience.

2. The second class involves using a game-based approach to construct a testbed for emerging
technologies. A game world makes it possible to test emerging technologies in a comparatively
rich environment before they are ready for the full-scale complexities of the real world. The
game world can also provide an environment in which a number of technologies are integrated
together while revealing interdependencies and emerging research issues.
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From Smart to Intelligent Self Learning Tutoring System - a Hasty Glance
in the Future

Learning, knowledge and intelligence are closely related. Although there is no universally accepted
definition of intelligence, it can be roughly defined as follows:

Intelligence is an ability to adapt to the environment and to solve problems.

Nowadays, most of the researchers agree that there is no intelligence without learning, so learning-
adaptation takes place in almost all living beings, the most obvious in humans. Learning by a living
system is called natural learning; if, however, the learner is a machine — a computer, it is called machine
learning. The purpose of developing machine learning methods is, besides better understanding of
natural learning and intelligence, to enable the algorithmic problem solving that requires specific
knowledge. In order to solve problems we obviously need knowledge and the ability to use it. Often such
knowledge is unknown or is used by a limited number of human experts. Under certain preconditions, by
using machine learning algorithms we can efficiently generate such a knowledge which can be used to
solve new problems.

Even the whole natural evolution can be regarded as learning: with genetic crossover, mutation and
natural selection it creates better and better systems, capable to adapt to different environments. The
principle of evolution can also be used in machine learning to guide the search in the hypothesis space
through so called genetic algorithms.

Artificial Intelligence

A long term goal of machine learning research, which currently seems unreachable, is to create an
artificial system that could through learning achieve or even surpass the human intelligence. A wider
research area with the same ultimate goal is called artificial intelligence. Artificial intelligence (Al)
research deals with the development of systems that act more or less intelligently and are able to solve
relatively hard problems. These methods are often based on imitation of human problem solving. Al
areas, besides machine learning, are knowledge representation, natural language understanding,
automatic reasoning and theorem proving, logic programming, qualitative modelling, expert systems,
game playing, heuristic problem solving, artificial senses, robotics and cognitive modelling.

In all Al areas machine learning algorithms play an essential role. Practically everywhere one has to
include learning. By using learning techniques, the systems can learn and improve in perception,
language understanding, reasoning and theorem proving, heuristic problem solving, and game playing.
The area of logic programming is also highly related to inductive logic programming that aims to develop
logic programs from examples of the target relation. Also in qualitative modelling the machine learning
algorithms are used to generate descriptions of complex models from examples of the target system
behaviour. For the development of an expert system one can use machine learning to generate the
knowledge base from training examples of solved problems. Intelligent robots inevitably have to improve
their procedures for problem solving through learning. Finally, cognitive modelling is practically
impossible without taking into account learning algorithms.

Natural Learning

Humans learn throughout whole life. We learn practically every day, which means that our
knowledge is changing, broadening and improving all the time. Besides humans, also animals learn. The
ability to learn depends on the evaluative stage of species. Investigation and interpretation of natural
learning is the domain of the psychology of learning and the educational psychology. The former
investigates and analyses the principles and abilities of learning. On the other hand, the latter
investigates the methods of human learning and education and aims at improving the results of
educational process. Educational psychology considers attention, tiredness and motivation to be of
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crucial importance for a successful educational process and carefully takes into account the relation
between teacher and students, and suggests various motivation and rewarding strategies. All those are
of great importance for human learning, however, much less important for the (contemporary) machine
learning.

Learning, Intelligence, Consciousness

As we already stated, intelligence is defined as the ability to adapt to the environment and to solve
problems. Learning alone, however, is not enough. In order to be able to learn, a system has to have
some capacities, such as sufficient memory capacity, ability to reason (processor), ability to perceive
(input and output) etc. These abilities do not suffice if they are not appropriately integrated or if they
lack an appropriate learning algorithm. Besides, for efficient learning one needs also some initial
knowledge — background knowledge, which is inherited in living systems. By learning the abilities of the
system increase, therefore intelligence also increases (Dennett, 2005).

The Amount of Intelligence

The systems cannot be strictly ordered with respect to the amount of intelligence because we have
to consider various types of intelligence (abilities): numerical, textual, semantically, pictorial, spatial,
motor, memorial, perceptive, inductive, deductive etc. Lately, even emotional intelligence became
widely recognized. Some authors describe more than one hundred types of human intelligence. A system
(a human or a machine) can be better in some types of intelligence and worse in others and vice versa.
When speaking about artificial intelligence we do not expect from an intelligent system to be extremely
capable in only one narrow aspect of intelligence, such as for example the speed and the amount of
memory, the speed of computation or the speed of searching the space or (almost optimal) game playing
— nowadays computers in each of these aspects already have very advanced capabilities. We expect from
an intelligent system to be (at least to some extent) intelligent in all areas which are characteristic of
human problem solving. It seems that we need an integration of all different types of intelligence into a
single sensible whole (a kind of supervisory system) so that during problem solving it is possible to switch
appropriately between different types of intelligence. Anyway, most of the speculations about artificial
intelligence do not take into account yet another level: consciousness (which seems to be a good
candidate for the supervisory system).

Limits of Symbolic Computability

Theory of computability reveals that only a tiny (one could say a negligible) part of all problems,
which can be formally described, can be algorithmically solved.

Nowadays the science uses the following formal symbolic languages for describing (modelling) reality:

e mathematical logic,

e programming languages,

e recursive functions, and

e formal grammars.

All these formalisms have equivalent expressive power and they all have equivalent limitations: they
can partially describe the phenomena in the discrete world (discrete functions), and practically a
negligible part of the continuous world (continuous functions). Therefore, if the world is indeed
continuous, then most probably it is undescribable by any of formalisms which we are able to use with
our (rational) mind. This would implicate that any knowledge that can be reached by science, described
in books or by teachers, cannot be ultimate, as it is always only an approximation of the reality.

In all years from the very beginning of electronic computers we cannot notice any crucial progress
towards the ultimate goal of creating an intelligent machine by using machine learning algorithms.
Anyway, we can mention some important steps:
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e Lenat’s Automatic Mathematician - an interesting system for discovering new concepts in
mathematics,

e great successes of computers in complex games, such as checkers, backgammon, and chess,

e artificial neural networks for modelling the cognitive processes in the brain,

e ACT-R, cognitive model of brain and brain function (Anderson, 2007)

But the principal limitations for programming languages and other formalisms, described above, that
stem from the computability theory, hold also for any ML algorithm, no matter how advanced and
complex it is. Very strict limitations are posed by the theory of learnability. The latter is derived from the
computability theory — the machine learner is necessarily an algorithm. As it may be expected, all the
limitations for computability hold also for learnability.

Possibility of Artificial Intelligence

Practically all research of artificial intelligence methods tries to develop systems that behave
intelligently and are able to solve relatively hard problems. The developed methods are often based on
imitating the human problem solving. The human mind is what emerges from the actions of number of
largely independent cognitive modules integrated by central control system (Anderson, 2007). Figure 7
showed some approach for the organization of these information processing modules. To achieve the
rapid processing required for functionality of the mind, different information-processing functions are
computed as much as possible by different independent modules associated with different brain regions.
However, the need for coordination requires a communication among these modules.

As a long-term goal we are interested whether computer intelligence (capability) can indeed achieve
or even exceed the human intelligence. Important aspects for understanding the abilities of artificial
intelligence are the impact of learning on intelligence, the speed of problem solving, the principal
limitations of algorithms, and the imitation of intelligent behaviour.
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Figure 1: Modular architecture of human mind (Anderson, 2007)

Impact of learning on intelligence: By learning the capability of the system increases, therefore also its
intelligence increases. Human intelligence is dynamic and is changing throughout the whole life, mostly
increasing. However, when determining the amount of intelligence one has to take into account
numerous different types of intelligences.
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Faster is more intelligent: Adaptation to the environment and problem solving are better (more
efficient) if they are faster. Therefore, intelligence is highly related to speed and time. All tests of
intelligence are timed as are also all examinations. Therefore, we can conclude, in that sense, that faster
computers are more intelligent than slower ones that parallel processing is more intelligent than serial
one, etc.

Limitations of intelligence: If humans were equivalent (degradable) to a computer algorithm then all
the limitations posed by the computability theory would hold also for humans - this would have strong
impact on the abilities of human intelligence. If, however, we assume that humans are stronger
“machines” than (digital) computers (for example continuous and not discrete machines) then the
human activity is undescribable. The consequence of this assumption is that it is impossible to
algorithmically derive an artificial intelligent system which would completely reproduce the human
behaviour.

Imitating intelligent behaviour: Nowadays the technology of movies, multimedia, computers, robots,
and virtual reality is very convincing and suggests that it is possible to imitate just everything and induce
the sensation of reality.

Therefore, if we omit the consciousness, a machine can in principle be intelligent enough (for
example by huge amount of memory, containing the solutions to all possible situations) to induce the
sensation of artificial intelligence. If we add also extraordinary processing abilities (super parallelism with
super-fast processors), algorithms for efficient search of huge spaces and machine learning algorithms
that would enable online improvements of algorithms and heuristics, then such a machine could rightly
be named “intelligent” - it could outperform the humans in many if not in all “practical” tasks. Of course,
such a machine still lacks consciousness.

(Im)possibility of Artificial Consciousness

In principle, we are able to determine (detect or objectively measure) any system that has certain
learning capabilities and that has a certain level of intelligence. Opposed to learning and intelligence,
consciousness is much different. It is necessarily related to subjective experience and any objective
observer has no means to verify it. Although nontrivial, it is objectively possible to determine the ability
to learn, the amount of acquired knowledge, the ability to (intelligently) adapt to the environment and
solve problems. Various tests of intelligence are able to measure only specific types of intelligence and
the results are typically only partially reliable. On the other hand, in principle it is not possible to verify
the consciousness of the system. Whether a (biological or artificial) system is conscious or not is known
only to the system itself —in the case that it is conscious. An observer from outside has no way to verify
it. You can speak about consciousness only if you yourself are conscious and if you assume that systems,
similar to you, are also conscious. Any conscious system can be imitated with an unconscious system to
arbitrary (but always incomplete) resemblance; therefore any objective observer can be fooled.

In the following we speculate about some interesting viewpoints. A system can be more or less
intelligent but without consciousness (such as robot or in an extreme case a human zombie) or a system
can be conscious but much less intelligent (such as less intelligent people, animals etc.). Consciousness
seems to be fundamentally related to the following notions: life, intelligence, and free will.

Consciousness = life? Humans are conscious, dogs and cats are conscious (typical claims of pat
owners), and even amoeba may be conscious to some extent. Nowadays science is still not able to
explain the origin of life. By materialistic assumption life appeared by chance (which is highly
improbable) or it is a result of the complexity and self organization of the matter. Another theory states
that life came out of the space (amino acids on the meteors), but then we have to ask, where and how
were those amino acids created. By vitalistic assumption, on the other hand, the life was created by a
higher force - a universal consciousness.

Does more intelligence enable higher level of consciousness? Although consciousness is not
objectively verifiable nor measurable we can speculate that with greater capabilities, i.e. greater
intelligence, the higher level of consciousness can be achieved - we can assume that less developed
species are less intelligent than more developed ones. Of course, you can have obvious
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counterexamples: have a super intelligent system (for example a highly intelligent man) and remove
consciousness (such as brain washing or simple blindness with his or her own ego), you can obtain a
highly intelligent system (for example a fanatic or an extremely avaricious man for money or power) that
is not conscious of his or her actions. If we paraphrase: a child (in the sense of lack of consciousness) is
playing with a nuclear bomb. The consequences can be catastrophic.

Does consciousness implicate free will? If a system only reacts to outside stimuli then its responses are
determined and unconscious. A conscious system can by itself, without any outside cause or stimulus,
decide for an action (and not reaction) which means that it has free will. Various researchers and
philosophers still argue whether free will exists at all, however, it seems sensible to assume that if
consciousness exists then exists also free will.

Conclusion

Information technology, through networking, knowledge-based systems and artificial intelligence,
interactive multimedia, and other technologies, play and will in future play even more an increasingly
important role in the way that education is taught and delivered to the student.

For this reason we present in this paper some ideas of such learning-training environment for
education. Like the researchers in other countries we tend to develop a user-friendly general system
particularly for solving problems based on experience-based tutoring systems primary for executing
better lessons and for students self learning.

Like all powerful tools, the experience-based design approaches must be applied carefully. Without a
carefully designed experience and extensive testing, these systems could easily result in unwanted
outcomes (such as negative training or increased phobia anxiety). Despite the promise of the early
efforts, the best approaches to designing these experiences are still topics of research and debate.
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Abstract: The role of ICT in education in whole and particularly in science education is very important topic. It
is worth emphasizing that in recent years, a general degree of integrating ICT in the process of
teaching has increased in Lithuania as well as in other countries. It is accepted that ICT makes the
process of teaching/learning more effective and beneficial whereas the education system starts
functioning faster. The development of ICT and the process of globalization determine alteration in
the education system as well as in the whole society. The implementation of new technologies in the
educational process raises new possibilities for both teacher and learner, enhances education quality
and makes the educational process more versatile. The research 'Student and Computer-Based
Technologies' was conducted in January — March, 2010. Research sample consisted of 663
respondents who were 1st year university students (freshmen). To analyze research data, the
measures of descriptive statistics (absolute and relative frequencies, popularity/usefulness/necessity
indexes) have been applied. It has been stated, that respondents have practically unlimited
opportunities to use mobile phone, computer, internet and e-data mini storage device - USB stick.
Relatively new and rather expensive digital technologies are barely used. The most useful information
communication technology for the first year students while studying is compute.

Introduction

Rapid growth of information communication technologies and their penetration into education
process is inevitable. New innovative technologies are constantly being created. We can mention one of
the newest technologies — Augmented Reality teaching/learning platform — having been created while
implementing international science innovation project ,ARISE“(Augmented Reality in School
Environments). 21st century requires from the teacher deeper understanding of the pupil‘s general
ability and culture competence education. It is necessary to seek that the pupil could be able operatively
react to rapid society changes, to be flexible, active, trying to improve and form an attitude that he will
have to learn for the rest of his life. On the other hand, the amount of information is continuously
growing. The need rises to use the newest ICT effectively. Using ICT gives many possibilities to make
education process more picturesque, more interesting and more diverse. The same attitudes are valid in
the university study process as well. It would seem that pupils nowadays are able to use information
communication technologies rather well. However, we can notice that quite often a lot of difficulties
arise both to students and teachers trying to effectively use ICT in the study process. Using ICT is very
important for scientists and teachers because currently without using them or using insufficiently will not
guarantee suitable standard of the studies. It is also obvious, that practically all ICT can be useful in the
studies. The question is how to find optimal balance between the newest and classical technologies.

Researches carried out in various countries show that students’ preparation level of using ICT is
different. The research conducted in Australia shows that many first year students are highly tech-savvy
(Kennedy, Judd, Churchward, Gray, Kerri-Lee Krause, 2008). However, the researchers state that when
one moves beyond entrenched technologies and tools, the patterns of Access and use of a range of other
technologies show considerable variation. The research carried out in Denmark, in which first year
medical students participated, showed that significantly more males than females had access to a
computer at home, and males had a more positive attitude towards the use of computers in their
medical studies (Dgrup, 2004).Similar results were received in Great Britain. The researchers stated that
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students are receptive to new types of ICT in principle, although their level of familiarity and comfort
with each application of technology varies (JISC research report, 2008). The researches are being carried
out seeking to analyze the usage and effectiveness of very specific ICT in the study process. For example,
it has been stated, that integration of educational technology such as wireless keypads are considered
important elements in undergraduate health care students learning approaches. Williams, B., & Boyle,
M. (2008) stated that students enjoy learning when using wireless keypads and that they offer an
alternative and innovative pedagogical tool in providing better appreciation and understanding of other
health care disciplines. Knowing the students’ abilities in using ICT is important. As to researchers, by
knowing the level of technological experience that students have when they arrive, university can utilize
the most appropriate strategies, methods, and resources to help students (Arora, 2005; Frankowicz,
2008; Turcani, Kapusta, 2008; Lamanauskas, 2009). It is obvious that students need strong technology
skills to succeed in the world of work. The main questions are still open:

e How does technology enhance student achievement?

e How to assess student progress in using ICT? or how to find the most appropriate  ways of

assessing existing skills?

e How to effectively incorporate modern ICT into study process?

Hence, the object of research is the first year students™ experiences with technology. The aim of the
research is to analyze the first year students’ experiences in using modern ICT.

Research Methodology

General Characteristics of Research

The research Student and Computer-Based Technologies was conducted in January — March, 2010.
Before that a pilot research entitled Student and Computer-Based Technologies was conducted in
October — November, 2009 (Lamanauskas, Slekiené, Raguliené, 2009).

The Applied Instrument

To collect the required data, an anonymous questionnaire including four main blocks was prepared.
Questionnaire arranged by Australian researchers was used as a research instrument (Kennedy, Judd,
Churchward, Gray, Kerri-Lee Krause, 2008). Questionnaire comprises four main blocks: demographic
information (5 items), access to hardware and the Internet (13 items), use of abilities and skills with
technology based tools (Computer: 11 items; Web: 18 items; Mobile phones: 8 items) and preferences
for the use of technology based tools in University studies (19 items). Mentioned instrument was
partially modified taking into account the study specifics of Lithuanian universities.

Research Sample

663 university studies’ first year students participated in the research. From them — 469 Siauliai
University, 82 — Vilnius pedagogical institute, 112 — Kaunas medical university students. According to sex
421 female (63.5%) took part in the research and 242 (36.5%) male. From them 295 (44.5%)
respondents, city school graduates, 368 (55.5%) regional school graduates.

Table 1: Respondents’ Characteristics (N/%).

According to sex Female Male Total
421/63,5 242/36,5 663/100
According to school City school Regional school Total
graduation place 295/44,5 368/55,5 663/100
According to Siauliai university Vilnius pedagogical Kaunas medical
university university university
469/70,7 82/12,4 112/16,9
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Sampling was structured applying the stochastic method of group selection i.e., a consecutive 'bunch’
system. Research sample is considered to be sufficiently reliable because of several reasons: sample
contains students from three Lithuanian universities; all first year students graduated from secondary
comprehensive schools in different places of Lithuania, therefore it is likely that they have varied
experience in the field of using ICT.

Statistical data analysis
To analyze research data, the measures of descriptive statistics (absolute and relative frequencies,
popularity/usefulness/necessity indexes) have been applied. Independent Samples Test — t-test for

Equality of Means has been applied for comparing possible differences between features. The SSPS
statistics batch is used as an instrument for data processing.

Results of Research

Respondents were asked what possibilities they have of using mobile phone, computer, camera, USB
sticks, other technologies and the Internet (Table 2).

Table 2: Students about possibilities of using computer technologies (N/%, Pl — Possibility index, 0
<PI<1).

Your possibilities of using information Unlimited Limited Have no access PI
computer technologies and internet

1. Mobile phone 584/88.1 56/8.4 23/3.5 0.92
2. Desktop computer 458/69.1 157/23.7 48/7.2 0.81
3. 'Laptop' computer 410/61.8 101/15.2 152/22.9 0.69
4. 'Palmtop' computer 38/5.7 62/9.4 563/84.9 0.10
5. Digital camera 414/62.4 144/21.7 105/15.8 0.73
6. Digital video camera 182/27.5 152/22.9 329/49.6 0.39
7. Memory stick 571/86.1 52/7.8 40/6.0 0.90
8. MP3 player 434/65.5 94/14.2 135/20.4 0.73
9. iPodtouch 64/9.7 74/11.2 525/79.2 0.15
10. GPS navigator 74/11.2 128/19.3 461/69.5 0.21
11. Portable library (eBook Reader) 22/3.3 72/10.9 569/85.8 0.09
12. Games console 87/13.1 106/16.0 470/70.9 0.21
13. Internet Broadband 376/56/7 63/9.5 224/33.8 0.61
Dialup 234/35.3 120/18.1 309/46.6 0.44
Wireless 260/39.2 94/14.2 309/46.6 0.46

94.6% of respondents have unlimited possibilities of using computer. In the questionnaire, three kinds
of computers are distinguished: desktop computer, laptop computer and palmtop computer. The biggest
possibility is of using desktop computer (possibility index Pl = 0.81, standard deviation SD = 0.31),
palmtop computer is used the least (PI = 0.10, SD = 0.26). This is one of the newest computer
technologies, which is not very widely spread among our youth yet.

A statistically significant difference has been noticed between students having graduated from city
and regional schools. Regional school students have bigger possibilities of using laptop computer (Pl =
0.76), than city students (Pl = 0.61). The null hypothesis about equal averages is rejected considering the
level of significance which is p < 0.001; df = 661; t = - 4.64. We may assume that when acquiring a new
computer, regional school students give preference to laptop computer.

Students, having unlimited possibilities of using computer, also widely use the most popular e- data
mini storage device- USB stick (Pl = 0.90, SD = 0.26). It seems to be an inseparable means of linking
individual computers.
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88.1% of respondents have unlimited possibilities of using a mobile phone. Possibility index of using a
mobile phone is PI =0.92, SD = 0.22 and only 3.5% do not have access to mobile phone. Digital camera is
rather widely used as well (Pl = 0.73, SD = 0.38). Digital video camera is already not so popular among
students (Pl = 0.39, SD = 0.42). Less than one third of respondents have unlimited possibilities of using
digital video camera (182/27.5 %) and almost half of them have no access (329/49.6 %). GPS navigator
(P1'=0.21, SD = 0, 34) and games console (Pl = 0.21, SD = 0.36) have little popularity. iPod touch is little
used (Pl =0.15, SD = 0.32) and eBook Reader is used very little (Gl = 0.09, SD = 0.23). These are relatively
new, rather expensive digital technologies that are not directly related with the studies. We could
ascribe them to luxury or goods of specific interest. Statistics showed that respondents having e.g., iPod
touch usually also have a GPS navigator (correlation coefficient r = 0.402), e-Book Reader (r = 0.447),
digital video camera (r = 0.415), palm computer (r = 0.484). This is probably predetermined by family
financial possibilities.

A statistically significant deviation was obtained which shows that students from the city (Pl = 0.78)
use MP3 players more than regional centre students do (Pl = 0.68; p < 0.001; df = 661; t = - 3.01). Analysis
in terms of sex showed that males (Pl = 0.28) more than females (Pl = 0.17) use games console (p <
0.001; df =661; t = - 3.63) and GPS navigator: males - Pl = 0.26, females - PI = 0, 18 (p < 0.005; df = 661; t
=-2.76).

92.3% of respondents have unlimited access to the internet. The biggest possibilities are of using
broadband (cable) internet connection (Pl = 0.61, SD = 0.46), and the least — dial-up connection (Pl =
0.44, SD = 0.45), though dial-up connection is significantly more popular in regions than in cities.
Statistically significant difference was established on possibilities of using dial-up (modem) internet
between students having graduated from city and regional centre schools: regional - Pl = 0.51, city - Pl =
0.35 (p < 0.005; df =661; t =- 2.76).

Questionnaire was made to find out how often and for what aims students are using computer (Table
3).

Table 3: Students about aims of using computer (N/%, Ul — using index, 0 < Ul £ 1).

Every Once Once Lessthan Do not
How often do you use computer day a week a month once a use it ul
for these aims month
1.Use a computer for writing 143/21.6 294/44.3 128/19.3 91/13.7 7/1.1 0.68
documents (e.g. using Word)
2.Use a computer for data 50/7.5 281/42.4 188/28.4 122/18.4 22/3.3 0.58
processing (tables, graphics and
so on.)

3. Use a computer for working with ~ 130/19.6  232/35.0 157/23.7 108/16.3 36/5.4 0.62
digital pictures/photos

4.Use a computer for creating web 21/3.2 25/5.3 27/4.1 59/8.9 521/78.6 0.11
pages (e.g. using Dreamweaver,
Frontpage)

5. Use a computer for creating 28/4.2 149/22.5 292/44.0 173/26.1 21/3.2 0.50
multimedia presentations

6. Use a computer for creating 33/5.0 103/15.5 127/19.2 156/23.5 244/36.8 0.32
editing audio and video (e.g.
iMovie)

7. Use a computer for general 200/30.2 177/26.7 130/19.6 84/12.7 72/109 0.63
study, without accessing the web

8. Use a computer to play digital 491/74.1 67/10.1 43/6.5 33/5.0 29/4.4 0.86

music files (e.g. iTunes) without
accessing the Internet

9. Use a computer to play games, 133/20.1 136/20.5 78/11.8 94/14.2 222/33.5 0.45
without accessing the Internet /
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web

10. Use a games console to play 56/8.4 59/8.9 55/8.3 46/6.9 447/67.4 0.21
games

11. Use a handheld computer (e.g. 50/7.5 64/9.7 52/7.8 57/8.6 440/66.4 0.21

a PDA) as a personal organiser

Students state that most frequently, almost daily they use computer for Listening to music without
accessing the Internet (Ul = 0.86, SD = 0.27), nearly once a week — for Preparing/writing documents (Ul =
0.68, SD = 0.25), for General study, without accessing the web (Ul = 0.63, SD = 0.33), for Working with
digital pictures/photos (Ul = 0.62, SD = 0.28). We can see that computer became a daily necessity for
students. It is intensively used to both studies and leisure time.

Very rarely computer is used for creation of web pages (Ul = 0.11, SD = 0.25). Only 3.2% of students
create web pages every day and 78.6% - do not create at all.

Statistically significant difference was not obtained between students having graduated from city and
regional schools on possibilities of using computer. However, a statistically significant deviation was
established in terms of sex. Male students more frequently use computer for Playing games using a
games console: male - Ul = 0.29, female - Ul =0.16 (p < 0.001; df = 661; t = - 4.74); for Playing games,
without accessing the Internet: male - Ul = 0.58, female - Ul = 0.37 (p < 0.001; df = 661; t = - 6.69); for
Creating and editing audio and video material: male - Ul = 0.41, female - Ul = 0.27 (p < 0.001; df =661; t =
- 5.59); for Creating web pages: male - Ul = 0.19, female - Ul = 0.07 (p < 0.001; df = 661; t = - 6.02). We
can assert that boys are using more complicated computer functions than girls. Besides, considerable
correlation link was obtained between respondents having a digital video camera and using computer for
creating and editing audio and video material (r = 0.411). Thus, students, filming important events for
themselves, usually are able to use special computer programmes, i.e., they create and edit films
themselves.

Table 4 shows for what aims students are using a mobile phone.
Table 4: Students about aims of using a mobile phone (N/%, Ul — using index, 0 < Ul £ 1).

How often do you use a mobile Every Once Once Less Do not
phone for these aims day aweek amonth than use it
once ul
a month

1. Use a mobile phone to call people 531/80.1 86/13.0 16/2.4 27/4.1 3/0.5 0.92

2. Use a mobile phone to text/ SMS  618/93.2 30/4.5 8/1.2 4/0.6 3/0.5 0.97
people

3. Use a mobile phone to take 69/10.4 221/33.3 162/24.4 118/17.8 93/14.0 0.52
digital photos or movies

4. Use a mobile phone to send 52/7.8 131/19.8 119/17.9 115/17.3 246/37.1 0.36
pictures or movies to other
people

5. Use a mobile phone as a personal 77/11.6 115/17.4 83/12.5 78/11.8 310/46.8 0.34
organiser (e.g. diary, address
book)

6. Use a mobile phone to listen 213/32.1 143/21.6 84/12.7 90/13.6 133/20.1 0.58
music, radio

7. Use a mobile phone to access 99/14.9 94/14.2 65/9.8 108/16.3 297/44.8 0.35
information/ services on the web

8. Use a mobile phone to send or 69/10.4 35/5.3 37/5.6 50/7.5 472/71/2 0.19
receive email

Students use basic functions of a mobile phone almost every day: sending SMS or MMS messages (Ul
=0.97,SD =0.11) and calling people (Ul = 0.92, SD= 0.19). Besides, more than once a month the phone is
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used to listen to music, radio (Ul = 0.58, SD = 0.38), to take photos or movies (Ul = 0.52, SD = 0.30), and
the least it is used to send or receive email (Ul = 0.19, SD = 0.34). Statistically significant deviation on
possibilities of using a mobile phone was noticed only in terms of sex. Male students more often than
female students are using special mobile phone functions: to Take photos or movies - Ul = 0.58, Ul = 0.49
(p < 0.001; df = 661; t = - 3.88); to Surf the net: male - Ul = 0.44, Ul = 0.29 (p < 0.001; df = 661; t = - 5.06);
to Receive and send email: male - Ul = 0.25, Ul = 0.15 (p < 0.001; df = 661; t = - 3.68); to Listen to music,
radio: male - Ul = 0.63, Ul = 0.55 (p < 0.01; df = 661; t = - 2.61).
Respondents were asked for what aims and how often they use the Internet (Table5).

Table5. Students about the aims of using the Internet (N/%, Ul — using index, 0 < Ul £ 1).

How often do you use the Internet Every Oncea Once a Lessthan Do not
for these aims day week month once a use Ul
month

1. Use the web to access a school 173/26.1 294/44.3 95/143  89/13.4 12/1.8 0.70
or university portal

2. Use the web to look up 353/53.2 194/29.3 49/7.4 54/8.1 13/2.0 0.81
reference information for study
purposes (e.g. online
dictionaries)

3. Use the web to browse for 515/77.7 101/15.2 18/2.7 26/3.9 3/0.5 0.91
general information (e.g. news,
holidaying, event timetables)

4. Use the Internet/web or a LAN 171/25.8 134/20.2 87/13.1 98/14.8 173/26.1 0.51
to play networked games

5. Use the web to listen to sound 445/67.1 106/16.0 42/6.3 42/6.3 28/4.2 0.84
recordings (e.g. via streaming
audio or iTunes)

6. Usethe web for other pastimes  226/34.1 194/29.3 107/16.1 92/13.9 44/6.6 0.68
(i.e. for leisure activities,

movies)

7. Use the web to buy or sell 40/6.0 70/10.6 97/14.6 123/18.6 333/50.2 0.26
things (e.g. eBay, Amazon, air
tickets.)

8. Use the web for other services 43/6.5 151/22.8 181/27.3 92/13.9 196/29.6 0.41

(e.g. banking, paying bills)

9. Use the web to send or receive 457/68.9 116/17.5 23/3.5 51/7.7 16/2.4 0.86
email (e.g. Hotmail, Yahoo,
Outlook)

10. Use the web for instant 555/83.7 58/8.7 10/1.5 26/3.9 14/2.1 0.92
messaging/ chat (e.g. MSN,
Yahoo, ICQ)

11. Use the web to build and 16/2.4 32/4.8 36/5.4 56/8.4 523/78.9 0.11
maintain a website

12. Use the web to download MP3 317/47.8 183/27.6 64/9.7 77/11.6 22/3.3 0.76
files (e.g. music, videos,

podcasts)

13. Use the web to download 136/20.5 176/26.5 176/26.5 103/15.5 72/10.9 0.58
software

14. Use the web to share 145/21.9 183/12.6 170/25.6 98/14.8 67/10.1 0.59
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photographs or other digital
material (e.g. using Blinklist,
Flickr)

15. Use the web to make phone 145/21.9 110/16.6 88/13.3 86/13.0 234/35.3 0.44
calls (e.g. VolP using Skype)

16. Use the web for web 69/10.4 100/15.1 91/13.7 117/17.6 286/43.1 0.33
conferencing (e.g. using a
webcam)

17. Use the web to read RSS feeds 76/11.5 102/15.4 60/9.0 82/12.4 343/51.7 0.31
(e.g. news feeds)

18. Use social networking software 183/27.6 111/16.7 104/15.7 105/15.8 160/24.1 0.52
on the web (e.g. MySpace,
Trendster)

Most frequently students use the Internet for communication (Ul = 0.92, SD = 0.21), to browse for
general information (Ul = 0.91, SD = 0.19), for e-mail services (Ul = 0.86, SD = 0.26), to listen to music (Ul
= 0.84, SD = 0.28), for studies (Ul = 0.81, SD = 0.26). The most seldom computer is used for creation of
websites (Ul = 0.11, SD = 0.24), for buying/selling (Ul = 0.26, SD = 0.32). 27.6% of respondents every day
take part in social websites (Ul = 0.52, SD = 0.39), and 24.1% do not use these websites at all. A similar
situation is with the games on the internet (Ul = 0.51, SD = 0.39): 25, 8% use the internet for games every
day and 26.1% do not play on the internet at all.

A statistically significant difference was obtained between students having graduated from city and
regional schools considering participation in social websites: city - Ul = 0.575, regional - Ul = 0.48 (p <
0.005; df = 661; t = 2.79). Statistical analysis showed that social websites are more popular in cities than
in regions. Quite a few significant differences were noticed in the analysis concerning sex. Boys use the
internet significantly more frequently than girls for these purposes: to Send various files (music, video,
e-cards): males - Ul = 0.82, females- Ul = 0.73 (p < 0.001; df = 661; t = - 3.95), to Download necessary
software: males - Ul = 0.74, females - Ul = 0.48 (p < 0.001; df = 661; t = - 10.72), to Watch films: males -
Ul = 0.77, females - Ul = 0.62 (p < 0.001; df = 661; t = - 5.87), to Play games: males - Ul = 0.66, females -
Ul =0.43 (p < 0.001; df = 661; t = - 7.51), to Participate in conference calls/video conferencing: males- Ul
= 0.40, females - Ul = 0.29 (p < 0.001; df = 661; t = - 3.89), to Buy/sell: males - Ul = 0.38, females - Ul =
0.19 (p < 0.001; df = 661; t = - 7.41), to Create websites: males - Ul = 0.18, females - Ul = 0.06 (p < 0.001;
df =661; t =-6.25). We can see that both boys and girls use the internet mostly for communication, for
search of information and for e-mail services. However, boys use the internet much more variably than
girls do.

The aim was to find out if information communication technologies are necessary studying at
university (Table 6).

Table 6: Students about the necessity of communication technologies for studies (N/%, NI —
necessity index, 0 < NI < 1).

Do you need these information communication Yes Neither No
technologies while studying yes nor no NI
1. A computer for general study 631/95.1 27/4.1 5/0.8 0.97
2. A computer to create documents (e.g. using Word, 597/90.0 58/8.7 8/1.3 0.94

Excel, PDFs)

3. A computer to create web pages (e.g. using 100/15.1 152/22.9 411/62.0 0.27

Dreamweaver, Frontpage)

4. A computer to create multimedia presentations 537/81.0 107/16.1 19/2.9 0.89

(e.g. PowerPoint, Director)
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5. Ahandheld computer (e.g. a PDA) as a personal 51/7.7 123/18.6 489/73.7 0.17
organiser (e.g. diary, address book)

6. The web to access a learning portal (e.g. a 'Course' 481/72.5 126/19.1 56/8.4 0.82
or 'Learning Management System')

7. The web to look up or search for information (e.g. 612/92.3 36/5.4 612/92.3 0.95

online dictionaries, Google)
8. The web for other services (e.g. enrolment, sign up 315/47.5 175/26.4 173/26.1 0.61
for tutes, paying fees)

9. The web for instant messaging/ chat (e.g. MSN, 545/82.2 78/11.8 40/6.0 0.88
Yahoo, ICQ)

10. The web to build and maintain a website 78/11.8 128/19.3 457/68.9 0.21

11. Social networking software on the web (e.g. 252/38.0  239/36.0 172/26.0 0.56
MySpace, Trendster)

12. The web to download MP3 files (e.g. podcasts, 567/85.5 66/10.0 30/4.5 0.91
iTunes)

13. The web to download software 474/71.5 129/19.5 60/9.0 0.81

14. The web for web conferencing (e.g. using a 181/27.3 239/36.0  243/36.7 0.45
webcam)

15. The web to read RSS feeds (e.g. news feeds) 161/24.3 186/28.0 316/47.7 0.38

16. A mobile phone to send or receive text messages/ 517/78.0 72/10.9 74/11.2 0.83
SMSs

17. A mobile phone to send or receive email 173/26.1 138/20.8 352/53.1 0.37

18. A mobile phone as a personal organiser 141/21.2 188/28.4 334/50.4 0.35

19. A mobile phone to access web based information 149/22.5 181/27.3 333/50.2 0.36
or services

The most needful information communication technology for the first year students is computer.
Most of all it is necessary for general studies (NI = 0.97, SD = 0.13), to create documents (Rl = 0.94, SD =
0.18), to make presentations (NI = 0.89, SD = 0.24). While studying the internet is the most needful for
information search (NI = 0.95, SD = 0.18), to download various files (NI = 0.91, SD = 0.25), to
talk/communicate (NI = 0.88, SD = 0.26), to download necessary software (NI = 0.81, SD = 0.32).
According to respondents, palmtop computer is little necessary for studies to organise personal schedule
(NI = 0.17, SD = 0.31) and mobile phone for organising personal schedule (NI = 0.35, SD = 0.40). Few
respondents require computer to create websites (NI = 0.27, SD = 0.37), and the internet to create
websites (Rl = 0.21, SD = 0.35). Such results were expected because the great majority of respondents
are studying social sciences.

Statistically significant difference was not noticed concerning the necessity of communication
technologies for studies between students having graduated from city and regional schools. Analysis
considering sex showed that information communication technologies in some aspects are more
necessary for boys: Internet for downloading necessary software; male - NI = 0.87, female - NI =0.78 (p <
0.001; df = 661; t = - 3.39), Mobile phone for searching the net: male - NI = 0.45, female - NI = 0.31 (p <
0.001; df = 661; t = - 4.37), Computer for creation of websites: male - NI = 0.38, female - NI = 0.20 (p <
0.001; df = 661; t = - 5.96), Internet for creation of websites: male - NI = 0.31, female - NI = 0.16 (p <
0.001; df =661;t =-5.76).

Conclusion

Having generalized the results of the research Student and information communication technologies,
we can assert that:
e Respondents have practically unlimited possibilities to use a mobile phone, computer,
internet and e- data mini storage device - USB stick.
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e Relatively new and very expensive digital technologies, such as iPod touch, eBook Reader,
palmtop computer, GPS navigator and other are still little used.

e Respondents, having, for example, iPod touch, most frequently have GPS navigator, eBook
Reader, digital video camera, palmtop computer. This might be predetermined by family
financial possibilities.

e Computer became everyday necessity for students. It is intensively used both for studies and for
leisure time. Boys use more complicated computer functions than girls.

e Almost every day students are using basic mobile phone functions (SMS texting and calling
people). Special mobile phone functions (listen to music, radio, take photos or record videos,
receive and send e-mail) boys use more often than girls do.

e Respondents usually use the internet for communication, information search and for e-mail
services. Boys use the internet much more variably than girls do.

e The most needful information communication technology while studying for the first year
students is computer. It is the most needful for general study needs, to create documents, to
make presentations and so on.
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Abstract: Intergenerational Portfolio Management (IPM) is a process for the development of an e-portfolio of
knowledge, skills and competencies produced in partnerships between more experienced and less
experienced workers, this often implies older and younger workers. IPM adds a new dimension and
provides a unique setting to explore individual strengths and weaknesses, together with values,
attitudes, and broad experiences that all play a part in how employees view and carry out their jobs.
IPM enables to consider all the issues that the employees think are important in enjoying their job
and doing it well. This could include the broader range of skills and experiences, the work itself and
the systems and context of the workplace. During the IPM learning process, employees may discover
that there are some tasks that they could do better or some tasks that could be changed to make
them more effective at work or make the job more satisfying for them.. The IPM e-portfolio will
provide a good basis for discussion between an individual employee and his/her manager about plans
for future training and development.

Introduction

Intergenerational Portfolio Management

Intergenerational Portfolio Management (IPM) is a process for the development of a portfolio of
knowledge, skills and competencies produced in partnerships between more experienced and less
experienced workers, this often implies older and younger workers. The focus of this European funded
Leonardo da Vinci pilot project is nurses and health care assistants working in Health Services in Austria,
Czech Republic, Greece, the UK and the Netherlands.

A New Dimension

Most health professionals in Europe have a competency framework which sets out the key
professional knowledge, skills and understanding which enables health care workers to fulfill the
requirements of their job. There are also appraisal systems when an individual’s performance, future
training and development needs are discussed with their manager. IPM recognizes there is more to
doing a job well than professional competence and recognizes the importance of personal skills and
qualities.

IPM adds a new dimension and provides a unique setting to explore individual strengths and
weaknesses, together with values, attitudes, and broad experiences that all play a part in how nurses
view and carry out their jobs. It offers nurses, in a safe environment, the opportunity to discuss issues
with a colleague, who will have different values and experiences of life

IPM enables them to consider all the issues that they think are important in enjoying their job and
doing it well. This could include the broader range of skills and experiences, the work itself and the
systems and context of the workplace.

As a result of these discussions and learning, nurses will construct a personal portfolio that sets out
what is important to them. It is not simply a factual history of training and work experience. The portfolio
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will enable the nurse to portray his or her self as a ‘whole’ person and will contain all the information
that they think is important in allowing them to enjoy and do their job well.

During the IPM learning process, nurses may discover that there are some tasks that they could do
better or some tasks that could be changed to make them more effective at work or make the job more
satisfying for them.. The IPM portfolio will provide a good basis for discussion between an individual
nurse and his/her manager about plans for future training and development

Effects and Effectiveness

The pilots showed that there were important aspects for decision makers to consider before
initiating the IPM process: the benefits for the organization and the costs in terms of staff time.
However, responses to these questions depend on the context. In some settings where evaluation and
mutual feedback is not common, IPM functioned primarily as a tool to initiate communication. In other
situations where competence development is a more common practice, IPM really contributed to human
resource management (HRM) development strategy.

This means that IPM is a flexible process and can be used in different situations and contexts.
Therefore it is important to initially identify clear objectives for each situation thereby adding value to
existing processes and creating realistic expectations.

In terms of effectiveness, IPM can initiate communication among nurses and between nurses and
their managers — simultaneously it stimulates an organization debate about performance appraisal,
human resource management (HRM) and competence development. Working on portfolios is a very
practical activity which stimulates discussions about knowledge, skills and attitudes — and also about self
image and the ways in which people view on another. Do we really want to share who and what we are?
Or are we afraid of criticism or other consequences? Here we encountered a difficulty with nurses not
wanting to share their portfolios in organizations and were concerned about confidentiality. For IPM to
be most successful it is important to have a developmental HRM policy. The value of e-portfolios still
needs to be further explored. Although it is more and more common that the computer plays also an
important role in nursing as profession, this does not mean that nurses self evidentially have good
computer skills and feel able to work with ICT-tools. Sharing private data via internet is still perceived as
a threat,

A preliminary conclusion might be that IPM is helpful in many respects for the organization, but it
needs more additional support to enjoy the benefits of sharing e-portfolios within an online competence
management system. The effects might be the strongest when IPM is seen as part of process of cultural
change in the organization towards a more open and sharing community. For such a process it is
important to involve not only the nurses but also other hospital or care home staff such as doctors,
technical staff and porters..

What Are the Potential Costs

Depending on the situation the costs can be low, because IPM can form part of the total staff
development activity of HRM. The most important success factor for IPM is the availability of time. A well
structured process of implementation and support is crucial and takes time. The minimum needed is
three to four preparation and exchange meetings (2 — 3 hours) in a half year and each nurse needs 2- 3
hours monthly for duo-interviews and creating and updating the portfolio. Further management time is
needed to establish the duos and creating the right matches The more clearly one defines what one
expects from the duos and IPM the easier it is to be effective.

What Are the Benefits for the Organization

The benefits for the organization can be identified on different levels starting with the nurse and
care assistants themselves — but also for the nurse coordinators, the line managers, heads of department
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and the HR coordinators. Finally there are also benefits for the organization in general and for patients’

care.

Benefits for Nurses and Health Care Assistants

increased job satisfaction,

greater skill sharing in the work environment,
recognition and valuing of individual skills,

learning to listen carefully to others,

feeling more in contact with one another,
strengthening team working,

gaining feedback from other’s experience,
identifying individual strengths and weaknesses,
creating a more harmonious working environment,
creating opportunities to identify training needs,
supporting career planning adapted to longer working lives.

Benefits for Managers, Senior Nurses and HR Coordinators

promotes of exchange and sharing of information

identifies training needs for nurses and care assistants

generates ideas for ongoing service improvement through a participatory process

improves team working, communication and sharing of skills thus developing a more cohesive
workforce

encourages communication between partners which continues in the workplace

promotes a good working environment

promotes sharing of experience and know-how

motives the staff to work better and to feel useful and valued.

creates a better understanding of the special skills and qualities of the members of the staff
increases communication with the staff

raises awareness of informal evaluation techniques

develops a motivated, high performing workforce

implements strategies in workforce planning and retention of nurses

implements strategies for supporting nurses in adapting to longer working lives

introduces a system to support the development of the workforce complementary to the formal
appraisal system

Benefits to the hospitals and care homes

promotes cooperation between the staff members

creates a better image of the management team,

provides a method to overcome “burnout” of staff.

staff felt “flattered” and valued by participating in the project

enables improved knowledge of skills and abilities of staff identifies the training needs of nurses
and health care assistants.

improves the working environment and thus has a direct impact on patient care.
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IPM as Process of Cultural Change Options and Perspectives

Why starting with IPM?

Originally we have introduced IPM as a human resource instrument to encourage older nurses and
retain them in the hospital setting, using and capitalizing on their rich experience. As a result of piloting
we have learned that there are other ways to introduce IPM and to emphasize the general benefits of
nurses and health care assistants working together.

We describe IPM as a process for the development of a portfolio of knowledge, skills and
competencies produced in the partnership between more experienced and less experienced, often older
and younger workers. The first question should be what do you think would be the benefits of IPM for
your organization. The answers might be different, but they can help you to identify how and what IPM
really can contribute to your organizational aims and objectives. Maybe you would like to create more
equal balance in age and experience in your organization. Or you want to avoid ‘burnout’ of more
experienced nurses. Maybe you first of all want to improve communication between workers of different
ages and backgrounds. Or you may want to improve your human resource management systems. Or you
may want to initiate the process of performance appraisal by working with portfolios. Or you may want
to implement the use of e-portfolios. These are all good reasons to use IPM as an instrument in your
organization.. However in all cases introduction and implementation of IPM could be part of a process of
cultural change in your organization.

Policy and practice

We also experienced that there is sometimes a gap between organizational policy and day to day
practice. In European, policies of employers in health services, often are require a patient centered
approach, with high quality of care, provided by an age — positive approach to human resource
management.

Currently there are constraints and challenges for health systems including: funding, privatization,
quality of management; poor salaries (especially those lower in the hierarchy), poor communication, and
top heavy management systems.

In this context IPM relates to both policy and practice levels. IPM could be the ideal tool in daily
practice and at a policy level. IPM can be tailor made to address the problems and challenges in
institutions.

What is your approach?
Broadly, there are two main challenges to work towards:

e Perfection approach: where we do the best we can from an HRM perspective and therefore
consider how IPM can provide added value

e Improvement approach: where we aim at improvement and are a developmental organization
and want to know what IPM can offer support for this.

Perfection approach

If your organization adopts the perfection approach how can IPM be effectively integrated into
current instruments and measures. If the organization already works with portfolios, the format of the e-
portfolio should be made similar to that already in use. If the organization uses a competence model, the
elements of this model should be used in the e-portfolio. If the organization already has a mentorship
program this should be harmonized with the partnership pairs of IPM. Secondly we need to check if IPM
is in conflicts with other processes or experiences, in your organization. For example, previous negative
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experiences with mentorship may inhibit the effective implementation of IPM. Consideration would
need to be given to solving these problems in advance. Through careful analysis of the start situation, a
tailor made IPM process can be designed and developed to improve your organization and make it more
effective. Different implementation models for the IPM process can be developed depending on the
priorities of the organization:

e If ageis a criterion, - then intergenerational pairs can be established

e If the focus is more on communication — then pairs should focus more on sharing experiences
and exploring strengths and weaknesses.

e If broader equality issues, like ethnic, cultural backgrounds, and gender, are important, - then a
pairing process that brings these individuals together can be applied

e If the emphasis is on competence development model, portfolio design and creating e-portfolios
— then the IPM can be used to test the existing competence model and developing the e-
portfolio

e If emphasis is on personal development plans and identifying learning needs — then the IPM
process will be based on outcomes of the paired work which focuses on skills and competences
and further training which is identified.

Improvement approach

If your organization identifies itself more as the improvement approach it is necessary to identify
what your organization wants to change IPM can play a crucial role in this organizational change. IPM
can be used in several situations:

e improvement of communication

e improvement of corporate image

e improvement of HRM processes

e implementation of portfolio development

e implementation of competence model

e implementation of e-learning environment

e implementation of personal development plans

However, to improve your organization it is recommended to establish a change development plan
and strategy. Then identify how IPM can be part of this strategy. IPM will be effective within the wider
strategy which you have developed to realize changes in the organization, it is not in itself the instrument
for change.

Change management

Organizational change has both content and process dimensions. It is one approach, for instance, to
introduce IPM in a functionally organized health service. It is quite another to introduce IPM in a health
insurer which is organized along product lines and market segments. It is quite different to introduce a
system into an educational establishment that relies on a matrix structure. The ‘languages’ spoken and
the approaches differ. The values differ. The cultures differ. Also, at a detailed level, the problems differ.
However, the overall processes of change and change management remain pretty much the same, and it
is this fundamental similarity of the change processes across organizations, industries, and structures
that makes change management a task, a process, and an area of professional practice. A generic
approach of change management is:
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Step 1 Step 2 Step 3 Step 4

Sense of urgency  What Huil.‘r Project work
Validation Objectives Developing Design and
of for change astrategy control of the
the to be for change organization for
arguments realized change
for change

Each of these steps is critical. However, in the pilots some of these steps have not been fully
developed.. If you want to use IPM for a process of change in your organization we recommend
consideration of: What do you want to change? How do you want to approach it? Before starting the
process of change, consider carefully what kind of organization do we want to be:

Mission driven organization
Product oriented

Professional organisation Protocol driven, methods
organisation and techniques as gold
Association of professionals riles

Project organization
Client’s needs oriented

Protocol or mission driven organizations, like the Czech and the Dutch pilot hospitals, are the most
difficult. The effect of IPM depends on the way it can and is embedded in daily practices in your
organization. Client centered and result oriented organizations, like in UK and Austria, seem to be more
successful here. Also for organizations which are already involved in transformation processes, like the
Greek nursing homes, it can be easier to make IPM part of the transformation. When the process of
change has been identified, it can be helpful to consider the how to go from A (start situation) to B (final

situation):
B Final Situation difficult categories
Clear! Not clear (7) Dettar to avoid!

’ ; | =1 | > 7
Clear ()| Theanalytical | Theexploring
organization organization
A Start Situation
P P=7

Chaotic

ot clear (7)| Mission driven ic
organization

organization

The realization of the plan for change —input which change the situation need to be implemented
based on the desired impact on the organization. For a greater impact it is necessary to link the
introduction of IPM to the whole organizational aims including a positive HRM approach and the process
of transfer of knowledge within the organization:

1. Presentation and explanation LIGHT
of the plan for change

2. Virtual implementation: IMPACT ON
simulation of the process THE SITUATION

(management game, role play)
Real implementation in small pilots
4. Real implementation organization wide STRONG

w
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Consider the main factors that can create solutions for resistance for successful change:

e The senior staff should be committed and engaged

e The senior staff should make choices (and not too late) for possible alternative forms of
implementation

e There needs to be commitment and clarity about the current and requested image of the
organization

e The organization needs enough time for the process of change, there should be time for
consolidation

e The power of the change agents needs to correspond with the level of responsibility

e Power games, political behavior, competition and territorial operating should be avoided: things
should be done as agreed.

e People needs to be motivated to learn, for personal and professional development:
conservatism, maintain what they currently posses, hang on to existing routines should be
tackled and avoided

e There should be a need for a collective ambition — a need for shared values

e Anythingelse: ..........

Who knows his enemy, knows how to combat him.....
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Abstract: The effectiveness of the educational process is given by such factors as learner’s intelligence, prior
knowledge, level of motivation, stress, self-confidence, and learner’s cognitive and learning style. The
process of instruction supported by ICT is considered suitable and beneficial for learners of all styles.
The reason is it offers a wide range of activities which can be aimed at any learning style and used by
any teaching style instructor. The possibility of individualization of the educational process from the
both students” and teachers’ point of view is the greatest advantage.

Introduction

Large experience gained in the process of ICT implementation in education received lately has started
new discussions on the theory of learning and teaching styles. They play an important role in the process
of instruction, especially if it is managed by a Learning Management System. (Simonova, 2008)

A wide range of tools is available to authors of eLearning courses which can accommodate all learning
styles, and students choose those activities which suit them best.

Although interactive multimedia tools offer numerous advantages, there exist several conflicting
ideas concerning practical application of learning styles. (Mares, 1998) The effectiveness of the
educational process is given by many factors, e.g. learner’s intelligence, level of knowledge, motivation,
self-confidence, and learner’s cognitive and learning style. Teacher’s teaching style and the
matches/mismatches with students” learning styles influence the efficiency of the educational process to
a large extent. Some authors (Felder and Silverman, 1998) say (instead others) that mismatching can
cause further educational problems. It favours certain students and discriminates others, especially if the
mismatches are extreme. On the other hand, if the same teaching style is used repeatedly, students
become bored. (Gregorc, 1979)

The process of instruction supported by ICT may become suitable and beneficial for learners of
various styles. The reason is it offers a wide range of tools and activities which can be tailored to any
learning style and used by any teaching style instructor. The possibility to individualize the educational
process from the both students” and teachers’ point of view belongs to valuable advantages of
eLearning. (Simonova et al., 2009)

A Flexible Model of the ICT Supported Educational Process Reflecting
Individual Learning Styles

New possibilities offered by modern technologies produce new questions. Numerous educators face
the problem whether the educational process which is supported or managed by ICT and tailored to the
preferred student’s learning style is more efficient than if the learning style in not taken into account.

Answer to this question is been discovered within the project "A flexible model of the ICT supported
educational process reflecting individual learning styles". The project is currently solved by a joint team
of researchers from the Faculty of Informatics and Management and Faculty of Education, University of
Hradec Kralové.

The main objective of the project is to find out whether using ICT-supported methods of instruction
which reflect individual learning styles results in significantly higher level of students” knowledge in
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comparison to the traditional, majority (i.e. non-individualized) way of instruction. The main evaluative
criteria are the quality, meaningfulness, effectiveness and limits of ICT/LMS implementation in the
instructional process considering individual learning styles, and present proposals to its optimal
contribution and extent. (Poulova, 2009)

Learning Combination Inventory

The project proceeds from the assumption that it is important for a student to be aware of his/her
learning style, know what his/her strengths and weaknesses are and be provided a variety of
instructional methods to choose the most suitable ones.

There exists a wide range of tools to define individual learning styles, both national and international.
The research team has decided to use the "Learning Combination Inventory" (LCI) by Christine A.
Johnston. Johnston created her model on the principle of "unlocking the will to learn". It emphasizes not
the product of learning, but the process of learning, and focuses on how to unlock and what unlocks the
learner’s motivation and ability to learn, i.e. she tends to discover ways to achieving learner’s optimum
intellectual development. (Johnston, 2006) Johnston’s professional life has spanned three decades of
teaching and researching focused on nurturing of real schools, real students and real educators, paying
attention to effective communication and a clear understanding of the student-centred learning process.

LCl is a statistically valid and reliable instrument that measures the degree to which a person uses
four interactive patterns of learning and operation. Johnston distinguishes four basic patterns:

e Sequential Processor;
Precise Processor;
Technical Processor;
Confluent Processor.

Each of them participates in the individual’s process of learning to some extent, while some of them
are preferred, others rejected.

Unlike other similar tools the LCI is easily and clearly evaluated. It consists of 28 closed questions
supported by three open ones, which serve for verifying the determined patterns.

These were the most cogent arguments in the decision-making process which tool suits best to the
project purposes.

Hence the main objective of project "A flexible model of the ICT supported educational process
reflecting individual learning styles" is to adapt LCI to the conditions of Czech university education and
run an experiment to find out whether using methods of instruction reflecting individual learning styles
result in improving students” knowledge significantly.

The Questionnaire Monitoring Preferred Formats of Study Materials

The project started with a pre-activity which aimed at detecting whether student’s choice of a certain
type of study materials and tools is influenced by the detected pattern. A simple questionnaire
consisting of nine questions was prepared for this purpose in which students defined their relation to
following types of study materials:

e books and professional literature;

e electronic study texts;

e presentations;

e video-recorded lectures;

e animations;

e selftests;

e hands-on tasks and examples

e other supportive materials, e.g. dictionary.
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Students were asked to define what type of study materials they prefer when preparing for lessons
during the term and studying for exams. Single items were in the form of statements and evaluated by a
five-degree scale, e.g. question N. 4:

4. If there exists a full eLearning support for the subject containing PowerPoint presentations, | used
them:
1 2 3 4 5
never hardly any time  sometimes  almost always always

Examples of all types of study materials were provided so that no misunderstandings may appear. The
questionnaire was distributed during the summer term in 2009/10 academic year to 107 students of the
Faculty of Informatics and Management, University of Hradec Kralové, in study programmes Applied
Informatics and Information management, who also filled in the LCl. So consequently mutual relations
can be researched among single patterns and preferred types of study materials.

The Received Results Proved Some Expectations

Today’s students, mainly those of technical specializations, seldom work with printed sources. Only
1% of students almost always buy the recommended books, one third (33 %) does this sometimes and
two thirds (66 %) do not buy books at all. This fact could be influenced by the price. Nevertheless, similar
results appeared in question dealing with borrowing printed sources which are available in university
library. Only 7% of students borrow books regularly, half of them (48 %) do this sometimes and 45 %
never or hardly any time borrow the recommended books. (see Figure 1)

Iborrow / | buy the literature
recommended by teacher

always
almost always
sometimes ¥ |borrow
hardlyany time —
never ¥ Ibuy

0% 20% 40% 60%

Figure 1: The use of printed books.

The results show the students prefer work with electronic materials if they are provided by the
teacher in LMS, which is not surprising because students participating in the research were of Informatics
study programme.

Nearly all students (93 %) always and almost always use presentations of the topics, 5 % use them
sometimes and only 2 % of students never use the presentations. Vast majority of students (87 %) always
and almost always works with electronic study texts, 10 % use them sometimes, 2 % hardly any time
and only 1 % never uses electronic study texts. Other types of study materials (e.g. dictionary) are used
in a considerably little extent. 42 % of students always and almost always use them, another 41 %
sometimes, 17 % of students say they never and hardly any time work with other types of study
materials. (see Figure 2)
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Ifthere exists a full eLearning support for the
subject, | use:

100%
80% H always
60% almost always
40% sometimes
20%

® hardly any time

0%
H never

Study texts Presentations Dictionary

Figure 2: The use of electronic study texts, presentations and other supportive materials.

In some elLearning courses animations, video-recorded lectures or case studies are available which
make some difficult parts of learning content easier to understand. These materials are used less than
presentations or study texts. Animations are more frequently used; more than half of students always
and almost always uses them (53 %) if they are available, one third of students (34 %) sometimes and
only 13 % never and hardly any time work with them. Video-recordings, which are more demanding to
be prepared and can be found only in selected elLearning courses, are less popular among students.
More than one third of students (38 %) never and hardly any time uses them, one third (33 %)
sometimes and even fewer students (29 %) always and almost always work with them if they are
available. (see Figure 3)

If there exists a full eLearning support for
the subject, | use:

always
almost always
sometimes B Animations
hardly any time ) :
yany B Video-recordings
never

0% 20% 40% 60%

Figure 3: The use of animations and video-recorded lectures.

Designers of elearning courses include various feedback-providing tools, such as selftests and
numerous hands-on examples or tasks. Although these are to help students understand the problem,
they are used less frequently than study texts and presentations. More than two thirds of students (68
%) always and almost always use the provided examples, 28 % sometimes and 4 % never work with
them. Selftests are even less used. More than one fourth never and hardly any time uses them, 39 %
sometimes and only fewer than one third (31 %) always and almost always work with them. (see Figure
4)
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If there exists a full eLearning support for
the subject, | use:

0,

almost always

50% — —
sometimes
0% B hardly any time
Selftests Tasks B never

Figure 4: The use of selftests and hands-on tasks.

Conclusions

University education, which has been changing under the influence of latest technology development,
can be researched from various, different points of view. Currently it is obvious that education supported
by ICT enables easier and more complex realization of the instructional process, it offers choice of place,
time and pace for studying. At the same time the ICT-supported education allows an individual approach
to students preferring various learning styles. These are the key values important for the effectiveness of
the process. The main objective of the project "A flexible model of the ICT supported educational process
reflecting individual learning styles" is to contribute to this process.(Simonova and Bilek, 2010) In
following phases of the research the team is going to pay attention to discovering relations between the
preferring/rejecting single patterns and liking for certain types of study materials.
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Abstract: Virtual prediction market is an online simulation game running in the Faculty of Economics since
autumn 2007 as a support education process in the selected course. Prediction market is a
speculative market created for purpose of making predictions. Assets are created according to the
final cash value that is tied to a particular event (e.g. Barack Obama will become U.S. president) or to
estimate a score (e.g. the close value of PX index on Friday February 19th). The current market prices
can be also interpreted as predictions of the probability of the event or the expected value of the
score. In the paper this simulation game FreeMarket is presented as the part of courses Financial
Mathematics and Capital Markets Analysis. The prediction market and quality of prediction estimates
depend on the amount of the market participants and their trade activity. That’s why it’s necessary to
motivate students to trade on such market. The paper introduces some methods to increase activity
of students (market participants). First of all the results of market trades are supplement to final
students’ evaluation in these courses in the form of points that are added to total score of every
student. In reality the FreeMarket credits (money), that student earns on the market, are transferred
to points according to the declared rate. These points help students to increase their score for credit
and final exam. The interconnection between simulation game and LMS Moodle is described together
with description of transfer process. All these processes automatically and periodically update the
students’ score of assignment that is created in Moodle course for these purposes. Next in the paper
the other tools to increase students’ motivation are presented. As support of trade volume and
market liquidity to increase the automatic process of stocks order regulations are introduced. This
regulation is realized in two ways. In the first case the amount of stocks of already emitted events on
the market is increased according to users market demand. In the second approach the list of events
is prepared as external data file, the data are loaded to the system and then selected events are
automatically placed to the market according to the demanded start date of every event. Next
motivation factor for student activity showed is “FreeMarket inflation” that depends on the amount
of free money in the system compared to the amount of orders and current stocks value. The way of
inflation calculation is presented and its influence to the increased volume trades is explained. Finally
other characteristics of FreeMarket are presented. The calculation of FreeMarket index and volume
of trades are explained. Some of these characteristics became subject of students’ interest in the
form of proposed events. Thanks to this interest the premises were created for future automatic
generation and sophisticated estimated opening prices not only for internal FreeMarket
characteristics but also for external real financial market or economic indicators.

Introduction

In the paper the simulation game FreeMarket (FM) on the base of virtual prediction market is
presented. The main system functionality is presented e.g. selected event or parameters
prediction. The right system function — precise prediction — is conditional on the number of
active market participants. That’s why it is needed to motivate market participants (mostly
students of financial mathematics and capital markets analysis courses) to increase their trade
activities. In the paper some of motivate tools are explained. First of all we show the
interconnection of the market with LMS system and students’ evaluation. Next the increasing of
trade volume and market liquidity is supported by the automatic process of supply stocks
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regulations. Next explained motivation factor, “FM inflation”, became very useful for student
activity increasing. Finally the main characteristics of FM are presented. Some of these
characteristics became subject of students’ interest in the form of proposed events. Thanks to
this interest the premises for future automatic generation and sophisticated estimated opening
prices were created.

Virtual Prediction Market

Prediction markets are speculative markets created for the purpose of making predictions.
Assets are created whose final cash value is tied to a particular event (e.g., the winner of next
Czech Parliament election will be Civic Democratic Party) or parameter (e.g., the close value of
PX index on Friday 16.4.2010). Other names for these markets are predictive markets,
information markets, decision markets, idea futures, event derivatives, or virtual markets. The
current market prices can then be interpreted as predictions of the probability of the event or
the expected value of the parameter. People who buy low and sell high are rewarded for
improving the market prediction, while those who buy high and sell low are punished for
degrading the market prediction (Wikipedia, 2010).

Many prediction market are open to the public. Betfair is the world's biggest prediction
exchange, with around $28 billion traded in 2007. Intrade is a for-profit company with a large
variety of contracts not including sports. The lowa Electronic Markets is an academic market
examining elections where positions are limited to $500. This market was opened in 1988
(I.E.M., 2008). The I.E.M. routinely outperforms major national polls. In the last four presidential
elections, for instance, almost six hundred different polls were conducted, and the I.LE.M.’s
market price on the day each of them was released turned out to be closer to the election
results seventy-five per cent of the time. And the I.E.M.’s election-eve predictions in those four
contests were off by an average of just 1.37 per cent.

Other prediction market, the Hollywood Stock Exchange, which allows people to speculate on
box-office returns, opening-weekend performance, and the Oscars, has also been prescient.
Traders’ predictions of opening-weekend returns are more accurate than the movie industry’s
forecasts, and the Exchange has done a good job of foreseeing nominations as well. Last year, its
traders correctly predicted thirty-five of the forty Oscar nominees in the top eight categories.
The participants of these markets also “decide” the results of Iraq war and the Sadam Hussain’s
destiny. (Surowiecki, 2003)

Why do decision markets work so well? They are extremely efficient at aggregating
information and tapping into the collective wisdom of a group of traders, and groups are almost
always smarter than the smartest people in them. As in financial markets, the incentive to get
the better of others (whether the reward is profit or mere satisfaction) causes traders to seek
out good information. The absence of hierarchy - markets don’t have vice-presidents - insures
that no single person has too much influence and that diverse viewpoints
don’t get shut out. (Surowiecki, 2003)

Virtual Prediction Market on the Faculty of Economics

Electronic prediction market has run since November 2007 on the Faculty of Economics, UWB
in Pilsen. To this time 612 users are registered and 468 of them, participants of course Financial
Mathematics, registered in fall semester 2009/2010. On the market 1530 shares were emitted
and 1445 of them were closed (begin of March 2010).
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The shares are divided in 4 areas
e Policy
e Sport
e Entertainment
e Economy

Each participant receives 5000 credits (money units, points) hen registering or 1000 credit hen
passes final exam for FM broker and receives FM broker concession number. The applicant can
pass the exam together studying the trading ways in e-learning course that is supplement of the
FM system. (Gangur, 2008, Gangur, 2009) The current winner earns 130000 pt. during 4 months.
The examples of selected shares follow

Closed shares

B. Obama will win nomination for president in Democratic Party
H. Clinton will win nomination for president in Democratic Party
e J. McCain will win nomination for president in Republican Party
B. Obama will win USA presidential election
H. Clinton will win USA presidential election
J. McCain will win USA presidential election

Opened current shares

e (SSD (Czech Social Democratic Party) will become member of Czech parliament
e ODS (Civic Democratic Party) will become member of Czech parliament

eGP (Green Party) will become member of Czech parliament

e Other party (‘Small’ parties) will become member of Czech parliament

Interconnection Between FM and Moodle

From fall semester 2009/2010 the FM system was interconnected with the LMS Moodle. The
reasons for this connection are to increase student motivation and to prevent some students
from “black” trade realization.

In the first case thanks to this connection the students could transfer their earned points to
Financial Mathematics course credits in announced rate (1:5000 for inclusion and 1:50000 for
exam). The credits are put as evaluation of offline assignment in the course. These points help
to students to reach inclusion and also were added to final result of exam as additional credit.
The students can set the amount of transfer points in any time during semester. The whole
process is automatic without any intervention of course teacher.

Some students created “black” accounts, they receive more start points from every such
account and then they transfer points to one official account with help of illegal trade. The
connection to LMS Moodle with the course Financial Mathematics allows control the number of
created account. Every participant of FM has to be enrolled in selected courses in LMS Moodle
and then can create only one account. The interconnection is shown on the Fig. 1.
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< Check for course enrolment |

[ Conformation of course enrolment >

LMS Moodle FreeMarket

Offline
assignment

Transfer of points to credits

Figure 1: Principles of interconnection between FM and Moodle (Source: own)

FM Indices

We propose own indices of this market that describes the market beahavor according to trade
volume. The value of indices is updated one time per day and it is calculated by iteration method from
the following formula

I(t+1) = I(t)*KT(t+1)/KB(t+1)
where

o  KT(t+1) = My (t+1)/Mcur(t) is the coefficient of market capitalization change
KB(t+1) = Mopen(t+1)/Mopen(t) is the coefficient of base capitalization change

o  M(t+1) — current market capitalization of opened shares in the day according to their current
market price e.g. the number of shares multiplied by their current price

®  Mgpen(t+1) — market capitalization of opened shares in the day according to their opening price
e.g. the number of shares multiplied by their opening price

The progess of FM indices in fall semestr 2009/2010 is shown on Fig. 2. We can see on the
figure the indices increase at the fall semester beginning, the increase after 11.10.2009 when
the inflation was implemented to system and the increase at the end during exam period when
some students needed to collect additional points for exam.
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Figure 2: FM Indices for period 09/2009-01/2010 (Source: own)

FM Inflation

The most of FM participants, the student of Financial Mathematics course, registered to FM and by
this act their activities in the system finish. They were satisfied by profit of start 10000 points (2 credits
for inclusion) and they don’t need to trade on the market. That’s why the inflation was implemented to
the FM system. The main reason for inflation implementation was encouragement of the trade volume.
A lot of free cash money were in the FM system.

The FM participants would have to try to decrease this free cash money and by this way to decrease
also inflation, that decreases every day the nominal value of the participants’ points in FM followin the
formula

CM = CM*(1-R¢/360)
where

e CMis free cash points on participant’s account
e R isinflation ratio

According to described reasons and setting inflation source the formula for inflation ratio was
constructed

Ri=(TC-TD)/TO-1
where

e TCis total free cash on the accounts

e TDis total demand = the number of demnaded shares * buy price

e TO s is total supply = the number of shares emited by system administrator (new shares) * their
current price + total value of stock-in-trade (the number of stock-in-trade * their current price)

11th October 2009 the first news about inflation was published in the FM system. The R; value was
published every day. Kazdy den je aktualizovana zprava o inflaci v podobé roéni sazby. During 1 month
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period the inflation was decreased from start 296% to inflation about 0. The progess of FM inflation in
fall semestr 2009/2010 is shown on Fig. 3

The figure shows opening depression of inflation and low values of inflation ratio during semester,
and also increasing of ratio at the end of semester when the most participants transferred their free cash
points to credits and finished trading. Some free cash points were transferred out of the FM system, but
the influence of decreasing number of demands and stock-in-trade was too large.

Other Motivation Tools

According to students’ suggestions the other motivate tools were implemented to the system
during fall semester 2009/2010. The tools were developed in the area of new edition of shares.
We proposed and implemented two automatic methods for managing edition.

e Automatic issue of new stocks of existing emission on the market
e Automatic issue of new emission from prepared store of events.

In the first case the system response to demands for next shares if nobody offers them
including system administrator. The system automatically issues next stocks of the demanded
emission every day. The price of these new shares is set up as maximum of 95 and maximum of
all prices in the demand. The number of new stocks is determined according to total demanded
volume, maximum demanded price and price 95. For example if somebody demands 10 stocks
for maximum price 70, the total demanded volume is 700 and the amount of shares is
calculated as round(700/95) + 10.

In the second case we prepare the store of events together with issuing date for every event
and load this store to the FM system. The system then checks the new possible shares with
respect of issuing date every day and places them on the market.

Inflation

350,00%
300,00%
250,00%

o 200,00%
°" 150,00%
100,00%
50,00%
0,00%

—=— |nflace

Figure 3: FM Inflation for period 10/2009-01/2010 (Source: own)
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Conclusion

The most important thing in prediction market processing is active trade of market
participants. On prediction market of Faculty of Economics UWB we use several tools for the
increasing these participants (students) activities on the market. The proposed interconnection
of market with the final evaluation of supported course is one of them. The second one,
including the FreeMarket inflation to the system, is also very useful tool. The influence of the
inflation is shown on the progress of proposed FreeMarket index and its correlation with
inflation progress is presented. Described tools create precondition for the use of virtual market
system for prediction.
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Abstract: Machines knowing content of the documents, i.e. the idea of semantic web, could help with
transmitting the knowledge. The lack of user-friendly tools for acquiring, storing and utilizing
document semantics inflicts very rare usage of semantics among non-specialized users. Semantic-web
research concerns with theoretical issues. We designed the project SELE (Semantic e-learning) to
cope with some of these issues. This project allows user to create open source light-weight tools for
gathering semantics from real usage, usable in further research, and to use these tools (and also their
development) in the learning. This paper describes a structure of the framework, their basic
processes and developed tools and modules.

Introduction

Semantic web (Berners-Lee, 2001) remains still the subject of academic discussions rather than usable
technology. Its need of metadata leads to unrealistic requirements on the users or excessive
requirements on resources and time due to incorporation of sophisticated automatic methods. Real-life
applications incorporated much simpler methods for describing the document content — tagging and
folksonomies (Li et al., 2008). That is Web 2.0 technology building up the semantics from the low level,
combining “atoms” of knowledge of each user. Using Web 2.0 tools in the learning corresponds with the
Connectivism learning theory (Pitner, 2007).

Semantic E-learning Project

The goal of SELE project is a framework of tools combining Web 2.0 approach, more elaborate
backbone technology, and higher usability than semantic-web prototype tools. Requirements evolved as
a result of semantic tools survey:

e The user experience is more important than level of contemporary semantic technology usage,
i.e. ontologies used in tools are lighter, tools shall use a set of corresponding collaborating
specialized ontologies rather than one heavy-weight;

e Standardized technology (OWL for semantics, Fresnel for visualization etc.), open-source and
open interfaces to other processes (learning etc.) are vital. Framework should have modular
architecture.

e Tool, as a part of the learning process, should be easy to understand, correct, concise. That eases
the shared consensus creation of the concepts of the learned domain. It is very important
requirement, because students do not dispose any base knowledge in the beginning.

Any Web 2.0 service is centered on repository of some interesting data — maps, wiki pages,
documents etc. In SELE it is the (e-learning) document repository. There are plenty of legacy learning
documents on web or specialized data not initially intended to be used as learning resource. The work
with general formats allows users to use corresponding processors with better abilities and user
experience than web CMSs have.

As our team teaches a couple of well-attended courses (Java Programming, Mark-up languages),
another requirement is to use tools not even FOR the learning processes, but also to use their
development in the learning (as Master, Bachelor theses or interim projects) — as a part of the Inclusive
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universal access methodology (Pitner et al., 2007); and to integrate learning tools already used — like
project management system (Gregar et al., 2009).

Document Structure

We view the document as a general multimedia container, containing the (structured) text, set of
binary data, and semantic metadata (like EXIF, ID3 etc.) in SELE:

D=T+S+8B (1)

Where T is the textual content, set of words T}, S is the set ({S; ... S,,}) of semantic information about
the document or some of its parts; B is the set of binary data. l.e. metadata could describe text in wiki
page, pictures, or document per se.

The goal is to identify, to detect and to reveal this logical structure in every type of document the
framework could be engaged. Maximizing the dimension of T (and S) allows better computerization and
utilization — i.e. to use same processes on the documents originally from different processors. We
designed the XML format (DocBook derivate) for the formatted text description. It allows profiting from
semantic web and Web 2.0 technologies with preservation of easy document authoring in known user
interface. The main issue is importing and exporting various document types. The easier process is
indeed for the XML-based documents like ODF (first implemented module), Office Open XML or
DocBook, where XSLT can be incorporated. But every document type timuor identifies unambiguously the
function fins, Which for the input document can return its sub-elements:

D= ftrans(timport;tDocBook; Dimport) (2)

That transformation is not always symmetrical (DocBook can have lower descriptive power, API of the
format can be incomplete, i.e. reverse transformation of the D into timper do not end with Djppor. Hence
we store also copy of initial document state: B = {B, Dimport}).

Semantic description of the document has two subsets. There are general level metadata (subset Sg,
major part is gained within the import, using standards like Dublin Core), and results of voluntary
annotation of terms T}, binary elements By, or its segments (subset S4). Annotation function SF, declares
the projection of term to its semantic representation.

Sa=1{Sj| $;=SFa(T), T T U{Sc | Sk= (3)
SFa(Bk), Bc«=B | | Bc= B, B}

Binary structures are bound to the document by the DocBook vocabulary. Semantic data are
connected by standard RDF structures and Linked Data rules. Export from the internal structure can be
performed to the initial format, or any other known by the system. The storage of semantics gives us the
opportunity to show formerly hidden knowledge of the documents (i.e. S), sometimes as the only
information to export (Gregar, 2009).
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Figure 1: Framework structure — importing documents.

Content Management System

The module responsible for the processing of the documents, their importing and exporting, is called
ASCMS (Apache Servicemix Content Management System) (Mudrak, 2009). The internal structure of the
system is based on Service oriented architecture (SOA). ASCMS use Apache ServiceMix ESB framework
and Apache ODE for service orchestration and BPEL language for service composition. Because of
ServiceMix bug, system is temporarily exposed in Apache Tomcat via Codehouse XFire.

Framework works with Entrypoint interface for describing services, which can import (Capture process
in ECM terminology) documents (see Figure 1). Such services implement transforming function fi.gns.
Reference Entrypoint implementation (called DocTransformer) works with OpenOffice.org (0O00) server
side instance. It use library ASCMS200 to access it and transform content of OOo processable formats
into internal structure. But such interface could be implemented also in dedicated modules (DOCX,
DocBook, XHTML is under development). The Entrypoint services can be used also for export of the
document.

Repository

Document repository is composed of the three databases:

e XML database (eXist and dbXMLTL library of the ASCMS) bound via JBI (Java Business
Integration). XML structure allows text mining, indexing, simple fulltext search (implemented by
ASCMS module XMLDocStorage).

e Relation database (Apache Derby, persistency is based on JPA+ implementation EclipseLink). It
stores initial version of the document and binary parts of it. Binary data can be searched via the
similarity search.

e Semantic database (OpenRDF Sesame 2 and eXist). Smaller part stored in XML database is the
directory service for managing the documents in CMS (managed by ASCMS module Metadata).
Data store for the document metadata and stored semantics is OWL repository Sesame 2.
Module SemanticMetadata use it in CMS-related processes for storing document-metadata in
Dublin Core vocabulary. Sesame 2 was selected as a result of our internal survey.
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We selected the lightweight approach of semantic storage via instantiating the set of domain
ontologies (Al-Khalifa, 2008) — for example project development description ontology should annotate
only bits of document which have some value (project author, collaborators etc.). Such instantiating of
independent ontologies creates the set of independent semantic views. And that independence restricts
future utilization. But it can be withdrawn with Linked Data (http://linkeddata.org/) principles or use of
upper ontologies. The semantic utilization also needs different views on the declared semantics. We use
Fresnel Lens (Pietriga, 2005) for defining the intention-ruled sub-graphs.

Visualization

For better knowledge transition we need to visualize the semantics. There are more attempts to
visualize the RDF data. It became obvious that RDF browsers are almost always solving the same issues:
selection of relevant subset of RDF data and adding visual information to it. Hence W3C started an effort
to provide a declarative and universal way to handle these common issues, to standardize visualizing
approaches and avoid reimplementation. As a result Fresnel standard was developed in June 2005. It is a
display vocabulary for RDF (Pietriga, 2005), capable to select the data (Fresnel Lens) and visual style and
data binding (Fresnel Format).

Some applications already used parts of Fresnel standard, for example RDF Browser lIsaViz
(http://www.w3.0rg/2001/11/1saViz/). There is Java library JFresnel implementing the basic vocabulary
of the standard. The nonexistence of authoring tool inhibited the standard. We developed the modular
application Fresnel Editor (FE) for semi-WYSIWYG editation and further visualization. JFresnel was used
as a technological base (It was extended during development). FE uses framework Spring on the
application level and component Lobo for the web-visualization.

FE creates an environment for the accessing the semantic data (stored in Sesame 2 repository). It also
use the repository of Fresnel definitions (also in RDF, hence these two data connections can point to one
repository). The initial version of the system implements the modules for definition of Lens and Formats
in semi-WYSIWYG way. It allows binding them in Groups and activating the visualization. The alternative
Lens and Formats modules for full WYSIWYG definition (for non-IT specialists) are under development, as
well as alternative visualizer capable to export the output in SVG, or the set of specialized Fresnel
Stylesheets. More information about this can be found in (Gregar et al., 2010).

Fresnel Group Fresnel Lens Fresnel Format Visualization
module visual module visual module module (SVG)
-
(=]
© Fresnel Lens Fresnel Format Visualization
g module module module (HTML)
@ )
“§ g graph pruning vis-ion defining
Fresnel Editor Core
Sesame DAO i

stylesheet creation

visualize
Fresnel r. Semantic r.

Figure 2: Fresnel Editor, structure.

semantics

Project Management System

We analyzed the requirements for different project categories managed at MU (Gregar et al., 2009)
and described the processes identified and used to cope with them.

We used the framework of Subversion for storage of the research projects, Wiki for output
presentation (with light usage of Wiki as a blended learning system), project describability and project
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status examining, and Maven 2 for quality measurements of the project. Later we created a fork of the
Open Source system Trac called Deep Thought (DT). DT can manage multiple projects and integrate the
former distinct tools in one mash (Pitner et al. 2007). The second-level integration comes with the
utilization of the semantic repository in the wiki module. The module utilizes library RDFLib and
RDFAIchemy to connect to semantics repository of the framework (Sesame 2).

The system gained the set of wiki-macros to annotate the content or visualize automatically selected
semantic information (like automatically generated list of software projects or project calendar). The
macros are ready for a set of widely used, Linked Data aware ontologies, like DOAP (description of the
project) or FOAF (Friend of the friend), O3 (ontology metadata), GEO (geographical localization), DC
(Dublin Core metadata vocabulary) etc. But the content can be annotated with any RDF-based ontology.

Recently we started to develop the GUI for easy annotation of the content. The wiki-module, as well
as the system itself is under testing now. It is used for the management of the interim student projects.

Iris, Image Annotation

Framework subsystem for picture annotation is called Iris. It is the simple graphic editor capable of
segment the images automatically, describe their content via MPEG-7 descriptors, store that information
and also suggest concepts for picture segments depending on the selected semantic domain. User can
follow that suggestion, or assign semantics independently. The semantic information about the graphic
segmentation, its properties and also the resulting annotation is stored in general multimedia ontology
COMM (Core Ontology for Multimedia, http://comm.semanticweb.org/) (Arndt et al., 2007). The tool has
two distinct prototypes — one developed in .NET framework (Java APl of COMM was translated in C#),
another is under development in Java. The MPEG-7 descriptors are extracted via library Caliph and Emir.

Contribution of Iris is its more mature user interface than existing image-annotation tools. It also
works as a browser of already defined annotations. The semiautomatic proposition of the concept is
based on the computer vision techniques, uses MPEG-7 standard descriptors, COMM ontologies for
describing the picture structure and semantics, and processes of machine learning (Gregar and
Pospisilova, 2006).

Conclusion

The paper gave you the brief overview of the framework structure and their modules in particular. Its
development continues. This semester we started to use the semantically enriched project management
system in the learning, so some interesting usage data will follow. The mayor part of the tools were
developed as Master or Bachelor theses, the visualization editor came public and it is available on
sourceforge.org. There are also other modules, like ontology editing interface into editor Protégé, or
newly designed web interface for browsing stored RDF definitions LinkedData-friendly, i.e. in the human
readable way.
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Abstract: In the field of ICT management is the use of foreign computing sources a relatively new trend. This
trend is more and more current and in future there will be a problem to escape from it. Today the
administration of decentralized IT environment forces companies to employ new IT workers, because
the current administrators are not able to handle the increasing number of a PC stations,
applications, operating systems, databases, information systems, etc. We usually meet the situation
when one employee has not only PC station, but also the notebook, PDA and others. On each of
these devices there are different data and different applications installed on different operating
systems. The most acceptable solution is to start gradual centralization by moving user operating
systems and their applications to the powerful data centres, and then providing personalized
operating system and applications to end users. The personalized OS "runs" on a powerful computing
cluster and the user will be able to access it anytime and anywhere he wants. The purpose of this
article is to inform about new management options using the new ICT possibilities of applying
virtualization, to sketch a possible implementation in the classroom under administration of the
Department of Informatics, and then to present virtualization tools Citrix XenServer and Citrix
XenDesktop and the possibility of deployment. At the beginning it is necessary to consider the rate of
deployment of virtualization technologies, whether to move the whole infrastructure or only some
part into the datacentre. It should also be chosen the appropriate virtualization tool. The chosen
solution passes through the phases of implementation and testing, which proves the propriety of the
solution.

Introduction

Rising popularity of utilization of foreign computing resources forces us to deal with the idea of using
these techniques of the Department of informatics FBE Mendel University in Brno and take advantages
of the benefits which this solution brings. Also thanks to still increasing demand from the fields of study
focusing on informatics and computer technology, the Department of Informatics FBE MUAF in Brno
have experienced and is still experiencing great expansion and in these days there is a need to solve new
demands from the staff and students constantly. We have already decided to solve this problem through
virtualization. The aim of this paper is to inform about the new possibilities of ICT control with using new
possibilities of application virtualization, to propose a possible implementation of classroom
management at the Department of Informatics. | want to point out possibilities of further use of
virtualization itself in teaching at the FBE Mendel in Brno.

The concept of virtualization has increasingly begun to appear in the sixties. Virtualization is
essentially an illusion, which is a source (eg. memory, processor, disk and other peripherals) multiplied
(create multiple copies) and each user gets one or more of these copies. We have virtual memory, virtual
disk and of course the virtual processor. Ultimately, we are able to offer users a full virtual machine
which consists of virtual components. The user has the feeling of total control (ownership) but in real it
he shares specific physical resources with other users. This creates a very dynamic IT infrastructure
(Halamicek, 2009).

In recent years, the processor manufacturer like Intel and AMD recognize the growing importance of
virtualization and extend the processor instruction set 1A-32 platforms, IA-64 and AMDG64. This leads to
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better support a full virtualization, which is difficult to exercise. They extend the technology Silvervale,
AMD Pacifica and Intel's Vanderpool (Halamicek, 2009).

The Benefits of Virtualization Used

e Server consolidation — the process of consolidating small independent server systems in large
systems, usually from the transfer of physical server to virtual machine (P2V).

e Dynamic distribution of power — for web servers is usual to run on many servers, we call it
Cluster Server, which together works on user requirements. However, if we run two or more
Web servers which are loaded at different times, we can load and put out dynamically increase
or reduce the number of virtual machines in the cluster.

e Migration — if the virtual interface is sufficiently independent of the physical interface, we can
consider the possibility of saving the current state of whole virtual machines and transfer
(migration) of this state to another physical machine. This allows us to make changes to the
hardware configuration on a physical machine without noticeable loss of service availability.
Migration also serves as a way how to increase reliability of service.

e Possibility of separation of the development environment — the original main need, why the
virtualization originated, was the need for rigorous separation of development environments.
Before the development of software for mass market, it is necessary to test characteristics in the
environment of many various operating systems. These goal can be achieved with minimal cost
in time and finance with this virtualization help.

Possibilities of Virtual Desktops at the Department of Informatics FBE
Mendel University

Continuous expansion of the Institute of Informatics in recent years, which is due to the growing
interest of students studying the IT field, has brought along a boom in the IT infrastructure of the
Department of Informatics FBE Mendel in Brno. We usually meet with the situation when one employee
has not only a PC station, but also the notebook, PDA and others. Therefore the system administration of
this extensive IT infrastructure is becoming very difficult. Because of that we have decided to centralize
this current decentralized IT infrastructure by technology of virtual desktops.

Today this administration of desktops means manual, time-consuming and expensive work. The
ensuring data security is a complex task in the case of desktops layout throughout the organization of the
Mendel University size. The more users use their computers, the more the application performance is
degraded because patches and application updates inevitably contribute to the "proliferation" of the
whole system. Possible and currently used solution is to replace the computer or reinstall the whole
system, but this is very time consuming and mentally demanding for administrators.

Desktop virtualization technology enables the centralization of desktops in the datacenters which
facilitates their security and backup. Desktop virtualization provides a comprehensive system for desktop
delivery. Virtualization tools like Citrix XenDesktop builds a dynamic virtual desktop on demand while
each user’s logging and always provides a new and original personalized desktop which ensure never
decreasing performance. We can arbitrarily connect individual applications according to needs of users.
These applications are kept as images in the data centre (Citrix, 2009).
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Figure 1: Diagram for virtual desktop. (Citrix.com, 2009)

The administrator takes care of only a few operating systems, keeping them updated, secure and
efficient in case of computing virtual desktop technology. These operating systems are stored as image
files in the data centres and they are called "gold image". For each user or each group of users (for
example, a group of students studying a particular subject) the administrator establishes a group
consisting of a gold image and required applications for teaching the subject. That is way the assembled
OS is published. When the user logs, he is verified by an MS Active Directory and then user profile,
settings and data are connected. Only now there is a complete virtual desktop personalized and ready to
run. The customized OS runs in a virtual environment on the server cluster, assigned applications, the
user profile and data are loaded into the OS. These virtual desktops run in the data centres and they can
benefit from the robust performance of servers which run on. We can use existing PCs, light workstations
or thin clients - as end stations. It depends on the degree of shift in the IT computing environment. We
can use the current workstations like the Desktop Receiver, enabling communication with a remote
desktop while using its current OS installed on the workstation. The logging dialog is offered in the case
of the thin client technology as the first time. Communication between servers and workstations is
provided by high-speed protocols such as ICA, HDX. It suffices a bandwidth 30 Kbps for the continuous
transmission. By using this technology in the future we would like to administer (at least partially) IT
management at of the Department Informatics FBE Mendel University in Brno.

It was applied for grant IGA 2010 for preparation of this technology and creating methodology of
virtual desktops implementation and in other to deploy this technology is submission project FRVS 2011
of name “Virtual Classroom”.

Possibilities of Virtualization in the Education

The idea of using virtualization as a tool for support of the teaching in courses as Innovation for
computer specialist and Operating systems, have been already started to deal in the first mention of
server virtualization in 2006. For these purposes there were bought two servers Dell Power Edge SC1435
in the framework of the project FRVS 2578/2009. On the server there is installed Citrix XenServer
virtualization. Students can learn practically test this virtualization tool, also they can install and then
configure many differential operating systems. After finishing the courses these systems are simply
removed. The usage is evident when teaching the course Operating systems.

For each student can be created a separate server, any OS and of any distribution, in which the
student gets the administrator rights and then can work with the operation system as an administrator,
without risk of damaging anything else than the virtual image. After the end of the semester the virtual
images are removed and created new "clean" operation systems at the beginning next semester. This
access resembles using a file for storing user data and only the owner has an access into this file.
Anything of this would not be possible without the usage of virtualization techniques.
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Summary

Virtualization allows reflecting one of the promises of informatics science - full individualisation of the
environment with highly efficient use of resources. Virtualization reduces costs associated with
managing, purchasing hardware and electricity bills. Today the deploy of some forms of virtualization is
becoming as common as using the operating systems with virtual memory. It enables more efficient
utilization of hardware resources, easier administration, greater availability of services and greater
security. If the established trend continues, we will not only virtual servers, but also user operating
systems and application programs. This transforming of computing environment from the user to the
network is called Cloud Computing.
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Abstract: Students and other people interested in the area of operating and database systems have to their
disposal specialized books, manuals, and web pages. The user’s problem is orientation oneself in the
themes and practical implementation of new methods and products. The purpose of education is to
search useful methods and aspects for supporting optimal knowledge in multicultural and global
societies based on multidimensional methodology. Effective aspects are visualisation and the use of
interactive elements in presentations and simulations. Communication is important from the shared
experiences point of view and special themed knowledge. E-learning requires the same. Optimal
integration of interactive elements into communication with students is helped by simulation the real
situation with Petri Nets. Adaptation the static offer of education materials by dynamic and
interactive elements is not automatic. In the way of searching a well-balanced method is the
inspirational access for contact mapping in a study by IBM called “Advocacy in the customer focused
enterprise”. Specific metrics are important for controlling the seriousness and prestige of given firms.
E-learning also constitutes prestige of a given university, their educators, and others employees. The
recommendation is that students must experience interest, topicality, plasticity, and efficiency.
Students are also clients; clients of e-learning.

Introduction

Information systems in firms and organizations generate a wide spectrum of data. The data is
transferred into information for decision-making. The optimal decision based on correct information and
skills in today’s dynamic and global world creates differential factors of fruitfulness. This process is
closely linked with competitive advantage and knowledge. Information is everywhere, but knowledge is
hard to come by. (Know how, The Economist Intelligence Unit 2005) The optimal resolution to gain
knowledge, skill, or know-how is through continual education. Information technologies can help. Ways
of using this technology depend on general factors in how users use different types of information for
realized activities. Knowledge is often hidden within information of database and information systems,
reports, and dashboards.

Students and users learn how to use information not only from a manual of one thousands pages.
They use the Internet’s services with online help, discussion groups, video recordings, and simulations.
Simulation training constitutes an effective method for resolution of the ever-repeating queries of
students and users of supported software. A number of commercial and free downloadable products
such as Free Screen Recorder, AVI Screen Capture, or Adobe Captivate are available. The advantage of
these tools is that students can replay a given simulation from a selected interest area without worrying
that they will get information that is not relevant to their situation.

Database and Operating Systems Needs and Challenges

Information is omnipresent and its quantity is unlimited. We must decide what information will be
processed and what information will be forgotten. Everyone is aware about information’s value and its
need in decision-making. Computers help information technology users in various categories. The
majority of these computers use an operating system as a basic optimal environment for hosting
applications like Internet browsers, mailers, text editors, or database systems. Installation, upgrade, and



DIVAI 2010 - Distance Learning in Applied Informatics

optimization of an operating system are for many of users a standard activity. Good help-matter is online
help, video animations, simulations, or discussion groups. This situation is similar in area database
systems.

Database systems offer a wide variety of products with useful level adaptability and optimization.
Users can select easy resolution with the support of MS Excel, MS Access, or another product from the
open-source area. These options do not offer further ability as analysis tools in the area of business
intelligence. It necessary to shift from easy resolution to a complex resolution on the basis of a database
system. Business intelligence products offer a next dimension of database systems. This dimension is one
form of the aspects for active use of a database system in the majority of situations in our activities.
Many users have doubts about implementation and database system operation. These doubts include
the level of expert knowledge required, needed time, and financial sources. Such aspects and others are
the aim of various studies and research as for example research on the theme “Small and midsized firms
are not doing everything they can to secure information”. (Prizkum, Computerworld-Aktuality 2009)

The challenge for operating and database systems is how they can help: how to increase influence
and adaptability for new resolutions. These questions are important for area education, and further
training of all users and students. The principle is to have organized ideas and to know what it is
important do, how and what to apply of information technology products for active use. Basically, the
key is a correct philosophy of the given process — methodics, and methods. A good starting point is the
optimal philosophy of education with multidimension access as Multidimensional Development of
Information System (MDIS). (Votisek, 2002) It is centred on data decomposition and functioning with this
data within global architecture. Correct education requires similar elements with well-balanced
methods.

Well-Balanced Methods for Optimal Education

Education is a service with the aim to provide facility, tools, menus, new ideas, and visual exercises to
create a better resolution in practice. This task belongs to the complicated decisions of students.
Education is adapted for the clients (students) in the aspect of time, place, and theme division of smaller
sentences for better receipt of new information. New information must be presented well. A good
presentation is the start of education. Some time and repetition is needed to master new information
with a transfer to true application and skills.

Searching for well-balanced methods for optimal education requires a wide view on education with
all useful aspects. Offered courses and study plans must be adapted for various students with different
goals, preferences, and possibilities. One must resolve the process of backing up a database system;
next, he or she must realize the size change of database files, and others seek active expansion of the
database system in the area of security. Mentioned examples are cases from theme diversity. The time
limit needed for understanding a given theme is another aspect. Some students periodically attend the
course, some students use distance education or e-learning with a few tutorials. Both wish to optimally
master a selected course and given theme. Both need to communicate about the course theme and need
to share and verify acquired experiences.

We can identify a similar connection in the area of managing customer relationship. Managing
customer relationships has an important place in any firm or organization. Applications addressing this
area fall under systems of Customer Relationship Management (CRM). Every firm needs loyal consumers
and they are a valuable benefit. These consumers bring continuous profit and they usually recommend
the vendor’s next potential clients. This is solved through positive care for clients. This care is more than
periodically sending offers or promotion materials. Analysis of consumer experience is key for contact
with a firm. (Zakaznikova loajalita rozumem a citem, THINK! 2008) Contact with the firm is clearly
defined with scalable and emotion metrics. A reason for integration of emotion metrics is experience and
feeling services from the contact with vendors — contact is serious; the firm offers maximum service and
interest. The given theme is described in the IBM study “Advocacy in the customer focused enterprise”,
which is accessed on www.ibm.com. Authors of this study defined four dimensions to decide about a
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consumer feeling for firm. IBM CEM Framework associates use these aspects for analysis and building of
optimal and consistent consumer feelings. The selected aspects are:
e Scaleable output with efficiency, consistency, availability, credibility, flexibility, and comfort,
e Quality products and services with useful and essential services, trademark, and price,
e Navigation for communication and point of contact with branch offices, telephone, Internet, SMS
services, and employees for contact with consumers,
e Emotional effort with respect, integrity, authenticity, empathy, sincerity, and importunateness.

Similarly, one can see a transparent shift to education with integration of a multidimensional view on
the usage in practice. An important interest of universities is to remain in contact with the student. This
process leads to student loyalty based on experience, and optimal knowledge and skill of students with
better use in practice. Every user values user-friendly interface offered information systems for support
education. The form of the user environment has an important influence on the realized method of work
with information and data. Optimal analysis of a user’s environment in interface form is realized by Petri
Nets. Petri Nets are relevant tools for simulating realized activities with model systems such as network,
operating, or database systems. Study based on simulation and model enables focus on important
characteristics of system with regard to simulation target and better understands modelled systems.
(Kochanickova, 2008) Created models use basic elements of Petri Nets. These elements create places and
transitions. Places are displayed in the form of circles and transitions are depicted as rectangle. Places
and transitions are linked with oriented arcs. Benefit is easily demonstrated by offered activities and
their confrontation. Realized own models are created in simulating program of Petri Nets HPSim. (Klimes
and Balogh, 2008)

Support Interactive Communications

Support interactive communication for distance education and e-learning is often based on the
Moodle system. This system serves for creating Internet-based courses and web sites and supports
a social constructionist framework of education. Moodle is open-source software. The word Moodle was
originally an acronym for Modular Object-Oriented Dynamic Learning Environment, which is mostly useful
to programmers and education theorists. (Moodle, 2010) Standard structure of actual courses creates
information about the name of the course, course tutors, communication possibilities, course (goal,
syllabus, literature), important notifications (accreditation, place of delivery seminar paper), and own
teaching materials divided into chapters. Teaching materials are offered available in various formats. For
adding teaching materials, the teacher has the menu “Add teaching materials” at his or her disposal with
items such as Create legend, Create text page, Create web pages, Link to file or web. The useful menu is
Create legend for the creation of titles, and Link to file or web for the creation of link labels to study
materials. These options create static facilities for downloading needed teaching materials without
interactive communication. This communication is important for the correct understanding of new
information and the transfer of this information into skills and knowledge. Optimal communication
between the tutor and students is background for useful educational aspects like respect, authenticity,
integrity, empathy, sincerity, and importunateness.

The Moodle system offers learning activities to support interactive communication. These abilities are
offered for teachers via the “Add an activity” menu with items like Public inquiry, Database, List of
questions, Forum, Chat, Test, Wiki, Lesson, SCORM, and Glossary. Conversational activities are supported
by live chat and an asynchronous discussion forum. Wiki enables students to work together on a given
theme. Online tests offer options for automatic and manual rating of defined questions. Lesson and
SCORM activities transmit content and serve for individualizing presentations based upon a student’s
selections. A glossary of keywords can be created by the teacher for further editing by students. The
Database activity allows the teacher and students to create a collection of records about a given theme.
Format and structure entries are unlimited. Records can include images, files, URLs, or numbers and text.

An optimal view describing the given reality it is created through the model with elements of Petri
Nets. The model for simulating the course environment in the Moodle system is displayed in Figure 1.
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The start point is place P1_List_Courses. This place displays the screen with registered courses of
teacher. The next route leads through the transition T1 Select Course to place
P2_ldentification_Course. The transition rests in the selection of a course by the mouse and the scroll-
bar. Place P2_ldentification_Course displays on the screen a visually marked record of the course. Next
steps are intuitive.

Model build follows defined places:

e P1_List Courses —displays a list of registered courses.

e P2 ldentification_Course — displays a visually marked name of the specified course.

e P3_Information_Course — displays specified groups of information, materials, and activities for
editing.

e P4 _Name_Course, P5_Tutors_Course, P6_Possibillities_Communication, P7_Course,
P8 Important — accesses edited base information about the course.

e P9 Study Materials — accesses offered documents.

e P11 Create_Label, P12 Create_Text Page, P13 Create_ Web Page, P14 LinkToFile_Web,
P15_Display_Directory — accesses needed information for the creation of legend, text page, web
pages, link to file or web, and display directory.

e P10_Study_Activities — accesses offered activities.

e P16 _Publiclnquiry, P17_ListOfQuestions, P18 Database, P19 Chat, P20 _Forum, P21_Glossary,
P22 Test, P23 Wiki, P24 SCORM, P25 Lesson — accesses needed information for creation of
public inquiry, list of questions, database, chat, forum, glossary, test, Wiki, SCORM, and lesson.

e P26_DisplayContent_Course — displays actual information about the course.

Needed transitions of the defined model are:

e T1 Select_Course — searches specified course (specified via scroll bar).

e T2 Display_Content_Course — selects needed information about selected course (selects course
by mouse).

e T3 Editing_Course — specifies the edit mode of needed information, materials, and activities of a
course (button Activate edit mode).

e T4 Add_Study_Material — specifies the menu for the creation of a legend, text page, web pages,
link to file or web, and display directory in a course (menu Add teaching materials).

e T5 Add_Study_Activity — specifies the menu for the creation of a public inquiry, list of questions,
database, chats, forums, glossaries, tests, Wikis, SCORM, and lessons (menu Add an activity).

e T6_EndEditing_Course — confirms registered information, materials, and activities created by
edit process (button Deactivate edit mode).

e T7 _Return_ListCourses — displays all registered courses of teacher for next course select
(specified via scroll bar).

The validity of the defined model is verified by starting the given simulation. A route cycle is built
from place P1 via specified transitions and places. Places P4, P5, and P8 create sections for editing base
information like the name of the course, course tutors, communication possibilities, course (goal,
syllabus, literature), important notifications (accreditation, place of delivery seminar paper) about a
course by the Edit icons. Place P9 and P10 serve as abilities for adding or editing study materials and
activities. The teacher can select from various types of study materials (place P11 — P15) and activities
(place P16 — P25). If the teacher ends the edit mode, it is important to confirm the “Deactivate edit
mode” button. This activity is represented by transition T6. The next route returns to place P1.
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Figure 1: A model of a course environment in the Moodle system

Conclusion

The aim of education is to help all interested persons (students and users) to utilize selected products
and processes. Optimal application of education in the area of operating and database systems needs
effective knowledge about the software, relevant components, and functions. The correct education of
all software products requires access to new versions of products, documentation, and to global
communication. Interactive communication is important for correct understanding of new information
and the transfer of this information into skills and knowledge. Hidden knowledge is valueless and it is lost
for further use. Education avails needed methods, tools, and sources for unblocking the true value of
knowledge and skills to all students. The key is contact with students and the search for new possibilities
on the basis of interactive communication with the inclusion of simulation by Petri Nets. Systems that
support education like Moodle offer learning activities for interactive communication such as Public
inquiry, Database, List of questions, Forum, Chat, Test, Wiki, Glossary, Lesson, and SCORM. Lessons and
SCORM activities transmit content and serve for individualizing presentations based upon a student’s
selections. Students gain benefit from our knowledge and skills by applying new methods and products
in firms and organizations.
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Abstract: The aim of adaptive hypermedia systems is present personalized information for the user which are
relevant and the way, which is the most suitable for him. In the article we analyse usage of adaptive
techniques Direct Guidance and Links Annotation for e-course personalization. The aim of the
analysis is to find out, which technique is more effective in meaning of didactic efficiency. We aimed
at the analysis of suitability of each adaptive technique depending on the type of educational
material. In the experiment, we evaluated whether using of direct adaptive technique (e.g. technique
of Direct Guidance, Hiding Links) is preferable in the lessons which are aimed at modification of the
previous students’ knowledge as in the lesson aimed at acquiring new knowledge.

Uvod

Problematika adaptivnych hypermedidlnych systémov (AHS) vo vzdeldavani v sebe zahffia nielen ich
technickd cast, t.j. potrebu vyrieSenia a implementdcie AHS, navrh adaptivity a Struktiry AHS, ale aj
didaktickd, ktora hlfadd nové moznosti v podpore vyucby s IKT metddou e-learningu a pedagogicko-
psychologickt suvisiacu s tvorbou materidlov pre podporu vyucby, hladanim vhodnej osnovy uciva,
efektivneho podania Studovanej problematiky a pod.

PrispGsobovanie v AHS je zaloZzené na vedomostiach o obsahu jednotlivych vyucbovych stranok,
vazbach medzi nimi a predpokladoch o vedomostiach, preferencidch a dalSich charakteristikach Studenta
(Brusilovsky, 2001). Podstatnou ¢innostou pri tvorbe AHS je prave vytvorenie obsahu a tiez ziskanie a
reprezentdcia vedomosti o prispdsobovani. V sucasnosti sa vyuZivaju najma pristupy zalozené na
explicitnej reprezentacii vedomosti prostrednictvom pravidiel (Bures, 2005).

Adaptivna podpora navigacie

AHS su zaloZzené na dvoch skupinach technik prisp6sobovania: adaptivna prezentdcia a adaptivna
podpora navigacie. Hlavhym spO6sobom adaptivnej prezentacie je adaptivna prezentacia textu. Do
adaptivnej prezentacie preto patria techniky alternativneho zobrazovania fragmentov stranok alebo
celych stranok, alternativne zobrazenie obrazkov, alternativny text, rozbalovaci text a iné (Brusilovsky,
2003). Uskutocneny experiment sa venuje dvom technikam adaptivnej podpory navigacie, z toho dévodu
sa budeme v dalSom texte venovat hlavne tymto technikam.

Adaptivna podpora navigacie spociva v ovplyviiovani cesty pouzivatela v informacnom priestore. Pri
tejto technike vyhodnocuje adaptacné jadro systému vhodnost kazdého zobrazovaného odkazu pre
pouzivatela a predkladd mu vysledok, na zaklade ktorého ovplyviiuje cestu pouzivatela v systéme
dokumentov. Toto ovplyviiovanie moze byt direktivne v tom zmysle, Ze systém znemozni cesty, ktoré nie
su pre pouZivatela v danom kontexte ,vhodné” alebo nedirektivne, kedy réznymi prostriedkami
pouzivatelského rozhrania systém prezentuje pouZzivatelovi odporicané (alebo neodporidcané) cesty v
informacnom priestore. Pri nedirektivnom pristupe systém odkazy iba usporiada podla délezitosti, resp.
inak odlisi dolezity odkaz (Brusilovsky, 2001).

Na realizaciu uvedenych metdd navigacie v informacnom obsahu, ¢i uZ pri direktivnom alebo
nedirektivnom pristupe, sa pouzivaju najma tieto techniky:

e priame vedenie: AHS vedie pouzivatela v informaénom priestore, t.j. vybera najvhodnejsie

koncepty a fragmenty im priradené. Realizuje sa pomocou typického tlacidla ,Dalej,
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e usporiadanie odkazov: odkazy na dalSie stranky sa hierarchicky usporiadaju podla vhodnosti,

e anotacia odkazov: adaptivny systém oznacuje odkazy ,vhodné” pre pouzivatela (De Bra a Calvi,
1998),

e skryvanie odkazov: odkazy, ktoré vedu k neodporucanym informdcidm sa skryju. Skryvanie
mozno realizovat niekolkymi formami: odkaz sa nezobrazi (zobrazi sa iba text odkazu), odkaz sa
blokuje (spdsob prezentacie zavisi od kombinacie nezobrazenia odkazu a anotécie odkazu), alebo
odkaz sa zrusi z prezentdcie,

e generovanie odkazov: AHS dynamicky generuje nové odkazy (napr. objavuje suvislosti medzi
jednotlivymi konceptmi),

e adaptacia map: AHS na zaklade modelu pouzivatela a/alebo modelu prostredia dynamicky
vytvara mapu domény (Bielikova a Saloun, 2007)(Kaplan, 1998)(Paterno a Mancini, 1999).

Realizované experimenty s podobnym zameranim

Pri analyze ¢lankov z dostupnych digitalnych kniznic sme nasli niekolko experimentov zameranych na
vyuZitie AHS vo vzdeldvani a na porovnanie adaptivnych technik.

Medzi prvymi bol experiment, ktory realizoval M. Specht v roku 1998 na Institute for Applied
Information Technology v Sankt Augustin v Nemecku (Specht, 1998). Zaujimavostou je, ze sam M. Specht
priznava, Ze boli realizované dva experimenty, pricom jeden sa skoncil nedspechom, pretoze viacero
Studentov nedokoncilo zaverecny test. V Uspesne realizovanom experimente sa kombinacia adaptivnej
anotacie a skryvania liniek javila ako najlepsSia kombindcia pre ziskavanie novych vedomosti. Autor dospel
k zaveru, Zze kombinacia viacerych foriem adaptécie dokaze Studentom vytvorit dobré a hlavne motivacné
Studijné prostredie, ktoré ich nuti k Studiu. Ako najzaujimavejSie techniky Studenti oznacili adaptivne
odporucanie liniek a kombinaciu odporucania liniek a skryvania liniek.

Podobné vysledky mal i experiment, ktory bol realizovany v roku 1998. K. H66k a M. Svensson sa v
fnom zamerali nielen na porovnanie rozdielov medzi vyucbou s podporou AHS a vyucbou bez adaptivnej
podpory, ale aj na moznosti adaptivity vyucby v prvom roc¢niku Studia v porovnani s ostatnymi ro¢nikmi
(H66k a Svensson, 1998). Vysledky experimentu ukdzali vyznamny vztah medzi predchadzajucimi
vedomostami Studentov a adaptivnou anotaciou Studijnych materiadlov. Vyskumom sa zistilo, Ze Studenti
s dobrymi vstupnymi vedomostami z predkladanej Studijnej problematiky skor preferovali adaptivnu
techniku odporucania odkazov, oproti Studentom so slabsimi vedomostami, ktori skér preferovali
techniku priameho vedenia.

Podobné experimenty boli realizované aj na Katedre informatiky FPV UKF v Nitre (Kapusta a Munk,
2009), (Kapusta, 2009). V nich sme overili didaktickd ucinnost pouzitia adaptivhych hyperemedialnych
systémov vo vysokoskolskom vzdeldvani. Statisticky sme preukdzali, 7e nasadenie systému s priamym
vedenim malo pozitivny vplyv na vysledky zdvere¢ného testu u Studentov Studujucich s touto podporou.
Tiez pri technike adaptivneho odporucania odkazov, napriek tomu, Ze sa nepotvrdil Statisticky vyznamny
rozdiel, bolo na zaklade vysledkov popisnej Statistiky vidiet lepsie vysledky v zdvere¢nom teste. Z
adaptivnych technik sa ako najvhodnejSia z hladiska didaktickej Gc¢innosti javi prave technika priameho
vedenia.

Vhodnost adaptivnych technik v zavislosti od vzdelavacieho obsahu

Pri analyze nasich predchddzajucich experimentov sme si vSimli rozdiely vo vysledkoch zdvere¢ného
testu aj v parcialnom porovnani Uspesnosti Studentov v jednotlivych kapitolach kurzu. Z tohto faktu sme
usudili, Ze vhodnost aplikovania adaptivnych technik je zavisla aj na type vzdelavacieho obsahu.

Pri vyucbe programovacich jazykov maju niekedy Studenti vyhodu, Ze niektoré oblasti problémov
vyucby programovacich jazykov su skoro totozné. Napr. syntax jazyka PHP vychadza z jazyka C, t.j.
Studenti poznajuci programovaci jazyk C si velmi lahko osvoja aj syntax programovacich jazykov, ktoré z
neho vychadzaju. Je zrejmé, ze podobnd Uvahu je mozné urobit asi v kazdom predmete (nie iba v
predmete zameranom na programovacie jazyky), t.j. Ze niektoré Casti predmetov vychadzaju z inych,
predchadzajucich vedomosti, ktoré si uz Studenti osvojili.
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V skdmanej Casti nasho kurzu zameraného na programovanie v jazyku PHP je mozné vzdelavacie
materialy a zaroven lekcie kurzu rozdelit na dve skupiny. Prvou su lekcie, v ktorych ziskané vedomosti
$tudentov vychadzaju, resp. dopliiaji vedomosti predchadzajice, ziskané v inych kurzoch. V
programovani v jazyku PHP to je napr. zakladna syntax vychadzajlca z jazyka C alebo problematika prace
so suborovym systémov, ktora je tiez skoro rovnaka vo vSetkych programovacich jazykoch. Su to lekcie, v
ktorych Studenti ziskavaju nové vedomosti tak, Ze modifikuju svoje predchadzajice. Okrem nich sa
samozrejme v kazdom kurze nachadzaju aj lekcie, v ktorych vyuzitie predchddzajucich vedomosti nie je
také vyznamné. Napr. praca z databdazami pomocou jazyka PHP je téma, ktora je pre predmet Specifick3,
pretoZze na pracu z databazami v réznych programovacich jazykoch je viacero pristupov (napr. aj v
zavislosti od typu programovania — komponentové, objektové, proceduralne a pod.).

Podla ndsho nazoru je vhodnost pouzitia konkrétnej adaptivnej techniky zavisla na type vzdeldvacieho
obsahu. Myslime si, Ze pri lekciach ktoré si zamerané na modifikaciu predchadzajucich vedomosti
Studentov je vhodnejSie pouzit direktivnejSie techniky, napr. techniku priameho vedenia, skryvania
odkazov, pretoZe tieto techniky zabrania povrchnému studiu.

Tento fakt sme overili pomocou experimentu. Experiment sme realizovali v lethom semestri
2008/2009 na vzorke 42 studentov v predmete Programovanie internetovych aplikacii v kombinovanej
forme bakaldrskeho Studia v odbore Aplikovana informatika. V tomto predmete sme skimali 3 tematické
celky zamerané na programovanie v jazyku PHP.

Realizovany experiment

Cielom experimentu je porovnat vzajomny vztah medzi vybranymi adaptivnymi technikami v zavislosti
od vzdelavacieho obsahu. Skiimané adaptivne techniky Adaptivna anotdcia liniek a Priame vedenie (Links
Annotation and Direct Guidance) predstavuju nezavislé vzorky arelativna Uspesnost z jednotlivych
tematickych celkov (Post-Test 1, Post-Test 2, Post-Test 3) predstavuje zavislé vzorky. Mieru osvojenych
vedomosti budeme zistovat vytvorenymi didaktickymi testami z nasledovnych tematickych celkov, ktoré
zaroven predstavuju rézne typy vzdeldvacieho obsahu:

e tematicky celok 1: Zaklady programovania v PHP — téma zamerana na syntax jazyka PHP. KedZe
tdto syntax je podobnd jazyku C, niektoré casti tematického celku su iba modifikdciou uz
nadobudnutych vedomosti, t.j. tieto vedomosti sU univerzalne pre viaceré programovacie jazyk.
Je tu vSak aj viacero rozdielnych casti t.j. Specifickych pre dany jazyk ako napr. deklaracia
premennych a pod.

e tematicky celok 2: Praca so suborovym systémom — téma zamerana na problematiku prace so
sibormi, adresdrmi a suborovym systémom. Logika prace so suborovym systémom je
univerzdlna pre vacsinu programovacich jazykov, rozdiel je zvyCajne iba v ndzve funkcii uréenych
pre pracu so siborovym systémom.

e tematicky celok 3: Praca s databazami v jazyku PHP — téma zamerana na problematiku databaz a
ich programovania pomocou jazyka PHP. VacSina ucebného materidlu je Specificka pre jazyk PHP.

Realizovany experiment pozostaval z nasledovnych krokov:
e Vytvorenie kontrolnej a experimentalnej skupiny
e \ytvorenie meracich procedur a analyza spolahlivosti:
0 odhad reliability pouzitych didaktickych testov
0 identifikacia podozrivych tloh

e Realizacia experimentu:
0 realizécia pretestu v skimanych skupinach,
0 podrobenie experimentalnej skupiny intervencii
0 realizécia posttestu v skiimanych skupinach

e Porozumenie Udajom.

e Overovanie validity pouzitych Statistickych metéd

e Analyza udajov a interpretdcia vysledkov
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Pre experiment bolo zvolené prostredie LMS Moodle. Tento manaZovaci vzdeldvaci systém bol
vybrany nielen z dovodu jeho implemtdcie na nasej univerzite ako univerzitného systému pre e-learning
a elektronickld podporu studia, ale aj Sirokého pouZzivania v akademickej oblasti pri riadeni vyucby. Okrem
viacerych dostupnych aktivit v systéme, ktoré sme pouzili pre tvorbu e-kurzu chceme vyzdvihnit modul
Prednaska, ktory sme pouzili na tvorbu lekcie pre priame vedenie studentov a modul iLMS, ktory sme pre
potreby experimentu implementovali do LMS Moodle. Tento modul bol pouzity ako adaptivny systém
pre odporucanie odkazov.

PocCas semestra sme v predmete ,Programovanie internetovych aplikacii“ sledovali dve skupiny
$tudentov, ktoré boli vytvorené $tandardnym zadelenim do skupin. Studenti boli rozdeleni na nasledovné
skupiny:

1. s podporou modulu pre priame vedenie Studenta (Direct Guidance) — skupina, ktora
Studovala e-kurz s vyuzitim modulu pre priame vedenie,

2. s podporou adaptivneho systému pre odporucanie odkazov (Links Annotation) — skupina, v
ktorej bol nasadeny adaptivny systém iLMS.

Pre takéto zatriedenie do skupin sme sa rozhodli z dévodu, Ze zvolené skupiny maju uZz vytvorené
svoje virtudlne triedy v rdmci systému. Kurzy v oboch skupinach mali jednotnu Strukturu aj obsah. Rozdiel
v jednotlivych kurzoch bol v rozdielnej forme predkladania obsahu vyu¢bového materidlu podla pouzitej
adaptivnej techniky. Ulivo tematickej oblasti bolo rozdelené do malych Casti, tak aby bola ¢ast pri
klasickom rozliSeni obrazovky vysoka na max. 1,5 zobrazitelnej plochy. Po kazdej casti nasledovala
kontrolnd otazka. Napriek tomu, Ze adaptivne systémy poskytuji moznosti pre vytvorenie ovela
zaujimavejSej Struktury kurzu, takato jednoduchd Struktura kurzu bola pouZitd zdmerne, aby sme
»,obohacovanim” adaptivnych kurzov neskresfovali vysledky.

Vysledky experimentu

Rovnocennost skupin sme overili analyzou pretestu. Pretest bol realizovany formou vstupného testu
overujuceho zakladné vedomosti potrebné na zvladnutie preberanej problematiky. Vo vstupnom teste,
ktory pozostdval z 15 otazok, sme sledovali skére a Cas, za ktory jednotlivy Studenti test vypracovali. Na
zaklade vysledkov MANOVA sme potvrdili, Ze rozdiel v skdre pretestu a c¢asu potrebnom na jeho
spracovanie medzi skupinami, nie je Statisticky vyznamny, t.j. Ze skupiny suU rovnocenné.

Po ukonceni studia sme vyhodnotili znalosti Studentov pomocou zdverecného testu. Zaverecny test
pozostaval zo siedmych uloh. Tieto boli zamerané na kontrolu zvladnutia jednotlivych tematickych oblasti
predmetu.

Nulové hypotézy tvrdia, Ze relativna Uspesnost — skore nezavisi od obsahu uéiva a od interakcii tohto
faktora a pouzitej adaptivnej techniky na personalizaciu kurzu. Na testovanie hypotéz sme poutzili analyzu
rozptylu, kde vnutro - skupinovy faktor POSTTEST (Post-Test 1, Post-Test 2, Post-Test 3) predstavuje
opakované merania/zavislé vzorky a medzi - skupinovy faktor Group (Links Annotation, Direct Guidance)
predstavuje nezdvislé vzorky.

Tabulka 1 Upravené univariacné testy pre opakované merania

G-G G-G G-G G-G

Epsilon Adj.df1 Adj.df2 Adj.p

POSTTEST 0.9287 1.8574 74.2952 0.2550
POST*Group 0.9287 1.8574 74.2952 0.0171

Na zdaklade vysledkov analyzy rozptylu pre opakované merania (Tabulka 1) nezamietame nulovu
hypotézu (p > 0.05), ktora tvrdi, Ze nie je Statisticky vyznamny rozdiel v skére testov, t. j. nepreukazali sa
rozdiely v osvojenych vedomostiach z preberanych tématickych celkov.

Nasledujuci graf (Obrazok 1) vizualizuje vysledky analyzy rozptylu pre vnutro - skupinovy faktor
POSTTEST (Post-Test 1, Post-Test 2, Post-Test 3).
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Obrazok 1 Graf priemeru a intervalu spolahlivosti pre premenni POSTTEST

Naopak (Tabulka 1) zamietame nulovd hypotézu s 95% spolahlivostou (p < 0.05), ktora tvrdi, Ze nie je
Statisticky vyznamny rozdiel v kombindcii skére testov a pouzitej adaptivnej techniky. Preukazali sa
rozdiely v osvojenych vedomostiach z preberanych tematickych celkov v zavislosti od pouzitej adaptivnej
techniky na personalizaciu kurzov.

Nasledujuci graf (Obrazok 2) vizualizuje vysledky analyzy rozptylu pre kombinaciu faktorov POSTTEST
(Post-Test 1, Post-Test 2, Post-Test 3) a Group (Links Annotation, Direct Guidance).
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Obrazok 2 Graf priemeru a intervalu spolahlivosti pre parcidlne vysledky premennej POSTTEST

Medzi ktorymi tematickymi celkami z hladiska relativnej UspeSnosti a v zavislosti od pouZitej
adaptivnej techniky je Statisticky vyznamny rozdiel zistime z viacnasobného porovnavania.
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Table 2 LSD test: Identifikacia homogénnych skupin

Group POSTTEST Mean 1 2
Links Annotation Post-Test2 50.00 KA
Links Annotation Post-Testl 53.33 kK
Links Annotation Post-Test3 57.78 HkEx
Direct Guidance Post-Test3 64.20 KA
Direct Guidance Post-Testl 64.82 Hkkx
Direct Guidance Post-Test2 88.89 HkEX

Z viacndsobného porovnavania (Tabulka 2) sme identifikovali jednu homogénnu skupinu, v zmysle
relativnej Uspesnosti z preberanych celkov, kde bola dosiahnutd rovnaka Uspesnost vo vsetkych troch
tematickych celkoch v pripade pouZitia adaptivnej techniky Links Annotation a v prvom a tretom
tématickom celku v pripade pouZitia Direct Guidance. Naopak bol preukdzany Statisticky vyznamny
rozdiel medzi UspesSnostou z druhého celku s pouzitim techniky Direct Guidance na personalizaciu kurzu a
vSetkymi ostatndami bez ohladu na pouziti techniku (p < 0.05).

Aby sme neznizovali silu Statistickych testov overili sme predpoklady validity analyzy rozptylu pre
opakované merania. Na testovanie podmienky sféricity kovarianénej matice sme pouzili Mauchleyov test
sféricity, ktory je uréeny pre opakované merania analyzy rozptylu s viac ako dvoma uroviiami.

Table 3 Mauchleyov test sféricity pre POSTTEST*Group

w Chi-Sqr. df p

POSTTEST 0,923214 3,115887 2 0,210569

Test (Tabulka 3) nie je Statisticky vyznamny, predpoklad nie je poruseny.

Zaver

V naSom experimente sme porovnali a analyzovali vzdjomny vztah medzi vybranymi adaptivhymi
technikami v zavislosti od vzdeldvacieho obsahu. Statisticky sme preukazali, Ze pri lekcidch, ktoré hlavne
modifikuju uz ziskané vedomosti Studentov, t.j. v programovani su to lekcie zamerané na univerzalne
vedomosti rovnaké vo vacsine jazykov, bolo didakticky GcinnejSie nasadenie systému priameho vedenia v
porovnani so systémom pre anotdaciu liniek. Tento fakt bol preukazany pri lekcii zameranej na pracu so
suborovym systémom, ktora je vSeobecna u vacsiny programovacich jazykov. Z popisnej Statistiky je tiez
vidiet lepsie vysledky aj pri lekcii Zaklady programovania v PHP, ktord tiez vychadza z uz existujucich
znalosti Studentov z jazyka C.

Pri u¢ebnych materidloch zameranych na ziskanie Specifickych novych vedomosti pre konkrétny jazyk
nie je pouzitie adaptivnej techniky tak doleZité ako pri univerzalnych vedomostiach. Statistické vysledky
experimentu si odovodniujeme faktom, Ze pri vzdelavacich materidloch, ktoré su zamerané na
modifikaciu uz ziskanych vedomosti maju Studenti sklon k povrchnému studiu. Systém pre anotaciu liniek
im toto povrchné stadium ,,umozni“, kedZe im ucebné materidli iba odporuca. Prave adaptivny systém
priameho vedenia vSak Studentom nedovoli povrchné Stlidium, pretoZze prestudovanie a zobrazenie
nasledujucej Casti je podmienené spravnou odpovedou na jednoduchu otdzku, dspeSnym testom alebo
ulohou.
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Managing a learning process by means of an LMS (Learning Management System) requires solving
complex decision processes which can be handled by using the System for support of decision-making
(DSS). The DSSs are interactive computer systems which help decision-making subjects use data and
models to solve unstructured problems. These systems are mostly based on risk analysis with usage
of experience, judgement, and intuition and they allow a very fast and flexible analysis with fair
response, which enables the use of intuition and judgement of an experienced teacher. Such
decisions are frequently led by undetermined information, which requires other decision models. We
presume a learning process with a closed management cycle using the DSS. The DSS is then
influenced by outside limiting conditions, among others time conditions, minimal qualitative
conditions, etc, as the main and determining for proper securing of the educational process. The LMS
is then roofed by the DSS, which suggests and chooses the most optimal alternative of the
educational process. The DSS is joined by independent parameters which characterize both the
current status of the educational process and restricting conditions and objectives of the top
management. With respect to the fact that the combination of their occurrence has various
probability incidence, we evaluate them by means of expert systems. Independent parameters and
expert knowledge enter the so-called statistic evaluation of probability of the individual suggested
alternatives. The output is a vector of the alternatives which is structured according to the probability
magnitude of the individual alternatives. In addition, each alternative has defined particular
indicators which describe the given alternative. The system of the indicators then enters the
mathematical model which teaches the standard of the given alternative. One of the most used
methods for modelling of such systems uses a functional relation to describe the development of the
parameter in the monitored period. The functional relation, which stems from the behaviour of
dependent and independent parameters, must then necessarily copy various and mostly significant
deviances in the magnitude of the independent parameters. This trend is then automatically
transmitted, for no reason, into the behaviour prognosis of the given parameter. The most usual
cause of such a status is the effort to achieve the best approximation of the time series defining the
behaviour of the given parameters. The aim of the paper is to propose a method eliminating the
above-mentioned, mostly incidental, deviances in behaviour of unknown parameters and thus to
create a model which would simulate the main trends in the parameter behaviour more
authentically.

Rizeni vyukového procesu pomoci LMS (Learning Management System) vyZaduje fedeni sloZitych
rozhodovacich procesu, které Ize zvladnout s vyuZitim Systému na podporu rozhodovani (SNPR). SNPR
jsou interaktivni pocitacové systémy, které pomahaji rozhodovacim subjektim vyuZivat data a modely k
feseni nestrukturovanych problém(. Tyto systémy jsou prevainé zaloZzeny na analyze rizik s vyuZitim
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zkusenosti, Usudku a intuice a umoznujici velmi rychlou a flexibilni analyzu s dobrou odezvou, ¢imz
umoznuji uplatnéni manaZerské intuice a Usudku. Takova to rozhodovani jsou vSak vedena mnohdy s
neurcitymi informacemi, co? vyzaduje jiné modely rozhodovani. Clanek seznamuje se zakladnimi principy
vystavby takového SNPR a jeho zaclenéni do LMS.

Funkce systému na podporu rozhodovani ve vyukovém procesu

Predpokladejme vyukovy proces v némz vyzadujeme uzavieny cyklus fizeni prostfednictvim systému
na podporu rozhodovani. Struktura na obr. 1 vychazi z potieb optimdlniho tizeni vyuky na zdkladé
vnéjsich, tzv. omezujicich podminek a koncepcnich cild vzdélavaci akce.

CILE
OMEZUTJICI VZDELAVACI
PODMINKY AKCE
EXPERTNI CASOVE RADY
——>| SYSTEM NA PODPORU ROZHODOVANI <—
ZNALOSTI UKAZATELU
ROZHRANI LMS Systérn
A 4 4L 4 L ovliviiovani
C 111 1 <—— vzd¢lavaciho
UKAZATELE procesu
VYUKOVEHO PROCESU
LMS

Obr 1. Obecna struktura fizeni vyuky v LMS

Okamzity stav chovani vyukového procesu je zjistovan pomoci rozhrani, které poskytuje vybrané
informace systému na podporu rozhodovdni a ten provadi ohodnoceni jeho stavu. Do systému na
podporu rozhodovani dale vstupuji vnéjsi omezujici podminky, mezi které se fadi napr. ¢asové podminky
(€asovy rozvrh vyuky), minimalni kvalitativni podminky apod. jako hlavni a urcujici pro zajisténi patficné
kvality vyukového procesu. Urcujici pro chovani celého systému fizeni jsou cile vzdélavaci akce. Déle se
vychazi z té skutecnosti, Ze jsou znamy casové rfady rlGznych ukazatell, charakterizujicich chovani
vzdélavaciho procesu v dfivéjSich obdobich. LMS je pak zastfeSen systémem na podporu rozhodovani,
ktery navrhuje a vybird nejoptimalné;si variantu vzdéldvaciho procesu.

Vlastni funkce systému na podporu rozhodovani je naznaceny na obr. 2.
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NEZAVISLE VELICINY EXPERTNI ZNALOSTI

STATICKE OHODNOCENI PRAVDEPODOBNOSTI
NAVRZENYCH VARIANT

|

PRIRAZENI KONKRETNICH UKAZATELU

\/
MATEMATICKY MODEL ~—— CASOVE
RADY
\/

VYBER OPTIMALNI VARIANTY

{

Obr. 2. Funkce systému na podporu rozhodovani

Do systému na podporu rozhodovani vstupuji nezavislé veliCiny, které charakterizuji jednak soucasny
stav vzdélavaciho procesu (zjistovany rozhranim LMS) a jednak omezujici podminky a cile vzdélavaci
akce. Vzhledem k tomu, Ze kombinace jejich vyskytu ma riznou pravdépodobnost vyskytu, pak je pomoci
expertnich znalosti ohodnotime. Nezavislé veli¢iny a expertni znalosti vstupuji do tzv. statického
ohodnoceni pravdépodobnosti jednotlivych navrzenych variant. Vystupem je vektor variant, usporadany
podle velikosti pravdépodobnosti se kterou mohou tyto varianty nastat. Dale pro jednotlivé varianty jsou
uréeny konkrétni ukazatele, které popisuji patficnou variantu. Systém ukazatell dale vstupuje do
matematického modelu, ktery na bazi ucicich ukazatel(, tzn. jejich ¢asovych fad z minulosti ur¢i normu
pfislusné varianty. Vypocet se provadi pro vSechny varianty, z nichZ je nutné v dalSim kroku nalézt
optimalni variantu kombinace ukazatel( pro nasledné fizeni vyukového procesu.

Vymezeni pojmu

Systém reprezentuje urcitou abstrakci redlného objektu, ktery nezkoumame v jeho komplexnosti, ale
zkoumame jen tu ¢ast, kterd nas zajima a kterd je pro chovani objektl, jeZ sledujeme, relevantni.
Samotny systém muZe byt popsan mnoha zpUsoby a rlzni fesitelé problematiky systému chéapaji systém
na rliznych informacnich a strukturalnich Urovnich, coZ snadno vede k nedorozuméni. Proto jisté nebude
bez uzitku pro dalsi praci zavést popis systému pomoci hierarchie tzv. epistemologickych Urovni.
Jednotlivé drovné je nutné volit tak, aby prechod z nizsi na vyssi uroven snizil neurcitost chovani
systému.

Zdrojovy systém

evvs

zdrojovy systém. Je uréen mnozinou veli¢in, ¢asovych okamzikl a hodnot. Jednotlivé veli¢iny na Urovni
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zdrojového systému chdpeme jako zdroje informaci, které v danych ¢asovych okamzicich nabyvaiji
nékterého Udaje z mnoziny hodnot. Na této Urovni neni k dispozici zddna relace mezi jednotlivymi
veli¢inami. Na Urovni zdrojového systému maji vSechny hodnoty stejnou pravdépodobnost.

Data systém

Je-li zdrojovy systém doplnén daty, a to bud namérenymi nebo poZadovanymi, které jsou hodnotami
velic¢in v urcitych ¢asovych okamazicich, pak je tento systém oznacovan jako data systém. Data systém je
tedy definovén jako dvojice S1 = (S0, Ma), kde SO je definice systému na Urovni zdrojového systému a Ma
je tzv. matice aktivity. Kazdy radek uvedené matice je tvofen mnozinou hodnot, kterych nabyva urcita
veliéina béhem experimentu. Znalost téchto hodnot ndm umoZni odhadnout jednotlivé
pravdépodobnosti, coz snizi neurcitost popisu systému.

Generativni systém

Cilem pfechodu od data systému ke generativnimu systému je vytvoreni ¢asové invariantnich vztah(
mezi jejich velicinami, a to tak, abychom byli schopni generovat stejna data (za stejnych podminek) jako
jsou obsaZena v matici aktivity Ma data systému. Generativni systém neobsahuje Zzadna data, obsahuje
pouze relace, které data generuji. Relace Ize vyjadfit napf. ve formé podminénych pravdépodobnosti.

Strukturni systém

V definici generativniho systému jsou vyjadreny pouze rGzné druhy pravdépodobnosti. Cilem
pfechodu mezi generativni a strukturni Urovni je vystizeni kauzalnich vazeb mezi veli¢inami, specifikace
struktury systému a formalizace kvalitativnich vlastnosti jednotlivych vazeb.

Po zavedeni systému epistemologickych Grovni Ize problémy z oblasti teorie systémU rozdélit na dvé
disjunktni mnoziny - analyzu a syntézu. Problém spojeny s transformaci popisu systému z vyssi do nizsi
epistemologické Urovné je oznacovan jako systémova analyza. Problém spojeny s transformaci popisu
systému z nizSi do vyssSi epistemologické Urovné je oznacovan jako systémovd syntéza. Systémova

evyvs

evvs

spadd problematika diagnostiky, simulace atd. Do oblasti syntézy spada problematika tvorby hypotéz,
pldnovani a ndvrhu.

Systém na podporu rozhodovani (SNPR) chapeme jako soubor mechanisml (nikoliv pouze
technickych) pro zabezpeceni optimalniho fizeni. Systém na podporu rozhodovani je determinovdn
redlnym objektem, pro jehoz fizeni je budovan. Obecné Ize na néj nahlizet jako na systém zpracovani
informace, ktery je jak horizontalné, tak vertikalné bohaté ¢lenén. Horizontalni ¢lenéni pfitom respektuje
takové ucelové abstrakce, které jsou na dané Urovni zpracovani relevantni. Vertikalni ¢lenéni vystihuje
problematiku zpracovani informace od jejiho vzniku az po vyuZiti vysledkd jejiho zpracovani. Jednotlivé
vrstvy vertikalniho ¢lenéni jsou uvedeny na obr. 3.

Rozhodovaci vrstva

Vrstva

Analyticka vrstva

Vrstva monitorovacich systémua
Vrstva zdrojl

Obr. 3. Vertikalni ¢lenéni SNPR

Nejvyssi "rozhodovaci vrstva" zahrnuje aktivity pro volby optimalnich fidicich zasaha a jejich aplikaci
pfi fizeni daného systému. Pro tuto Cinnost jsou nezbytné jak informace o stavu systému, pfipadné
trendy jeho vyvoje, tak i znalosti o zakonitostech, kterymi se chovani systému fidi, tzn. popis na drovni
strukturniho systému. Tento popis musi byt jiz v pocatcich ¢innosti SNPR k dispozici s tim, Ze v pribéhu
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prace SNPR muze byt dale zdokonalovan. Informace o stavu systému jsou produktem nizsich vrstev
SNPR.

Vrstva zdrojl informaci reprezentuje realny objekt ve formé data systému. Vyznam uvedené vrstvy je
v tom, Ze je jedinym zdrojem informace. Pro efektivni ¢innosti SNPR je tedy nezbytné, aby vrstva zdroju
informaci obsahovala veskerou (redlné dostupnou) informaci o chovani redlného objektu, a to jak
mnoziny sledovanych nositell informace (veskeré relevantni veliciny), tak kvality informace jednotlivych
nositelll (co do presnosti i co do ¢asu).

Zakladni manipulaci s informaci obsaZzenou v jednotlivych nositelll informace vrstvy zdrojl je jejich
tzv. sbér (monitorovani), ktery spocivd v transformaci informace do urcité datové struktury. Dale
predpokladejme, Ze uvedené operace budou realizovdny pomoci tzv. monitorovacich systémf(, tedy
technickych prostfedkl pro méreni, prevod, pfenos a ukladani dat. Tato vrstva poskytuje monitorovana
data v tvaru vhodném pro dalsi zpracovani na Urovni vyssich vrstev.

Obecné je nutno monitorovana data dale zpracovavat. Jednak mohou byt zatiZzena rlznymi chybami,
ale hlavné v radé pripadd neni technicky mozné mérit poZzadované veliciny pfimo, nybrz je nutno provést
méreni takovych velicin, ze kterych lze pozadované stanovit. Tento proces monitorovani neni obecné
trividlni a v fadé pfipadl je jim kvalita SNPR podstatné ovlivnéna. Monitorovana data, ktera produkuje
vrstva monitorovacich systémd, se na urovnich analytické vrstvy a vrstvy syntéz dale zpracovava a
vysledkem je informace o stavu systému, a to na zakladé syntézy analyzovanych monitorovanych dat,
pfipadné opakované syntézy spojené se simulaci a v nejkomplikovanéjsich pripadech vysledkem
viceurovniové syntézy a simulace.

Vyuziti SNPR je vhodné v takovych aplikacich, kde uvazovany fizeny systém je natolik slozity, Ze
jednak samotny automaticky provoz monitorovacich systém( a nasledné vyhodnoceni monitorovanych
dat je na daném stupni rozvoje védy a techniky nerealné a jednak nejsou dostupné Uplné znalosti pro
generaci opatfeni pro fizeni uvazovaného systému. V tomto pfipadé je nezbytna spoluprace ptislusnych
specialistl jak v procesu identifikace stavu fizeného systému, tak v generaci a vybéru varianty fidiciho
zasahu. Na druhou stranu SNPR prostfednictvim svych technickych, programovych a znalostnich
prostredkll tvofi pro sloZité systémy prostiredek, bez néhoz je proces fizeni systému nemyslitelny.

Matematicky model strategického rozhodovani za neurcitosti

Pfi strategickém rozhodovani o smérovani vyuky je velice vyhodné vyuzit informace z dfivéjsiho
vyvoje, nebot v nich jsou zakddovany zavislosti jejich jednotlivych slozek. Téchto informaci Ize také s
vyhodou vyuZit i pro predikovani vyvoje rliznych ukazatell uceni a jejich naslednou optimalizaci. Jedna se
o Ulohy modelovani zavislosti rliznych ukazatelll a nasledné vyhodnocovani variant z hlediska urcitych
optimalizaénich kritérii.

Jedna z moznosti, jak modelovat vyukové systémy, vychdazi z popisu vyvoje veli¢iny ve sledovaném
obdobi funkéniho vztahu, vychazejiciho z chovani zavislé a nezdvislych veli¢in, ktery pak nutné musi
kopirovat rlizné a vétSinou znacné vychylky ve velikosti nezavislych velic¢in. Tento trend se pak
automaticky prenasi zcela bezdlvodné i do progndzy chovani dané veliciny. Nejcastéjsi pfi¢inou tohoto
stavu je snaha o nejlepsi aproximaci ¢asovych rad charakterizujicich chovani danych velicin.

Cilem této casti je navrhnout metodu eliminace uvedenych vétsinou nahodnych vychylek v chovani
nezavislych veli¢in a vytvofrit tak model, ktery by vérnéji simuloval hlavni trendy v chovani velicin.

Predpokladejme, Ze je dano n velicin x;, ..x,a kazda je popsana ¢asovou fadou x;={x;;: t T} a dale je
dana velicina y zavisla na x,...,x, rovnéZz s Casovou radou y={y;:t €T}.

Nasim cilem je urcit algoritmus (linedrniho typu), ktery by z obecnych hodnot xy,...,x, urCil veli¢inu y,

(X0 Xn) DY,

a to v souladu s pribéhem ¢asovych fad x;, ...,x,,y v obdobi T.

Za timto ucelem si provedeme nejdrive urcité kvalitativni rozdéleni universa kazdé nezavislé veli¢iny
x; s cilem popsat zény v téchto universech, které maji kvalitativné rizné vlivy na chovani zavislé veliciny y.
K tomuto cili ndm nejlépe poslouzi teorie fuzzy mnozin.
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Pro kazdou proménnou x; budeme tedy v mnozZiné redlnych cisel Re definovat fuzzy relaci
R, C Re’,k=1...., m, popisujici hodnoty proménné x; s pfiblizné stejnym vlivem na chovani veli¢iny y.
Vzhledem k predpokladanému hladkému pribéhu funkci Ry budeme predpokladat, ze Rj je kartézskym
soucinem néjaké fuzzy mnoziny 4, < Re, tj.
Ry (x,x7) = Ay (x) A Ay (X).
Z hlediska vlastni interpretace této relace budeme dale predpokladat, Zze dvé hodnoty x,x nezavisle
proménné x; maji pfiblizné stejny vliv na chovani y, pokud existuje k,1 <k <m,\5k, 1)), tak, ze
x,x'e Supp(R, ) = {(z,z') eRe’:R, (z,2)> O}
Po fuzzy relacich Ry resp. fuzzy mnozinach A, budeme poZadovat, aby splfiovaly nasledujici axiomy:
(1) Pro kaidé il<i<n, kaidé teT a kaidé x, € X, existuje k,1<k<m, tak, Ze
Ay (x,) > 0.
(2) Jestlize R, (x,x")>0, pak zména veli¢iny y zplsobena zménou veli¢iny x; z hodnoty x na x’
je ,,mald“.
(3) Stuperi pravdivosti vyroku (2) zavisi pozitivné na hodnoté vyrazu R, (x,x").

Uvedené axiomy (s vyjimkou (1)) jsou nepresné formulovany a prevazné vyjadruji intuitivni vyznam
zavedeni fuzzy relaci Ry.

Zasadnim problémem je urceni zmény veliiny y pfi zméné veliiny x; z hodnoty x na x’, kdyz k
dispozici jsou pouze hodnoty diskrétnich ¢asovych tfad X,Y. Za Gcelem presnéjsi formulace uvedenych
axioml budeme uvaZovat klasicky model zavislosti x; a y, ziskany nap¥. metodou nejmensich ¢tvercd, tj.

y= Zaixi +a, (1)

i=1

pomoci ¢asovych fad x,y. Na tomto misté se dopoustime chyby tak, jak jsme se o tom zminili v
Uvodu. Vzhledem k tomu, Ze vztah (1) nepouzivame pro predikci, ale pouze pro analyzu zavislosti y na x;
v daném obdobi T a dale pro urceni fuzzy mnoZzin Ay, jejichz dalsi vyuziti je velmi robustni a bez zasadniho
vlivu na vysledek, neni disledek vyuziti vztahu (1) tak zavazny, jako pfri klasickém pouZiti. Pomoci této
uvahy muzeme formulovat axiomy (2), (3) pfesné a to nasledujicim zplsobem.

Jestlize dvé hodnoty x,x” veli€iny x; lezi v jadru fuzzy relace Ry , tj. Ru(x,x) = 1 (tj. maji vskutku
analogicky vliv na chovani y), pak budeme poZadovat, aby platilo

a’(x,x')| = |y(x1 yeees Xguens X, ) = V(X yeeey X i X,

pro viechny xy,...,x, a dané & > 0. Jestlize ale x,x” maji jen pfiblizné stejny vliv, tj. 0< R, (x,x")<1, pak

<&

pfipoustime, Ze hodnota & se mize zvétsit o urcité procento tim vétsi, ¢im mensi je hodnota Ry(x,x’), tj.
Ize psat
ld(x,x" <&+ (- R, (x,x))&.
Vzhledem k tomu, Ze pro uréeni di(x,x’) pouZivdme vztah (1), je |di (x, x)| = |ai (x,x')| a tedy axiomy
(2) a (3) mGzeme prepsat do nasledujiciho sjednocujiciho axiomu:
(2') Existuje £ >0 takové, Ze pro kazdé i a hodnoty X,,...,X, ;,X;,;....,X,, XX € Re splfujici

1

i—=127Vi+l " n
podminku
R, (x,x")>0 plati |x - x'| <ﬁ.(2 - A, (XINA, (x)) .
a.

Axiomy (1), (2') ndm nyni davaji dobry predpoklad pro konstrukci fuzzy mnozin Ay. K uréeni Ay je
zapottebi specifikovat:
(a) tvar funkce Ay,
(b) polohu funkce Aj v Re.
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Predpokladejme, Ze Supp(Ai)=(b,b,), pak podle axiomu (2') musi platit
& &
|b1 _bz|< (2-R,(b,b,)) <2.—
|ai| |al.|
a podobné jestlize Ker Ay = (c4,¢;), musi platit

|Cl _Cz| <i(2_Rik (¢1,¢,)) = i
ja |

1
Pokud budeme predpokladat, Ze A; je symetricka, mGzZeme tvar A; definovat nasledujicim zplsobem

Aik

X0

Obr. 4. Tvar fuzzy mnoziny A
&
Pticemz d =2—.
|"i|
Plati pak nasledujici véta (bez dlikazu):

Fuzzy mnoZina Ay definovana vyse uvedenym zplsobem spliiuje axiom (2') pro kazdé x,.

Pro feSeni ulohy (b) se zaméfime na analyzu casové rady X;vzhledem ke shlukim délky 2c = délka
Supp Ay a tim m.j. ziskdame i Cislo m;
Rekneme tedy, Ze S je c-shluk v X;, jestlize existuji x,x’, € X; takové, Ze plati
1) S=xx]NX
2) /xx"/<2c

Pro dva shluky S, S" mlZeme psat S <S” pravé, kdyz prokazdéx € S, x' e S’, x <x".
Pak zfejmé existuje jediny systém c-shluk( {S;} takovy, Ze

S,<8,<..<8,,US, =X,
Konstrukce Sy je zfejma:

S, = {xeXl. DX =X <2c}
kde xni, je nejmensi prvek v X.. Jestlize jsou jiz dany S,,....., Sk, pak

S, =ixeX :x>x,x-x, <2},

kde x, je nejmensi prvek v X;, vétsi nez vSechny prvky v S,

Tento postup se opakuje dokud USk # X .. Pak za prvek x, z konstrukce fuzzy mnoZiny Ay volime

vvev
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X, = Zx/Card.Sk‘

xeS,

Dalsi krok spociva v urceni chovani vysledné veli¢iny y pti rlznych kvalitativnich vstupech
jednotlivych proménnych x;. ProtoZe kazda proménna x; ma celkem m; druh( kvalitativné odlisnych
hodnot, dostavame celkem m;,...,.m, vztah(, vyjadfujicich vSechny mozné kombinace. Je moiné, Ze z
praktického hlediska jsou nékteré kombinace nerealné, vyloudit je vSak pfi této obecné ulvaze
nemuizZeme.

Pro véechny moiné kombinace fuzzy mnoZin (Axy...,Amm), 0Oznatované vektorem k = [kl,....,km],

kde 1<k, <m,, je nutné urcit koeficienty v nasledujici implikaci.

Jestlize k = [k,,....k,, ], pak y(x,k) = Za,w. Xt a
i=l1
kde ay; jsou néjaké koeficienty, pficemi kriteriem bude, aby vztah (2) byl nejtésnéjsi pro ty hodnoty
Casovych tfad Xj,...,X, a Y, které jsou nejvystiznéji popsany kvalitativni charakteristikou k, tj. pro ty
hodnoty Xy,....,Xm pro nez je hodnota vyrazu A4,,,(x,) A....4,,, (x, ) maximalni ze viech

ostatnich moznych voleb kvalitativnich charakteristik k.

Mé&jme danou kvalitativni charakteristiku k = [kl,....,km]. Pro kazdy &asovy okamzik t & T si uréime

vahu o, vztahem

a)t = Alkl (xlt) N A Amkm(‘xmt)'
Pak koeficienty ze vztahu (2) uréime tak, aby

2
Z{y; - (Z Ari Xy +ak,0)j| -0,
i=1 |

teT ! :
> min

teT

Jinymi slovy, nejvice na zfetel bereme vzniklé chyby u téch ¢asovych okamzikl t & T, u nichZ hodnoty
veli¢in xy,...,X, nejlépe odpovidaji charakteristice k.

Pro vlastni urceni koeficientld ay; je moZno pouiZit klasicky postup, tj. koeficienty jsou fesenim
systému linedrnich rovnic s matici

So,  Yox, .. Sox, | Yoy,
2 :
Za)let za)let """ Za)l‘xll‘xmt : za)tytxlt

S
Z a)txmt Z a)txltxmt """ Z a)t‘xmt : z a)t ytxmt

Timto zplsobem dostaneme pro kazdou kvalitativni charakteristiku k popis funkéni zavislosti y(x, k),
ktera daleko vérnéji popisuje chovani y v zavislosti na xy, ..., X.

Dalsi postup spociva v uréeni funkéni zdavislosti y=y(x) pomoci systému implikaci
k= [k1 yeens kK, ] = y(x,k) . Pro kazdou kvalitativni charakteristiku k a vektor hodnot x poloZime

[k’ x] = Alkl (‘xl) ARTERA Amkm (xm)
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Pak uréeni hodnoty y=y(x) obdrzime nasledujicim zplsobem:
Rozdélme si nejdfive mnozZinu index( J={1,...,m} v zdvislosti na vektoru x, na tfi disjunktni
podmnoziny:
mj
Jy=3jed:x; el JSupp4,, =S,
=1
J, = {j €eJ:x; e lxj,min,xj’maXJ—Sj}
J, = {j eJ:x, & [x/.’min,xj’maxj}

kde veli¢iny x; .. ,X; .., jsou definovany nasledovné:
mj
xj,min = mln(U Suij,t)

t=1
mj

X max = max(U SuppA;,).
t=1

A A A
! !
Xj,min Xj,max

Obr. 5. RozloZeni fuzzy mnoiin

Pro kazdy index j e J definujme Ctvefici hodnot k;, p, w, v, kde 1<k ,,p, <m v, w €Re,

nasledujicim zplsobem:

1 je
Pak existuje index k; takovy, ze x; € Supp A, ;. PoloZime Pi= k;, v;- w;_x,.
2. j E.lz

Pak existuji dvé fuzzy mnozZiny Ay, A,y jejichZ nosie jsou nejblize hodnoté x;. Za hodnoty v, w;
volime nejvétsi, resp. nejmensi prvek v jadrech téchto fuzzy mnozin.

kj pj

Obr. 6. Rozlozeni fuzzy mnozin proj € J,
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3. _/ S J3

Pak rovnéz existuji dvé fuzzy mnoZiny A;;, A, jejichZ nosice jsou nejblize hodnoté x;. Za hodnoty v,
w; volime nejvétsi prvky v jadrech téchto fuzzy mnozin.

A A

\ \

Obr. 7. RozloZeni fuzzy mnozin proj € J;

Pak kvalitativni charakteristika k = [kl,...,km], resp. p = [pl,...,pm] nejvérnéji popisuji veli¢inu x ze
vsech dostupnych popisid a hodnoty v=[v1,...,vm], resp.w=[wl,...,wm] nejlépe odpovidaji témto

kvalitativnim charakteristikdm. Proto k vytvoreni hodnoty y=y(x) je pfirozené pouzit hodnot y(v,k) a
y(w,p) a to s vahami, ur¢enymi "vzdalenosti" vektoru x od w a v.

Polozme tedy

hy = Z‘xj“" 20w, —x )+ D (x; +w))

jeJ; jeJ, jeJs

h, = Z(xj —v;)+ Z(xj -v;).

Jjess Jjeds

Necht dale pro dané x je K(x) nasledujici systém dvojic kvalitativnich charakteristik
K(x)= {(r,s) eK’:r=k,s, =p,iel, uJ3}
kde K je mnozina vSech kvalitativnich charakteristik. Pak poloZime

> ) [r vk + y(w,s)[s, wlh,)

(r,s)eK(x)

Y= S (o Vi + [

(r,s)eK(x)

Timto zplsobem na zakladé znalosti ¢asovych fad X a Y uréime pro konkrétni hodnoty x vyslednou
veli¢éinu y. Uvedeny systém muzZe m.j. slouZit jako podklad pro generovani rdznych alternativ vyvoje
urcitych ukazatell, pricemz kazdé z vygenerovanych variant Ize pfifadit urcitou pravdépodobnost jeji
existence. DuleZitou otazkou pak je, jak za téchto predpokladll zvolit optimalni variantu.

Predpokladejme tedy, Ze kazda varianta v € V je ohodnocena nasledujicim vektorem V
V=,..v,,p)
kde v; jsou hodnoty jednotlivych vyslednych proménnych

a p, je pravdépodobnost varianty v € V.

Pro vektory V budeme nyni definovat relaci usporadani nasledujicim zplsobem.
Necht J = {1,....,m} a necht {Jl,...,Jr} je disjunktni rozklad mnoziny J, tj.
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UJ[=J,J[mJj:® prokazdé 1<i,j<r.

Mnoziny J; budeme interpretovat jako tfidy preference jednotlivych veli¢in v,. Tedy vSechny veli¢iny
v takové, Ze keJ; maji vétsi vyznam nei libovolna velicina v, takova, ze seJ;, kde j > i. VeliCiny, jejichz
indexy patfi do stejné skupiny J; maji stejny vyznam.

V daldim kroku se kazdé skupiné J; pfifadi vaha h; této skupiny, kde /4, e<0,1>, kterd vyjadfuje
skutec¢nost, nakolik je skupina J; dlilezitéjsi, nez ostatni skupiny. Zhruba lze fici, Ze z celkového vyznamu
vektoru V ma skupina index0 J; vyznam h;.100%. Zfejmé musi platit Zhi =1.

Pro kazdy index i € si oznaéme symbolem g; nasledujici hodnotu

4

_ |+ 1,pokud vysSihodnota v; je vyhodna
77021, jinak.

Necht dale symboly P, Q; maji nasledujici vyznam:
P {max{v[ :v eV}, pokud.q, >0,

- min{v, : v € V'}, pokud.q, <0,
B min{v, : v e V'}, pokud.q, > 0,

- {maX{V,- :v eV}, pokud.q, < 0.

Pak polozime

a0 = Y h (T,

Jed; J
kdev,w € V.

Dostavame pak

r ‘ v r P v
A0 =30 (T4, )=S0 k(X a2 h(a) =K

Jjed; Jjed;
Zavedeme si nyni dvé fuzzy lingvistické proménné y; y, takové, Ze

7 ={U =0]),7,.M,)
X2 :<U2 = (OaK)sTZsM2>

kde U je universum téchto proménnych, z7je mnoZina termd a M je sémantika. PoloZzme
,={maly, velmi, a, ne, velky}=1,

a sémantiky definujme nasledovné:

101



DIVAI 2010 - Distance Learning in Applied Informatics

Ml( Ml(Vel

mahi\ 7\

Obr. 8. Rozlozeni sémantik M

Ostatni hodnoty se definuji klasicky, tj.

My(velmi X)(a)=/MiX)(a) }
Mi(ne X)(a)=1-M(X)(a)

Mi(X a Y)(b)=min(M(X)(b),Mi(Y)(b)).

Necht jsou dale dana nasledujici pravidla:

KaZdé z téchto fuzzy pravidel R; pak pfedstavuje fuzzy relaci v universu U, xU,,R, C U, xU, .

Méjme nyni dvé varianty v, w € V a definujme si vlastni relaci <ndsledovné. Polozime

Xey,Yey,

R; =X=velkd = Y= velmi velmi velkd

R, =X=ne velmi velka a ne velmi mald =Y= velmi velkd

R; =X=ne mald a ne velkd =Y ne mald
R; =X=mald =Y ne velmi mald
Rs =X = velmi maléd = Y ne velmi velmi mala

My

mahi\

levi\

Mz(Vel

x=P —P,y=d(v,w)

Rozlisme nasleduijici ptipady.
. x=0,y2>0.

Ur¢ime pak hodnotu

5
a(x.y) =V R,(x,y)

Pokud a(x,y) = «,, polozime v > w (kde a, je hladina vyznamnosti).

x<0,y20.
Pak v>w

x<0,y<0.
Urcime pak hodnotu

5

a(_xa_y) il Vi Ri (_xa_y)

i=l1

0.25
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Pokud a(—x,—y) = «,, polozime v < w.
IV. x2>0,y<0.
Pak polozimew > v.
Pokud nenastane w > v ani w < v, polozime w”v.

Aplikace matematického modelu na rizeni vyukového procesu

and Its Incorporation into LMS

Uvedeny postup popsany v pfedchazejici ¢asti si ukazeme na prikladé:
Necht varianty V = {v, w} jsou ohodnoceny vektory s nasledujicimi slozkami:

1. slozka = zisk poctu bodu z testu znalosti
2. slozka = doba vyuky ve dnech
3. sloZka = pocet stran vyukového textu

a necht konkrétné je
V = (300, 10, 100, 0.7),
W = (250, 8, 150, 0.82).

Indexy J = {1,2,3} rozdélime do dvou skupin
Jo =, ={2.3}
h, =0.6,h, =04

Z hlediska vyznamu jednotlivych sloZek vektord z V je jisté

q, =1=(b =_1=QS =-1

Dostdvame tedy nasledujici hodnoty

i 1 2 3

q 1 -1 -1

h; 0.6 0.4

Q 250 10 150

P 300 8 100
Pak je

300 8 100
K=06(1.—-)+04((-1).—+(-1).—)-0.6(1)-0.4(-2)=0.34
( 250) (( )10 ( )150) 1 (-2)

Pfislusné fuzzy mnoziny pro y; jsou tedy
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m vel

alv lexs

0 0 0 0 0

Obr. 9. RozloZeni fuzzy mnoZin pro priklad

x=p,—p, =0.12
300-250 10-8 100150

=d(v,w)=0.61l.————)+04((-1).———+(-1).———)=0.15>0
y=d(v,w) (250)(()8()150)
Pak urcéime a(x,y):

i X Y Rixy)

1 0 0

2 0.2 0 0

3 0.1 1 0.1

4 0.9 1 0.9

5 0.8 0.8

Tedy a(x,y) =092 ¢,0.8. Tedy v>w.

Zavér

Cldnek seznamuje se zdkladnimi principy vystavby takového SNPR a jeho zadlenéni do LMS. Je
predpokladan vyukovy proces s uzavienym cyklem fizeni prostifednictvim SNPR. Okamzity stav chovani
vyukového procesu je zjistovan pomoci rozhrani, které poskytuje vybrané informace SNPR a ten provadi
ohodnoceni jeho stavu. Do SNPR dale vstupuji vnéjsi omezujici podminky, mezi které se fadi napt. ¢asové
podminky (Casovy rozvrh vyuky), minimalni kvalitativni podminky apod. jako hlavni a urcujici pro zajisténi
patfi¢né kvality vyukového procesu. Urcujici pro chovani celého systému fizeni jsou cile vzdélavaci akce.
Dale se vychazi z té skutecnosti, Ze jsou znamy casové rfady rlznych ukazatell, charakterizujicich chovani
vzdélavaciho procesu z dfivéjSich obdobi. LMS je pak zastfeSen SNPR, ktery navrhuje a vybird
nejoptimalné;jsi variantu vzdélavaciho procesu. Do SNPR vstupuji nezdvislé veliciny, které charakterizuji
jednak soucasny stav vzdélavaciho procesu (zjistovany rozhranim LMS) a jednak omezujici podminky a
cile vrcholového fizeni. Vzhledem k tomu, Ze kombinace jejich vyskytu ma rliznou pravdépodobnost
vyskytu, pak je pomoci expertnich znalosti ohodnotime. Nezavislé veliciny a expertni znalosti vstupuji do
tzv. statického ohodnoceni pravdépodobnosti jednotlivych navrienych variant. Vystupem je vektor
variant, usporadany podle velikosti pravdépodobnosti se kterou mohou tyto varianty nastat. Dale pro
jednotlivé varianty jsou uréeny konkrétni ukazatele, které popisuji patficnou variantu. Systém ukazatel(
dale vstupuje do matematického modelu, ktery na bazi ucicich ukazateld, tzn. jejich ¢asovych fad z
minulosti urci normu pfrislusné varianty. Vypocet se provadi pro vSechny varianty, z nichZ je nutné v
dal$im kroku nalézt optimalni variantu kombinace ukazateld pro nasledné fizeni vyukového procesu.
Jedna z nejvice pouzivanych metod modelovani takovych systém( vyuziva pro popis vyvoje veli¢iny ve
sledovaném obdobi funkéniho vztahu, vychazejiciho z chovani zavislé a nezavislych veli¢in, ktery pak
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nutné musi kopirovat rGzné a vétsinou znacné vychylky ve velikosti nezavislych veli¢in. Tento trend se
pak automaticky prenasi zcela bezdlvodné i do progndzy chovani dané veli¢iny. Nejcastéjsi pricinou
tohoto stavu je snaha o nejlepsi aproximaci ¢asovych tad charakterizujicich chovani danych velicin. Cilem
pfispévku je také navrhnout metodu eliminace uvedenych vétSinou nahodnych vychylek v chovani
nezavislych veli¢in a vytvofit tak model, ktery by vérnéji simuloval hlavni trendy v chovani velicin.
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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. In the theory of management there can be seen
the evident transition from combinative practices to sequenced rows and optimized processes
(strategy of continuous assessment of the reflection of student’s schooling and based on that
adapting the further education is equal with the dual principle of identification and adaptable
management). For the description and subsequent management in this way of learning Petri nets are
advantageously utilised. Another approach to describe actual and real educational processes is
utilising fuzzy modelling. If we want to describe the complicated reality we may decide between the
relevance of the information that would be less accurate and accurateness of the information which
would be less relevant. In the process of increasing the accuracy of description of educational process
we get to a point where accuracy and relevance become mutually excepted characteristics. We may
describe educational process in some sentences where we globally describe the parts of educational
equipment and the educational process itself. Hereby we have learned how to teach human some
knowledge but we will know nothing about linking of the steps of education, its components and/or
people. If we want to know details we have to specify it in detail, provide the ability to absorb
knowledge, quality of education, etc. with numbers. Therefore the number of information raises and
because they are accurate we learn more but only about a small part of the educational process. As
far as we want to describe all educational processes in detail it would lead up to a huge number of
detailed information which nobody would be able to read. And if yes, to understand the essence
which is described he would need natural language, i.e. he would return to inaccurate characteristics.
On the contrary, he would badly lose in accurate details because human psychic has limited
possibilities. Namely, it turns out that accuracy is just fancy or is on principle unavailable. All these
facts are behind the considerations of founders of fuzzy logics. A strong device arises applying fuzzy
logics into Petri nets for modelling educational process mainly for simple intelligibility and well-
created mathematical apparatus, relatively simple design and for modularity of the solution (it is
possible to add and remove the modules without the need to remake the whole system) and for
robustness of design (in case the parameters of solving the task in a particular surroundings it is not
necessary to modify the system).The article is solving the problem of implementation of fuzzy Petri
nets into the concepts of LMS.

Pre aplikaciu LMS pre ziskavanie znalosti je nevyhnutné, aby interakcia medzi zdrojom poskytovania
znalosti a uloZiskom bola riadenad automaticky. Aktivity vychddzaju napriklad z LMS kedy Student
ovplyviuje priebeh komunikacie prostrednictvom sprav, ktoré si LMS vyZiada. Interakcia prebieha tak, ze
LMS postupne predkladd studentom postupnost dotazov a z odpovedi sa potom urcuje dalsi smer
komunikacie. Zakladnym stavebnym kameriom, z ktorého vychadza tento dialdg, je postupnost: otdzka -
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odpoved, ktord budeme nazyvat krok dialégu. Cely dialég potom mozeme vytvorit ako naslednost
krokov, cez ktoré LMS pri konverzacii so Studentom prechadza. Priebeh dialdgu potom mdzeme vyjadrit
orientovanym grafom, v ktorom uzly su kroky dialégu a prechod na dalsi uzol, tj poloZzenie dalSej otazky
je uréené jednak uzlom, v ktorom sa systém nachadza a jednak odpovedou Studenta. Graf, ktory
zobrazuje vSetky mozné priebehy dialdgu, ma vo vacsine pripadov sietovu Strukturu. Cielovou funkciou
LMS riadiaceho vyuébu je smerovanie komunikacie podla znalosti a schopnosti studenta a tym aj menit
mnozstvo a naroc¢nost predkladanych materidlov Studentovi. V ponati tedrie riadenia je tak zrejmy
prechod od kombinac¢nych postupov k radom sekvencnym a optimalizovanym procesom (stratégia
priebezného hodnotenia odrazu vyucby Studenta a na zdklade toho prisp6sobenie dalSieho vykladu je
porovnatelna s dudlnym principom identifikacie a adaptivneho riadenia). Pre popis riadenie komunikacie
¢loveka s pocitatom je vhodné pouzit grafické nastroje, umoziiujice vhodne popisat a vyjadrit interakciu.
Interakcie pri vyucbe medzi Studentom a informacnym systémom riadiacim vyucbu je zlozity proces, pre
ktory je vhodné vyuzit Petriho siete. Dal§im pristupom k opisu skuto¢nych a redlnych postupov vyucby je
vyuZitie fuzzy modelovania [3]. Ak chceme totiZ opisat zloZitd realitu, potom sa mdzeme rozhodnut
medzi relevanciou informacie, ktord vsak bude menej presna, alebo presnostou informacie, ktora vsak
bude menej relevantna. Pri zvySovani presnosti opisov vyucbovych procesov sa dostaneme k bodu, kedy
presnost a relevantnost sa stavaju vzajomne sa vylu€ujucimi charakteristikami. napr. proces vyucby
mozno opisat niekolkymi vetami, kde globalne popiseme cCasti vyucbového aparatu a postup vlastného
procesu vyucby. Tym ,Ze sme sa dozvedeli, ako naudit ¢loveka vedomosti, nebudeme vsak ni¢ vediet o
nadvaznostiach jednotlivych krokov vyucéby, jeho komponentoch, ludoch. Ak chceme spoznat detaily,
musime sa o nich podrobne rozpisat, doplnit ¢islami schopnost vstrebat vedomosti, kvalitu vyuéby apod.
Tym vSak mnozstvo informacii narasta a kedZe su presnejsie, dozvieme sa viac, avSak len o malé casti
vyucbového procesu. Ak by sme chceli vyucbové procesy popisat detailne vsetky, viedlo by to k
obrovskému mnozstvu detailnych informécii, ktoré by vsak nebol schopny nikto precitat. A ak ano,
potom by k pochopeniu podstaty toho, ¢o je v nich opisané, potreboval prirodzeny jazyk, tj vratil by sa k
nepresnej charakteristike. V opa¢nom pripade by sa v presnych detailoch nevyhnutne stratil, pretoze
[udskd psychika ma len obmedzené moznosti. Ukazuje sa totiz, Zze presnost je iba ilGzia, pretoze je
principidlne nedosiahnutelna. Vsetky tieto fakty stoja v pozadi Uvah zakladatelov fuzzy logiky [4]. Fuzzy
logika pritom vychadza z tedrie fuzzy mnoiin a je zamerana na vagnost, ktord matematicky opisuje. V
tomto kontexte fuzzy mnozina je mnozina, ktord okrem uplného alebo Ziadneho ¢lenstva pripasta aj
Clenstvo Ciastocné. To znamena, Ze prvok patri do mnoziny s istym stuprfiom prislusnosti. Funkcia, ktora
kazdému prvku univerza priradi stupen prislusnosti sa nazyva funkcia prislusnosti. Fuzzy tedria sa snazi
pokryt realitu v jej nepresnosti a neurcitosti a pocas svojej takmer 40-ro¢nej existencie sa zaslUzila o
rieSenie mnohych technickych problémov, ktoré inymi prostriedkami neboli v praxi zvladnuté. Kazdému
prvku mozno postupne priradit tzv. stupen prislusnosti, ktory vyjadruje mieru prislusnosti daného prvku
do fuzzy mnoziny. Napriklad v pripade vybavovania reklamacie na dodavatela, moZno stanovenim miery
prislusnosti rovnakého typu vady do fuzzy mnozin rozhodnut, ktoré diely si "dobré", ktoré je mozné
"eSte spracovat" a ktoré je potrebné "zosrotovat". U klasického rozhodovania je v tomto pripade
stanovenia hranice toho ¢o je este pripustné a ¢o uz nie je dost tazké. Mozno to vykonat priradenim &isla
z intervalu <0,1>, ktoré vyjadruje mieru nasho presvedéenia. Ulohou fuzzy tedrie je zachytit vagne
$pecifikované poziadavky v dotaze a adekvatne k tomu vypoditat stupen prislusnosti. Fuzzy logika
umozriuje pouzivat vagne bud priamo a vie ich aj jednoduchym spdsobom reprezentovat.

Sucasny stav

Podla toho, ako zdvazné su pre vyucovany objekt tj Studenta sledy jednotlivych krokov, rozoznavame
dva hlavné typy vyucbovych programov: linearne a vetvené.

Linedrne vyucbové programy predpisuju pre vsetkych Studentov pevny a zavazny sled krokov v jednej
linii. UCivo sa preberd po malych kvantach informadcii, najlepsie vSak len po jedinej informacii v kazdom
kroku. Vytvoreny pojem sa precvi¢uje podla potreby, kym ho Student nezvladne. Priddvanim jedného
pojmu k druhému sa Student zoznami s celou latkou a jej problematikou. Struénost krokov nedovoluje
rozvinit prozaicky $tyl vykladu, takze linearne programy si monoténne a po urlitom ¢ase sa pre
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mnohych Studentov stdvaju nezaujimavymi a uUnavnymi. Od zaliatku aZz ku koncu tu vedie jedind
priamociara linia, zlozend z pravidiel, prikladov a odpovedi. Odporcovia linearnych programov tiez
uvadzaju, ze velmi malé kroky prerusuju neziaducim sp6sobom myslienkové pochody Studenta. Podla
praktickych skusenosti je linedrne programovanie vhodné najma pre ucenie zdkladov a principov
problémov a dalej pre vytvaranie slovnej zasoby a novych pojmov.

Vetvené programy pripustaju pri rieSeni problémov rozmanity postup. Alternativy "vetvy" programu
vedu nakoniec k Uspesnému spolo¢nému zvlddnutiu problému, kazdy Student vSak prechadza cestou,
ktorej dialka zodpovedd jeho osobnosti, znalostiam a nadaniu. Pri vyuCovani je faktom v programe
zretelnd ista hlavna linie, z ktorej vybocuju a ku ktorej sa potom znova pripdjaju rozlicne tvarované
vedlajsie linie. Na nasledujiucom obrazku je uvedena schéma vetveného programu s jednou hlavnou
liniou..

krok krok I
hlavna linia
8 9 10
vedlajSia linia vedlajsSia linia

Obrazok 1: Schéma vetveného programu s jednou hlavnou liniou

Hlavna linia zvycajne dovoluje postup vo vacsich a zloZitejSich krokoch, aké zvladne len nadany
Student, odpovedajuci spravne na vlozené kontrolné otazky. KratSie a ahsie kroky pre menej nadanych a
pomalsie pracujucich Studentov prebiehaju vo vedlajsich vetvach. Do nich su vloZzené aj priklady na lepsie
precvi¢enie latky, ulohy, inStrukcie a navody, odkazujuce Studenta napr. na vykonanie pokusu ¢i na
pouzitie nazornej pomocky alebo sekvencie, dopliiujice ucivo tak, aby sa nazor alebo fakt upevnil.

V&dsi informacny obsah jednotlivého kroku pri vetvenom programe pripusta jeho oZivenie a formou
dialégu Studenta obcas aj bavi. Vetvené programy su zvlast vyhodné tam, kde ide o poskytovanie a
manipuldciu s novymi pojmami. Ich zakladnym prinosom je to, Ze umoziuju Studentovi, aby si pri
preberani uciva zvolil individudlnu cestu po linii, ktora zodpoveda jeho intelektu a predchadzajicim
znalostiam.

Kazdy z oboch zakladnych typov programov ma este variantu, a to podla toho, i Student odpoved na
kontrolné otazky tvori alebo ¢i ich vybera z ponuknutych variantov odpovedi.

Model riadenia vyucby s vyuZitim fuzzy Petriho sieti

Cielovou funkciou LMS riadiaceho vyucbu je smerovanie komunikdcie podla znalosti a schopnosti
Studenta a tym aj menit mnozstvo a narocnost predkladanych materidlov Studentovi. V ponati tedrie
riadenia je tak zrejmy prechod od kombinacnych postupov k radom sekvenénych a optimalizovanych
procesov (stratégie priebezného hodnotenia odrazu vyucby Studenta a na zaklade toho prispésobenie
dalSieho vykladu je porovnatelna s dualnym principom identifikacie a adaptivneho riadenia).

Pre popis a nasledné riadenie takéhoto sposobu vyucby su s vyhodou vyuzitelné Petriho siete.

Uvedme si priklad popisu jednoduchého procesu komunikacie s informacnym systémom pomocou
Petriho sieti. Jednotlivé miesta v sieti predstavuju ¢innosti prihlasenie, odhlasenie, zobrazenie informacii,
aktualizacia informacie, vyplnenie formuldra a zobrazenia formulara.
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Cpg

Uprava a doplnenie informacii

s T2

" Prihlagenie’

‘P2 CTa P4 Gdhnlasienie

Wi
NaWE

- Zobrazenie informacii

Zobrazenie wplneneho formulara

Editacia formulara

Obrazok 2: Mo.dél. bro.ces.u.\.l Pétrihb siéti

Pri simulacii lubovolnych procesov pomocou Petriho sieti narazime obc¢as na potrebu zndzornit stav o
ktorom nie sme isti ¢i nastane alebo nenastane. Pre vytvorenie takejto siete, mézeme vyjst z klasickej
logiky a z fuzzy logiky. Klasicku logiku sme si uz popisali v predchadzajucej kapitole. Token je v mieste
obsiahnuty ak je vyraz true (1) alebo nie je obsiahnuty ak je false (0). Ak, ale nevieme ¢i je obsiahnuty
alebo nie, mbézeme poutzit fuzzy logiku, ktord nadobida hodnoty z mnoziny (0,1), tzn. Ze vyraz moze byt
splneny Ciastocne, trochu, priblizne, malo, vela a k tomu prislusné hodnoty 0.2, 0.4, atd.

Co chceme v Petriho sietach namodelovat? Pozrime sa na jeden konkrétny priklad, ktory si popiseme
pomocou Petriho sieti.

Do vyucby vedenej LMS nam pride $tudent a bude pozadovat vyucbu urcitej oblasti. Bude mu davat
vstupné informacie o svojich znalostiach, ¢asovému priestoru na vyuébu a pod. — neda sa presne urcit ¢i
ma / nema vedomosti a kolko ma ¢asu venovat sa studiu. Budd sa objavovat vstupné informécie: mam
malé znalosti, mam velké znalosti, madm malo ¢asu, mam vela casu, atd. Na zaklade tychto vstupnych
informacii ustanovuje LMS postup vyucby. Pre rychlejsie uréenie postupu vyucby mézeme pouzit vopred
pripraveny Petriho siet, ktord bude popisovat jednotlivé stavy, ktoré sa mozu u Studenta vyskytnut.
Zavedieme urcité IF THEN pravidld podla ktorych bude siet postavena. Napriklad: IF ma malé znalosti
AND vela ¢asu THEN budu vybrané vsetky kapitoly vyucovaného predmetu. Po zostaveni tejto siete
musime eSte nejakym spOsobom urcit délezitost jednotlivych prechodov zo stavov do stavov. Tuto
doleZitost nastavime v Petriho sietach hodnotou z fuzzy mnozZiny (0,1) pri prechodoch.

V okamihu ked mame zostavenu takuto Fuzzy Petriho siet vlozime do pociatoénych stavov tokeny,
ktoré budu nadobudat opat hodnoty z fuzzy mnoziny (0,1). Tieto tokeny ndm budu svojou hodnotou
uréovat prave velkud, malu, strednu znalost, atd. Po simulacii Fuzzy Petriho siete pomocou pravidiel, ktoré
si vypiSeme, dostane LMS postup vyucby. Skér ako zaéneme vkladat pociatocéné tokeny, je vhodné
stanovit terminoldgiu vstupnych Gdajov a priradit prislusné hodnoty. Napriklad maly = 0.3, trochu = 0.4,
vela = 0.8 atd.

Zaclenenie fuzzy logiky do klasickych Petriho sieti mozno realizovat takto. Vyjdeme z definicie fuzzy
logické Petriho siete.

FLPN = (P,T,F,Mo,D,h,a, 8,) kde

P ={p4, ..., pn} je konecnd mnozina miest,

T={ty, ..., tm} je konecna mnozina prechodov,

Fc (PxT) U(T x P) je tokova relacia, kde plati

VteT Ip,qe P:(p,t)v(t,q) e F,

Mo: P —{0,1} je pociatotné znalenie,

D je koneénd mnozina vyrokov—- PND =T "D =,

7

P |=D

h: P — D je asociovana funkcia, reprezentujica bijekciu z miesta k vyroku,
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a: P —[0,1] je asociovana funkcia reprezentujica hodnotu v mieste z mnoziny redlnych &isel 0 az 1,
@,1: T —[0,1] je asociovana funkcia reprezentujica prechod hodnotou z mnoZiny 0 a7 1.
Pre Vp € P, plati pre nasledné znacenie:

M'(p)=M(p)+1,ak pet’—"t;
M'(p)=M(p)-1,ak pe't—t;

M'(p) =M((p), inak,

a(p)=Aa(p')ak o, 26, Apet” Ap'et.
Pre t e T plati a(p) =4, gﬁiepta(p') ak

min{a(p')}z O Apet

Vp'et

apre t e T plati a(p) =1, maxa(p') ak
vp'e't

max{a(p’)}z O Apet.

Vp'e't

Teraz si vyjadrime pomocou Petriho sieti pravidla typu IF-THEN a ich transformdciu do fuzzy logiky

Pravidlo IF p1 THEN p2 vyjadrime
e
Py

a vo fuzzy logike a,=Aa ak a, 20,.
Pravidlo IF p1 AND p2 THEN p3 vyjadrime

DN

a vo fuzzy logike o, =4, rr(19in {al 0{2} pre i=1 N2,

220 4np

Pravidlo IF p1 OR p2 THEN p3 vyjadrime s pomocou inhibi¢nych hran

D
(73)
SATE

a vo fuzzy logike a, = /”ttOR max {al az} prei=1V2,

aizﬁr(m

Pravidlo IF p1 XOR p2 THEN p3 vyjadrime s pomocou inhibi¢nych hran
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o

a vo fuzzy logike a; =3k 4,20 .0 Nty =0,

%8

A =A@, ak @y 26 e Nty =0.

Takéto urcenie FPN vychadza z definicii prevodu klasickej logiky na fuzzy logiku.
V nasledujucej tabulke si popiseme prehlad zakladnych funkcii.

Tabulka 1: Prehl'ad zakladnych funkcii logickych pravidiel Petriho sieti
Na. =

Rules Logical Petri Nets Fuzzy Computing
1
t !
IF o, THEN d, I O_"D_"O Py a,=4a, ifa 26, |
1 ':
P
IF d, AND d, THEN d, s s | @ = A rg}n {a,. ;)
3 ot ow
=l |
P |
3
B
o @ =10 Jx o)
¥ d, OR d, THEN d, Ps e
2,
r J
] f .
P, A att) if 20 o
IF , XOR d, THEN d, o a, = i
P A uay if 28 .
p o, =0
2

Aplikacie s vyuzitim FPN

Pre ukazku vyuzitia Fuzzy Petriho sieti si najskér ukazme priklad pri ur¢ovani chyb v motore auta.
Priklad je uvadzany pre pochopenie zapisu pravidiel u lepsSie popisatelnom priklade. Nasledujuce dve
tabulky budd popisovat miesta a prechody pomocou IF THEN pravidiel.
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Tabulka 2: Priklad pravidiel typu IF - THEN
No. Rules Transitions
1 IF pist-ring-state(worn) OR pist-state(worn) THEN oil-cons(incr) ;_1"3'2
IF oil-cons(incr) THEN ex-smoke(black) ;
2 IF oil-cons(incr) THEN lack-of-oil(sev) 2
3 IF lack-of-oil(sev) THEN eng-temp(incr) £z
4 IF lack-of-oil(sev) THEN oil-light(red) iy
5 IF eng-temp(incr) THEN temp-ind(red) £
6 IF eng-temp(incr) THEN accel-resp(del)
7 IF road-cond(poor) AND ground-clear(low) THEN oil-sump(holed) Z:
8 IF oil-sump(holed) THEN lack-of-oil(sev) i
IF oil-sump(holed) THEN hole-oil-sump(yes) _ﬁgl!@
9 IF spark-plug-mileage(high) THEN spark-plugs(used-up)
10 IF spark-plugs(used-up) THEN spark-ign(irr) L
11 IF spark-ign(irr) THEN accel-resp(del) &
12 i
13 b
e
Tabulka 3: Vyznam miest
No. Propositions Places No. Propositions Places
1 pist-ring-state(worn) r 9 accel-resp(del) Py
pist-state(worn) 10 road-cond(poor)
2 oil-cons(incr) #2 11 ground-clear(low) Pu
3 ex-smoke(black) P3 12 oil-sump(holed) Fn
4 lack-of-oil(sev) Py 13 hole-oil-sump(yes) P
5 eng-temp(incr) s 14 spark-plug- P
6 oil-light(red) mileage(high)
7 temp-ind(red) P 15 spark- plugs(used-up) P
8 P spark-ign(irr) Fs
Py 16 P
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Teraz vytvorime LFPN

L ® Pz ek O™
1306 (W OKe
P, P's I, Py
® O 5'e
ts P?

O EN

Ig 212

lrI(') . .

Pis
" O
Ps
pm

l Pie {3
Obrazok 3: Priklad Petriho sieti s pravidlami IF -THEN

Zvolime si hodnoty podla ddleZitosti pri prechodoch a podiatoéné hodnoty v miestach py, pa, Pio, P11,
P1a.

Pociatocné a vysledné hodnoty vypocitané podla pravidiel s zndzornené v tabulkach.

Tabulka 4: Priklad pociatocnych hodn6t podla pravidiel

oR AT

d 4 £ fa I3 Ly hs £y £ i
0.82 0.67 0.75 0.77 0.95 0.88 0.83 0.71 0.86

aty 0.34 0.55 0.29 0.51 0.45 0.56 0.42 0.39 0.40

Tabulka 5: Priklad vyslednych hodno6t podla pravidiel

F 21 P P Fu Fa B3 Fa Ps P Fs Fs Py

«p) 092 08 08 079 082 075 053 058 062 048 041 0.55

Obdobnym spésobom mozno popisat jednotlivé kroky vyucby, kedy stavy vyjadruju vyuébové aktivity
a prechody testovania vedomosti.

Zaver

Aplikaciou fuzzy logiky do Petriho sieti vznika silny nastroj pre modelovanie vyucbovych procesov a to
najma pre:

e lahku zrozumitelnost a prepracovany matematicky aparat,

e Pomerne jednoduchy navrh,

e Moduldrnost riesenia - je mozné pridavat a odstrariovat jednotlivé moduly bez nutnosti Uplne

prepracovat cely systém,
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e Robustnost navrhu, tj systém nie je nutné upravovat v pripade zmeny parametrov riesenia Ulohy
v ramci istého okolia.

Acknowledgement

Publikdcia vychadza vdaka finanénej podpore projektu KEGA 368-043UKF-4/2010 s nazvom:
Implementacia prvkov interaktivity v obsahovej transformacii odbornych informatickych predmetov.

References

[1] Changjun, J., ,Fuzzy Reasoning Based On Petri Nets”

[2] Strak, M., ,Fuzzy Petri Net Based Reasoning for the Diagnosis of Bus Condition”, SYM-OP-IS 2001

[3] Novak V: Zdklady fuzzy modelovania. BEN, Praha 2000. ISBN 80-7300-009-1.

[4] Zadeh, L.A.: Fuzzy sets. INFORMATION AND Control 8: 338-353

[5] KLIMES, C. — BALOGH, Z.: Fuzzy Petriho siete v modelovani vyukovych procesov v e-learningu. In. Zbornik
prispevkov konferencie ,eLearn2006*, str. 12 - 17, Zilina, 2006, ISBN 80-8070-505-4.

[6] KLIMES, C. — BALOGH, Z.: Modelovanie paralelnych procesov pomocou Petriho siete. In. Technoldgia
vzdeldvania. XIlIl €. 5/2005, str. 13 - 15, SLOVDIDAC, ISSN 1335-003X

[7]1 MARKL, J. HPSim 1.1 — uZivatelskd pfirucka. Ostrava: VSB-Technicka univerzita, 2003. [online]. c2003 [cit. 2008-
07-07]. Dostupny z WWW: http://www.cs.vsb.cz/markl/pn/hpsim/index.html

115






Neural Network Simulation of Optimal Control Problem

Tibor Kmet
Email: tkmet@ukf.sk
Department of Computer Science
Faculty of Natural Sciences
Constantine the Philosopher University
Tr. A. Hlinku 1, 949 74 Nitra
Slovak Republic

KEYWORDS

Optimal control problem with control and state constragllt)s, adaptive critic neural network synthesis
stract

A neural network based optimal control synthesis is presented for solving optimal control problems with control and state
constraints. The optimal control problem is transcribed into nonlinear programming problem which is implemented with adaptive
critic neural network. The proposed simulation methods is illustrated by the optimal control problem of feeding adaptation of
filter feeders of Daphnia. Results show that adaptive critic based systematic approach holds promise for obtaining the optimal
control with control and state constraints.

I. INTRODUCTION

Optimal control of nonlinear systems is one of the most active subjects in control theory. There is rarely an analytical
solutions although several numerical computation approaches have been proposed (for example, see [9], [3]). The most of
the literature dealing with numerical methods for the solution of general optimal control problems focuses on algorithms
for solving discretized problems. The basic idea of these methods is to apply nonlinear programming techniques to the
resulting finite dimensional optimization problem [1]. When Euler integration methods are used, the recursive structure of
the resulting discrete time dynamic can be exploited in computing first-order necessary condition.

In the recent years the neural networks are used for obtaining numerical solutions to optimal control problem [7], [8].
For the network, a feed forward network with one hidden layer, a steepest descent error backpropagation rule, a hyperbolic
tangent sigmoid transfer function and a linear transfer function were used.

The paper presented extends adaptive critic neural network architecture proposed by [7] to the optimal control problems
with control and state constraints. The organization of the paper is as follows. In Section 2 optimal control problems
with control and state constraints are being introduced. We summarize necessary optimality conditions and give a short
overview on basic result including iterative numerical methods and discussed discretization methods for given optimal
control problem and a form of resulting nonlinear programming problems. Section 3 presented a short description of
adaptive critic neural network synthesis for optimal problem with state and control constraints. Section 4 consists of
model of feeding adaptation. In section 5 and 6 we apply the methods to the model presented in section 4 to compare
short-term and long-term strategy of feeding adaptation of filter feeders. Conclusions are being presented in Section 7.

II. OPTIMAL CONTROL PROBLEM

We consider nonlinear control problem subject to control and state constraints. Let 2:(¢) € R™ denote the state of a system
and u(t) € R™ the control in a given time interval [to,t¢].
Optimal control problem is to minimize

F(z,u) = g(z(ty)) + t ’ fo(z(t),u(t))dt €))
subject to
i(t) fx(t), u(t),
z(to) = o,
P(z(tr)) = 0,

c(z(t),u(t)) < 0, telto,ty]

The functions g : R* — R, fo:R""™ — R, f:R"™™ - R" ¢:R"™™ — RY and¢: R""™ — R", 0<r<mn
are assumed to be sufficiently smooth on appropriate open sets. The theory of necessary conditions for optimal control
problem of form (1) is well developed ( cf. [10], [3]).
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We introduce an additional state variable

xo(t) = /Ofo(x(s),u(s))ds
defined by the
Fo(t) = folw(),u(t)), 20(0) = 0.

Then the augmented Hamiltonian function for problem (1) is

H(z,\ p,u) = Z)\jfj(x,u) 2)
§=0

q
+ Z :ujcj(xv u)’
Jj=0

where A\ € R"*! is the adjoint variable and p € R is a multiplier associated to the inequality constraints. Let (Z,)
be an optimal solution for (1) then the necessary condition for (1) (cf. [3], [10]) implies that there exist a piecewise
continuous and piecewise continuously differentiable adjoint function \ : [to,tf] — R""!, a piecewise continuous
multiplier function p: [to,t;] — R?, p(t) > 0 and a multiplier 0 € R" satisfying

_oH

A(t) = or; (&(t), M), u(t), a(t))
Aity) = g2, (2(tf)) + ovu,; (2(2)) A3)
7=0,....,n
X(t) = 0
oH

= 5g @ELA®), u(t), alh))-

For free terminal time ¢y, an additional condition need to be satisfied:
n q
H(ty) = (Y Nifi(ew) + 3 pies(a.w)le, =0
§=0 §=0

Furthermore, the complementary conditions hold a.e. in ¢ € [to,tf] > 0, c(z,u) < 0 and p c(z,u) = 0. Herein, the
subscript & or u denotes the partial derivative with respect to = or u.

A. Discretization of optimal control problem

Direct optimization methods for solving the optimal control problem are based on a suitable discretization of (1). Choose
a natural number N and let ¢; € [to,t¢], i =0,..., N, be a equidistant mesh point with
ti=to+th,i=1,...,N, where h = % Let the vectors 2° € R"t!, ' € R™ i =1,..., N, be approximation of state
variable and control variable z(t;), u(t;), respectively at the mesh point. Euler’s approximation applied to the differential
equations yields

et = 2 4 hf(at b)), i=0,...,N—1.
Choosing the optimal variable

2= (2% 2t Nl uN ) € RNs) Ny = (n+ 1+ m)N, the optimal control problem is replaced by the
following discretized control problem in the form of nonlinear programming problem with inequality constraints:

Minimize J(z) = G(zV),
where
GaY) = g((z1,...,z)Y) + 2,
subject to
— 2t hf(a ul) = 0, “
20 = z(to)
YY) = 0,
ez, u') < 0,
i = N -1
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A free final time ¢; can be handled as an additional optimization variable in 2. In a discrete-time formulation we want to
find an admissible control which minimize object function (4). Let us introduce the Lagrangian function for the nonlinear
optimization problem (4):

N-1
Lz, M\ o,p) = Z NP (™ o o hf (2 ub)) +
i=0

N-1
G(™) + Z pie(z?,ut) + op(zN). 5)

i=0
The first order optimality conditions of Karush-Kuhn-Tucker [9] for the problem (4) are:

0 = Lyi(s,\,pu) = NTEp T (2f u?) —
N plegi(af,ut), ©6)
1=0,...,N—1,

0 = Lon(s,\pu) = Guv(™)+ (7
Ohay (wn) = AV,

0 = Lyi(s,\,p) = RXTUf (2% ub)
Fpteyi (2t ut), (8)
i=0,...,N—1.

Eq. (6 — 8) represents the discrete version of necessary condition (3) for optimal control problem (1).
IT1I. ADAPTIVE CRITIC NEURAL NETWORK FOR OPTIMAL CONTROL PROBLEM WITH CONTROL AND STATE
CONSTRAINTS AND FREE TERMINAL CONDITION

It is well known that a neural network can be used to approximate smooth time-invariant functions and uniformly time-
varying function [2] . Neurons are grouped into distinct layers and interconnected according to a given architecture Fig.
(1). Each connection between two neurons has a weight coefficient attached to it. The standard network structure for an
approximation function is the multiple-layer perceptron (or feed forward network). The feed forward network often has one
or more hidden layers of sigmoid neurons followed by an output layer of linear neurons.

Input layer | [Hidden layer| |Output layer

(i) 0} (k)

| 0]

N weight connection U

N Y

U P

T U
T

S

| S

G |

N G

A N

L ~ . A

activation function

S Vio L

S
Fig. 1. Feed forward neural network topology with one hidden layer, v;j;, wg; are values of connection weights, wv;o, wyo are values of bias

Fig. (1) shows a feed forward neural network with n; inputs nodes one layer of n; hidden units and n, output units.
Let in = [ing,...,in,,] and out = [outy,...,out,, | be the input and output vectors of the network, respectively. Let V =
[v1,...,Vp,,] be the matrix of synaptic weights between the input nodes and the hidden units, where v; = [vjo, vj1 - .., Vjn,],
vjo is the bias of the jth hidden unit, and v;; is the weight that connects the ith input node to the jth hidden unit.
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Let also W = [wy,...,w,,] be the matrix of synaptic weights between the hidden and output units, where w; =
[Wko, Wk - - -, Whny ], Wko  is the bias of the kth output unit, and wy; is the weight that connects the jth hidden units to
the kth output unit.

The response of the jth hidden unit is given by

ng
hi; = tcmh(z Vjiing),
i=0
where tanh(.) is the activation function for the hidden units. The response of the kth output unit is given by

Mhi

outy, = Z wi;hl;.
j=0

Multiple layers of neurons with nonlinear transfer functions allow the network to learn nonlinear and linear relationships
between input and output vectors. The number of neurons in the input and output layers is given, respectively, by the number
of input and output variables in the process under investigation.

kit kit
UK Optimal Control
Equation (8

ka = ka : k+l kH
. ,—lAction u,u| State Equation (4) X Critic
X

4=! Co-state Equations (6-7) |‘—

K,
re

ER g N

Fig. 2. Architecture of adaptive critic network synthesis

The multi-layered feed forward network shown in Fig. (2) is training using the steepest descent error backpropagation
rule. Basically, it is a gradient descent, parallel distributed optimization technique to minimise the error between the network
and the target output [11].

In the Pontryagin’s maximum principle for deriving an optimal control law, the interdependence of the state, costate and
control dynamics is made clear. Indeed, the optimal control & and multiplier ji is given by Eq. (8), while the costate Egs.
(6-7) evolves backward in time and depends on the state and control. The adaptive critic neural network is based on
this relationship. It consists of two network at each node: an action network the inputs of which are the current states and
outputs are the corresponding control & and multiplier fi, and the critic network for which the current states are inputs and
current costates are outputs for normalizing the inputs and targets (zero mean and standard deviations). For detail explanation
see [11].

From free terminal condition (¢)(z) = 0) and from Egs. (6-7) we obtain that \j = —1, for i = N,...,0 and /\5_\/ =
0, for j =1,...,n. We use this observation before proceeding to the actual training of the adaptive critic neural network.

The steps for training the action network are as follows:

1) Generate set S. For all z* € S,
follow the steps below:
(1.1) Input z* to the action network to obtain

uk@ and pkoo.
(1.ii) Using z* and u
equation (4) to get x
(1iii)  Input z*+1 to the critic network
to obtain Ak t1,
(1iv)  Using z* and X\*+1 solve (8)
to calculate %'t and pkt.

k.a solve state

k+1.

When

(b, i) = @, EOII L E Y < e,
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the convergence criterion for the action network training is met.

The training procedure for the critic network which expresses the relation between z*

and )\ is as follows:

1) Generate set S. For all z* € S,
follow the steps below:

(1.1) Input zF to the action network
to obtain u¢ and pk-@

k.a solve state

k:+1'

(1.ii) Using z* and u
equation (4) to get x

(1iii)  Input zF*1 to the critic network
to obtain A\k+1,

(1.iv)  Using zk, ke, ,uk’“ and \k+1
solve (6) to calculate \*t.

(1.v) Input z¥ to the critic network
to obtain A¥:¢.

When
H/\lmc _

< €,

the convergence criterion for the critic network training is met.
Further discussion and detail explanation of this adaptive critic methods can be found in [14], [5], [7], [8].

IV. MODEL OF FEEDING ADAPTATION

The model consists of phosphorus (1) as a limiting nutrient for growth of four species of algae of different size (x3 —x5)
and zooplankton (xg). Similar models of n species of microorganisms competing exploitatively for a one, two or more
growth-limiting nutrients are used to study continuous culture of microorganisms in chemostat under constant condition [13]
without of any predators. Functions occouring in the model are given in Tables II in ecological and mathematical notation,
respectively. The model is described by the following system of ordinary differential equation (9):

5
. d1mzpzw1
i = —z
1 az(ag — x1) ; pa——y
dy
+rifox; + xix6Ci(1 — ———
aq + x;
. dyzip;xy
i = —= —rifox; — miwe By — dow; + ajpoar
xr1 + Sl)
fort=2...5
5
C’imi
¢ = xe(ds ) ——— —as)+ag )
( ; e )

For detail explanation see [6]. It is derived from the models of the series AQUAMOD [12] modified by the inclusion of
several “species”’of algae. The description of the light dependence of algae is highly simplified. Instead of an approximative
integration of the algal growth over depth and time distribution of light intensity only a simple function g(I) is used, describing
a Michaelis-Menten type dependence with the halfsaturation constant for light 7 K M. We consider this oversimplification
appropriate for the purposes of this paper.

Four species of algae were considered during the computations performed:

Z2,...,25. Bach “species”is represented by a particular algal cell (or colony) volume. The volumes were set arbitrarily to
(V; = 50, 500,2500 and 5000 pm?), to approximate the set of “edible” algal sizes commonly occurring in our reservoirs.
The ecological parameters of the algae are considered functions of V; ([12]). Table I gives the corresponding values used in
the present simulations.

However, for other values of V; it is possible to derive the parameters from the functions Py, (V;), K.S(V;) and Resp(V;)
given in Table III. It is to be noted that P,,,, corresponds to light saturation and temperature of 0°C’; for 20°C' the growth
rate will be about 7.2 times higher. The high values of PRFO.S are used to simulate eutrophic conditions. For the filtration
capability of zooplankton we assume that algal volumes selected at a given setting of the filtratory apparatus have log-normal
distribution. This is identical with the “size limited predators”and the function we propose is approximately identical with
the “selectivity” by this class of predators as given by [15].

The description of selectivity E; is as follows:

EZ(U) = exp(—o.l (u — U2)2)
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where wu is the value of setal density directly related to the algal diameter for which selectivity is maximal and w; is the
diameter corresponding to each algal cell volume V;. The specific filtration rate of algae of different sizes (volumes) of the

TABLE I

VALUES OF PARAMETERS

a1 0.05 | sedimentation rate[day ']
as 0.6 maximum efficiency of
zooplankton assimilation
a3 0.05 recalculation from units of algae
to units of zooplankton
a4 60 half saturation constant for zooplankton
feeding [mg.m—3 CHA]
as 0.03 | zooplankton mortality[d 1]
ae 0.002 | inflow of zooplankton[m ~3C.day 1]
ar 0.1 | hydraulic loading[d 1]
as 200 | inflow phosphorus concentration[mg.m =3 P]
ag 0.9 zooplankton filtration rate [m~3C.day ']
aio 120 half saturation constant for light
[cal.cm_Q.day_l]
ail — a4 0. inflow of phytoplankton concentration
[mg.m~3CHA]
TABLE II

SIZE-SPECIFIC PARAMETERS OF ALGAE

S4
fi

fa
f3

Vi

wp = 2% 3 %

Ei(u) = exp(—0.1 (u — u;)?)

Frz(V;) = ag x E;(u)

Praz(V;) = 0.5 — 0.05LOG(V;)

Resp(V;) = 0.02+
0.002LOG(V;)

KS(V;) = —5 + 10LOG(V;)

Faz = 0.8 + 0.25cos(t)+
0.12cos(2t)

Temp = 12 4 10sin(t + 220)

Ip = 280 + 210sin(t + 240)

f(Temp) — ¢(0.09+Temp)

di=f=x*g
d4:a2*a4

algal cell volume[um3)]

diameter corr. toV;
selectivity

forcing function

spec. growth rate[d 1]
spec. resp.rate of algae
[d~1]

half sat. constant for P
[mg.m~3P]
sedimentation func.

water temperature[°C]
light intensity
[cal.cm™2.day~1]

I
9lo) = o imar
da = a1 * f1
d3 = a3z *dy

population adapted to certain condition (i.e., with certain values of u becomes

where F'RZ is the filtration rate for algae of the optimal size, i. e., those which are filtered with the selectivity factors

In this section we are interested in the ability of Cladocera to adapt both the filtration area and filter density to the amount
and size structure of the food particles (algae) population. We assume that filtration in aquatic filter feeders is an optimal

Frz(V;) = FRZ x E;(u)

V. OPTIMIZATION

process of maximal feeding strategy. We will investigate two strategies [4], [6]:
1) instantaneous maximal biomass production as a goal function (local optimality), i.e.,

for all ¢, under the

constraints

¢ = fo(z,u,t) — max

u €
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TABLE III
PARAMETERS FOR FOUR "SPECIES” OF ALGEA

Vi 50 500 2500 5000
U; 4.57 9.85 16.84 21.22
p; | 0.4151 | 0.3651 | 0.3301 | 0.3151
S; 11.99 21.99 28.98 31.99
i 0.023 0.025 0.027 0.028

2) integral maximal biomass (global optimality), i.e.,

T
J(u) = / (1) dt,
0

under the constraints

(S [umi’ru umam] -
A. Local optimality

In the case of strategy 1, we maximize the following function
5
B E;(u)dsz;ag
) =y By
i—o (331 + Cl4)
i=
under the constraints
(4 € [uminy umax] .

B. Global optimality

In case of strategy 2, we have the following optimal control problem: to find a function 4(t), for which the goal function

T

J(11) = / wo(t) dt
0

attains its maximum, where T denotes the lifetime of an individual Daphnia. We introduce an additional state variable
t
xo(t) = / xg(s)ds (10)
0
defined by the

io(t) = we(t), 0(0) =0.

We are led to the following optimal control problems: Maximize

xo(ty) (1D
under the constraints
ci(z,u) = Umin —u <0
co(z,u) = U— Upas < 0.

Discretization of Egs. (9 - 11) using Egs. (6- 8) and state equation (4) leads to

Minimize — xév
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subject to
T = 2t (2t ud)
i1=0,...,N—1,
)\i _ )\i-‘rl 4 h)\l-‘rlfz’ (1,7,7,“7,)

't egi (2, u'),
i=N-1,...,0,

L= —1,i=0,...,N—1
)‘N = (_1703070707070)a
0 = hXNTLf(at ub)

pteyi (2t ut),
where the vector function

F(x,u) = (7$67f1(x7u)5'-'afﬁ(‘rau))
is given by Eq. (10) and by right-hand side of Eq. (9).

VI. NUMERICAL RESULTS

In the adaptive critic synthesis, the critic and action network were selected such that they consist of six and two subnetworks,
respectively, each having 6-18-1 structure (i.e. six neurons in the input layer, eighteen neurons in the hidden layer and one
neuron in the output layer). The proposed adaptive critic neural network is able to meet the convergence tolerance values
that we choose, which led to satisfactory simulation results. Simulations, using MATLAB show that proposed neural network
is able to solve nonlinear optimal control problem with state and control constraints. Our results are quite similar to those
obtained in [6].

The results of numerical solutions (Figs. 3 - 8) have shown that the optimal strategies @(t) and @(t) based on short
or long-term perspective, respectively, have different time trajectory for different values of Flaz - sedimentation function,
Temp - water temperature, and Iy - light intensity (¢ = 120, 210).

When 4(t) is optimal (what is valid according to numerical results) then J(a(t)) > J(a(t)), i.e., the total biomass for
the short-term perspective is smaller or maximally equal to the biomass for the long-term perspective. The numerical results
have shown, that for the initial conditions considered J(%(t)) > J(4(t)), (see Table IV). The higher biomass of zooplankton
obtained in the case of integral formulation points towards the assumption that the organisms do better if not reacting only
to the immediate changes, but having developed mechanisms consistent with more long-term consideration.

TABLE IV
RESULTS OF GOAL FUNCTION EVALUATIONS FOR LOCAL AND GLOBAL OPTIMALITY

Value of goal function =120 =210
local J(u) 18.4 (Fig.5) | 105.1 (Fig. 8)
global J (1) 27.9 (Fig. 5) | 178.4 (Fig. 8)

VII. CONCLUSION

In this paper, the optimal control problem with control and state constraints has been investigated. Using adaptive critic
approach we extend the adaptive critic neural network proposed by [14],[8] to solve the optimal control problem with
control and state constraints. The extended adaptive critic neural network is a good solver for a wide class of optimal control
problems. We have formulated, analysed and solved an optimal control problem related to the optimal food screening process
by Daphnia. Using MATLAB, a simple simulation model based on adaptive critic neural network approach was constructed.
Numerical simulations have shown that adaptive critic neural network is able to solve nonlinear optimal control problem
with control and state constraints and it explains feeding adaptation of filter feeders of Dapnia. Illustrative example further
show that the extended adaptive critic neural network can be applied for an optimal control problem in a ecologic-oriented
domain.
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Abstract: Information visualization is a new discipline using computer graphics technologies and based on piece
of knowledge in statistics, informatics, geometry and psychology. Visualization offers technique for
creating images, charts and animations for communicate some information. This is the merit of
information visualization doing it extremely important for distant learning. Good and powerful visual
representation of abstract data may help in communicating, analyzing data and confirming
hypotheses and can substitute many pages of explanatory text. Examples from history give
inspirations for building excellent visual representations, but wrong examples should be avoided in
next creation of visualization.

Introduction

The history of visualization is that of the search for new artefacts to amplify the ability to know; it is
the history of writing and of maps, the history of knowledge (Dirsteler, 2002). Since humans perceive
visual attributes very well, we can represent agreat deal of different data visually. The graphic
representation of abstract data has deep roots reaching into the history of the earliest cartography. The
first known city plan was created in the late 7" millennium BCE in Catal Hoyik in Anatolia (modern
Turkey) and was painted onto a wall.

Visual Representation of Knowledge

We can find many examples of the developments and innovations related to the visual representation
of knowledge. An exemplary use of map to chart patterns of disease was the famous dot map of Dr. John
Snow, who plotted the location of deaths from cholera in central London for September 1854 (Tufte,
2001). Examining the map on the Figure 1, Snow observed that cholera had spread among those who
lived near and drank from the Broad Street water pump. This is an example, where graphical analysis of
data is more efficient as a math calculation.

Competently remake cartography maps can have narrative graphic function too. An example of
excellent space-time story graphic is from French engineer, Charles Joseph Minard (1781-1870) who
visualized Napoleon’s Russian campaign of 1812 (Figure 2) with combination of data map and time-
series.
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Figure 1: Snow’s map of location of deaths from cholera in central London in 1854.
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Figure 2: Minard’s V|suaI|zat|on of Napoleon s Russian campaign of 1812, drawn in 1861.

Six variables are plotted: the size of the army, its geographic location (2 variables), direction of the
army’s movement, and the temperature on various dates during the retreat from Moscow. This excellent
space-time story graphic illustrates, “how multivariate complexity can be subtly integrated into graphical
architecture, integrated so gently and unobtrusively that viewers are hardly aware that they are looking

into a world of four or five dimensions” (Tufte, 2001).

Knowledge visualization is an important part of information visualization. Visual representations are
used very successfully for transfer the knowledge between teacher and students. Both, computer and
non-computer based visualization methods can be used in learning process and can substitute many
pages of explanatory text. A simple and well-known example of visualization of mathematical proof
(cited from (Sedivy et al., 2000)) is shown on the Figure 3. Tufte emphasizes the role of colours in this

type of visual representation (Tufte, 1990, Chapter 5: Color and Information).
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Figure 3: The visual proof of Pythagorean Theorem.

Data Visualization

The first author, who dedicated his book (The Visual Display of Quantitative Information, 1983) to
information visualization, was E. R. Tufte, political economist and statistician from Yale and Princeton
University and the member of American Statistical Association. He is considered as a founder of this new
discipline. The recent emphasis on visualization started in 1987 with the special issue of Computer
Graphics on Visualization in Scientific Computing. Since then there have been several conferences and
workshops, co-sponsored by the IEEE Computer Society and ACM SIGGRAPH. They have been devoted to
the general topics of data visualization, information visualization and scientific visualization, and more
specific areas such as volume visualization.

Quantitative Data Visualization

The simplest way to depict and organize quantitative data is a table. However, if the data set has
several dimensions, the table became confused. Since the 16™ century, techniques for precise
observation were well developed and then we can see the effort to show mathematical variables
graphically. In the 18" century, new forms of visualization of economics, demography and health data
appear. Technological innovations (colour, press) open new possibilities of data representation in printed
media. The first half of the 19™ century was responsible for an explosion in the growth of statistical
graphics. All forms of statistic charts known today were developed at this time (Friendly, 2005). One of
the famous economic data visualization is Playfair’s chart (Figure 4), where three parallel time-series are
plotted: prices, wages, and the reigns of British kings and queens for 250 years, from 1565 to 1821.

Second half of 19" century is known as the golden age of data graphics (Friendly, 2005). Minard’s
flow maps, pie chart, cartogram, polar coordinates chart, three-dimensional stereogram, and modern
weather maps arise all from 19" century.
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Figure 4: Chart with economic data. William Playfair (1759-1823), England.
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The development of software and computer systems brought possibility of visualization of very large
multidimensional data sets and manipulation with them. Geometer Alfred Inselberg, researcher at IBM,
had the idea of defining a geometric space for representation of multivariate data as an n-space through
an arbitrary number of axes, arranging them parallel. This was the origin of parallel coordinates, the one
of today’s most common technique of visual representation of multivariate data (Mazza, 2008). Parallel
coordinates display high-dimensional data points. A traditional, Cartesian scatter-plot of high-
dimensional points only shows two or three dimensions at a time. A parallel coordinate view represents
each data point as a line that traverses parallel axes mentioned above. Each line crosses each axis at the
location determined by the point's value in that dimension. With this view all dimensions are
represented at once and they show the correlation between adjacent dimensions.

Ordinal and Categorical Data Visualization

Ordinal and categorical data are not characterized numerically, but they are given in order (not
necessary linear, can be organized in a network too) or as a member of category (belongs to).
Visualization of this type of data is not so frequent as the visualization of quantitative data, but we know
very different visual representations of such data, for instance Venn-diagrams, flow-charts, trees, and so
on. An example of a brilliant representation of network data is the Map of the London subway from year
1933, which became a world-recognized symbol for its simplicity and clarity (see Figure 5 cited from
http://www.probertencyclopaedia.com).

A new method for representation of mainly categorical data is the so-called parallel sets, a technique
developed by a group of researchers from the VRVis (Virtual Reality and Visualization) Institute of Vienna
in 2006.
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Figure 5: Map of London Underground created by Harry Beck, 1933.

Parallel sets take inspiration from the parallel coordinates but, in contrast, the frequency of the
values in the dataset substitutes for the representation of each single instance. This type of
representation, unlike the parallel coordinates, turns out to be more appropriate in the case of
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categorical data. It can manage very large dataset without the problem of space (Mazza, 2008). Figure 6
shows a representation in parallel sets of a dataset derived from the victims of the Titanic disaster. The
attributes arranged next to each other are linked by connections such that they represent the values of
frequencies in which the conditions are verified. There are shown 3 categorical attributes of the dataset:
the class in which they travelled, the sex, and whether they survived. The figure very clearly shows that
most of the first-class passengers survived, while the majority of the third-class passengers and the crew
died in the disaster (Mazza, 2008).

Conclusion

The graphic representation of abstract data has deep roots reaching into the history of the earliest
cartography, later into economics and statistical graphics, medicine and other fields. Developments in
printing, reproduction and practical observation enabled the wider use of graphics along the way. From
earliest history there are known town maps and navigation maps mainly. In the 16" century, techniques
for precise observation were well developed and then we can see the effort to show ideas and
mathematical variables graphically. In the 18" century, new forms of visualization of economics,
demography and health data appear.
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Figure 6: The Titanic disaster visualization by parallel sets
(http://srvac.uncc.edu/research/parallelSets.html).

Technological innovations (colour, press) open new possibilities. Explosion in quantum of data
implies the beginning of modern infographics in the first half of 19" century. All forms of statistic charts
known today were developed at this time. Second half of 19" century is known as the golden age of data
graphics. Minardi’s illustration of Napoleon’s campaign against Russia arises from this time. This is “the
best graphic ever made” according to evaluation of E.R. Tufte.

Nowadays, the development of software and computer systems influences the invention of graphic
techniques and methods of multidimensional visualization.
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Abstract: In the contribution authors draw attention to e-learning courses evaluation from the standpoint of
making and implementing new Statistics modul in the environment of LMS MOODLE system. In the
present time, great emphasis is layed on gathering new information in a very short time, but also on a
possibility of testing or certification of gained knowledge with its automatic interpretation and giving
a feedback. For gathering new information are used various statistics methods. The authors decide to
concern their attention on LMS MOODLE system, which belongs to one of the most used e-learning
systems.

Posudenie sucasného stavu

V dnesnej uponahlanej dobe sa ¢oraz viac zacdina klast d6raz na ziskavanie a upevriovanie novych
informacii, vedomosti v o najkratSom case anielen voblasti Skolstva ale aj Sirokého spektra
zamestnancov. Samotné nadobudanie novych vedomosti nie je kli¢om k Uspechu, preto je potrebna
nielen spatna vazba, ale aj priebeiné testovanie avyhodnocovanie aktivit v priebehu vzdeldvania.
Ziskavanie vedomosti je mozné viacerymi sp6sobmi. V stcasnej dobe sa popri klasickom vzdelavani
presadzuje najma vyuzitie informacno-komunikacnych technolégii (dalej len ICT), vspojeni s e-
learningom. Myslienka vyuZitia e-learningu nie je ludstvu neznama, predchadzalo jej ucenie na dialku
(angl. Distance Learning), ktoré ma svoje pociatky takmer pred 100 rokmi. Distan¢nou metddou
nazyvame metddu vedenia vzdelavacieho procesu, pri ktorej ¢i uz ucitel alebo Ziaci sa nenachadzaju
v jednej spolocnej miestnosti, ale su od seba uréitym sposobom vzdialeni. Aj ked pojem e-learning uzko
sUvisi s distanénym vzdeldavanim, netreba si tieto pojmy navzajom zamienat a prikladat im tak
rovnocenny vyznam. Pod e-learningom rozumieme formu diStan¢ného Studia, teda metddu, resp.
spbsob, akym je mozné distanéné vzdeldvanie organizovat.Realizacia e-learningovej formy vzdelavania
predstavuje moderny sp6sob nadobudania vedomosti, ktory sa napevno ukotvil aj na Katedre
informatiky na Univerzite Konstantina Filozofa v Nitre kde tvori uz neoddelitelnd sucast vzdelavania.
Vyucovanie prebieha za vydatnej podpory a vyuzitia e-learningovych kurzov v systéme LMS MOODLE,
ktory v sucasnosti predstavuje jeden z najpouzivanejSich opensource e-learningovych systémov.

Monitoring prace Studenta v systéme LMS MOODLE

Monitoring prace Studenta (aktivita) v systéme LMS Moodle je dany ¢innostou a akciou, ktora bola
s touto Cinnostou realizovana. V module Zaznamy s zaznamendvané len tie aktivity, ktoré boli vykonané
z hlavnej stranky kurzu, tj. pri vykondvani urcitej cinnosti v rdmci niektorého 2z modulov.
Nezaznamenavaju sa vsak aktivity ako je napr. studium knihy, teda vlastny pohyb v rdmci knihy a tiez cas,
ktory Studujuci stravil studiom jednotlivych kapitol v rdmci knihy. Systém vsSak Statisticky vyhodnocuje
a poskytuje celkové hodnotenie jednotlivych Studentov, ako aj kompletné hodnotenie celej skupiny, do
ktorej dany Student patri.
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Sledovanie prace mozeme rozdelit do Styroch zakladnych casti :

1, Zivé prihlasenia z poslednej hodiny

2, sprava o aktivitach

3, zdznamy o Ucastnikoch

4, statistika (obr.1) : 4.1, Cas —deri a ¢as prihldsenia pouzivatela do systému,
4.2, IP adresa - adresa z ktorej pristupoval pouzivatel do systému,
4.3, Celé meno — Meno a priezvisko pouzivatela,
4.4, Akcia — aku akciu pouzivatel vykonal,
4.5, Informacie — dopliujuce informacie.
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Obr. 1: Statistika

Statistika ktort poskytuje LMS MOODLE je prevaZne zamerand na sledovanie prace so systémom. To
znamena, Ze systém monitoruje pracu Studenta a nie proces nadobuidania vedomosti.

Pre vyskum autorov je ale doleZité ziskat Gdaje a Statisticky ich vyhodnotit, ako Student nadobudal
nové vedomosti a zrucnosti, informacie o tom, ako Student prechadzal jednotlivymi lekciami. Faktory,
ktoré vplyvaju na nadobuidanie novych vedomosti pomocou LMS MOODLE méZeme rozdelit do dvoch
skupin :

a) priamo ovplyvnitelné faktory,
b) nepriamo ovplyvnitelné faktory.

Priamo ovplyvnitelné faktory ma vyucujici moZnost priamo ovplyvnit. Zavisia od spdsobu
spracovania e-learningového kurzu (obsah i forma), cez zabezpecenie interaktivity Studujiceho so
$tudijnym materidlom, az po moznost Studujliceho riadit urcitym spdsobom vyucbu, teda prispdsobovat
mnozstvo preberanej ucebnej latky jeho potrebam pri rozvoji kognitivnych a intelektudlnych schopnosti.

Nepriamo ovplyvnitelné faktory nema vyucujici moznost ovplyvnit. Predstavuju napr. ¢as, kedy sa
$tudent prihlasuje do systému a skutocnost, ¢i dané materidly naozaj Studuje alebo ich ma len zobrazené.

Pre pracu oboch autorov je dbleZite sa zamerat prave na skupinu faktorov, ktoré mézu priamo
ovplyvnit proces nadobudania novych vedomosti. DalSou déleZitou ulohou je overovanie takto
nadobudnutych vedomosti aspatna vazba pri vytvarani, resp. Uprave Studijnych materialov.
Nadobudnuté informacie je potrebné statisticky vyhodnotit. Na ziklade analyze e-learningového
systému LMS MOODLE sa naskytuju dve moZnosti rieSenia dopracovania modulu pre Statistické
spracovanie:

1. evaludcia a implementdcia Statistického modulu do LMS Moodle
2. navrh a realizacia externého modulu pre statistické vyhodnocovanie.
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Pod pojmom evaluacia (z angl. evaluation = hodnotenie) rozumieme proces hodnotenia. Ak
pouzivame tento termin vspojeni se-learningovym kurzom, mame na mysli hodnotenie, ktoré je
najcastejsie realizované externym evaluatorom s cielom porovnat pbévodné zamery so skutoénostou.
V sucasnosti sa viaceré publikacie z oblasti e-learningu zameriavaju najma na problematikou vytvarania
e-learningovych kurzov, malo znich sa vSak skutoCne zaobera aj evaluaciou, pre dosiahnutie
plnohodnotného vyuébového produktu.
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Obr. 2: Funkény model e-learningového systému

Z blokovej schémy funkéného modelu e-learningového systému je zrejmé, Ze pri sprave profilu
Studenta je nutné nielen zaznamenavat jednotlivé akcie (aktivity) v ramci modulov, ale taktieZ sa zamerat
na mechanizmus hodnotenia a testovania.

Dopracovanie Statistického modulu do LMS MOODLE

Prvou moznostou je vytvorenie a implementdcia Speciadlneho statistického modulu do LMS MOODLE,
¢o suvisi s rozSirovanim moznosti tohto systému a sucasne aj s rieSenim pripadnych problémov, ktoré
vznikaju pri jeho zavddzani do praxe.

Jednym z navrhnutych sp6sobov, ako zabezpedit zapis do databazy, je vytvorit:

e evaluacny formuldr (vo forme html) pre Studujucich v rdmci kurzu,

e uloZenie prichadzajluceho suboru do adresarovej Struktury LMS Moodle,

e samotné zobrazenie evaluovanych materidlov na zaklade vyplneného formularu,

e Statistické vyhodnocovanie nadobudnutych vedomosti a zrucnosti na zaklade porovndvania ¢asu

potrebného na zvladnutie preberaného uciva pred a po evaluacii materialov.

Zdrojové kédy LMS Moodle su vsak velmi spletité a neprehladné a ich detailné Studium tak zaberd
privela Casu. Preto pri zmene adoplneni tohto typu modulu Cerpdme poznatky uZ zvytvorenych
a spristupnenych modulov na stranke http://moodle.org.

Vypracovanie externého modulu pre Statistické vyhodnocovanie

Druhou moznostou je ziskané informacie vyexportovat do externého systému, kde sa budu
Statisticky spracovavat. Ziskané vysledky sa vsak po Statistickom vyhodnoteni musia naspat odoslat do
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LMS Moodle, kde sa zapisu do databazy pre konkrétneho $tudujiceho. Toto je mozné zrealizovat na
zaklade JAVA apletu, ktory dokaze odosielat siubory podobne ako klasicky formular v HTML. Odoslanie
spociva v zavolani skriptu (Co je ekvivalentné otvoreniu URL skriptu), ktory potom subor prijme a uloZi na
server. Pomocou skriptu sa vytvori spojenie a otvori vystupny prad, cez ktory bude mozné zapisovat
pozadované data. Po zapisani vSetkych dat sa musi vsak tento vystupny prad uzatvorit, ¢im server ziska
informaciu, zZe skondcil zapis dat a moze ich teda spracovat. Kvéli ochrane prenasanych Gdajov medzi LMS
Moodle a serverom, na ktorom sa vykonalo $tatistické vyhodnotenie, je potrebné zabezpecit odozvu o
informacii o priebehu ukladania suboru. Samotné preberanie a ukladanie suboru na serveri musi
zabezpedit skript schopny spracovat posielany subor. KedZe LMS Moodle plne podporuje jazyk PHP,
spracovanie prijimanych suborov je v iom velmi jednoduché.
<?php
Sadresar = '/var/www/uploads/'’;
Ssubor = Sadresar . basename($_FILES['userfile']['name']);
echo '<pre>';
if (move_uploaded_file($_FILES['userfile']['tmp_name'], Ssubor)) {
echo "Subor bol uspesne uploadovany.\n";
}else {
echo "Chyba pri uploade suboru!\n";

}
print "</pre>";
>

V premennej adresar sa nachadza cesta, kam bude subor ulozeny. Samotny presun do tohto adresdara
zabezpecuje funkcia move_uploaded_file.

Zaver

Obe riesenia s ndrocné nielen z programatorského hladiska, ale najmd z dévodu pochopenia
Struktury systému, z mozZnosti organizacie a ukladania udajov v databdze LMS MOODLE. V pripade
realizacie druhej moznosti je viak potrebné poditat nielen s viacerymi obmedzeniami, ktoré pri takomto
spbsobe $tatistického vyhodnocovania mézu nastat, ale najma s potrebou dodatoéného zabezpecdenia
proti nezelanému Uniku informdcii medzi systémom LMS MOODLE a vytvorenym externym prostredim.

Publikacia vychadza vdaka finan¢nej podpore projektu KEGA 368-043UKF-4/2010 s nazvom:
Implementacia prvkov interaktivity v obsahovej transformdcii odbornych informatickych predmetov.
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E-learning systems are mostly one of the most important parts of university information systems.
Within these systems a lot of functions are enabled for student’s or teacher’s activities during their
educational interactions, nowadays often including any kind of adaptation. Using adaptation within e-
learning systems is very important because this is the way how to: Increase eLearning efficiency —
Information delivered by the preferred way are for students more understandable, one person likes
for example text with pictures other elects audio records. Generally, that is why students don’t need
so much time in comparison with common learning. The support of individual teaching i.e. adaptation
extents e-Learning advantages also in the area of individualization. There is no limitation to use
elearning course as a tool within face-to-face teaching for example for explanation of new problems,
preparation for discussion and other activities. Respect students’ needs — Traditional teaching often
doesn’t suit to all students because each of them must more or less conform to teacher’s style.
Learning styles adaptation enables enforcing students’ needs. Reduction of “bad” influence of the
teacher — What to do if teacher (or prepared course) are not optimal? Adaptation is also one of the
solutions which can reduce this state. Described possibilities are the reason why adaptation should
be considered at least as a possible future benefit. It is a domain that could bring more flexible and
useful way of learning together with efficiency and easier motivation of students. The general
questions are what and how to adapt and where are the limits for the whole implementation. It is
clear that architecture of e-learning system has to cover up basic components common for adaptive
systems. It means adaptive engine with rules of adaptation, user model, domain model and monitor
of users’ actions (behavior). The paper describes a proposal for implementing adaptation mechanisms
for optimizing study and learning activities of students using various applications of e-learning
systems. Basic classification and description of advantages and disadvantages of possible types of
adaptation is also part of this paper. The e-learning system ELIS is considered as a concrete platform
and the example of system with potential to extend its current functionality with adaptation.
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Abstract: In the paper we discuss the possibilities of realization of the evaluation that is composed of several
partial evaluations, especially if they were carried out by different evaluators. This type of evaluation
can be used for example in evaluating the presentations, if we want also the audience (e.g. the other
students) to join the evaluation process. Our intention is to introduce the possibilities that the
learning management system, particularly LMS Moodle that we use to manage the education, offers
to make the process of gathering data for evaluation, processing them and publishing the results to
the students easier, more transparent for the students, more effective and less time-consuming for
the teacher. We propose the usage of the Feedback activity in LSM Moodle as the tool for gathering
the input data for evaluation from the students, the spreadsheet for processing the data and getting
the final evaluation and the Grades module in LMS Moodle to publish the results to the students.

Uvod

Zmeny v oblasti vzdelavania, ktoré v poslednych rokoch ovplyvnili nielen jeho obsah, ale aj realizaciu,
poznaCili aj oblast hodnotenia. Kritérid hodnotenia suU pestrejSie asamotny proces hodnotenia
komplexnejsi.

Jednym z hodnoteni, ktoré sa vyuzivaju najma v poslednom obdobi, je hodnotenie tvorené ako
priemer viacerych hodnoteni, resp. hodnoteni od réznych hodnotitelov. Typickym prikladom takejto
situacie je hodnotenie prezentacii, s ktorymi sa méZzeme stretnut na réznych predmetoch, od jazykov, cez
rozne praktické predmety az po informatiku. Prezentdcia je velmi zriedka urcena pre jednotlivca (ucitela),
zvyCajne su jej adresatmi viaceri divaci — Ziaci triedy, prip. ro¢nika, ucitelia, rodicia a pod. Hodnotenie sa
vSak zvycajne obmedzuje na prezentacie v ramci triedy, kedy su adresatmi spoluziaci a ucitel, pretoZe pri
ostatnych typoch prezentacii sa hodnotenie len malokedy vyjadruje zndmkou.

Pri klasickom hodnoteni by svoj nazor na prezentdciu zverejiioval len ucitel. V ramci moderného
hodnotenia mdzeme do procesu hodnotenia zahrnut aj ostatnych divakov prezentacie — spoluziakov.
Takéto hodnotenie potom pozostdva z dvoch casti — hodnotenia ucitela a hodnotenia Ziakov. Z hladiska
realizacie musi teda ucitel zabezpedit nielen zverejnenie svojho hodnotenia, ale aj zozbieranie podkladov
pre hodnotenie od spoluziakov, tieto vyhodnotit a interpretovat (napr. znamkou alebo bodmi) a uréit
zaverecné hodnotenie, ktoré vznikne spojenim obidvoch zloZiek hodnotenia.

Nie je nasim cielom rozoberat didaktickd stranku takéhoto hodnotenia. Budeme predpokladat, ze
kritérid hodnotenia su uz stanovené, rovnako ako aj podiel jednotlivych zloZiek na celkovom hodnoteni.
Pozornost teda budeme venovat realizicii tohto typu hodnotenia vtriede, podla moznosti co
najjednoduchsej a najefektivnejse;j.

Podobne ako pri zverejnovani Studijnych materidlov, testovani, komunikacii alebo administracii
dochéadzky, aj pri hodnoteni prac Studentov mdze byt velmi uZitoénym pomocnikom systém pre
administraciu vzdeldvania (Learning Management System — LMS). Hlavnym dévodom je to, Ze umoZnuje
pristup zaregistrovanym pouzivatefom (ucitelom aj Ziakom) atvorca kurzu mozZe velmi prehladne
arelativne jednoducho nastavit prislusné aktivity aopravnenia pristupu knim pre jednotlivych
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Ucéastnikov. MozZnosti spracovania hodnotenia prezentacii budeme popisovat na priklade systému LMS
Moodle, ktory pouzivame uz niekolko rokov a mame s nim dobré skisenosti.

Vramci obsahového kontextu vyuZijeme zdverecné prace z predmetu Anglicky jazyk, ktoré su
realizované formou prezentacii, ktoré Studenti prezentuju pred svojou Studijnou skupinou. Samozrejme,
cudzie jazyky nie su jedinou oblastou, v ktorej je mozné hodnotit prezentacie, tak ako prezentacie nie su
jedinou moznostou, ako hodnotit pracu zpohladu viacerych hodnotitelov. Je preto potrebné si
uvedomit, Ze uvadzané situacie sltzia len pre ilustraciu vyuzitia uvedenych nastrojov pre administraciu
tohto typu hodnotenia a nie ako ojedineld situacia, v ktorej je ho mozné vyuzit.

Podmienky hodnotenia

Skér, nez zaneme realizovat proces hodnotenia, musia byt jednoznaéne stanovené kritéria a spésob
hodnotenia. V nasej modelovej situdcii bolo hodnotenia rozdelené do piatich oblasti:

e Content of the presentation/Obsah prezentacie

e Visuals — slide-show/vizualne pomécky, prezentacia

e Delivery —speech, phrases/Prednes — prejav, frazy

e Discussion — answering Qs, work with the audience/Diskusia — odpovedanie na otazky, praca

s publikom
e Glossary entries — usefulness, elaboration/Zaznamy v slovniku — uZito¢nost, vypracovanie

Poslednou oblastou hodnotenia boli takzvané Bonus points/Bonusové body, ktoré boli udelované za
velmi dobré spracovanie niektorej oblasti, prip. za oblasti, ktoré neboli spomenuté v hodnoteni.
Povazujeme za potrebné podotknut, ze celkové hodnotenie bolo vypoditané z piatich hlavnych oblasti,
bonusové body sluzili ako body navyse, t.j. mohli celkové hodnotenie zlepsit, ale nie zhorsit. ISlo najma
o motivaciu k lepsim vykonom Studentov, ale aj moznost ocenit tych, ktori pri priprave alebo samotnej
prezentacii prejavili velmi dobré zruénosti, velkd snahu alebo kreativne napady.

Hodnotenie jednotlivych oblasti bolo rozdelené na dve casti — hodnotenie uciteflom a hodnotenie
Studentmi-spoluziakmi. V ramci celkového hodnotenia sa vacsia vaha prikladala hodnoteniu ucitefom,
ktory sa sustred'oval na viacero faktorov v ramci kazdej z uvedenych oblasti — jeho hodnotenie bolo preto
komplexnejsie avyjadrené svicSou presnostou, doplnené aj o slovny komentar priamo na hodine.
TaktieZz nesmieme zabudnut, Ze snahou ucitela je zostat v kazdej situacii nestranny a objektivne posudit
pracu jednotlivych Studentov, zatial ¢o spoluZiaci v mnohych pripadoch hodnotia aj na zdaklade
subjektivnych pocitov. Nasou snahou vsak nie je skimat objektivnost tohto typu hodnotenia, ale
moznost jeho realizacie, preto budeme predpokladat, ze hodnotenie, ktoré budd Studenti priradovat
k jednotlivym pracam, bude do velkej miery objektivhe, comu by malo napoméct aj stanovenie oblasti
hodnotenia a kritérii, ktoré majd v ramci jednotlivych oblasti posudzovat — tieto su stanovené vidy na
niektorom z Gvodnych stretnuti daného predmetu, aby uz pri priprave svojich prezentacii Studenti vedeli,
¢o a ako bude na ich prezentacidch hodnotené.

Zbieranie podkladov pre hodnotenie

Je zrejmé, Ze pri zhromazdovani informacii od réznych hodnotitelov (Studentov), navyse v réznych
oblastiach hodnotenia, je potrebny prepracovany systém zverejiiovania avyhodnocovania tychto
Ciastkovych hodnoteni. KedZe pri vyucbe vyuzivame LMS Moodle, mame k dispozicii priestor, do ktorého
maju pristup vsetci Studenti, modzu ziskavat, ale aj zverejriovat informacie, ktoré potom moze ucitel
pouzit pre dalsie spracovanie.

V ramci hodnotenia prezentdcii sa ako najvhodnejSia javi aktivita Spatnd vazba, ktord umoziuje
vyjadrenie nazoru jednotlivych Ucastnikov prislusného kurzu na urcitd otdzku, v naSom pripade na
konkrétnu oblast hodnotenia. Dévodov pre jej vyber je niekolko:

e moznost vytvorit otazky réznych typov (vyber odpovede, textové pole a pod.),
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e moznost bodového hodnotenia odpovedi (tzv. rated questions),

e moznost obmedzit odpovedanie na otazky len na jeden pokus pre kazdého $tudenta,

e moznost povolit pristup do aktivity len pre vybranych fudi, resp. zabranit pristupu niektorych
ucastnikov,

e moznost obmedzit odpovedanie na otazky na urcity éasovy interval,

e jednoduché vyhodnocovanie zozbieranych odpovedi formou percentudlneho vyjadrenia
jednotlivych moznosti pri otazkach s vyberom odpovede,

e vypocet priemeru odovzdanych odpovedi pri otazkach s bodovanymi moznostami,

e elektronicky zber Udajov bez potreby vytvarat ,papierové” képie,

e jednoduchda moznost Upravy otazok, rychla aktualizacia (aj priamo na hodine),

moznost vyuzivat Sablony s otazkami.

Svyuzitim aktivity Spatnd viazba teda dokaieme vytvorit priestor pre hodnotenie vsetkych
stanovenych oblasti, ato prostrednictvom otdzok svyberom odpovede pre péat hlavnych oblasti
a textového pola pre bonusové body — tu moézu Studenti uvadzat akékolvek komentare k prezentacii
(pozitivne alebo negativne) a na zaklade tychto pripomienok budu pridelené bonusové body k celkovému
hodnoteniu prezentécie. Je déleZité vybrat otidzky s bodovym hodnotenim odpovedi (rated), kde je
mozné vhodnym nastavenim bodovania jednotlivych moZnosti odpovede vytvorit ¢o najvhodnejsi zaklad
pre vypocitanie priemerného hodnotenia tej ktorej oblasti od vSetkych hodnotitelov.

V nasom pripade sme pri piatich hlavnych oblastiach hodnotenia vyuzili 5-stuprfiova stupnicu:

e Very bad/Velmi zlé,

e Poor/Slabé,

e | don’t know/Neviem —tato volba reprezentovala strednt hodnotu, ani dobré, ani zlé,
e Sufficient/Dostatocné,

e Great/Vyborné,

S bodovym hodnotenim jednotlivych mozZnosti od -2 do 2, ktoré sme zvolili najma z dévodu
vizualneho odlisenia negativneho a pozitivneho hodnotenia prezentdcie a taktiez kvoli univerzalnosti
upravy celkovych pridelenych bodov za prislusnd oblast na zdklade priemeru hodnoteni vsetkych
hodnotitelov — spoluZiakov (pozri Spracovanie podkladov pre hodnotenie od studentov).

Nie je vSak nevyhnutné zvolit prave takéto bodové hodnotenie jednotlivych pondkanych moznosti.
Pre jednoduchsie spracovanie moZeme odporucat nastavit na jednotlivé moznosti také bodové hodnoty,
ktoré uz potom nebude potrebné prepoditavat za Ucelom zistenia konec¢ného hodnotenia. Napr. ak za
niektoru oblast je moZné ziskat 5 bodov, méZzeme uz v rdmci moznosti hodnotenia vyuzit bodovanie 0 az
5 bodov, z ktorych hodnotitelia vyberaju konkrétnu hodnotu. Nevyhodou je, Ze v pripade ro6zneho
bodového hodnotenia jednotlivych oblasti musime pre kazdu oblast nastavit iné bodové hodnoty, ¢im si
mozZzeme vyrazne skomplikovat tvorbu otdzok pre hodnotenie. Takto tieZz spOGsobime, Ze vramci
jednotlivych oblasti hodnotenia budd mat hodnotitelia rozne moznosti, o méze za urcitych okolnosti
(najméa v pripade mladsich Ziakov) viest k neprehladnosti av koneénom doésledku aj k nespravnemu
hodnoteniu. V neposlednom rade treba pripomenut, Ze takymto spdsobom obmedzujeme vyuzitie
vytvorenej spatnej vazby len na urcity typ prezentacie s prislusSnym bodovym hodnotenim jednotlivych
oblasti. K univerzalnemu pouzitiu vytvorenej Sablény spatnej vazby prispieva prave vytvorenie vseobecne
platnych otazok a najma univerzdlne pouzitelnych moznosti odpovede, ktoré nebudu zavislé na bodoch
urcenych pre tu ktord oblast hodnotenia, ale bude ich mozné pouzit pri roznych prezentéaciach. Kedze
aktivita Spatna vazba v ramci systému LMS Moodle je pristupna elektronicky, postaci v budicnosti len
opatovne pouzit vytvorenu $ablonu hodnotenia pre vytvorenie nového ,harku hodnotenia“, nastavit
parametre zobrazovania aktivity a pristupové prava jednotlivych $tudentov, a hodnotenie méze byt
zrealizované.
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Nastavenia pristupu do aktivity Spatna vizba

Pri vyuzivani spatnej vazby na zozbieranie podkladov pre hodnotenie je velmi doleZité zabezpecit
spravne zobrazovanie aktivity a taktiez pristupové prava jednotlivych Studentov. Ide o nastavenie
niekolkych zakladnych parametrov:

e zobrazovanie spatnej vazby Studijnej skupine,

e Casové obmedzenie moZnosti odpovedat na otazky,

e zamedzenie moznosti hodnotit Studentom, ktori prezentovali.

V pripade, Ze elektronicky kurz vyuzivame pre Studentov z réznych skupin, je vhodné mat Studentov
rozdelenych do skupin aj vsamotnom kurze. Vdaka tomu mobZeme v kurze vytvarat zoskupenia
pozostavajlce z jednej alebo viacerych studijnych skupin. Hoci sa moze zdat zbytocné, aby sme vytvorili
zoskupenie, v ktorom bude len jedina Studijna skupina, nie je to tak. Vacsina aktivit totiz v ramci
rozsirenych nastaveni umozriuje obmedzit jej zobrazovanie len pre vybrané zoskupenie, ¢&im
zabezpecime, Ze k hodnoteniu budd mat pristup len Studenti tej ktorej skupiny napriek tomu, Ze v kurze
existuje skupin viacero.

V spominanej modelovej situdcii su vytvorené tri Studijné skupiny oznacené podla toho, kedy Studenti
maju hodinu zaradenu v rozvrhu:

e 1stgroup (Wed1) - studenti 1. hodiny v stredu,
e 2nd group (Wed2) — Studenti 2. hodiny v stredu,
e 3rd group (Wed5) — Studenti 5. hodiny v stredu.

K tymto skupindm su vytvorené aj zoskupenia obsahujuce jednotlivé skupiny: 1st group, 2nd group,
3rd group (Obrazok 1).

Groups Groupings Owervigw

Groupings
Grouping Groups Activities Edit
1st group 1st group {Wed1) " w ®
&
2nd group 2nd group (Wed2) " w ®
&
3rd group 3rd group MWeds) 11 w (%

Obrazok 3 Zoskupenia

K prezentaciam, ktoré su predmetom hodnotenia, je vidy vytvorend samostatna aktivita pre kazdu
Studijnu skupinu, v ktorej je nastavené, Ze je dostupnd len tomu zoskupeniu, do ktorého je prislusna
skupina zaradend. Studenti ostatnych skupin teda tuto aktivitu v kurze nevidia. Z ucitelského pohladu
potom mdze kurz obsahovat niekolko hodnoteni v rdmci jednotlivych lekcii (Obrazok 2), ale Studenti vidia
len tu aktivitu hodnotenia, ktora je urcena pre ich studijna skupinu (Obrazok 3).

(2) Computer Architecture
FVnitorna stavba pocitaca (back to the top)

Topics to cover {2} Computer Architecture
f¥nitorna stavba potitata (hack to the top)
* computer description, hardware, softwareg
* main parts of the computer

= inside of computer case

Topics to cover

* computer description, hardware, software)
= * main parts of the cormputer
@) (2a) Feedback (1st group) » inside of computer case

@ (20) Feedhack (2nd group)
@ (2c) Feedback (3rd group)

@ (2h) Feedback

& Discussion & Discussion

Obrazok 4 Pohlad ucitela Obrazok 5 Pohlad studenta
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Ak chceme zabezpecit, aby sa hodnotenie realizovalo len v uréitom ¢ase (napr. tesne po prezentacii),
v nastaveniach aktivity upravime ¢asové obmedzenia (Obrazok 4).

Timing
Open the feedback at @ 7 v | april v | 2010 * |09 + |15
Close the feedback at @ 7 v april w2010 » || 10 ||| 45 |»

Obrazok 6 Nastavenie ¢asovych obmedzeni

Poslednym délezitym nastavenim je zamedzenie moZnosti hodnotit Studentovi/Studentom, ktori
prezentovali svoju pracu — vtomto pripade mbzeme sebahodnotenie realizovat bud’ Ustne priamo na
hodine, alebo, ak ho chceme mat zaznamenané, vytvorime samostatnu aktivitu pre vietkych Studentov,
v ktorej budd hodnotit svoju vlastnl pracu. Vtomto pripade sa otvaraju mozZnosti na vyhodnotenie
spokojnosti, resp. nespokojnosti svlastnymi prezentaciami. Ucitel mo6Ze napriklad Specifikovat
problémové miesta, uvedené viacerymi Studentmi, atieto potom zaradit do dalSej vyucby, aby sa
problémy odstranili.

Obmedzenie pristupu do aktivity pre uréenych Studentov je moziné zrealizovat na karte Lokdlne
priradenie roli v rdmci nastaveni prislusnej aktivity.

Rola Student (Student) je zvy&ajne rolou s najmensimi pravami v kurze. Ak je viak v ramci systému
povoleny hostovsky pristup, teda obsahuje rolu Host (Guest), je mozné tuto rolu vyuzit na obmedzenie
pristupu do vybranych aktivit — host ma totiz eSte vacsie obmedzenia neZ student, nakolko si moze
prezerat obsah kurzu, ale pri $tandardnych nastaveniach role sa nemdze zapajat do aktivit. Realizacia
obmedzeni potom zahffia priradenie prislusného Studenta/$tudentov, ktori sa nemaju zapojit do
hodnotenia, do hostovskej role v lokalnom priradeni roli danej aktivity (Obrazok 5).

Settings Locally assigned roles )} Owverride permissions

Assign roles in Activity module: (2b) Feedback g
Roles Description Users

Student  Studenti maid vo vieohecnosti mengie 0
préva v danom kurze

(GlUest Guests have minimsl privileges and 1 Pfeselrfriﬂé
uzually can nat enter text anywhere tudent's name

Obrazok 7 Lokalne priradenie roli

Spracovanie podkladov pre hodnotenie od Studentov

Po realizacii vSetkych potrebnych nastaveni mézeme spustit hodnotenie v ramci jednotlivych Studijnych
skupin. Vystupom hodnotenia priamo v systéme LMS Moodle je prehladné zndzornenie zozbieranych
udajov formou pruhového grafu s uvedenim poctu a percentudlneho vyjadrenia zastipenia jednotlivych
moznosti. V spodnej Casti kazdej otazky spatnej vazby je uvedend priemerna hodnota zo vsetkych
odpovedi na danu otazku (Obrazok 6).

Content of the presentation

- Verybad (20 0

- Poar (-1); 0

- [ don't know (03 0

| SUMCIENt (1) e— (15 38 %)

. Great (2); 11 (8462 %)
Average: 1.85

Obrazok 8 Vyhodnotenie otazky v aktivite Spatna vazba

Pre potreby ziskania celkového hodnotenia od Studentov v prislusnej oblasti je doleZita prave hodnota
priemeru bodovych hodnoteni jednotlivych moznosti v danej otazke — ak by ju systém neuvadzal, museli
by sme pocty hlasov za kazdu z ponukanych mozZnosti najskor spriemerovat a potom pristupit k vypoctu
bodov prislichajucich tomuto hodnoteniu.
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Ak sme pri tvorbe otdzok priradili kazdej moznosti hodnotenia findlny pocet bodov, ktoré mozu
pridelit $tudenti (napr. od 0 do 5), stadi priemerné hodnoty vsetkych oblasti hodnotenia (vsetkych
otazok) zverejnit studentom a zapoditat do celkového hodnotenia.

V opaénom pripade je eSte potrebné ziskané hodnotenie prepoditat na body, ak pouzivame bodové
hodnotenie ako v nasej modelovej situacii. Tu je vhodné vyuzit tabulkovy kalkulator, v ktorom pomocou
vzorcov mbézeme velmi rychlo potrebné bodové hodnotenie vypocditat. V nasom pripade sme vytvorili
vzorec:

=IF(R4<>"";ROUND((R4+2)*5/4;2);"") (1)

kde

e bunka R4 obsahuje priemer hodnoteni ziskanych zo systému,

e sucet (R4+2) zabezpecuje posunutie hodnét do kladnej Casti Ciselnej osi (do intervalu <0;4>),

e nasobenie zlomkom 5/4 zodpovedda prepoditaniu na bodovy rozsah, ktory chceme ziskat; 5 je
pocet poloZiek (bez nuly) nového rozsahu a 4 pocet poloziek (bez nuly) pévodného rozsahu,

e funkcia ROUND zabezpecuje zaokruhlenie na 2 desatinné miesta,

e funkcia IF umoziiuje nastavit cely vypocet tak, aby zobrazoval vysledok v prislusnej bunke len
vtom pripade, Ze zdrojova bunka (R4) obsahuje nejaku hodnotu, inak sa zobrazuje prazdna
bunka (bez tejto funkcie by sa totiz uz na zaciatku vo vSetkych bunkach zobrazovali ¢isla 0,00).

Ak je hodnotenie napr. 1,85, potom vysledna bodova hodnota, ktord bude pripocitana k hodnoteniu
prezentacie, bude 4,81, nakolko tento vzorec prepocitava hodnotu z intervalu <-2;2> na bodovu hodnotu
z intervalu <0;5>. Ide totiz nielen o posunutie bodovej hodnoty, ale aj o prepocet v pripade, Ze rozsah
hodnotenia (4+1 poloziek — polozka vtomto pripade zodpovedd celému cCislu nachadzajicemu sa
v danom rozsahu; jednou poloZkou je Cislo 0 a ostatné zodpovedaju Cislam 1 aZz 4) nie je rovnaky ako
rozsah bodového hodnotenia (5+1 poloZiek).

Ak by sme potrebovali hodnoteniu priradit body z rozsahu <0;10>, ¢o zodpoveda 10+1 polozkam,
potom by vzorec vyzeral nasledovne:

=IF(R4<>"";ROUND((R4+2)*10/4;2);"")  (2)

Tieto vypocty su zrealizované v tabulkovom kalkulatore, pricom tabulka mdzZe byt pripravena vopred
a ucitel' v rdmci jednotlivych hodin uz len dopliia prislusné priemerné hodnoty ziskané zo systému.

Zverejnenie vysledkov Studentom

Spracovanim hodnotenia z aktivity Spatna vazba do kone¢ného hodnotenia od Studentov vsak proces
nekondi. Este je potrebné zverejnit vysledky Studentom. Systém LMS Moodle opat mdze byt uzitocnym
prostriedkom na realizaciu tohto kroku.

V ramci modulu Znamky (Grades) je potrebné pridat polozky hodnotenia zodpovedajlce stanovenym
oblastiam, v ktorych boli prezentdcie hodnotené. V nasom pripade bolo pridanych Sest poloziek — pat
zakladnych a jedna s bonusovymi bodmi. Zadavanie hodnét prebieha priamo v module Znamky, kde sa
po zapnuti rezimu Uprav objavia polia, do ktorych dopiSeme pocet bodov priradeny jednotlivym
oblastiam hodnotenia (Obrazok 7).

Students' Evaluation—

]
[ sE-01-Cortent it 3 SE-02-Visuals it 3 SE03-Delivery i 3 SE04-Discussion it % SE-05-Glossary it 3 SE-08-Borus 1t 5 Categorytotal b
| =D W E & D W E & D w|E & D wE & & wE & D oy
] ] T &) & ] ] ey
i S s Y s s s A s [ s
T & el T S T ] ] T
e ] o

Obrazok 9 Vkladanie hodnotenia

Celkovy sucéet bodov nie je potrebné pocditat, postard sa oto opit samotny systém. Vhodnym
nastavenim kategdrii znamok a parametrov ich vyhodnocovania je mozné zabezpedit aj spojenie
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hodnotenia od ucitela a hodnotenia od spoluzZiakov, takze Student vidi Ciastkové hodnotenia ako aj
celkovy vysledok (Obrazok 8).

" [ Presentation

| Teacher's Evaluation

3 TE-01-Cantent 1500 |0.00-15.00
i TE-O2-Visuals 10,00 |0.00-10.00
i TE-O3-Delivery 2800  |0.00-30.00
0 TE-04-Discussion 10,00 |0.00-10.00
3 TE-05-Glossary 5.00 0.00-5.00
W TE-0B-Bonus 1000 |0.00-15.00
Z Category total TROD  0.00-35.00
“J Students' Evaluation

w SE-01-Content 483 0.00-5.00
W SE-02-Visuals 446 0.00-5.00
3 SE-03-Delivery el 0.00-10.00
3 SE-04-Discussion 4.83 0.00-5.00
2 SE-05-Glossary B 0.00-5.00
% SE-06-Bonus 500 0.00-5.00
Z Category total 3252 0.00-35.00

I Category total 110.52  0.00-120.00

Obrazok 10 Ukazka hodnotenia prezentacie

Zaver

Ako mozno vidiet, nastroje LMS Moodle umozriuju zefektivnit, zrychlit a sprehladnit ziskavanie,
spracovanie a zverejiiovanie vysledkov hodnotenia, a to aj v pripade, Ze je potrebné spojit hodnotenie od
viacerych hodnotitelov vo viacerych oblastiach. Aktivita Spatna vazba sa ukdazala byt velmi vhodnym
nastrojom nielen pre zistovanie a vyhodnocovanie nazorov v ramci roznych prieskumov, ale je vyuzitelna
aj pri hodnoteni.

Pod’'akovanie

Publikdcia vychddza vdaka financnej podpore projektu KEGA 368-043UKF-4/2010 s ndzvom:
Implementdcia prvkov interaktivity v obsahovej transformdcii odbornych informatickych predmetov.
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Abstract: In this paper we present our approach and achievements in e-learning materials for artificial
intelligence courses at FBE at Mendel University. There are three courses focused on the subject of
artificial intelligence — Artificial Intelligence | and Il and Neural networks in Applications and Handling
Equipment. For these courses we have created an e-learning course consisting of an introductory text
and many multimedia objects. The course itself is not directly correlated to any of the courses of full-
time study. Rather they form a consistent introduction to artificial intelligence itself making them
very suitable for lifelong learning. Specific subjects covered by the course are state space searching,
heuristics, learning algorithms and neural networks. We have invested a great effort in making the
content of the e-learning course attractive. Another part of our effort went into making the e-
learning course interactive and generally fun to work with. To achieve this, the course contains
several applications and interactive animations and some recordings of artificial intelligence in action.
All of these objects are usable both in online and offline browsing mode. We have chosen a game of
tic-tac-toe to demonstrate the creation of artificial intelligence computer player. Apart from this the
course contains interactive animations created using Adobe Flash.

Introduction

In this paper we present our approach and achievements in e-learning materials for artificial
intelligence and robotic courses at Faculty of Business and Economics (FBE) at Mendel University in Brno.
This involves creation of several multimedia objects, videos and other graphics. Main advantage of
graphical information is that it enables complex problems to be easily understood. The advantage comes
out from the basic and simple expressions of different objects. Clark and Lyons (2004) formally define
graphics as iconic expressions of content that are designed to optimize learning and performance in ways
which improve bottom-line performance of organizations. The exact form of graphic support depends on
the purpose of the visual. Graphics that are intended to support learning or improve performance
include screens, dimensions and texts used on learning web screens. These contain two types of graphics
— static art and dynamic art. Static art includes illustrations (such as diagrams and charts), photography
(e.g. screen captures) and computer generated models (typically three-dimension representations).
Dynamic art includes animations (demonstration of steps in a software procedure), video and virtual
reality (simulated walkthrough different objects). For the artificial intelligence and robotics courses, we
have chosen several of these options depending on the problem being explained. In the next chapters
we will describe the course itself and its” multimedia extensions.

Course Structure

At FBE there are three courses focused on the subject of artificial intelligence — Artificial Intelligence |
and Il and Neural networks in Applications. Furthermore there are courses focused on robotics and
handling equipment which are using artificial intelligence to some extent, these subjects are Handling
Equipment, Measurements | and Il. For these courses we have created an e-learning course consisting of
an introductory text to artificial intelligence and multimedia objects. The course itself is not directly
correlated to any of the courses of full-time study. Rather they form a consistent introduction to artificial
intelligence itself making them very suitable for lifelong learning. Specific subjects covered by the course
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are state space searching, heuristics, learning algorithms and neural networks. Main sections of the
course are: What is artificial intelligence?, Complex problems, State space representation of a problem,
Learning algorithms, Examples.

Although the course is designed primarily for students of computer science it is composed so that it
is intelligible for any university student. The chapters are divided and marked clearly so that formal
definitions and descriptions of problems can be jumped over without breaking the structure of the text.
Still it has to be noted that the course is aimed at students with some interest in computer science.

Our effort went into making the e-learning course interactive and generally fun to study. To achieve
this, the course contains several applications and interactive animations and some recordings of artificial
intelligence in action.

Technologies Used

To implement interactive objects we first had to choose a suitable technology. Our focus
concentrated on three — Adobe Flash, Microsoft Silverlight and Adobe Air. These technologies were
selected by the ability to work as Rich Internet Applications (RIA). Adobe defines RIA as engaging
experience that improves user satisfaction and increases productivity (Accessible from URL:
http://www.adobe.com/resources/business/rich_internet_apps/). Using the broad reach of the Internet,
RIAs can be deployed across browsers and desktops. RIA is also standardized under the W3 Consorcium
in the working draft Accessible Rich Internet Applications (WAI-ARIA) 1.0 (Accessible from URL:
http://www.w3.org/TR/wai-aria/).

Adobe Flash was previously used for short animation such as banners or live advertisement. Currently
this technology includes many different extensions which make it very complex. Adobe Flash uses
ActionScript programming language to make the animations interactive and user friendly. Furthermore
Adobe Flash can be combined with extensions to form a complex development environment for dynamic
learning animations. Adobe Air allows combining different web technologies (i.e. HTML, CSS, AJAX or
Adobe Flash animations) and produces them in form of a standalone application.

Other possibility is Microsoft Silverlight — a programming model for developing and distributing rich
Internet applications that use graphics, animations or video within the .NET framework. Silverlight shifts
development from a desktop-centric environment to one based upon the Web browser. The Silverlight
plug-in is both cross-browser and cross-platform.

Ojokty Skener
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Figure 1: Fruit classification animation using PaperVision3D (Source: own design).
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Other aspect of effective learning animations is the presentation form. Learning process should be
not boring. Regarding that fact, we decided to follow up the learning environment plan based on simple
games. Such applications must fit the learning environments plan that

1. are fast-paced with the advantage of fast information processing capabilities,

2. emphasize high learner control and multiple tracks to leverage multitasking abilities,

3. actively engage participants in highly visual environments that encourage learning by
exploration. (Clark and Mayer, 2008).

The goal in game-based or animation-based learning is to provide an institutional environment that
is both enjoyable and achieves the learning objectives. Requirements to be met were specified as:

e standalone application working on all operating systems,

e design independent of the operating system,

e application should be runable both off-line and on-line,

e intuitive GUI.

For the interactive animations our technology of choice was Adobe Flash. Animation made with Flash
works as standalone applications either as part of the web-based learning course. As supporting
technology ActionScript (v3.0) has been used in cooperation with PaperVision3D (v2.0)( PAPERVISION3D
— Open source real-time 3D engine for Flash [on-line]. 2010. http://code.google.com/p/papervision3d/).
The PaperVision3D classes allow development of three dimensional objects inside the Flash animation.
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Figure 2: Tic-tac-toe game with shown state space (Source: own design).

Apart from the interactive animations there are also standalone applications which show the
implementation of state space searching algorithms. This approach is among other things suitable for
programming artificial intelligence in games for two players. We have chosen a game of tic-tac-toe to
demonstrate the creation of artificial intelligence computer player. The application allows the human
player to play the generic (arbitrary sized field) tic-tac-toe game while observing the approach of the
computer opponent and all the steps of the algorithm. This application has been written using the Delphi
language. This was chosen because the source code is available to students so that they can further
experiment with the algorithm and heuristics. For this reason a language and IDE known and available in
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our environment was chosen (TurboExplorer Delphi — Embarcadero tech. [on-line]. 2010.
http://www.turboexplorer.com/). The application still meets the criteria mentioned above.
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Figure 3: State space searching using min-max (Source: own design).

Results

In the first three sections (What is artificial intelligence?, Complex problems, State space
representation of a problem) of the course we make an introduction to where and why artificial
intelligence is needed. This is demonstrated using various modifications of the tic-tac-toe game which is
implemented in an application which enables the student to play the game and in the mean time he can
closely follow each step of the algorithm of the computer (Fig. 2). Furthermore the state space is shown,
where the application shows the expected human and computer moves and the reasons for such
expectations.

The applications also explains how heuristic function is constructed and what might be its’
weaknesses. Specifically the min-max searching method is explained together with alpha-beta pruning.
This is further explained more generically using an animation (Fig. 3).

The next section of the course — Learning Algorithms — focuses on neural networks and genetic
algorithms. These algorithms are explained and demonstrated using Flash animations (Figure 1 and
Figure 4). The first animation (Figure 1) explains to the learner the fruit classification shown on three-
dimension space. First dimension represents the measured values of surface of the object (green colour),
the second dimension shows values of colour (yellow colour) and the third weight (blue colour). By
clicking on the on/off switch the scanner is turned on, the object (fruit) can then be moved from basket
to the scanner. Then the process of fruit classification starts — the orange bulb starts moving inside the
cube as new values are scanned for surface, weight and colour.

These animations also demonstrate solving of classification and prediction problems and generally
the process of learning of a MLP neural network. The animations are currently being used in Czech
spoken lectures, so all the descriptions on the animations are in Czech. Apart from the mentioned
applications and animations the course also features some videos of toy robots using these algorithms
and other videos.
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Figure 4: Neural network learning (Source: own design).

Discussion

We have described some of the multimedia features which we use in our e-learning course. The
whole course is available both to students of Mendel University in Brno and to general public (Uméla
Inteligence (Uvod) — [on-line]. 2010). The subject itself should be quite attractive for life long learning,
since it is a constantly evolving field of research. It forms a consistent introduction to artificial
intelligence making it very suitable for lifelong learning. Specific subjects covered by the course are state
space searching, heuristics, learning algorithms and neural networks. We have invested a great effort in
making the content of the e-learning course attractive and enjoyable. It is composed so that it is
intelligible for any university student. However it is aimed at students with some interest in computer
science.

All these interactive objects are designed to make this e-learning course an enjoyable experience.
Parts of this course were published in earlier conferences (Stencl, Sedlacek, Popelka, 2009). So far we
have been testing the course in full-time study subjects and the feedback from students and colleagues

was very positive.

Acknowledgements
This work has been supported by grant FRVS 1749/2010/F1.

References

Clark, R. C., Lyons, Ch., 2004. Graphics for Learning, John Wiley & Sons, Inc. Pfeiffer, San Francisco. ISBN 0-7879-
6994-X.

Clark, R. C., Mayer, R. E., 2008. E-Learning and the Science of Instruction, John Wiley & Sons, Inc. Pfeiffer, San
Francisco. 2™ Edition. ISBN 0-7879-8683-4.

Stencl, M., Sedlacek, V., Popelka, O., 2009. Interactive animations for artificial intelligence courses. In eLearning
2009, Hradec Kralové. ISBN 978-80-7041-971-7.

153






Keywords:

Abstract:

Uvod

Business Architecture Modelling in Education

Ivana Rabova

Department of Informatics, Constantine the Philosopher University in Nitra, Tr. A. Hlinku 1,
Nitra, Slovakia
rabova@ukf.sk

business process modelling, business architecture modelling, uml, process diagram, activity diagram,
use case diagram, select perspective method, eriksson-penker extension, business resource, business
goals, business rules.

All organizations are in commercial pressure that dictates that they must become more efficient in
the way that they are able to exploit their data assets. One of the most challenging problems facing
companies today is the ability to quickly and accurately answer the most basic of business questions.
In fact, the larger and more distributed the organization, the more complex this problem appears to
become. The model of business processes and model of other business concepts describes how the
business intends to conduct itself. Many factors that crucially affect business operations are defined
in business process description and business concepts specifications. Processes are often embedded
in information systems without solid description or process model prepared to change registration.
Students of informatics and managements domains at universities have to be good prepared for
demands of external business environment. Requirements from praxis are inclement and they call for
the knowledge of analytical procedures at level of information systems and at business level. That’s
why procedures and methods of business process modeling and enterprise architecture modeling are
created and implemented in our education. The article deals with experience and pieces of
knowledge from Information System Modelling, subject of education at UKF in Nitra. Business
modelling creates an abstraction of complex business and establishes a common understanding that
can be communicated to the business’s stakeholders. Models help to identify new business
opportunities (business improvement or innovation). We use in education UML as a very suitable
language for modelling, because it has the ability to describe both the structural aspects of a
business, the behavioral aspects of business and also the business rules that affect both structure and
behavioral. We learn approach and extensions, the Eriksson Penker Business extensions to UML that
extend UML with adapted model elements for business modelling. Method empower mapping of
relationships between process diagrams and use case diagram and indicates which process will be
support which functions of system in use case diagram. In Erriksson-Penker approach appears term of
business architecture (enterprise architecture) as a complex composed of four different views
(abstraction) of business each of which captures information about specific aspect of the business. In
lectures we present (excepting business process diagrams) number of UML diagrams that show a
specific part of business structure or a specific business situation. The diagrams contain and express
the objects, processes, rules, goals and visions defined in business situation. The article presents
some interesting diagrams of business processes and their elements. Our approach to education
could provide students and future business analysts with an essential approach to understanding,
redesigning and communicating what really happens in business processes.

Nejbohatsim zdrojem informaci v podniku jsou data, ktera sbira a uchovava podnikovy informacni
systém. Ten je nedilnou soucasti podniku a jeho podoba je zavisld na podnikovych procesech, které
podporuje. Vyznam analyzy podnikovych potieb a zvyklosti s ohledem na druh vyroby neni treba
zdUrazniovat. Analyzu lze provadét mnoha zpUsoby a mnoha nastroji. NeZ organizace za¢ne navrhovat,
optimalizovat a automatizovat své podnikové procesy, je nutné zanalyzovat a zhodnotit procesy
existujici. Modelovani podnikovych procesti mize pomoci podnikovym analytikim rychle shromazdit a
objektivné analyzovat informaci o operacich organizace a efektivhé komunikovat o této informaci
s exekutivou a IT persondlem a poskytuje mechanismus pro zahrnuti klicovych podnikovych znalosti, pro
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popis a identifikaci problém0G v aktualnich operacich. Posluchadi vysokych skol by méli alespon na
zakladni Urovni byt seznameni s principy a postupy pfi analyze a modelovani podnikovych architektur a
proto se do vyuky tato témata zarazuji. UML jako standardni jazyk pro modelovani prakticky ¢ehokoliv
patfi k oblibené a ¢asto vyuZivané notaci pro tvorbu podnikovych modeld.

Erikssonliv a Penkerlv pfistup k rozsiteni UML umozZiiuje nejen modelovani podniku, ale také
rozhrani informacniho systému za ucelem informacni podpory modelovanych procesu. V tomto smyslu
se jednd o metodu vyvoje informacniho systému, zamérfenou na jeho zakladni ¢ast — modelovani
organizace. Metoda umoziiuje mapovat vztahy mezi diagramem pfipadu uZiti a procesnim diagramem.
Vyjadfuje tak, ktery proces (procesni diagram) bude podporovan kterymi funkcemi systému (diagram
pfipadu uziti). V Erikssonové pojeti se objevuje pojem podnikova architektura jako komplex, ktery se
skldda ze ctyr zakladnich pohledd na podnik, kde kazdy pohled se soustfeduje na urcité specifické
aspekty a charakteristiky podniku. Pohledy jsou ilustrovany pomoci diagrami UML a doplnény textovym
dokumentem s pouZitim rozsifujicich mechanism(, které UML nabizi pro oblast podnikového
modelovani. Pohledy obsahuji podnikové koncepty cil, zdroj, proces a pravidlo.

Vyuka velké ¢asti predmétu Modelovani informacnich systému je zamérena na objektovou analyzu,
notaci standardniho jazyka UML, ktery se pro procesni modelovani obecné doporucuje vedle dalSich
notaci. Na UKF tento pfedmét navstévuji studenti oboru Aplikovana informatika, ktefi by méli byt
vybaveni znalostmi spiSe praktickymi, aplikacnimi. Tomuto poZadavku odpovida i zaméreni ve vyuce.
Model podnikovych proces( zde bude chapan jako sada dynamickych vykres( struktury podniku, ve
kterém jsou zachyceny vSechny podstatné objekty podnikové reality a jejich vazby, predevsim pohled na
strategii a cile podniku, podnikové procesy, podnikova pravidla, organiza¢ni struktury, znalosti, rizika a
sluzby IT. Jednotlivé modely a vykresy jsou doplnény kompletujicimi texty pro specifikace jednotlivych
prvkd v modelech. Novy koncept vyuky klade dlraz na logickou analyzu a vztahy jednotlivych diagram
UML, vSe vysvétleno na pfipravenych prikladech a modelech pro vybrané problémové domény od
procesniho diagramu po datové modely.

Prispévek predstavi nejen metodicka doporuceni pro vyuku, ale predevsim vybér modell a diagram{,
na kterych jsou jednotlivé postupy a vztahy studentim vysvétlovany. Jde o diagram procesni, diagramy
pfipad( uZiti a detailnéjsi diagramy aktivit resp. Akci, nechybi diagram sekvencni a stavovy. Ze zkusenosti
vyucujicich zvyuky i z praxe vyplyva také potfeba jednotného metodického ramce pro podnikové
modelovani, proto je do vyuky zafazeno strucné pojednani o metodice Select Perspective, ktera tvorbu
objektovych modell metodicky podporuje.

Vzhledem ktomu, Ze autorka, vyucujici a garantujici tento predmét i predméty souvisejici,
zaznamenava postupny rlst potfeby po univerzalnéjsim feseni fizeni podnikovych procesd, oproti
workflow systémlm, které jsou prevainé zamérené na procesy s lidskou interakci, povaZzuje tuto vyuku
za smysluplnou a potfebnou a vzhledem k neustale se ménicim podminkam ve spolecnosti hodla tento
pfedmét i naddle inovovat, zlepSovat a rozsifovat.

Material a metody

Pro vyuku se nabizi nékolik metodik modelovani podnikovych procesu. Napfiklad jiz zminéna metoda
Select Perstective (http://objekty.vse.cz/Objekty/MetodikyANotace), Ericsson Penkerovo rozsifeni UML
pro podnikové modelovani (Ericsson Penker, 2000) , metodika ARIS (http://www.ids-
scheer.cz/cz/ARIS/ARIS ARIS Platform/84388.html) a dalsi. Business Process Modeling Notation (BPMN)
http://www.omg.org/spec/BPMN je grafickda notace (soubor grafickych objektl a pravidel, podle nichz
mohou byt mezi sebou spojovany), ktera slouzi k modelovani procest a vyuziva se v podnicich pomérné
Casto. ProtoZe vsak studenti znaji z predchozich predmétl zakladni diagramy standardni notace UML, pro
vyuku jsou vybrany ty metodiky, které v sobé pravé UML diagramy podporuji.

Na obrazku 1 je zndzornéna Sablona pro zakladni popis podnikového procesu, kterou studenti aplikuji
na své problémové domény. Zamyslet se nad cilem, vstupem, vystupem a zdroji v procesu vede studenty
k obecnéjsi analyze, neZ je analyza informacnich systém{. ProtoZe v podniku byva procest vice a ne
kazdy musi byt podporen informacnim systémem, je vhodné do modelu vlozit procesy vSechny a oznacit,
ty, pro které bude provedeno nasazeni nebo naprogramovani automatizace.
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Obrazek 2 ukazuje aplikaci konkrétnich prvk( procesu podle Sablony na vybrané podnikového
prostiedi. Zde jde o procesy souvisejici s evidenci a nakupem materialu.Kazdy takovy proces je mozné
jesté dale modelovat. Nabizi se k tomu tfi diagramy UML. Diagram ptipad( uZiti, diagram sekvencni a
diagram aktivit. VSechny tyto diagramy jsou vhodné pro modelovani dynamiky procesu. Presto je mezi
nimi rozdil. Srovnejme nejprve dva posledné jmenované.

Zatimco diagram sekvencni lIze doporucit tam, kde chceme zdlraznit spolupraci mezi Ucastniky
procesu nebo budoucimi tfidami vinformaénim systému nebo také casové ndslednosti posilani si
jednotlivych zprav mezi uvedenymi koncepty, diagramy aktivit jsou zaméreny jinak. Nemaji plvod v
technikach autorll UML a jsou to spiSe vyvojové diagramy ukazujici tok Fizeni z jedné aktivity do druhé.
Zaroven jsou obdobou stavového diagramu, v némz stavy reprezentuji vykonavani aktivit a prechody jsou
vyvolany ukoncenim aktivity a popisuji fazeni aktivit s podporou jak sekvencniho, tak paralelniho
chovani. Diagramy aktivit sice nefikaji nic o pfifazeni aktivit objektlm tfid ale maji v praxi nezaménitelny
vyznam pro svoji srozumitelnost a ndzornost.

ad Business Process Model/

Materia'l_ovz’ Cil podnikov ého
zdroj procesu
Externi uzivatel Uziv atel procesu
vyuziva zpracovava a spotfebovava dosahuje

Podnikovy proces

Vstupni Vstup procesu . . Vystup procesu
) — Vystupni Vystup procesu
e udalost

automatizuje podporuje fidi
Informaéni Lidsky zdroj Pravidlo pro
systém odnikovy proces|

proces ma definovan cil,

jsou uréeny jeho specifické vstupy,

jsou znamy jeho konkrétni vystupy,

zpravidla vyuziva podparnych objektd,

ma vymezenu skupinu aktivit, které je nutné vykonat v pfesné daném poradi,

proces muze ovlivnit vice nez jednu organiza¢ni slozku podniku v horizontalnim ¢lenéni organizace,

vytvarli hodnotu, kterda ma vyznam pro zékaznika a sou¢asné zakaznik miize byt soucasti (interni/extemi) tohoto procesu

N@H>®ES

Obrazek 1: Sablona pro zakladni popis podnikového procesu

Metoda primarniho namodelovani zakladnich podnikovych procest a jejich konceptll umozinuje
modelovani prostfedi organizace, jeji strategii resp. pravidla, ale navic diky propracované notaci jazyka
UML jsme schopni pomoci ni namodelovat také rozhrani informaéniho systému za uUcelem informacni
podpory modelovanych procesd. K tomu nés vede dalsi jmenovany diagram, diagram pripada uZiti (use
case).

Diagram use case obecné je prezentaci pozadavk( na informacni systém, ale Ize ho pouZzit také pro
detailnéjsi modelovani procesl. V nasi vyuce doporucujeme jeho pouziti tam, kde se vredlném
podnikovém procesu musi provést inovace a tato inovace spociva v nasazeni nového softwarového
produktu. Nékdy je vysledkem analyzy podnikovych procesi komplexni reengineering, pro nékteré
procesy se pouZije inovace stavajiciho informacniho systému a nékteré vyzaduji tvorbu automatizované
softwarové podpory na miru. V pripadé, kdy je tfeba modelovat strukturu dat a funkce informacniho
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systému, doporucujeme pouZit use case diagram, jehoz prvky a principy tvorby najdeme v mnoha
dostupnych publikacich (Arlow, 2005).

Obrazek 3 prezentuje velmi jednoduchy diagram use case, ktery je modelem poZadavkl na
informacni systém pro podnikovy proces, ktery bude implementovan, aby zautomatizoval stavajici ru¢ni
zpracovani. Diagramy na obrazcich 2 a 3 jsou vystupy z prace (Klima, 2009), ktera podporuje popisovanou
metodiku.

Kazdy z namodelovanych pfipadl uZiti takového diagramu je dale specifikovan bud textem nebo
sekvenénim diagramem, ktery je pro tuto pfilezitost idedlnim modelem, protoze popisuje spoluprdci
objektd, instanci tfid v diagramu tfid, ktery je zakladnim diagramem pro strukturu databaze a identifikaci
odpovédnosti, které vedou k funkéni ¢asti aplikace.

od MM_BPM /

Tento proces popisuje veskeré aktivity spojené s
nakupem pfimého materialu, véetné zhodnoceni,
které je zakladem evidence pro nakup produktu, dle
pozadavku specifikovanych Qisda Czech.

Tato procedura je u¢inna pro planovace k zahajeni
produkéniho planovani. Tento diagram zobrazuje
globalni proces materialniho oddéleni.

. . . «goal»
Material Email, fax, internet L
UdrZov dni potfebné_
zasoby materialu pro
produkci
«input» «supply» «achieve»
Dodav atel
«supply»\
Pn?:?:r?;eljk Ziskav ani materialu a planov ani produkce ST |
«Ssu »
«output»——=>f Material na vyrobu PPy
supply.
«input»
/“supply» «output»
«resource»
Evidence materialu

Platba dodav ateli
MM_¢len

«output» «achieve»

Dokad Zaevidovany
evidence material

Obrazek 2: Konkrétni podnikovy proces a jeho prvky

158



Ivana Rdbovd: Business Architecture Modelling in Education

uc UCM_evidence majetku/

Ffidani nového

Evidence majetku f-—— ——————— ————— = Editace majetku

IT_&len

Hledani majetku

Reportovani dat

i

Manaier

Obrazek 3: Diagram use case pro podnikovy proces Evidence majetku a jeho SW podporu

Vysledky a diskuze

Vyukou by studenti méli pochopit nasledujici. Kvalitni model podnikovych procest (BPM, Business
Process Model) musi jednoznacné identifikovat potfebu zmény v podnikovych procesech a nazorné
ukdzat strukturu inovovaného systému. Model se stdvd soucdsti podnikové strategie, kterd je
dlouhodoba. Zmény maiji ¢asto radikalni povahu, proto je daleZita neustala komunikace se zadavatelem.
Ten musi byt reprezentovan zastupci na vSech manaZerskych drovnich. V. momentu, kdy se zadavatel
pfimo ucastni ndvrhu, mnohem snadnéji akceptuje zmény. Kvalitni model musi jednoznacné také ukdzat i
moznosti implementace. Ke vSem témto aspektim je tfeba prihlédnout pfi modelovani. Jmenované
rozsiteni je zaloZzeno na Ctyrech zakladnich pohledech na organizaci, které zohlednuji pfedchozi aspekty
jako je strategicky pohled (vize organizace), procesni pohled, strukturni pohled a pohled na chovani
organizace (Stencl, 2009).

Doporucéeny postup s vyuzitim jazyka UML umoznuje modelovani prostfedi organizace, ale diky
propracované notaci také rozhrani a strukturu informacniho systému podporujictho modelované
procesy.

Predstaveny koncept, kterym zamyslime vyuku predmétu Modelovani informacnich systéml
obohatit, klade dlraz na logiku v podnikovych procesech. Neni jeho cilem predstavit UML jako standard,
ocCekava se, Ze studenti jiz tyto znalosti nabyli pfedchozim studiem. Jsou pfipraveny materidly pro
eLearningovou podporu, které obsahuji dil¢i ukdazky modelli, komplexné zpracované od procesniho
diagramu az po datovy model, jejich popis a postup tvorby na zakladé metodiky Select Perspective a za
vyuZiti rozsiteni UML pro procesni model.

Zkusenosti vyucujicich vedou k inovacim v souladu s celospolecenskymi trendy a pozadavky z praxe a
nabizi nové perspektivy pro posluchace tohoto pfedmétu. S pomoci pouzitych modell procesl se snazi o
obecné predstaveni systémové analyzy jako globalniho nastroje pro lepsi fizeni v podnicich. Komplexni
modely nejen z prostiedi informacnich systém (v uzsim slova smyslu tedy uréené k implementaci), ale
také z napf. z prostredi vyrobniho podniku a logistiky, ukazky jiz namodelovanych diagrami a jejich
porozuméni povedou k zasadni zméné ve vnimani analyzy samotné, protoZze analyza a jeji principy dnes
uz nemohu slouZit pouze kvyvoji a implementaci nového informaéniho systému, ale maji daleko
zasadnéjsi vyznam.
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Pojem informacni strategie, jako globdlni podnikova strategie podporena informacnimi
technologiemi, jiz neni pojmem neznamym. Na jejim pocatku by mély byt modely procesd, cil(, zdroja &i
pravidel jako vychozi bod, jako prezentace soucasného stavu. Pfedstava toho, kam podnik sméruje, je
také soucasti dokumentu informacni strategie a mulzZe byt opét modelovdno pomoci procesnich
diagram.

Toto je tfeba studentlim vysvétlit, dokazat a to nejen ve vyuce jmenovaného pfedmétu. PovaZujeme
za vhodné zdlraznit, Ze predevsSim v dnesni dynamické, nejisté a neustdlymi zménami postizeném
hospodarském prostredi je naprosto zdsadni védét, kde jsme, jaky je nds cil a jak tohoto cile chceme
dosahnout. A k tomu ndm nepochybné pomohou také procesni diagramy, jejichz prvky, vztahy a ostatni
naleZitosti jim kvalitni vyuka nasich pfedmétl nabidne.
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Abstract: Virtualization is a way to abstract applications and their underlying components away from the
hardware supporting them and present a logical view of these resources. Virtual machine software
and operating system virtualization technology can both help increase the utilization of physical
resources by consolidating functions onto a smaller number of systems. There are some unspoken
rules that affect implementation of new technologies. We are discussing these rules in this paper and
analyzing their impact for implementation of virtualised environment at our university. As the e-
learning solution, we are using LMS Moodle. That system has quite big requirements for hardware;
not only the amount of memory installed but also the storage capacity. There are two approaches to
virtual processing commonly used; the virtual machine software and partitioned operating systems.
We are discussing what approach is the best for our e-learning solution and what virtualisation
technology fits for us. We can choose from five virtualisation technologies; access virtualization that
allows nearly any device to access any application without either having to know too much about the
other; application virtualization allowing applications to run on many different operating systems and
hardware platforms; processing virtualization that hides physical hardware configuration from system
services, operating systems or applications; storage virtualization that hides where storage systems
are and what type of device is actually supporting applications and data; network virtualization that
presents a view of the network that differs from the physical view.

Uvod

Vo vseobecnosti rozumieme pod virtualizaciou pouZivanie hardvéru asoftvéru tak, aby pre
vyvojarov, administratorov a koncovych pouzivatelov toto pouzivanie prezentovalo logicky pohlad na
pouzivané prostriedky. Tento logicky pohlad je vo vacsSine pripadov iny ako fyzicky. Prdve oddelenie
fyzického alogického pohladu na prostriedky umozriuje nasadzovat informacné systémy tak, aby sa
dosahovala ich vyssia dostupnost, spolahlivost a vykonnost. Virtualizacia je v siéasnej dobe skloriovana
najma z ekologického pohladu, najma je to spbsob ako znizovat spotrebu elektrickej energie jednak
znizenim poctu fyzickych serverov z ¢oho vyplyvaju aj nizsie naklady na klimatizovanie datového centra,
tzv. green IT. V prostredi Univerzity Konstantina Filozofa v Nitre (dalej len UKF) sa z mnoZstva beZiacich
informacénych systémov zameriavame vtomto ¢lanku na moZnosti a sposoby pouzitia virtualizacnych
technolégii v systémoch na podporu e-learningu. V lUvode popisujeme sucasny stav nasadenia
informacnych systémov, dalej rozoberdame dbévody, preCo je tazké zmenit sucasny stav anasledne
popisujeme akym spdsobom by sme mohli implementovat jednotlivé virtualiza¢né technoldgie.

Univerzita je pripojend ksieti Internet prostrednictvom 1Gb/s optickej linky. Dlhodoby zamer
univerzity na roky 2007 — 2017 predpoklada navysenie tejto kapacity 10 nasobne. Tato opticka linka
predstavuje jediné pripojenie do Internetu a v pripade jej vypadku alebo prerusenia nie su z Internetu
dostupné Ziadne informacné systémy. Vytvorenie zadlozného pripojenia ksieti Internet je problém
komplexny avtomto ¢éldanku samu venovat nebudeme. Vsetky pracoviskd univerzity sd navzajom
prepojené optickou sietou, ¢im sa stava chrbticova siet dostatocne priepustnou aj pre velké objemy dat.
K tejto sieti su pripojené nasledovné informacné systémy:
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Evidencia studentov — Akademicky informacny systém
Knizni¢ny informacny systém

Evidencia publikacnej ¢innosti

Evidencia projektovej ¢innosti

e Systém pre spravu dokumentov

e E-mailovy systém

e Elektronické zaverecné prace

e E-learningové systémy

e Stravovaci, pristupovy a dochadzkovy systém

Chod pocitaCovej siete a prevadzku tychto informacnych systémov zabezpecuje niekolko desiatok
serverov, ktoré sa neustdle rozsiruju. MbéZeme povedat, Ze na kazdy systém je vyhradeny asporn jeden
server. V pripade ich zlyhania je komplikované presunut informacny systém na iny server. Vo vacsine
pripadov presun pozostava z nasledovnych krokov:

e [nStalacia operaéného systému na novy server
e Instaldcia a konfiguracia aplikacii
e Obnovenie dat zo zalohy

Désledkom tohto procesu je aj niekolkodriova nedostupnost sluzieb poskytovanych samotnym IS.
V pripade fungujucich virtualizacnych metéd, by sa virtuadlny stroj len preniesol na funkény hardvér,
pricom by sa doba nedostupnosti skratila na minimum.

Nasadenie virtualizacie so sebou prindsa komplexni zmenu vo fungovani organizacie. Pokisme sa
identifikovat dévody, ktoré vo vieobecnosti brania tymto zmenam. Nazyvame ich aj zlaté pravidla IT
(Kusnetzky 2007)

Pravidlo 1: Ak to nie je pokazené, neopravujte to. Mnoistvo organizdcia nemd vyclenené
prostriedky, ¢i uz financné alebo pracovny ¢as na to, aby reimplementovali veci, ktoré funguju.

Sprava informacnych systémov je na UKF v kompetencii Centra informacnych a komunikacnych
technoldgii (dalej len CIKT). Zo Statutu CIKT vyplyva, Ze ma zabezpecuje rozvoj pocitacovej siete [citovat
$tatut], avSak persondlne zlozenie a vytazenost neumoznuje jeho pracovnikom experimentovat, alebo
len vo velmi malej miere.

Pravidlo 2: Nechytajte to, pokazite to. Organizacie pouZivaju systémy, ktoré boli vyvijané niekolko
rokov. Zmeny v systémoch, ktoré sa spoliehaji na starSie technolégie, starSie architektury alebo
metodoldgie, sa musia robit velmi opatrne.

Pravidlo 3: Ak sa toho chytime a pokazime to, opravit to bude trvat dlhsie a bude to drahé. Pravidlo
je podobné predoslému a zavisi od mnozstva roznych pouzitych technolégii.

Z pohladu UKF su nasadené informacné systémy od réznych dodavatelov alebo su to systémy vyvijané
vlastnymi kapacitami po niekolko rokov. Niektoré systémy su uzko Specifické aich presun na novsie
technoldgie by mohol spésobit ich nefunkénost. Analyza dévodov tejto nefunkénosti alebo mozZnosti ich
presunu je ¢asovo velmi ndrocna z dovodu neexistencie programovej dokumentiacie.

Pravidlo 4: Dostatocne dobré je postacujlice. Predstava, Ze mame k dispozicii nekonecne vela ¢asu
a prostriedkov na vyvoj réznych vymozZenosti je idealna ale v skuto¢nosti je mozné akceptovat len asi 50
az 60% poziadaviek na novu funkcionalitu. ZvySok je potrebné vyhradit na zabezpecenie a udrZiavanie
aktudlneho stavu.

Pravidlo 5: Nerobit velké zmeny pokial fudia nekri¢ia. Kym pouzivatelia nekri¢ia aby dosiahli zmeny v
systémoch, riadime sa pravidlom 4. V pripade, Ze pouZivatelia postupne zacinaju vyzadovat nové
funkcionality, riadime sa pravidlami 2 a 3.

E-learning na UKF

Univerzita pouZiva ako e-learningové prostredie systém Moodle. V rdmci univerzity maju niektoré
pracoviska svoje vlastné rieSenia, najma moodle ale aj iné LMS systémy (class server, itutor), ktoré im
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slizia prevazine na vlastné potreby, vyvoj alebo vyskum ich moZnosti. Centrdlne su podporované dva
moodle systémy, jeden (edu.ukf.sk) pre priamu vyucbu akreditovanych predmetov a druhy (amos.ukf.sk)
uréeny prevazne na podporu projektov a poskytovanie kurzov aj Studentom dalSieho vzdeldvania. Oba
systémy su prepojené (Obr. 1) na LDAP server, ktory ¢erpa Udaje z akademického informacného systému
(Studenti) a systému SAP/SOFIA (ucitelia).

SAP/SOFIA

kazchych 24 hodin

—  tokdst —
synchronizacia ﬂi@ ﬂ@

ﬁ'
autentifikacia
AlS

Obrazok 1: Prepojenie portalu na dalSie systémy

Z technického hladiska portdly edu aj amos beZia na jednom fyzickom serveri s operanym systémom
solaris. Aplika¢nu vrstvu tvori apache webovy server s virtudlnymi hostami a mysql databazovy server.
Samotna mysql databaza nie je replikovana. Zalohovanie systému sa vykonava raz za 24 hodin, pricom
obsahom zdloh systému su sql sekvencie slUZiace na obnovenie stavu databazy, kompletna zaloha
databdzového systému a zdrojové kddy LMS systému. Na drovni LMS sa vytvara vlastna zip zaloha
z kazdého beziaceho kurzu. Vsetky vytvorené zalohy sa denne presuvaju na iny server jednak z dovodu
zabezpecenia reduntantnosti zaloh, ako aj z dovodu nepostacujucej diskovej kapacity na samotnom
serveri. V pripade zlyhania hardvéru a nutnosti presuntdt LMS na iny by bolo potrebné nainstalovat
samotny operacny systém, aplikacné vybavenia aznovunakonfigurovanie LMS. V dalSom texte si
priblizZime samotny navrh virtualneho prostredia.

Metaody virtualizacie

V principe pozname dve metddy virtualizacie, virtualny stroj a rozdeleny operacny systém. Softvér
pre podporu virtudlnych strojov (virtual machine) je softvérovy ndstroj, ktory skryva akékolvek detaily
samotného hostitelského operaéného systému a obsluznych softvérovych nastrojov, ¢im sa umoziuje,
aby sa vytvarali oddelené jednotky, tzv. virtudlne stroje. Kazdy virtudlny stroj méze mat vlastny operaény
systém avytvdra sa mu iltzia fyzického hardvéru, ktora je iny ak je hardvér hostitelského servera
(virtudlnemu stroju pridelujeme ¢ast fyzického hardvéru, napr. pocet jadier procesora, velkost fyzickej
pamate, atd’.) Velkou vyhodou tohto riesenia je jednoduchy presun virtualizovaného stroja na iny fyzicky
hardvér.

Rozdeleny operaény systém vytvara samostatné zony, ktoré su na jednej strane nezavislé a na strane
druhej zdielaju spolo¢né jadro operaéného systému. Zéna je virtudlnou inStanciou opera¢ného systému,
v ktorej beziace aplikdcie a pouzivatelia sa tvaria akoby pracovali v samostatnom systéme. Nie je mozné
vidiet a ovplyvriovat procesy mimo aktualnej zony, vsetky operacie aplikacii si uzavreté v danej zéne.
Jednotlivé zény pritom mézeme presivat medzi fyzickymi servermi. Zény su spravované globalnou
zénou, ktord je hlavnou instanciou operaéného systému na danom fyzickom serveri. Samotné
virtualizované prostredia predstavuju neglobalne zéony. Akékolvek operacie v globalnej zdne mo6zu mat
vplyv na virtualizované zény, avSak operacie vramci neglobalnej zény nemajui vplyv na ostatné
z6ny.(Solter, Jelinek et al. 2005)

Pri oboch metédach mdézeme poufZit niekolko virtualiza¢nych technoldgii (Kusnetzky 2007; Ruest and
Ruest 2009; Chowdhury and Boutaba 2010).
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Virtualizacia pristupu

Aplika¢na virtualizacia

ManaZiment

Vypoctova virtualizacia virtualnych
prostredi

Sietova virtualizacia

Obrazok 2: Virtualizacné technolégie (Kusnetzky 2007)

Virtualizacia pristupu je hardvérova asoftvérova technoldgia, ktord umoziuje [ubovolnému
zariadeniu pristupovat k lubovolnej aplikacii bez toho aby navzdjom nieco o sebe vedeli. Tejto metdde sa
z pohladu e-learningu nebudeme venovat.

Aplikacna virtualizacia je softvérova technoldgia umoziujuca beh aplikdcie na r6znych operacnych
systémoch a hardvérovych platformach. Vacésinou to znamend, Ze aplikicia bola napisand tak aby
pouzivala nejaky aplikac¢ny framework. TieZ to znamen3, Ze aplikacie, ktoré tento framework nepouzivaju
a beZia na danom serveri, nemdzu vyhody aplikacnej virtualizacie vyuzivat. Vyhodou aplika¢nej
virtualizacie je mozZnost spustat zastavovat rozne inStancie danej aplikacie, alebo rozkladat zataz na
viacero inStancii. Najsofistikovanejsie systémy aplikacnej virtualizacie umoziuju tymto spdsobom
virtualizovat aplikacie bez toho aby museli byt preprogramované.

LMS Moodle je naprogramovany v skriptovacom jazyku php a pre svoju ¢innost potrebuje webovy
server s jeho podporou. Na UKF pouzivame ako webovy server apache vo verzii 2. Apache podporuje
aplikaénu virtualizaciu avsak, len pre tzv. webapps, ¢o vyZaduje pouzivat variant Tomacat (java). Z toho
nam vyplyva, Ze samotny moodle neméZeme nasadit do prostredia aplikacnej virtualizacie.

Vypoctova virtualizacia je hardvérova a softvérova technoldgia, ktorda operacnému systému a jeho
sluzbam alebo aplikacidam skryva fyzickd konfiguraciu hardvéru. Tento sp6sob virtualizdcie umoznuje sa
jeden systém vyzeral ako mnoho systémov, alebo aby mnoho systémov vyzeralo ako jeden, ¢im sa
dosahuje vysoka Uroven rozsiritefnosti, spolahlivosti, a dostupnosti. Na obrazku 3 sme naznacili, akym
spbsobom by mohol byt realizovany systém vypoctovej virtualizacie pre pripad pouzitia LMS Moodle
v kombindcii s apache webovym serverom a mysgl databdazovym systémom.

apache

virtualizovany
apache + mysal

mysal

Obrazok 3: Priklad vypoctovej virtualizacie

Virtualizacia uloZiska je hardvérova a softvérova technoldgia, ktora skryva umiestnenie uUloZnych
systémov ako aj typ zariadenia, ktord na ktorom su uloZené data aplikacii. Tato technolégia tiez
umoznuje aby jednotlivé systémy zdielali rovnaké uloZiska bez toho aby vedeli, ¢i na ne pristupuje este
ind aplikdcia. Vyhodou tejto technolégie je, Ze umoznuje vytvaranie tzv. snimok dat, ktoré slizia na
zélohovanie Udajov. Snimky sa mo6zZu vytvarat aj nad beZiacimi aplikdciami. Na obrazku 4 je zobrazené
virtudlne uloZisko tvorené ZFS suborovym systémom. Samotny ZFS virtualizuje jednotlivé diskové
zariadenia. ZFS jednotky su vytvarane nad tzv. virtudlnymi poolmi, zvanymi zpool. Zpool sa sklada z
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virtuadlnych zariadeni, ktoré samotné sa skladaju z fyzickych diskov, suborov a particii (Bonwick and

Moore 2007).

s | oges | | 7 |

| ZFS POSIK Layer | |pHFS| |Lustrs| |08 | ZFS Volume Emulator |

Obrazok 4: Virtualne ZFS uloZisko (Bonwick and Moore 2007)

Sietova virtualizacia je hardvérova a softvérova technoldgia, ktord prezentuje iny pohlad na siet ako
je fyzicky (pocita¢ vidi len tie zariadenia, na ktoré je opravneny sa pripojit, viacndsobné sietové
prepojenia sa tvaria ako jedno prepojenie, atd.) Pouzitim sietovej virtualizicie mdzeme umiestnit
jednotlivé servre na vroznych geografickych oblastiach. Obrazok 5 zobrazuje princip sietovej
virtualizacie.

Physical Metwork Crosshow MNetwork-in-a-box
r
—
Wb Rauler
Physical | ZSierver vFiawl
peart -
capacity %ﬁ bandwidth

i

Physical Switch J [ Physical Switch

limits

Obrazok 5: Princip sietovej virtualizacie

Zaver

V tomto ¢lanku sme sa snazili naértnut dostupné moznosti implementovania virtualizacnych metéd,
ktoré by sa dali nasadit pre podporu LMS Moodle. Analyzou sme dospeli k dvom moznym variantom
rieSenia. Jednym je realizacia solarisovych zén na jednom fyzikom systéme spolu so systémom rozloZenia
zétaze avirtualizovanym datovym uloziskom. Druhym je vypoctova virtualizacia, ktord by na jednom
fyzickom systéme umozniiovala beh jedného webového servera pre kaidy LMS, pricom databdza by
bezala ako separatny virtualizovany systém. Prepojenie medzi webovym a databazovym serverom by
bolo realizované prostrednictvom virtudlne;j siete.
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Abstract: The subject of our interest is educational process, which can be considered as dynamic process,
changing in time, which can be examined from various viewpoints. We can focus on participants of
this process, i.e. on students and lecturers, and observe their mutual relations and interactions.
Educational process understood as a dynamic system is an insofar extensive sphere that it provides
almost limitless opportunities of observation, modelling and simulation. In this contribution we shall
focus mainly on the special part of educational processes — on teaching of subjects focusing on
technical and system issues (Logical systems, Architecture of computers, Operating systems and
Computer networks), which are specific with their focus on adopting the knowledge on principles and
functionality of computer systems for the processing and transfer of information within the studies of
informatics.

Uvod

V konkrétnej vyucbe uvedenych predmetov nie je moiné obsah predmetu oddelit od formy a
pouzitych vyucovacich metdd. Je snahou aplikovat moderné vyuéovacie formy a s nimi stvisiace metddy
(distancnd forma vzdeldvania, kombinovana forma vzdeldvania s podporou e-learningu,
konstruktivisticky orientovanu vyucbu apod.), s ktorymi sa takto budd moct Studenti sprostredkovane
zoznamit pocas Studia, ziskat potrebné skdsenosti a pripadne ich nasledne vyuZit (dalSie vzdelavanie,
celozivotné vzdelavanie). Ciefom prispevku je po UspeSnom zvladnuti ndvrhu a tvorby e-learningovych
kurzov pre podporu vyucby informatickych predmetov, predstavit moznosti personalizacie uvedenych
aktivit formou modelovania vzdelavacich aktivit v prostredi LMS Moodle. Navrh Struktury predmetov,
ktoré su v naSom vybere bude vykonany pomocou vhodne aplikovanych modelovacich nastrojov, ako je
modelovanie s vyuzitim Petriho sieti a modelovanie s prvkami Adaptivnych hypermedidlnych systémov
(AHS). Vzhladom k neustalemu vyvoju v oblasti IKT musi vytvoreny e-learningovy kurz pre vybrané
predmety zostat otvoreny novym technolégiam, mozZnostiam a postupom, uplatnitelnym pri rieSeni
projektov. Problematika a tedria modelovania s Petriho sietami je bohatd a pomerne kvalitne
rozpracovand. Predpokladdme tvorbu rozsiahlych sieti, ktorych analyza je velmi naroc¢na a preto vhodny
softvérovy produkt pre nase potreby nemusi nevyhnutne obsahovat analytické prostriedky. Adaptivita
v navrhovanych e-aktivitach je délezitym prvkom personalizacie vyucby, v ktorej dominuju dve role. Rola
tutora, ktory je zodpoveny za obsah aj manazovanie vytvorenej e-aktivity a rola pouzivatela t.j. toho, kto
vstupuje do vzdeldvania a prechadza vzdeldvacim e-produktom. Snahou autorov je poukazat na moznosti
tvorby a aplikovania modelu pouzivatela. Ten by mal spifiat tieto kritéria: mal by to byt hypertextovy
alebo hypermedialny systém, a mal by byt schopny prispdsobit hypermédia pouZitim tohto modelu. Pri
modelovani pouzivatela davaju hlavni vahu tieto systémy na Studenta. Predpokladdame, Ze ucenie
Cloveka sa realizuje prevaZzne v situaciach pedagogického typu, t.j. tam, kde tento proces niekto zamerne
riadi, t.j. zasahuje do jeho priebehu a organizuje jeho podmienky tak, aby bolo ¢o najucinnejsie a zaroven
rozvijalo aj osobnost uciaceho sa. Ak mozu existovat rézne Urovne, typy, modely a stratégie ucenia, ako k
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nim priradit primerané a najucinnejsie modely, typy a stratégie riadenia? Hladaniu odpovede sa venuje
nie len pedagogicka psycholdgia o tedrii ucenia, ale aj oblast kybernetiky a modelovania procesov
riadenia.

Sucasny stav modelovania vzdelavania

Predmetom nasho zaujmu bude vzdelavaci proces, na ktory tiez mdézeme nazerat ako na dynamicky,
v ¢ase sa meniaci systém a skumat ho z réznych pohladov. MbZeme sa zamerat na Gcastnikov tohoto
procesu, tj. na Studujdcich a vyucujucich a skimat ich vzajomné vztahy a interakcie. Alebo mbzeme
nazerat na vzdeldvanie ako na proces, ktorého prvky su jednotlivé vzdelavacie aktivity (vyklad, cvicenia,
samostatné prace, studium apod.) a sledovat navaznost a postupnost tychto aktivit s ciefom najst ich
najvhodnejsie usporiadanie.

Vzdelavaci proces chapany ako dynamicky systém je natolko rozsiahlou oblastou, Ze poskytuje takmer
neobmedzené moznosti skimania, modelovania a simuldcie. Pri modelovani vzdelavacieho procesu je
potrebné vychddzat zinterakéného ponatia, zovzajomnych socidlnych interakcii Gcéastnikov
vzdelavacieho procesu. Bol tak vytvoreny , obecny model vzdeldvacieho procesu”, zahrnujdci SirSie
prostredie, vstupné Ccinitele, samotny proces a jeho produkty (bezprostredné vysledky a dlhodobé
efekty).

Realizované modely sa snazia zachytit celkovy pohlad na vzdeldvaci proces, vsetky jeho zlozky a
vzajomné interakcie, ktoré tu vznikaju. Ziadny z nich nechape informacné a komunika¢né technoldgie ako
$pecidlnu zlozku tohoto procesu, ktord méze vstupovat (a ¢asto vstupuje) do vzajomnych vztahov so
vsetkymi ostatnymi zlozkami a tym spésobom ovplyviiuje celkovy vysledok (produkt) tohoto procesu.
Naviac Ziadny z uvedenych modelov nevychadza zcisto exaktného Statistického spracovania udajov
ziskanych v procese vzdeladvania, mézu tak lahko byt ovplyvnené fudskym faktorom — pozorovanim,
skisenostami apod.

V konkrétnej praktickej vyucbe predmetov studijného programu Aplikovana informatika nie je mozné
obsah tychto predmetov oddelit od formy a pouZitych vyulovacich metdd. Aplikujeme moderné
vyucovacie metédy (distancné vzdelavanie, e-learning, konstruktivisticky orientovanu vyucbu apod.), s
ktorymi sa takto budi mat Studenti moznost sprostredkovane zoznamit, ziskat potrebné skisenosti a
pripadne ich nasledne vyuZit vo svojej praxi. Zmyslom vyskumnej prace je navrhnat a vytvorit
e-learningovy kurz pro podporu vyucby predmetov technickej a systémovej povahy, ktory by mal byt
realizovany vo vzdeldvacom, riadiacom prostredi LMS MOODLE.

Model riadenej kombinovanej formy vyucby s podporou e-learningu

Jednym z hlavnych cielov vyskumnej prace na katedre informatiky je na zdklade poznania procesu
vzdeldvania navrhnit model riadeného ucenia s podporou multimedialnych vzdeldvacich aplikacii na
zaklade detailného opisu vyuc€ovacich operdcii. Realizujeme to s pomocou schém popisujucich etapy
systémového pristupu aopis systému vyucby pouZivajucej média, jednotlivé Urovne tvorby
pedagogického procesu, modely ucenia atd. Navrhovatel modelu sa najprv zaujima o Strukturu procesu
vyucby, potom sa pokulsi vymedzit vSeobecné ciele a klasifikovat ich podla rbéznych pouzivanych
taxonémii. Dalej si vytvori zoznam najdélezitejsich prvkov (napriklad rozdelenie $tudujicich na skupiny,
potrebné ucebné materidly, pomocky, programy apod.) ato vidy s ohladom na explicitne a jasne
stanovené ciele. Dalej ziska Udaje o charakteristikach $tudujucich, (u¢ebné $tyly, predchadzajice znalosti,
zaujmy, motivacia atd.) a potom podla nich modifikuje metddy. Tak si vytvori operativny systém
vzdelavacich aktivit. Nakoniec si dopredu vytvori mechanizmy, ktoré mu umoznia v priebehu ipo
skoncéeni vyucby hodnotit vysledky a pouzivat takto ziskané informacie na pripadnd modifikaciu
navrhnutého usporiadania systému vyucby.

VSeobecny systémovy model vyucby obsahuje jasny a presny popis réznych operacii, ktoré prebiehaju
v pedagogickom systéme. Skupina Studujlcich je podsystém, zloZeny z prvkov, procesov a cielov.
Hlavnymi prvkami st pedagég (tutor) a $tudent. Daldimi moéze byt databdza uéebnych materidlov, testov,
Internet, televizia, noviny a vsSetky ostatné veci, ktoré mozu byt sicastou systému. Procesy popisuju
vsetky operdcie a vsetky funkcie, ktoré systému umoznuju dosahovat ciele. Podsystémy zahrriuju tri
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aspekty — vyhodnotenie vstupov, vyhodnotenie vysledkov (vystupov) a spatnu vazbu. Vyhodnotenie
vstupov sa tyka Studenta, jeho schopnosti, ziskanych zru¢nosti a motivacie. Vyhodnotenie vysledkov zase
umozni vyhodnotit fungovanie systému a prostrednictvom siete spatnych vazieb vniest do systému
potrebné modifikacie.

korekcia vyhodnotenie

ucenia

Ie ucenia
znalosti r L
A volba Stylu,

profil rozdielov - pokyny,
i ciell ciele vyuch ; ‘ 5 ivaci
mEI?ZI cielom P dlohy, testy vniitornd motivdcia, i
a vysledkom — i m— sebahodnotenie,

monitorovanie
vysledkov
uéenia

. . taktiky ucenia
postoj k uceniu ) i

vysledky ucenia -

vyhodnotnie

Obr. 1: Model riadenej kombinovanej formy vyucby s podporou e-learningu

Model elektronickej vyucby (obr. 1) vyjadruje vzdelavanie bez priameho kontaktu ucitela a Studenta,
kedy sa komunikdcia uskutocriuje cez elektronické prostredie, ktoré vyuziva databazu ucebnych
materidlov, testov a cez ktoré sa zabezpecuje administracia pouzivatelov, studentov, vysledkov testov a
pod.

Tutor pripravi zo vstupnych informacii (informacny list predmetu, printové materialy) ucebné
materidly, ktoré vo forme multimedidlnych dokumentov (MUME aplikacie, www stranky, MUME
prezentacie, videotutoriadly a pod.) uloZi na server do databazy, kde budu okrem vstupov z inych zdrojov
(odkazy internet, foéra), pristupné pre Studenta. Komunikdcia medzi tutorom a Studentom sa
uskutocnuje bez priamej SV, cez elektronické prostredie ako odpoved studenta (LMS MOODLE), ktora sa
po prechode cez elektronické prostredie dostane k uditelovi., ten koriguje studentov vstup a jeho dalsiu
reakciu. Ked' tutor skontroluje Ziadany vystup Studujliceho je splneny ciel vyucby. Takyto model vyucby
sa vyuziva v distanénom vzdeldvani, v individualizovanych formdch, v e-learningu a pod. (Turcéani, M.,
2006).

Moznosti modelovania Petriho sietami

Navrh Struktiry predmetov systémovej oblasti je v sucasnosti realizovany pomocou modelovacich
nastrojov Petriho sieti (vid. dalej). Vzhfadom k neustalemu vyvoju v oblasti IKT musi takto vytvoreny
e-learningovy kurz pre uvedeny predmet zostat otvoreny novym technolégiam, moznostiam a postupom,
uplatnitelnym pri rieseni projektov. Navrhnutd Petriho siet musi byt preto koncipovana modularne tak,
aby ju v pripade potreby bolo mozné doplnit alebo vhodne upravit (Nagyova, 1., 2007).

Mapovanie prvkov modelovaného systému do miest, prechodov a znaciek je vysledkom abstrakcie a
zavisi na Ucele, pre ktory je model vytvarany. Pri tvorbe modelu je potrebné mat na pamiti, Ze zatial ¢o
miesta a prechody a ich vzidjomné vizby (hrany) existuju staticky, tokeny mozu vznikat, zanikat a
pohybovat sa podla pravidiel, danych nastavenim kapacit miest a nasobnosti hran. Pri navrhu modelovej
Struktdry e-kurzu akéhokolvek predmetu je potrebné zaviest dolezité pojmy, ktoré charakterizuju danu
Struktdru navrhovanych kurzov. Su to nasledovné pojmy:

e Miesto - predstavuje pasivny prvok systému, ktory je schopny si pamétat iné objekty (tokeny).

Predstavuje pamaét Petriho siete.

e Prechod - reprezentuje aktivny prvok, s ktorym su zviazané udalosti. Jeho aktivita je podmienena
aktualnym stavom systému a modzZe tento stav zmenit. Prechod modeluje procesor, udalost,
funkcny prvok systému.

e Token - (znacka) reprezentuje pasivny prvok, ktory sa mbze pohybovat a mdze byt ulozeny
v mieste. Typicky modeluje data.

169



DIVAI 2010 - Distance Learning in Applied Informatics

Po skisenostiach s ndvrhom a tvorbou modelu vzdelavacej aktivity v predmetoch systémovej povahy
sme si dovolili uviest hodnotenie tejto metddy pre Gcéely riadenia a formovania individualneho pristupu
k vyucbe pre dany odbor na katedre informatiky.

Vyhody:

e Jednoduchost Petriho sieti a ich presny matematicky model poskytuji dostatoény formalny
aparat pre rieSenie problémov verifikdciu (overovanie) navrhnutych modelov a zistovanie
moznosti priechodnosti danym modelom.

e Grafova reprezentacia Petriho sieti zjednodusuje chapanie modelovaného systému ako celku.

Nevyhody:

e Petriho siet bola povodne koncipovana ako plosny model a i napriek vacésej strukturovanosti
hierarchickych Petriho sieti zostdva ploSnym modelom.

e Petriho siet modeluje systém tym, Ze ho rozkladd do parcidlnych stavov, k postupnej zmene
dochddza vplyvom udalosti. Jednotlivé stavy Petriho siete su vSak pevne dané, su statické.
Petriho siete umoziuji modelovat systémy s premennou Struktirou (premennou mnozinou
stavov) len velmi obtiazne.

Pre potreby modelovania a simuldcie vzdeldvacieho procesu je ¢asto potrebné sa rozhodnut pre
vhodny softvérovy produkt, ktory umozni graficky navrh Petriho siete a ktorého simulacné prostriedky
budu na vysokej urovni. Predpokladdme tvorbu rozsiahlych sieti, ktorych analyza je velmi narocna a
preto produkt pre nase potreby nemusi nevyhnutne obsahovat analytické prostriedky.

Vhodnym softvérovym prostriedkom sa ukazuje program HPSim, ktory je zdarma k dispozicii pre
vyskumné a vzdelavacie Ucely. Jeho prednostou je jednoduchd instaldcia, jednoduché ovladanie a
vyborna moznost simulacie (hlavne paralelnych procesov). HPSim umoziiuje modelovanie pomocou P/T
Petriho sieti s inhibitormi a testovacimi hranami. Produkt nepracuje s hierarchickymi Petriho sietami,
hierarchiu vo vytvaranych sietiach budeme musiet udrZovat sami. Vysledky prace v tejto oblasti v ramci
vyskumnej ¢innosti na katedre informatiky su publikované v (Klimes C. and Balogh Z., 2005).

Uvod do problematiky adaptivnych hypermedialnych systémov (AHS)

Asi vacsSina autorov chape AHS podla definicie jedného z hlavnych odbornikov tejto oblasti
Brusilovského nasledovne: ,by adaptive hypermedia systems we mean all hypertext and hypermedia
systems which reflect some features of the user in the user model and apply this model to adapt various
visible aspects of the system to the user”, ¢o sa da volne prelozit: ,adaptivnymi hypermedidlnymi
systémami sa myslia vSetky hypertextové a hypermedidlne systémy, ktoré odrdzaju niektoré crty
pouzivatela v modeli pouZivatela a pouZivaju tento model na prispésobenie réznych rysov viditefného
vystupu, ktory je systémom poskytnuty pouzivatelovi” (Brusilovsky, P., Sosnovsky, S., et al., 2004).

Inymi slovami, AHS by mal spifiat tri kritéria: mal by to byt hypertextovy alebo hypermedialny
systém, mal by obsahovat model pouzivatela a mal by byt schopny prispsobit hypermédia pouZitim
tohto modelu. AHS sleduje sprdvanie a charakteristiku konkrétneho pouZivatela a na ich zaklade
zostavuje a pouzivatelovi poskytuje adaptovany dokument. Pre svoju pracu potrebuje vacsina systémov
poznat relevantné Gdaje o pouZivatelovi. Tieto Udaje poskytuje vacsine systémov samotny pouZivatel. Vo
vyucbovych adaptivnych systémoch su to hlavne testy, dotazniky a pod. Okrem informacii poskytnutych
samotnym pouzivatefom vyuZivaju systémy aj automaticky zber udajov o pouzivatelovi. Do
automatického zberu Udajov patri napr. sledovanie, ktoré spojenia a aky typ spojeni pouzivatel
najCastejsie pouziva, ako dlho sa zdrziava v konkrétnych uzloch, ako aj pocet navstiveni konkrétneho uzla
a pod. VSetky tieto Udaje su uloZené v tzv. modeli pouZivatela (user model) (Bures, M., Jelinek, 1., 2003).
Existuju aj systémy, ktoré od pouzivatela nepozaduju zZiadne informacie, a model pouzivatela si vytvaraju
iba na zdklade interakcii pouzivatela so systémom. AHS zostavuje adaptovany dokument pre
konkrétneho pouzivatela. Cielom modelovania pouzivatela je Specifikovat charakteristiku, t.j. vlastnosti
pouzivatela, pomocou ktorych systém vyberie pre neho najvhodnejSiu prezentaciu. Spravne definovanie
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vlastnosti, ktoré Co najvernejSie odrazaju skuto¢ného pouZivatela, je velmi dblezité pre uspesSnu
adaptiaciu informacii pomocou AHS. Model pouZivatela méZzeme asi najlepsie vystihnut ako ,subjektivny
nazor systému na pouZivatela, t.j. ndzor o jeho schopnostiach avedomostiach, o predkladanej
problematike, ale aj vSeobecnych vlastnostiach (Kay, J., Lum, A., 2000). Samotné pristupy k modelovaniu
pouzivatela vychadzaju zo systémov pre vyucbu, tzv. Inteligentnych vyucbovych systémov. Tieto systémy
sleduju spravanie Studenta a na zaklade spatnej vazby ho usmernuju v jeho dalSom studiu. Inteligentné
vyuCbové systémy pozostavaju z troch Casti: znalosti o predkladanej oblasti — ¢o udit; Specifika
$tudujuceho - koho uéit; vyuéovacia stratégia — ako ucit. Pri modelovani pouzivatela davajd hlavnid vahu
tieto systémy na Studenta. V ramci navrhu AH systému pre vzdeldvaciu aktivitu v odbore Aplikovana
informatika sme pouzili pfi tvorbe e-kurzu LMS MOODLE a hlavny déraz sme venovali ndvrhu
pouzivatelského modelu. Na obr. 2 je schéma navrhu vzdeldvania s adaptivnym modulom DIVAI AHS.
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Obr. 2: Navrh systému vyucby DIVAI AHS

Cielom modelovania pouzivatela je preto uchovavanie hodno6t spojenych s pouzivatelom, ktoré
odrazaju uroven jeho vedomosti a ich pouzitie pri prisp6sobovani systému. Pri prezentovani vlastnosti
pouzivatela sme vychadzali z ndvrhu prekryvného modelu, ktory vyuziva vedomosti expertov. Model
pouzivatela reprezentuje rbzne vlastnosti pouzivatela, ktoré sa daju vyuzit pre adaptdciu obsahu,
prezentdcie alebo navigacie. Okrem spravneho definovania jednotlivych atribltov pre vytvorenie modelu
pouzivatela je potrebné tieto atribity redlne reprezentovat pomocou prostriedkov a technoldgii
pouzivanych v rdmci adaptivneho systému. Medzi prostriedky, pre ktoré sme sa rozhodli pri ndvrhu
modelu pouzivatela patri relacnd databaza. Vychadzali sme z poznatkov, Ze prave pouzitie databdazy pre
uchovavanie modelu pouzivatela je najzrejmejsie, pretoze vacsina informacnych systémov pouziva prave
relacnl databazu na pracu s datami. Model pouzivatela je realizovany pomocou jednotlivych tabuliek
relacnej databazy. Vyhodou poufZitia databazy je, Ze data v nej uloZzené nepotrebuju dalsie ,Specidlne”
Upravy na prezentdciu koncovému pouzivatelovi. Pri priprave tvorby, ako aj samotnej realizacii
adaptivneho e-kurzu vSetky potrebné udaje o Studentovi budl uloZené vo vyhradenom uloZisku na
serveri. Vedomosti expertov a informacie o Studujiucom budu konfrontované na zdklade pravidiel
stanovenych pre tvorbu vzdeldvacej aktivity DIVAI AHS tvorenej v rdmci projektu Virtudlna katedra na KI
FPV UKF v Nitre (Kapusta, J., Munk, M., Turéani, M., 2009).
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Zaver

Vychadzajuc zo zisteni, ktoré vyplynuli z ndsho vyskumu a osobnych skidsenosti navrhujeme vacsie
vyuZitie adaptivnych hypermedidlnych systémov vo vzdelavani. Uvedomujeme si, Ze samotné vytvdranie
adaptivnych systémov je velmi narocné. Napriek tomu verime, Ze ¢as investovany do vyvoja adaptivnych
hypermedialnych e-kurzov sa urcite vrati vo forme lepsie pripravenych Studentov. Z hladiska adaptivnych
technik odporu¢ame v adaptivnych e-kurzoch vyuzivat techniku priameho vedenia. UZ v sulasnosti
moZeme sledovat posuny vo vyskume AHS, kedy sa autori pri tvorbe materidlov zac¢inaju zaoberat nielen
technickymi vylepseniami AHS, ale vacsi déraz kladu na implementaciu pedagogicko-psychologickych
koncepcii, napr. krivky ucenia, opakovania a zabudania. Aj ked' idedlny systém, ktory sa Uplne pribliZi
kazdému Studentovi je urcite utépiou, pomocou dobre navrhnutych AHS sa dokonalej personalizacii
vyucovania mbzeme priblizit.
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Abstract: All over the world, various teaching methods are used to get better results in education. Regarding
the theme of this paper we decided to use Computer-Based Learning (CBL) in the teaching-learning
process. Teaching the numerical and optimizing algorithms in the traditional form (e.i. lecture) is not
very attractive and motivating for students. Therefore we decided to add visual demonstrations of
the function of algorithms to the explanation of the educational content. In the lessons we use the
dynamic visualizations that make the teaching-learning process more dynamic and effective.
Furthermore, we can motivate the students better than before. The introduced paper deals with
teaching optimizing algorithms with the usage of CBL. The optimizing algorithms form the curriculum
of Numerical mathematics and optimization subject that is the obligatory subject for the students of
Informatics in the fourth year of study of Teaching of academic subjects on the Faculty of Natural
Sciences of Constantine the Philosopher University in Nitra. The content of the subject includes basic
numerical and optimizing methods. For this subject we created the study materials and electronic
didactic aids. The materials for the study of Numerical mathematics and optimization consist of more
components forming a complete unit in the end. At the university education portal we created course
using LMS Moodle. By this way we provide access to materials for all the time. Individual lectures in
the course are thematically grouped. For each method there is an interactive presentation created by
graphic editor based on vector graphics, e.g. Macromedia Flash MX. Using presentations, we
stimulate students’ imagination, as well as, by using visual material, we facilitate their learning and
understanding of the algorithm. Next lessons include teaching text in pdf format, examples of
practice and a forum. To confirm our assumptions that teaching subject Numerical mathematics and
optimization using the aids will be much easier and more effective we realized the research. The
research was realized by questionnaire method, method of content analysis and quantitative
methods of educational research. We asked students to fill up the questionnaire that was aimed at
evaluation of the presentations and the application. We gained 31 evaluations that was the exact
number of students undergoing the eighth term. In the paper, we mention only some of the twelve
questions. On the basic of the research as well as practical experience, we can agree upon the
conclusion that the described presentations and the application if sufficient aid facilitating the
teaching and learning of Optimization subject. A teacher can use this material at the lectures,
seminars, moreover; students can use them at home while preparing for school.

Uvod

Zaradenie vypoctovej techniky do vyucovacieho procesu ako didaktickej pomocky spdsobilo velky
vzrast v tvorbe vyucbovych programov. Nielen profesionalni programatori, ale aj my ucitelia dokazeme
velmi efektivne pocitate vyuzivat na skvalitnenie a zefektivnenie svojej prace napriklad pripravou
prezentacii a didaktickych programov, pomocou ktorych sa da oZivit, ale hlavne zefektivnit priebeh
vyucovace] hodiny, nehovoriac o lepSom chdpani a motivacii svojich Studentov.

V prispevku sa zaoberdame vyucovanim numerickych a optimalizaénych algoritmov s vyuZitim
vypoctovej techniky, ktoré tvoria obsah predmetu Numerickd matematika a optimalizacia Studijného
programu Ucitelstva akademickych predmetov magisterského stadia predmetu Informatika
a jednoodborového studijného programu Aplikovana informatika a Pocitacové modelovanie v prirodnych
vedach na katedre informatiky Fakulty prirodnych vied (FPV) Univerzity Konstantina Filozofa v Nitre
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(UKF). Kobsahu tohto predmetu sme vytvorili elektronické pombdcky aako elektronickd podporu
vyZivame e-learningovy kurz.

interaktivnhe pomocky a CBL

Predmet Numerickd matematika a optimalizacia je velmi Uzko spaty s algoritmizaciou, nakolko
obsahom tohto predmetu je odvodzovanie algoritmov pomocou vyssej matematiky a ich programovanie
v programovacom jazyku. Na dosiahnutie lepsich vysledkov vo vyucovani sa v sicasnosti pouzivaju rozne
moderné vyucovacie metédy. My sme si zvolili Pocita¢om podporované vyucovanie z angl. Computer-
Based Learning (CBL), ktoré sa v pedagogickej praxi uplatiiuje vo viacerych formach:

e Computer Aided Instruction (CAl) - poc¢itacom podporované prednasanie;

e Computer Monitoring Instruction (CMI) - pocitacom riadené a kontrolované vyucovanie;
Computer Aided Testing (CAT) - pocitacom podporované skusanie na zhodnotenie uciva;
Computer Aided Learning (CAL) - poc¢itacom podporované ucenie sa.

Pozitivhou skisenostou z poutzitia takejto formy vyu€ovania sa javi implementdécia statickych a hlavne
dynamickych grafickych prvkov do elektronickych materidlov, ktoré Studenti povazuju za
najvyznamnejSie zlozky tejto formy wvyucovania, a ktoré podporuji jednoduchsie pochopenie
prezentovanych procesov. Prave oblast CBL je ta, v ktorej takéto materidly vynikaju nad klasickym
spbsobom vyucovania a ucitelia by mali brat tito skuto¢nost na vedomie pri tvorbe vlastnych materidlov
pre pocitacom podporované vyucovanie (Overfield, Brayn-Lluka, 2008).

Po tejto analyze sme sa rozhodli vytvorit didaktické elektronické pomécky, pomocou ktorych
doplnime vyklad o chybajicu nazornost, a tym skvalitnime a zefektivnhime priebeh vyudovacich hodin
daného predmetu. Takéto pomocky sa zdroven stand motivaénym prostriedkom pre Studentov na
prednaskach ¢i cvi¢eniach. Su uréené jednak pre vyucujiceho, ale aj pre Studentov, ktori ich mézu
pouzivat pri opakovani si uciva, alebo pri uceni sa na skusku. Podla nasho nazoru, v kombinacii s
prednaskami a literatirou, vytvaraju vhodny prostriedok na podporu vyucovania numerickych a
optimaliza¢nych algoritmov pomocou pocitaca.

Vizualizacia formou interaktivnej prezentacie

Elektronické prezentdcie resp. dynamické vizualizacie sa Coraz viac objavuju v technicky zaloZenych
edukacénych materidloch, ako su napriklad multimedidlne vyucovacie prostredia. Na rozdiel od statickych
zobrazeni, dynamické vizualizacie mozu priamo zobrazit zmeny
v priestore v priebehu ¢asu, a to bud’ v jednotlivych krokoch alebo plynulym prehravanim. Ak su tieto
dynamické zobrazenia interaktivne, Student méze za pomoci ovladacich prvkov vidiet zmeny, ktoré su
vzapati prezentované (Ploetzner R., Lowe R., 2004).

Na tvorbu elektronickych prezentacii sme pouzili editor Macromedia Flash MX, v ktorom sme
vytvorili interaktivne prezentdcie so zakomponovanymi dynamickymi prvkami, pomocou ktorych
dokonalejsie zviditelnime priebeh optimalizacnych algoritmov. V oblasti skimania vplyvu animdcii na
Studentov ma vyznamny prinos Mayer R. E. (1997), ktory na zadklade pocetného mnoiZstva
experimentalnych stadii ukazal, Ze u€enie s pouZitim animacii moze byt este viac Uspesnejsie vtedy, ak su
tieto pocas prezentacie doplnené o hovorené slovo a nie pisany text. (Mayer, 1997, Mayer, 2001).
Vyudujuci mbze prezentacie pouzit pri vyklade nového uciva na prednaske alebo pri opakovani uciva na
cviceni, ¢im podpori u Studentov lepsSiu predstavivost a tym aj dokladnejsie zapamatanie si novych
poznatkov.

Kazda stranka prezentacie je opticky rozdelend na dve Casti. V pravej sa nachadza ucebny text resp.
algoritmus optimaliza¢nej metddy zapisany v krokoch. Cervend 3ipka, ktord sa zobrazuje nalavo od
algoritmu ukazuje na ¢ast algoritmu, ktora sa prave vykonava resp. vykonala. Graficky priebeh algoritmu
je zobrazovany v lavej - multimedialnej ¢asti na konkrétnom priklade. V tejto Casti sa zobrazuju aj obrazky
ku sprevadzajucemu textu.

174



Martin Vozdr: Implementation of Interactive Equipment in Informatics Education

Kl FPV UKF v Nitre Metdda najvacsieho spadu

Postup pri hfadani extrému funkcie f{x,y)

5 S
: '%‘O Majme danu funkciu ffx.v), presnost vypoctu &.
e e
OO,
ST SO S
ol
““““’é%% 1. Zvolime zadialodny bod iteracie X0
EsEssss,
“" %Wﬁ:‘&:‘:’,‘o‘ 2. Vypotitame gradient grad f{x)
WO,
=
et SESSSSS w3 Vypoditame kiok A & novy bod podia

O
o
s

vztahu
X1 =x¥ - A¥ grad(x¥)

4. Porovname vzdialenosti bodov x* a x**1.
Ak [xkxk1|<g, tak pokracujeme bodom 4
Inak sa vratime k bodu 2.

5. Vypiseme hodnotu posledného bodu x**
a vypocet ukoncime.

Obr. 11: Ukazka prezentacie Metddy najvacsieho spadu

Ovladanie prezentdcie je riadené pouzivatefom (ucitel alebo Student) s pouzitim ovladacich prvkov
umiestnenych v pravej dolnej Casti prezentdcie. Na poslednej stranke prezentacii sa nachadza algoritmus
metddy znazorneny vo forme pseudokddu, ktory Studenti programuju na cviceniach v programovacom
jazyku a s jeho pomocou potom riesia zadané ulohy.

Takouto formou vizualizicie prispievame k lepSej ndzornosti a predstave o fungovani vyucovanych
metdd a zaroven tak poskytujeme mozZnost lepsieho zapamatania si obsahu vyucovacich hodin.

E-learningovy kurz ako elektronickd podpora vyucovania

Aby boli elektronické materidly pristupné pre Studentov nepretrzite, vytvorili sme v ramci
softvérového balika LMS Moodle e-learningovy kurz pre tento predmet. Softvérovy balik LMS Moodle
sme zvolili z toho dbévodu, Ze na Katedre informatiky uZ niekolko rokov tento vyucbovy systém
pouzivame na tvorbu, spravovanie a realizaciu e-learningovych kurzov pre ostatné predmety.

Jednotlivé lekcie si v naSom kurze tematicky zoradené akazda z nich obsahuje materidly pre
konkrétnu metddu. V kazdej lekcii je pristupny ucebny text vo formate pdf, dalej tu Student najde
prezentaciu metddy vo forme akd sme opisali v predchadzajicej kapitole. Neodmyslitelnou ¢astou lekcie
su ulohy, ktoré Studenti rieSia na cvi¢eniach a pocas domdcej pripravy. Naprogramované algoritmy
prenesu pomocou aktivity prendsania siborov na e-learningovy server a vyucujuici im odovzdané ulohy
skontroluje a v pripade nedostatkov urci chyby, ktoré Student nasledne napravi.

Kompletnost lekcie uzatvéra diskusné férum, v ktorom si studenti navzajom vymienaju skdsenosti z
programovania metdd, piSu o novych programovacich technikach, ¢i inych moznostiach ako danu
metddu naprogramovat. Diskusné férum je vytvorené zvlast pre kazdu tematickd oblast, ¢im sme
zabezpecili kategorizaciu zasielanych prispevkov. Okrem tychto fér st v kurze dalSie dve féra, z ktorych
prvé Férum ku kurzu-vSeobecné otazky je zamerané na vSeobecné otazky Studentov a diskusiu o danom
predmete, o skuske, odovzdavani programov a pod. Obsah druhé féra nazvané Férum na hlasenie chyb a
vylepseni, je zrejmy uz z jeho nazvu.

S ciefom zefektivnit skusanie Studentov a tiez dodrzat objektivitu na pisomnej ¢asti skusky sme
vytvorili aparat v ramci LMS. Vyuzili sme aktivitu Test a vytvorili kategdrie otazok podla typu uloh, do
ktorych sme zadali znenia prikladov. Z tychto sa na skudske ndhodne vygeneruju pre kazdého Studenta iné
otazky (priklady), ktoré su sucastou pisomnej Casti skisky. Vzhladom na to, Ze odpovedou na otdzky nie
je vidy iba jedno Cislo, ktoré predstavuje extrém funkcie, pouzili sme otazky takého typu, ktoré umoznuju
volby odpovede z viacerych moznosti. V pripade, kde odpoved' predstavuje iba jedno Cislo (vypocitanu
hodnotu), musime toto testovat, ¢i zadany vysledok spada do pripustného intervalu rieSenia danej tlohy.
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Po zodpovedani vSetkych otazok, resp. vyrieSeni vSetkych prikladov a ukonceni testu su ich odpovede
automaticky vyhodnotené a na zaklade tejto spatnej vazby Studenti vedia, ¢i vyhoveli pisomnej Casti
skasky.

Zaver

Po implementdcii opisanych interaktivnych pomocok a poufZiti e-learningového kurzu vo vyucovani
nas zaujimalo, aky to bude mat vplyv na Studentov ana ich udenie sa. Pomocou dotaznikov sme
vyhodnocovali kvalitu vyucby predmetu Numerickd matematika a optimalizacia a ziskali tak nazory
Studentov na vytvorené didaktické pombécky. Reprezentativhu vzorku tvorili Studenti 4. rocnika
magisterského Studia aprobdcie s informatikou.

Takmer vsetci opytani Studenti (98%) prijali zaradenie prezentécii do vyucovacieho procesu, co
potvrdzuje skutoénost, Zze Studentom pouzitd vyucovacia metdda vyhovuje. Podla analyzy odpovedi na
dalsie otazky vieme vyslovit takyto zaver: bezmala polovica Studentov poklada po zavedeni prezentacii
do vyucovania vyklad za nazornejsi a takmer tretina opytanych za jednoduchsie pochopitelny. Viac nez
80% respondentov nevidi v zavedeni prezentacii Ziadne nevyhody a pre 84% opytanych bola vyucovacia
hodina s pouzitim vytvorenych didaktickych pomécok zaujimavejsia.

Podla uvedenych zisteni mdzeme povedat, ze po zaradeni vytvorenych didaktickych pomécok do
vyucovania sa vyucovacie hodiny stali pre vacsinu Studentov zaujimavejsimi a efektivnejsimi. Boli splnené
nase predpoklady o nazornejSom vyucovani, motivacii Studentov i jednoduchSom chdapani uciva.
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The development of literacy skills can provide important advantages for children with special needs.
Exposes to early storytelling and learning the receptive role in literature - listening - situation provides
the child with preknowledge and experiences, needed for later literacy acquisition. It cannot be
assumed that if the child's language competence is not (yet) developed; he cannot learn to listen to a
story and to understand it. On the contrary, ICT in literature education for children with special
needs gives us the opportunity to use visual communication code to provide communication support
for children with special needs, while supporting literary aesthetic experience and at the same time
the process of emergent literacy. Historically educators have assumed that listening/reading to
stories are skills that develop after children learn to talk. Because many children with special needs
have significant delays in language development, there has been a reluctance to introduce
storytelling activities to these children. However as Watson, Layton, Pierce, and Abraham (1994)
point out, early exposure to literacy (also storytelling) activities are important for all children,
regardless of their speech and language ability. The possibilities, given by the use of ICT, should have
the consequence of rediscovering the importance of including storytelling activities in preschool
curricula. This activity can support specific skills of listening, sound discrimination, and speech sound
production in children who have hearing loss, communication delays, and learning disabilities. It is
particularly important to realize that for some children who will never develop intelligible spoken
language, use of pictures and print may be a critical alternative mode. In our paper we shall present
the results of the case study, in which we used ICT as a means for literature education in a group of
young adults. Our results show not only that ICT is an interesting tool, young people with special
needs find nice and fancy, it does not only motivate but gives results of much higher quality regarding
the understanding and interpretation of key structural elements of the literary text. Our investigation
shows the connection of using visual support to the storytelling via ICT and listeners (viewers)
understanding of literary persons and literary setting. Reception of the story supported with ICT
shows results in understanding the moral of literary characters and the understanding of literary
action, which was measured by the ability of predicting the story. On the behalf of the experiment we
can conclude, many highly motivating and efficient ICT strategies can be used throughout the
literature reception activities to encourage the literature understanding, language acquisition and
emergent literature skills for young people with special needs
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Abstract: The paper gives some examples of using Excel as an effective modelling tool for teaching and learning
functions and calculus at secondary school from the view of teaching the corresponding skills in
informatics lessons. They are: graphing elementary functions, graphing polynomials and general
functions, finding zero points and extremes of functions, and solving systems of linear equations.
Developing interactive models of parametric systems for studying their behaviour at changing inputs
is a known way of using spreadsheets. Making the models, students gather new knowledge and skills
in the spirit of constructivism and discovering mathematics.

Introduction

The traditional way of teaching Excel at school is making various statistical calculations and graphs.
Students are sure to use the skills at evaluating physical, biological, and chemical measurements, or at
analyzing geographic and economic data retrieved from somewhere. The other way of teaching and
using spreadsheets is developing interactive models of parametric systems for studying the behaviour of
those at changing inputs (Neuwirth and Arganbright, 2004). Making the models, students gather new
knowledge and skills in the spirit of constructivism (Anhua et al., 2003) and discovering mathematics
(Kalas, 2004). Interactive models are ideal for teaching and learning mathematics (not only that; see
Kalas, 2007), and are very helpful for building up visual memory. That is why the author started
developing spreadsheet applications for visualizing mathematical relations during his teaching practice at
grammar school (Beriacka and Ceretkovd, 2009 a).

Making simple spreadsheet models only requires a few skills that are commonly taught in courses
except for the Goal Seek and Solver tools; programming is not used.

The answer to the question why to use Excel for modelling at school if specialised mathematical
software exists is:

1. Mathematical software can do symbolic calculations that are impossible in Excel, however,
the need for that is mainly at university level.
2. Mathematical software is too expensive to get it at home but even at school while Excel is
a common equipment of computers.
Mathematical software is a black box for students; in Excel, everything is visible.
The spreadsheet skills are commonly taught in school within subject Informatics.
Excel allows creating even sophisticated models without programming.
VBA makes Excel a complex developing environment.

ou kW

Excel and Elementary Functions

In Fig. 1, there is the application for graphing linear function. The white cells are the inputs. The
graph is drawn over 100 points from X, to x, . by step Ax. The graph reacts interactively to the

changes of parameters a, b, which enables students to investigate their meaning and remember the
shape of the graph i.e. to get it in the visual memory. The root (zero point) is calculated using the formula

x=-b/a. This allows solving inequalities of the kind ax+b <0 (2,<, >) immediately. The special
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cases when @ =0 or/and b =0 are treated with the IF function. Teachers and students can take the
advantages of the application even at lower secondary school (age 12 — 13) as the topic is a part of the
mathematics curriculum.

Linear function

parameters n q
Linear function: y = ax+b
a 1 e
1

b 2

1y

axis range
Xmin | -10
Hmax 10
Ax | 0.20

-0 B
980 78
SEB0| 76
940 -74)f-
820 72
800 7
680 6.6
660] b6
540 B.4
520 B2
800 B
-780| 5.8
-7E0| 5.6
-740] 5.4
-720] 5.2
o0 8

g 1.2.3 4.6 6 7 8 3840

DO oYU dh &b 5h 32N e oo o

Figure 2: Linear function

The required spreadsheet skills are (see Fig. 1):

1.
2.

7.

~x,, )/100.

calculating the second x as the previous one

Writing in the formula for Ax = (x

max

In range graph, putting the first x equal to x

plus Ax absolutely addressed, and filling down over 100 cells until x equals x,, .

In range graph, calculating the first y using the function formula where a, b are absolutely
addressed, and filling down over 100 cells.

Making the graph over columns x, y in range graph as a xy graph, changing the graph and
chart colours, and adding the subtle grid.

Writing in the IF function for the root: if @ <>0, then the result is —b/a, else if b<>0,
then the result is “no”, else the result is R.

Switching off the cell grid, adding cell borders, colouring the title cells yellow and bold,
colouring the cells with formulas grey and leaving the input cells white.

Changing the axis ranges in the chart if necessary.

In Figs. 2, 3, there are two applications for graphing quadratic function. In Fig. 2, the equation is in

the simplest form y = a(x - m)2 +n . The vertex coordinates m, n can be obtained immediately thus the

course of the graph is clear, and it is y'zax'2 in the shifted coordinate system x'y’. In Fig. 3, the

equation is in the general form y = ax> +bx+c.
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Quadratic function Quadratic function
par

i ; Quadratic function: y = ax®+bx+c = afx-m)>+n Ia l Quadratic function: y = ax®+bx+c = afx-mf+n
m 15 h -
n 1 < 3
y
a 1 1
m 2
n i 3.4
roots roots
« X
:
axis range axis range 1
*min | 10 X ]
Xrnax 10 K 5
Ax | 020f| . Ax | 0,10
axe x° axe x°
X ¥ X v
-10) -1 Al A
10 A 5 1 24
axe y’ axe y’
X ¥ X v
2[-1000 2[-1000 3
2| 1000 2| 1000
graph graph 4
X ¥ X v
10] 143 5| 45
980 133 -4.90| 46.6
960 134 -4.80] 45.2
Figure 3: Quadratic function Figure 4: Quadratic function

In case the function equation is in the form y = ax® +bx+c and one wants to sketch the graph by
hand, he/she has to recast the equation into the form y = a(x— m)2 +n to get the vertex coordinates

m, n. Those are given by the formulas m=-b/2/a, n=c—b>/4/a (in Excel notation). The
calculation is in the violet cells in Fig. 3. Parameter a is checked by the IF function. If @ =0, then the
function is not quadratic, then “a = 0" is written in bold red below the inputs as a warning. Roots (zero

points) x,, X, are calculated using the IF function — if the discriminant D =b* —4ac is smaller that
zero, then the result is “no”, else x, , = (-b+SQRT(D))/2/a.
The additional spreadsheet skills are
1) Adding the shifted axes x', y’ as two-point xy graphs, where x’ goes from the point
(xmm,n) to (xmax,n), and y' goes from (m,ymin) to (m,ymax).
The graph reacts interactively to the changes of parameters a, b, ¢, or a, m, n, which enables

students to investigate the meaning, and get the graph and its behaviour into the visual
memory. The automatically calculated roots allow immediate solving inequalities of the kind

ax’ +bx+c¢<0 (Z,<,>) that are very frequent in secondary school maths, e.g. at finding
definition domains of composed functions like y:log2(x2—x—2), y=+1-x-3x", etc.

Students can take the advantages of the application in all years of upper secondary school.
In Figs. 4, 5, there are the applications for graphing linear fractional function. In Fig. 4, the

equation is in the simplest form y = +n, where the translation vector coordinates m, n

xX—m
. k. . S
are clear thus the graph is y'=— in the translated system x'y’. In Fig. 5, the equation is in the
X

ax+b
cx+d

general form y =
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Linear fractional function

Linear fractional function

parameters parameters
k 1 a 2
o 1 Linear fractional function: y = b b b 1 Linear fractional function: y = gh_ b
cx+d x-m cx+d x-m
n 2 18 . c -1
g ¥ d 1 y
84 K 7 44
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graph -84 graph
X ¥ 5 X y
-10] 1.902 8 -5[1.833
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Figure 6: Linear fractional function
Figure 5: Linear fractional function

ax+b

In this case the equation is in the form y = and one wants to sketch the graph by hand,

cx +

he/she has to recast the equation into the form y = +n to get parameters k, m, n. Those are

xX—m

given by the formulas k=b/c—a*d/c/c, m=—d/c, and n=a/c. The parameters are checked
with the IF function. If k=0, or ¢ =0, or ad = bc, then the function is not fractional, and the case is
written in red bold below the inputs as a warning. The root (zero point) is calculated using the formula

k
X=m-——.
n

The graph consists of two parts the points of which are calculated in hidden columns. The left branch
goes from x_. to m(l—l()_ls), the right one goes from m(1+10_15) to x,, . Range graph is just
a “table for constructing the graph”, but the points are not used. The same trick can be used at other
graphs of elementary functions that are not defined in R, e.g. power function, root function, logarithmic,
tangent, etc. (see Fig. 6). Getting the roots automatically allows immediate solving inequalities of the

ax+b

kind <0 (Z,<,>) that are frequent in secondary school maths, e.g. at finding definition

cx+d

f 1
domains of composite functions like y = 10g(2_xj , ¥=,/2——, etc.
x+3 X

—r——
0487

Socond taot function: = adE-m-+n
10

P

Logmithimic hmction: y = c.log(m-xjrn
i

¥

44

5l

a=2,m=3,n=2

a=1,c=2,m=1,n=2

y = atanfliemif+n
10+
¥

<& 1
)

PR ¥
o 4

a=1,b=1,m=0,n=0

Figure 7 Graphs of elementary functions with D = R: root (left), logarithmic (middle), tangent

(right)
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Excel and Calculus

In Fig. 7, there is the application for analysing polynomials. The equation is written in the first y cell
in range graph (using relative addresses only), and filled down. Then, the formula from the first y cells in
range graph is copied to the y cells in ranges roots and extremes. The roots are calculated by the Goal
Seek tool. First, values close to the roots are inputted in the x cells in range roots. Goal Seek is used
afterwards — the “Set cell” is in column y, the cell “By changing cell” is the next one in column x, and the
input “To value” is set to 0. The extremes are calculated by the Solver tool. First, values close to the
stationary points are inputted in the x cells in range extremes. Then, the Solver is used — the “Set Target
Cell” is in column vy, the cell “By Changing Cell” is the next one in column x, and the input “Equal to:” is
set to Max if the user needs to find a maximum, or Min if the user needs to find a minimum.

Analysis of a polynomial
axis range

xmin -10

xmax 10
Ax 0.2

y=:C 2 1

v
44
roots

x ¥
0.465|-7E-07 34

extremes

L y
0333|-1.148|| L
-1 17

graph

v
-10) 811
8.8 -7508
H6 711
-9.4) 664 3
82| 5196
8| 577

Figure 8: Polynomial

Remark: The application serves as a template for graphing and analysing any function with definition
domain R — the user only needs to change the formula in the first y cell in range graph and fill down. The
student question how Goal Seek and Solver work leads to a short introduction to numeric methods for
solving equations; spreadsheet is an ideal environment for demonstrating the iteration process.

In Fig. 8, there is the application for analysing general function. As the definition domain is not R,
point xy graph is used over 5000 points that are treated with ISERROR function.

General function
axis range

xmin -5 : 4
xmax ] y=
krok | 0,001 *

asymptote 1
X y
-1.73] -100
-1.73[ 100
asymptote 2
X ¥
1.73] -100
1.73] 100

=

o

[N

extremes
x |y
274 2683
224 283)| [

)

graph
X

y
5117
5116
5115
5114 2
5113

5[5.112
499[5 111 44
499] 511
4.99[5.109
~4.99['5 108

[

nlén|én|dn|én

Figure 9: General function
The asymptotes are two point xy graphs. The roots nd the extremes are calculated using Goal Seek or
Solver in the same way as in the previous application. Again, the application is a template — putting other
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function in the first y cell in range graph and filling down gives the graph of the new function, regardless
if the definition domain is R or not.

In Fig. 9, there is the application for calculating definite integrals using the rectangle method. The
graph is drawn upon the same principles as in the previous application. First, the user inputs the function
in the first y cell in range graph, then fills down, which gives the graph (we note that the definition
domain has not to be R). Then, he/she inputs the integral bound to cells a, b. Then, he/she copies the
function formula from the first y cell in range graph to the first cell y; in range subintervals, and fills
down, which gives the integral.

Definite integral
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Figure 10: Calculating definite integrals
Interval <a,b> is divided to n subintervals of length Ax = (b—a)/n. Number n is set to 5,000, but

the application can easily be adapted to a bigger number if the user needs to calculate the integral at
higher accuracy. In column x;, there is n+1 values of x;, where x, =a, x,,, =x, +Ax, and x, =b. In

column vy;, there is n+1 values of y,. The integral is calculated as the average of the lower and upper

integral sums. The error is a half of the absolute difference between them. The integral sums are
calculated using the IF function. The first cell in column lower read: If the first value in column vy; is
smaller than the second one, then address the first one, else address the second one. The first cell in
column upper read: if the first value in column y; is smaller then the second one, then address the
second one, else address the first one. These IF functions are filled down afterwards. The reason for
using this integration method is didactical — in fact, this computation is the spirit of the definition of the
Riemann integral. The lower and upper integral sums and their convergence at increasing n is a standard
part of mathematics curriculum at grammar school.

Excel and Systems of Linear Equations

Solving systems of linear equations is a standard part of mathematics curriculum since lower
secondary school where systems 2 x 2 are solved. Systems 3 x 3 and 4 x 4 are solved at higher secondary
school. If the students are familiar with the principles of the methods, the solution is a boring routine,
and the correct result is a question of giving attention only. In Excel, the Solver tool allows solving even
large systems in short time.
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Suppose the following task: Find the equation and plot the graph of the quadratic function that goes
through points (1’2) (2’3) (4’2) (see Fig. 11). Tasks of this kind are frequent in school mathematics.

’ 7’

The task leads to the system

I 1 1]2
4 2 1|3
16 4 1|2

that gives the coefficients of the quadratic function. The solution to the system by using The Solver
tool is in Fig. 10.

Solving 3 x 3 linear system by Solver
a) b}
X ¥ 7 tight side constraints X ¥ 7 tight side constraints

1 1 1 2 3 1 1 1 2 2

4 2 1 3 7 4 2 1 3 3

16 4 1 2 21 16 4 1 2 2
start and solution sum sum start and solution sum sum

[ 1.00] 1.00] 1.00] 7 31] [ 0s0] 2s0] 000 7] 7]

changing cells value  target cell changing cells value target cell

Figure 11: Solution to 3 x 3 linear systems by Solver: a) start, b) result

The user inputs the matrix in ranges X, y, z, and right side. Range start and solution contains the
iterations of the solution. The starting iteration is written in by the user, e.g. 1, 1, 1 (see Fig. 10a). Range
constrains contains the formulas for computing the right side of the system if the values of x, y, z from
range start and solution are substituted into the system. The given (inputted) right side (range right side)
as well as the calculated one (range constrains) are summarised in cells sum. The use of the Solver tool is
clear from the labels: the changing cells are those in range start and solution; the target cell is that one
with the sum of the computed right side (range sum below range constrains). The target cell has to equal
number 7, which is the sum of the inputted right side (range sum below range right side). There are
three constrains — the cells in range constrains have to equal the neighbouring cell in range right side.
The solution to the system is in Fig. 10b in range start and solution. Thus, the equation of the function is

y= —0.5x> +2.5x.In Fig. 11, there is the graph that was made using the skills from section 2; the given
points are one-point xy graphs.

Parabolic interpolation
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NEIET]
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Figure 12: Parabolic interpolation using Solver (see Fig. 13)

Conclusions

Studies of teaching and learning in schools around the world identify four broad stages in the way
that teachers and students learn about and gain confidence in the use of ICT (Anderson et al., 2002):
discovering, learning how, understanding how and when, and specializing in the use of ICT tools. The
presented applications show a way of using Excel for modelling in school mathematics from the view of
the needed skills. Most of them are taught in informatics lessons within ICT Literacy. They enable
students to go further and use Excel for higher level modelling in maths (Befiacka and Ceretkova, 2009 b)
and sciences (Beriacka and Stubiia, 2009), (Beriacka, 2007) within Application of ICT in Subject Areas and
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Infusing ICT across the Curriculum, until they get captivated and go to programming in VBA (Benacka,
2008, 2009) to create difficult applications within ICT Specialization.
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Introduction

Every seen view requires perception. The last mentioned object should be developed because of the
Media getting more difficult and not developed visual thinking will be unable to decode the views. The
more images there are the better pupils understand and realize information. This happens because the
scientific concepts depend on human perception which happens in the right or wrong way. For example,
it is very difficult to understand the molecules in chemistry because you can not see them by “the naked
eye”, there is special visualization needed; “unseen” organs in biology after visualization become
“visible”. There are lots of concepts that are needed to be visualized in science education so that they
could form the right mental models in pupils’ conscious. Last mentioned objects are of service as
guarantee of comprehension.

The modern visualization is created to help in education processes and is oriented to the evaluation
of knowledge. It is very important for science education to have perfectly prepared aids that could show
invisible phenomena and could foster deeper motivation. Also, visualization as a learning and teaching
tool could stimulate the perception. This leads to the opinion that represented objects could be shown in
the classroom as essential part of education and its organization. According to the researches it is known
that visualization helps to percept information because it influences to act visual thinking. Last years
visualization became one of the most popular research objects in the scientific research area therefore
there are lot of scholars (Barak, 2005; Sandvoss and others, 2003; Appling, 2004; Clark, 2004; Qian, 2006)
who are expanding this field. The goal of this article is to find out the help of visualization for boys’
motivation fostering in science education process.

The object — visualization help for motivation

The research questions - does visualization help teachers to foster students’ motivation to learn
science? What exactly aspects does it stimulate? Are there any differences comparing students’ opinion
in class aspect?

Research Methodology

Theoretical Grounding

The research is appealing to the dual code theory (Hodes, 1994). It is being proposed that visual and
verbal information are interconnected by some contacts. Both kinds of information are connected in the
consciousness, all this conditions the circumstantial perception of the object when a child encloses the
visual part of the object and the verbal information encloses the side of the concepts. Visual system
evidences in perception of knowledge where the spatial abilities, visual perception, encoding and
transforming act. Visual thinking theory (Arnheim, 1998) ensures that visual thinking is one of the most
important kinds of thinking in the human life. Information got in the images is more precise and the
perception of it takes less time. Therefore, it is necessary to see as many views as it is possible and to
develop visual thinking in order that conscious could get use to activate required processes of visual
thinking needful for cognition. It is natural that visual thinking skills are essential for perception,
comprehension, encoding, decoding and memorizing of those images. That is why assumption that good
visual thinking skills condition perfect results in learning natural science. L. M. Veker’s (1976) model of
genetic structural intellect. According to Veker learning individual gains experience which is very
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important for other skills. Visual thinking is essential for later abilities to perceive information and to
think in concepts. It means that visual thinking is a background for concept thinking. Especially it is
meaningful in science education because mostly all phenomena are related with imagination and mental
models in pupils’ minds. There can be build the assumption that visual aids could help building original
views that will be used to understand visual information and the verbal one in the future.

Research Methods

Theoretical: scientific literature analysis; Empirical: inquiry, open questionnaire; Methods of data
analysis: quantitative data: descriptive statistics. The index of popularity shows the most popular rating
of answers. It is counted taking the least grade of answers from the highest grade of answers (Bitinas,
2002).

Research Organization

Research instrument and research process. Research instrument is questionnaire and was build by
the author. It includes 67 questions and 5 diagnostic scales. The Cronback’s alpha of internal validity is
0.9278 and this shows that questions are well prepared to measure what is to do. The research was done
in 2009 years during autumn months. The feedback of questionnaires was 96%. There participated 1152
students from grade ten and nine. For this article there was only boys’ sample (508 boys).

Research methods. Theoretical: analysis of scientific literature. Descriptive statistics: index popularity.
Analytical statistics: Mann Whitney U-test for independent sample.

Results of Research

The results of research are shown in the picture and table. Data interpretation is written under
figure.
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The wish is increasing to remember last themes | 0,78

Themes become more interesting | 0,77

Scientific disciplines become more interesting | 0,74

The wish is increasing to deepen into theme ] 0,71

The wish is increasing to deepen into verbal information | 0,71

The wish is increasing to concentrate | 0,67

The wish is increasing to find out more about science | 0,66

The wish is increasing to be active during the lessons | 0,66

The wish is increasing to learn new themes | 0,63

The wish is increasing to repeat information | 0,56

The wish is increasing to look for information by yourself | 0,53

The wish is increasing to learn by yourself ] 0,49

The wish is increasing to do more exercises | 0,48

I want to learn more | 0,46

The wish is increasing to do home works | 0,42

The wish is increasing to have more scientific lessons | 0,37

0,00 0,25 0,50 0,75 1,00
Figure 1: Visualization help for motivation

There was important to find out whether students need to learn and feel motivation if teachers use
computer based visualization. There were formed sixteen questions enclosing various motivational
aspects in education process. According to students, each statement was evaluated in different mean
and this showed that students gave priority to some statements and, also, there were propositions that
did not show high popularity. Boys from grade nine and ten were thinking that “The wish is increasing to
remember the last themes and to connect them with new ones” was the most important proposition
enclosing reality and daily school life (IP=0.78). In the context of dual code theory this fining could be
interpreted in the assumption that visualization helps to remember phenomenon and to hold in long
term memory helping to connect the old things with new ones. Other theories (visual thinking and
Veckers’ theory) give a possibility to state that visualization help to create visual mental models and
visual representations of verbal information serving for human during detail connection processes.

Second position in the ranges was given to the statement that themes became more interesting if
teacher used computer based visualization (IP=0.77). This leads to the opinion that visualization help to
motivate boys in subject area. The third position was given to the statement which enclose that
computer based visualization makes interest to learn scientific disciplines (IP=0.77). According to this and
to the previous statement we can assume that computer based visualization stimulates interest to learn
difficult and secret things that are invisible in daily life and could be seen only in visualized but not
natural reality. Also, we could say that methodological theories enclose that visualization helps to create
right mental models to stimulate interest and comprehension of abstract phenomenon.
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Also, visualization stimulates students to deepen into themes (IP=0.71). The same index of popularity
was given to the statement which enclosed that students wanted to deepen in verbal information if
teachers used computer based visualization. These mentioned propositions enclose that about three
guarters of students agree that visualization stimulates them to learn deeper themes and even raises
motivation to understand verbal information. This absolutely deals with dual code theory representing
importance to create visual and verbal mental models during learning processes. To deepen in theme
and verbalized information means to learn verbalized concepts and to understand them very well.

There some positions in the middle range. Visualization stimulates students to concentrate their
selves (IP=0.67), to look for more information about science (IP=0.66) and to be active during the lessons
(IP=0.66). These results enclose that computer based visualization concentrate attention and raises
motivation to search and to act for effective learning.

Last positions enclose that computer based visualization weakly stimulates desire to learn more
(IP=0.46), to do home works (IP=0.42) and to have more scientific lessons (IP=0.37). This enclose, that
students do not want to feel cognitive load during lessons and do not aim to have more regularized
information which could be not interesting but certainly could be essential to learn because they would
be aimed to get good mark. According to this we could assume that visualization fosters deeper
motivation to learn science but only things that were recognized as interesting at the moment.

Table (appendix) shows that boys’ opinion in various aspects is homogenous. Non parametric
statistics enclose that there were found only two statistically significant differences. This leads us to
assumption that boys in grade nine and ten were tended to think about object similarly. Comparing
mean rang we can state that boys from grade ten were thinking that visualization stimulates need to
learn more (mean rang 266.42, sum of rang 71400.00, when Z meaning [Z[=-2.076, o p-value p=0.038, t.
y., p<6=0.05). According to this, students from grade ten more than students from grade nine were
thinking that they wanted to learn because of the seen visualization.

There was found out statistically significant difference between students’ opinion about proposition
which enclosed increasing activity during lessons if there had been used visualization. Visualization
increased the wish to be active during the lessons for students from grade nine (mean rang 275.02, sum
of rang 65730.50, when Z meaning [Z[=-3.167, o p-value p=0.002, t. y., p<6=0.05). Boys from grade nine
wanted to be more active during the lessons were visualization was used.

Conclusion

Visualization helps to remember phenomenon and to hold in long term memory helping to connect
the old things with new ones: themes become more interesting and interest to learn scientific disciplines
is rising if teacher uses computer based visualization. Students feel interest to understand verbal
concepts in science education if teacher uses visualization. Visualization fosters deeper motivation to
learn science but only things that were recognized as interesting at the moment.

Mostly visualization can foster motivation during the lesson: it can foster to interest in theme, in
themes curriculums and also, to remember and to connect things that were learn in early past.
Visualization as a learning tool was evaluated mostly in all aspects at the same level but boys in grade
nine want statistically significantly to be more active in the lessons. Boys from ten grades statistically
significantly want to learn more about scientific disciplines.
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Appendix
Table 1: Differences between students’ opinion about motivation things
9 class 10 class Mann- V4 p
Propositions N Mean Sum of N Mean Sum of Whitney U
rang rang Rang rang
Themes become more 239 263.79 63047.00 268 245.26 65731.00 29685.000 - 0.130
interesting 1.514
| want to learn more 239 240.08 57378.00 268 266.42 71400.00 28698.000 - 0.038
2.076

The wish is increasing to 239 261.83 62576.50 268 247.02 66201.50 30155.500 - 0.229
deepen into theme 1.202
The wish is increasing to 239 252.04 60237.00 268 255.75 68541.00 31557.000 - 0.770
look for information by 0.293
yourself
Scientific disciplines 239 250.25 59810.50 268 257.34 68967.50 31130.500 - 0.566
become more 0.573
interesting
The wish isincreasingto | 239 275.02 65730.50 268 235.25 63047.50 27001.500 - 0.002
be active during the 3.167
lessons
The wish is increasing to 239 255.68 61108.50 268 252.50 67669.50 31623.500 - 0.802
do home works 0.251
The wish isincreasingto | 239  262.78 62804.00 268 246.17 65974.00 29928.000 - 0.185
concentrate 1.326
The wish is increasing to 239 258.06 61677.00 268 250.38 67101.00 31055.000 - 0.538
find out more about 0.616
science
The wish is increasing to 239 250.08 59770.00 268 257.49 69008.00 31090.000 - 0.560
do more exercises 0.583
The wish is increasing to 239 258.29 61732.00 268 250.17 67046.00 31000.000 - 0.504
deepen into verbal 0.668
information
The wish is increasing to 239 250.58 59889.50 268 257.05 68888.50 31209.500 - 0.609
repeat information 0.512
The wish is increasingto | 239  257.35 61505.50 268 251.02 67272.50 31226.500 - 0.604
remember last themes 0.518
and to connect them
with new ones
The wish is increasing to 239 246.79 58983.50 268 260.43 69794.50 30303.500 - 0.277
learn new themes 1.086
The wish isincreasingto | 239 254.98 60939.50 268 253.13 67838.50 31792.500 - 0884
learn by yourself 0.145
The wish is increasing to | 239 241.79 57788.00 268 264.89 70990.00 29108.000 - 0.063
have more scientific 1.857
lessons
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Abstract: Assessment and classification is very sensitive phase of the learning process and it is necessary to
ensure the greatest possible fairness and objectivity throughout the whole process of testing.
Assessment of programming knowledge and skills is especially challenging task. Testing programming,
whether the practical or the theoretical part, is likely subjective. To ensure the objectivity of the
assessment, possibly reducing the degree of subjectivity, it was necessary to proceed to develop a
unified system, at least in the case of testing knowledge of the theoretical part. However, there was
not a database of questions and tasks that would require an active application of knowledge and
programming skills for correct answer, and in which the correctness of responses could be evaluated
automatically. The aim of the paper is present the developed and verified model of computer-aided
knowledge testing with regard to the content of programming subjects. We analyzed the possibilities
of systems suitable for testing and enabling simple archiving of results and their statistical processing
and we finally chose LMS Moodle as the most accessible alternative for educational organizations.
We developed and implemented model of computer-aided testing specified the 28 thematic areas
and defined their goals and assumptions to master them. We built up a database of 237 questions
and tasks appropriate for testing knowledge of the subjects of programming formulated for
implementation into the selected computer system. Our model was verified during research, which
took place during three years among the students of the Department of Informatics after the
completion of programming test at the end of the semester. In the last phase we realized national
research among the selected group of secondary and university teachers of Informatics. We verified
the efficiency and effectiveness of the testing system based on the created model. We also defined
the propriety of computer usage in the process of examination of students’ knowledge. According to
the results, the predominance of positive perception of electronic testing is clear, but there was also
not confirmed that the students clearly prefer computer testing and evaluation to teacher’s
assessment. The biggest complaint from the students and partially from teachers was directed to
display the remaining time, which make rise of the nervousness. The results of the research show
that the elaboration of the content into the thematic areas of the model, and specification of their
objectives are reasonable. Recommendation of further usage of electronic tests is unquestionable.

Uvod

Hodnotenie a klasifikacia je velmi citliva ¢ast vzdelavacieho procesu a je preto nutné zabezpedit, aby
bola faza udelovania zavere¢ného hodnotenia objektivna ale zaroven efektivna na ¢as a pouzité zdroje.
V niektorych vednych disciplinach, napr. v matematike, je mozné pouzit hromadny didakticky test, ako
Standardizovany ndstroj objektivneho merania, bez vacsich problémov. V pripade informatiky, konkrétne
v oblasti programovania, je pouzitie didaktickych testov velmi tazké. Ak sa rozhodneme testovat len
teoretické vedomosti (pytame sa na syntax jazyka, databazu prikazov, principy apod.), tak nepreverime
praktické zru¢nosti. Alebo sa naopak zameriame len na praktické zruénosti, pricom nas nebudud zaujimat
rozne teoretické principy.

V pripade praktického skusania v predmetoch programovania je velmi dolezity aj ¢asovy faktor. Kazdy
Ziak potrebuje vlastnu pracovnu stanicu, a tak je nerealne, aby sa v dany termin vyskusalo viac Studentov
ako je kapacita pocitacovej uéebne. Medzi ¢asté nedostatky pri testovani vedomosti z programovania
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patri aj subjektivnost v posudzovani kvality rieSenia Uloh, ¢o modze byt spbsobené rozdielnostou
v zloZitosti zadani, ale aj tym, Ze kazdy ucitel moze prikladat ind vahu réznym ciastkovym rieSeniam. Nés
preto zaujimalo, ¢i je moziné aplikovat taky spbsob testovania, ktory by vyrazne zvysil objektivitu
hodnotenia aspon v pripade testovania teoretickych vedomosti. Zaroveri sme vSak chceli zostavit také
otazky, ktoré by na spravne zodpovedanie vyzadovali aplikaciu praktickych zru¢nosti. Nevyhnutnou
poziadavkou tiez bolo, aby sa odpovede dali vyhodnocovat automaticky.

Implementacia automatizovaného testovania

V prvotnej faze rieSenia automatizovaného testovania z programovania sme hladali systém, v ktorom
by bolo moziné fyzicky implementovat v budicnosti vytvorené testové otazky. Ciefom bolo pouzit
jednoduché, standardne podporované typy otazok, ¢im by sme zabezpedili ich prenositelnost medzi
lubovolnymi prostrediami. Zaroven sme vyzadovali, aby bol systém vhodny na on-line spracovanie
Udajov, ich kontrola, udelenie hodnotenia a Statistické spracovanie.

Analyzou webovych stranok ako i prispevkov z ¢asopisov a konferencii sme zistili, Ze autorskych
systémov na testovanie je pomerne dost, uvddzame aspon niektoré: WBPES (Web-Based Public
Examination System, Dhaka University, Bangladesh, Dey a Mahmud, 2004), QUIZIT (Chemware Ltd, Novy
Zéland), ASSYST (ASsesment SYSTem, University of Liverpool), TRAKLA2 (Helsinky University of
Technology), PILOT (Platform-independed Online Tools, Johs Hopkins and Brown university, Bridgeman
et. al.,, 2000), WOES (The Web based Online Examination System, Zhenming et al., 2003). Kazdy zo
systémov bol vytvoreny na zaklade vopred Specifikovanych poZiadaviek a preto su vhodné len pre Uzku
oblast pouZitia, pripadne st vhodné na precvi¢ovanie. Preto sa nasa pozornost obratila na systémy na
riadenie aspravu vzdeldvania LMS (CMS, LCMS). Ukazalo sa, Ze univerzity vyuZivaju Sirokd ponuku
komercnych alebo otvorenych LMS (Learning Management System), ako napr. Claroline, Fle3, ILIAS, MS
Class Server, WebCT, Eden, Enterprise Knowledge Platform, LearningSpace, eAmos, eDoceo, Uniforms,
uLern, Aspen, Oracle iLearnin, NETOPIL School a Moodle (Capay, 2009a). M6zeme konstatovat, ze kazdy
LMS systém ponuka ako jednu zo svojich moznosti, modul uréeny na testovanie, podporujuc otazky s
vyberom odpovede, doplfiovacky, pripadne otazky sjednoduchou nestrukturalizovanou volnou
odpovedou. Je preto mozné uvazovat o prepojeni testovania na niektory z existujdcich LMS systémov.

LMS Moodle

Na zaklade analyzy automatizovanych systémov a tieZ na zaklade zdmeru katedry vyuzivat Moodle
dlhodobo bolo rozhodnuté vyuZit LMS Moodle aj na implementéaciu navrhovaného modelu testovania.
Moodle spifial vietky poZiadavky a niekolkoroénym pouzivanim sme overili aj jeho stabilitu. VyuZivanie
LMS Moodle odporucame nielen kvoli obstaravacej cene (je zadarmo), ale hlavne kvoli tomu, Ze je to
systém, ktory ma Coraz vacsiu komunitu pouzivatelov, vyvija sa a neustale su vylepSované jeho moznosti.
LMS Moodle poskytuje rychle a kvalitné statistické vyhodnotenia testov, s moznostou ich exportu do
réznych typov suborov. Automaticky archivuje informacie o vSetkych Cinnostiach Studenta v systéme,
a tak ziskavame silny ndstroj na analyzu jeho prace pocas semestra.

V prvych rokoch pouZivania LMS Moodle sme na konci semestra realizovali kratke prieskumy
zamerané na prebiehajicu vyucbu. V prieskume boli poloZzené otazky tykajluce sa obsahovej a formalnej
stranky testovania v systéme Moodle, ale aj vSeobecné otazky ohladom elektronického testovania.
Z odpovedi vyplyva, Ze najpriaznivejsie je Moodle vnimany po formalnej a pouzivatelskej stranke.
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Cas zostavajuci do
ukonéenia testu

Stranka: (Predchadzajici) 1 2 34 56 7 89 10 (Dals)
0:50:41

9n

Znamb 1 Wymenujte vEetky wrcholy stromu, ktore sd predkom wrcholu s hodnotou 14,

Odpoved napizte ako zoznam éisel oddelenych éiarkami, za Siarku medzeru nedavajte.
Yrchaly uvadzajte v poradi od najmensieho po najvacsie cislo.

.,
A

$ 9

Odpoved: |

Obrazok 1: Ukazka prostredia LMS Moodle pri testovani v predmete Programovanie 2, téma
Binarne vyhladavacie stromy

Najviac nazorov na nevyhody suviselo s faktom, Ze pri automatickom vyhodnoteni kratkych volnych
odpovedi momentalne neexistuje Ziadny kompromis, “s clovekom je mozZné trochu dno, trochu nie".
Kazdy preklep, moze byt nespravne vyhodnoteny.

Viditelne ubiehajuci ¢as bol povaZovany za maximdlne stresujuci faktor. Negativne reakcie boli
smerované aj na niektoré nastavenia testu, ako napr. skrytie kompletnych vysledkov okamzite po jeho
absolvovani (zobrazené bolo len dosiahnuté vysledné skére testu). Nahlad na polozkové vyhodnotenie
jednotlivych otdzok bol mozny len v pritomnosti vyucujlceho.

Rozdelenie obsahu predmetu programovanie do kategorii testovych otazok

Prvoradou ulohu pri navrhovani modelu elektronického testovania bolo transformovat obsah
predmetov programovania do bazy otdzok zoskupenych v kategéridch. Spolu bolo vytvorenych 28
tematickych oblasti (Tabulka 1), ktoré su blizsie Specifikované v zborniku z konferencie DidMatTech 2008
a DidaMatTech 2009.

Tabulka 1: Nazvy tematickych oblasti (kategorii) testovych otazok

Kategorie otazok v predmete Programovanie 1 Kategorie otazok v predmete Programovanie 2
1. Vlastnosti algoritmov 1. Pocet volani v rekurzii.
2. Jazyk vyvojovych diagramov 2. Vysledok rekurzivneho podprogramu.
3. ldentifikdtor premennej 3. Dynamickad premenna a smernik.
4. Prikaz priradenia 4. Pouzitie dynamickych udajovych Struktur.
5. Zapis logickych vyrazov 5. Dynamické premenné a prikazy.
6. Vysledok vyrazu 6. Prehladavanie linedarneho zoznamu.
7. Funkcie a procedury udajového typu String 7. Uprava linedrneho zoznamu.
8. Cyklus a premenna typu retazec znakov 8. LIFO aFIFO.
9. Fungovanie riadenia réznych typov cyklov 9. Terminoldgia binarnych stromov
10. Deklaracia poli 10. Prehladavanie binarnych stromov.
11. Urcenie Udajového typu 11. Binarne vyhladavacie stromy.

197



DIVAI 2010 - Distance Learning in Applied Informatics

12. Naplnenie dvojrozmerného pola 12. Urcenie typu triediaceho algoritmu.
13. Volanie podprogramu 13. Aplikacia triediacich algoritmov.
14. Formalne parametre

15. Procedury a funkcie

Kategorie otazok boli vytvarané podla vopred uréeného ciela testovania a boli k nim vysSpecifikované
predpokladané vedomosti na Uspesné zodpovedanie otazky (Tabulka 2). Otazky v jednej kategorii boli
povazované za homogénne (kazda otdzka z celku mohla byt nahradend inou z toho istého celku). V
jednom okruhu sa nenachadzaju otazky, ktoré maju rozdielne bodové ohodnotenie, a tak je moziné
vyberat ich do testu podla kategdrie ndhodne.

Tabulka 2: Specifikacia tematického celku v predmete Programovanie 2

Nazov témy Prehl'adavanie binarnych stromov
CIEL Overit schopnost pristupovat k prvkom dynamickej Gdajovej $truktury bindrny strom podla
vopred uréenej stratégie prechodu.
PREDPOKLADANE . reku!'zwne prehl?davame bindrneho stromu,
VEDOMOSTI e metdédy prehladdvania PreOrder (KLP), InOrder (LKP) a PostOrder (LPK).

POUZITY TYP OTAZKY vpisanie kratkej odpovede (short answer)

POCET BODOV 2

KedZe test bol nahodne generovany z bdzy otazok, tak z globdlneho hladiska bola kazda otazka
pouzitd nahodny pocet krat, pricom dochadzalo tiez k miesaniu otdzok v ramci testu a miesaniu odpovedi
v ramci otazky.

Podla odpovedi v prieskume realizovanom medzi ucitelmi informatiky strednych a vysokych $kél
(prieskum tykajdci sa len modelu pre predmet Programovanie 1), je mozné vyvodit zaver, Ze rozdelenie
obsahu do tematickych celkov a Specifikovanie ich ciefov je spravne a dalSie odporucanie vyuzivania
prezentovanych elektronickych testov je jednoznacné. Vysledky testu komplexne vyjadruji uroven
vedomosti Studentov v oblasti programovania. Z analyzy odpovedi, s prihliadnutim na najcastejSie sa
vyskytujucu odpoved je zrejmé, Ze bodové ohodnotenie za jednotlivé tematické celky PR1.1 az PR1.15
navrhovaného modelu je nastavené spravne. Jediny rozdiel bol v odporic¢anom hodnoteni pre kategériu
PR1.4, kde ucitelia za spravne zodpovedanie navrhli niz$i pocet bodov av kategérii PR1.12 kde boli
dokonca odporucané body v rozpati 1 az 5.

10 =
. Premenna k mé& hodnotou 3, premenna J ma hodnotu 15, Akd vyslednd hodnotu ma nasledujici wraz?
Znamlby: 2 [Qb)

not{j mod k < 5} and not{k div jJ <> 0} and (k <= 73}

Odpoved: |

Obrazok 2: Ukazka otazky s kratkou volnou odpovedou, téma Vysledok vyrazu

11= Mame zadeklarowvand premennd: £: array [-5..10] of string.
Znamby: 1 Akého typu je premenna X[0]7 (1h)

Vyberte jednu € A premenna typu ret'azec znakowv
adpoved
. © B. pole retazcov znakov

. prermennd typu retazec znakov s nulovou di#kou

Obrazok 3: Ukazka otazky s moZnostou volby spravnej odpovede, téma Deklaracia poli
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V niektorych odpovediach uditelov sa vyskytovali ndzory na zlGéenie typov otazok, nepodstatnost

testovania niektorych pojmov, pripadne namety na rozsirenie Uloh. Naopak vyskytovali sa aj velmi

pozitivne nazory, ktoré poukazovali na vyvazenost otazok v skupinach.

Z volnych odpovedi jasne vyplynulo, Ze vytvoreny model je dostato¢ny na klasifikaciu len v pripade, ak

je doplneny praktickymi testami. Model elektronického testovania je skutoéne doplneny povinnymi,
nepovinnymi a bonusovymi praktickymi tlohami, ktoré su ale hodnotené ucitelom.

Zaver

K automatizovanému testovaniu treba pristupovat rovnako citlivo ako pri vyuzivani akychkolvek inych
metdéd vyuéby a skdsania. Elektronické testovanie moze dokonca nepriamo diskriminovat
znevyhodnenych studentov (napr. nevidiacich alebo slabozrakych), treba preto mysliet aj na alternativnu
moznost, a to distribuovat testy v elektronickej podobe, kedy je mozné lahs$ie pouzit rézne kompenzaéné
pomocky.

Snaha o automatizaciu skdsania sa mdze navonok javit ako snaha o Uplné nahradenie tdtora strojom.
Toto vsak v dnesnej dobe nie je stdle mozné zrealizovat v takej miere, aby bol cely proces objektivny. Aj
v prieskume medzi ucitelmi sa vyskytoval nazor o potrebe zaangazovat uditela do elektronického
skusania (na Kl je to realizované moznostou osobnych konzultacii bezprostredne po absolvovani testu).

Pri pocitacovom testovani je doblezity aj vyber spravneho typu testovych uloh. Najrozporuplnejsie su
vhimané ulohy, na ktorych ohodnotenie je potrebna istd davka usudzovania. Vacsina Studentov by takyto
typ otazok aj napriek testovaniu pomocou pocita¢a nechala vyhodnotit (skontrolovat) ucitelom.

Ani jedna z foriem skusania nebude vidy plne akceptovatelna celou skupinou Studentov, a preto je
vhodné formy podla prileZitosti vhodne striedat.
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After reform of the curriculum in Polish schools (the eight year primary school and four- or five-year
high school was transformed into six-year primary school, three-year secondary and three-or four-
year upper-secondary school) a problem of the declining level of knowledge emerged among high-
school graduates. The main reasons of this are several phenomena, including: insufficient number of
hours in the course of science education in vocational schools, shortening of the learning time for
technical subjects to one year and rapidly evolving technology. The aim of the paper is to prevent this
undesirable phenomenon among computer science technician graduates from the school where the
author works. The article presents several approaches to the implementation of a combined
curriculum of vocational subjects for this profession in order to overcome students’ difficulties with
the material mastery. The results of the teaching and knowledge recording of the scope of the subject
Computer Technology Devices parts Computer Arithmetic and Digital Devices for groups benefiting
from traditional teaching methods were compared with the results of groups using different methods
of supporting e-learning. The groups were divided into several categories, concerning: standard
teaching, teaching along with standard power-assisted materials placed on the web, standard
teaching with assistance e-learning Claroline platform and standard teaching with assistance e-
learning platform Moodle, which allows the introduction of elements of artificial intelligence to
control the learning process of students. This last mentioned group used an unfinished skeleton of
Moodle course, which is still in its experimental stage. The purpose of a thorough analysis of the
material consolidation were tests carried out after six - seven months since the end-of-course date.
The knowledge tests were including the ability to convert numbers between different numeric
systems, coding decimal numbers, recognition of symbols of digital elements and understanding of
the operation of simple digital circuits. The test results were treated statistically and presented in the
form of graphs and histograms. On the basis of the test results, the differences between students
studying different methods were found. There were also found the dissimilarities in the efficiency of
learning among high school learners and the learning competence of the students after the
introduction of e-learning (based on the author's former paper). The paper presents a few
conclusions: the creation of the e-learning course for pupils is much greater challenge for the author
of the course than the creation of the course for students and not all learning platforms are able to
fulfill properly its mission to assist the learning process. The introduction of several techniques based
on the achievements of artificial intelligence (a simple expert system used in the module lesson of
MOODLE) has radically improved high-school student performance. The implementation of the
different teaching strategies to improve the students’ results of the professional examinations was
proposed in the recommendations. It proved the necessity of continuing working on the experimental
platform based on the MOODLE in order to improve the learning process in the high-school.

Introduction

The reform of curriculum in the Polish schools in 1999 introduced substantial changes into the
educational system in Poland. The 8 years of primary school and 3 years of vocational school, 4 years of
or 5 year technical school was transformed into 6 years of primary, 3 years of high school and 2 or 3-
years of vocational school, 3 years of high school or 4 years of technical school.
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Changing the way of passing final exams (called Matura) allowed students entering the university
without the entrance exams. There were also plans of introducing so-called educational bonus giving a
chance to promote schools of higher teaching standards.

Along with the organizational modifications, the teaching hours and curriculum were changed in
particular classes. This program was supposed to be compatible with the main objective for the reform —
matching the school system to changing requirements of the labour market.

The results of reforms in secondary school observed by the author, completely contradict the
assumptions that formed the basis of changes in the Polish education system. From year to year, the first
year students at a technical high school represent lower level of knowledge, especially science, which
play an important role in preparing for apprenticeship. Reduced knowledge of the candidates for
technicians forces the teachers of the vocational subjects to challenge new tasks, among which three
seem to be the most important: maintaining a high level of competence among graduates of technical
schools; catching up with the material from the previous stages of learning and providing tools and
resources to make the further the process of learning more efficient. Additional harmful factors affecting
the learning process compared to the pre-reform period are: shortening of teaching vocational subjects
for one year and reducing the total number of hours in a series of science teaching. This negative picture
is completed with cultural changes. Among young people there are more and more teenagers from
dysfunctional families, neglected and causing educational problems. The lessons with these students are
difficult from many points of view and the other students tend to have problems with focusing their
attention on the topic.

The aim of the research work is to propose such tools and methods of teaching in secondary
vocational school to allow the graduates mastering the basis of their profession, and the course material
was presented to them according to their knowledge and skills. The paper presents several approaches
for the implementation of combined teaching of vocational subjects for the adepts of technical
vocational schools.

Research Methodology

The research sample is divided into 5 groups taught in different ways: traditionally assisted with
Moodle with underdeveloped — skeleton version of artificial intelligence (group and course named 1TA);
traditionally assisted with Moodle (2TA); together with the traditionally assisted Claroline platform (3TA);
traditionally provided with the materials on a regular website (4TB). The last group (4HT) has not been
made available to any additional materials - accounted as a control group. The groups consist of,
respectively: 29 students (1TA), 28 students (2TA), 32 students (3TA), 30 students (4th) and 26 students
(4TB).

The 1TA course contains extensive, multi-track teaching modules, allowing for the individualization of
learning. These modules operate on the principle similar to the expert system and adjusting the content
of teaching to the student’s current knowledge. The student was directed to the relevant section of the
module presented as an internal quiz during the course and it turned out that he mastered the material
sufficiently. This solution is experimental, which is a starting point to the creation of the course that
adapts teaching modules to the level of knowledge. The 2TA course was based on lessons with the two
threads for the weaker or more talented students and monitoring of the results at the end of each of
them. The remaining elements of the course 2TA were the standard resources and components of
Moodle. The 3TA course was based on the path of learning of a lineal platform Claroline. The 4TB course
contains only html and pdf documents.

The research tested understanding of the two branches of the Computer Technology Course
Equipment (UTK): the arithmetics of computers and the digital systems. In the traditional mode of both
branches, the implementation takes place within, respectively: for teaching arithmetics, 12h and 17h of
computers for digital circuits. The tested issues include: the ability to convert numbers between different
numeric systems (test 1); knowledge of numerical codes and the ability to code (test 2); distinguishing
between logic gates and understanding the rules for their operation (test 3), knowledge of the principles
of multiplexers and demultipleksers (test 4) and understanding of digital circuits consisting of several
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goals (test 5). The tests include different types of questions: multiple answers, a one-answer, short
answer and computing. They were made and carried on the platform Moodle. Students could receive 20
points maximum.

The test of knowledge accounted after 6 - 7 months since the end of chapter discussing digital
systems. The purpose of such proceeding was a profound assessment of acquired knowledge gained
during the courses.

Test results were treated statistically using the software package R. The statistical tests were carried
out using the Kolgomorov — Smirnov method and the results are presented in box-and-whisker diagrams.

Achieved Results and Discussion

The tests of competence results of the students are presented in boxplot. In test 1, which checks
simple calculation abilities, good results were obtained by the groups 1TA and 3TA. This shows a good
mastery of course material and sustainability. The students of these groups can transform the numbers
between the different systems very well. Intriguingly, the results are weaker the 2TA group, which also
benefited from the support e-Learning platform, the same as the group 1TA, but with slightly different
resources.

|

10

Figure 1: Results of the test 1. Diagrams correspond to groups 1TA (1), 2TA (2), 3TA (3), 4TA (4), 4TB
(5)

These can be explained in two ways: either the 2TA course materials were poorly prepared (and did
not allow them to effectively consolidate the knowledge) or the group 3TA (using other platforms) has
achieved outstanding results. The combination of the both factors is also possible. In fact — the course of
the 2TA group has been implemented as beta course (pre-tested), while the 3TA course is the production
one: implemented, tested and verified during the school teaching practice. This shows a very favourable
course 1TA which is in alpha stage (skeletal course, unfinished and untested).

Providing a set of teaching materials on the website, poorly affects the fixation of the knowledge,
which shows the results of the group 4TB. The absence of any support lead to the lack of skills (4TA). The
achieved results are also the results of the students’ abilities in mathematics, where in the teaching
process there is the conversion of numbers between the numerical schemes. Therefore, the more
difficult subject had to be examined, but run only during the UTK lessons. This task carries out test 2
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Figure 2: Results of the test 2. Diagrams correspond to groups 1TA (1), 2TA (2), 3TA (3), 4TA (4), 4TB
(5)

The test 2 checked the ability to encode numbers in the sign modulus, one’s complement and two's
complement systems. The task of the test consisted solely on calculations. Results of students are
generally weak, while in the 4TA and the 4TB groups is observed a complete lack coding skills. This result
is an effect of the insufficient number of hours devoted to teaching the net fixation of the material (see
medians). Against this background, preferably represent a group benefiting from the support e-learning,
while comparing them with each other can be seen considerably important. The 3TA group compared
with the group 1TA achieved worse results than in the test 1 - probable cause is the fact that the course
1TA put the emphasis on personalized learning, which contributes to better absorbing of the material.
The group 2TA achieved very poor results, however, there appeared atypical observations - six students
achieved significantly better marks than the rest of the ones. It is difficult to explain this phenomenon —
these students are likely to be mathematically gifted people or the ones more interested in the issues of
digital arithmetic, who devoted more time to solve tasks of this topic.
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Figure 3: Results of the test 3. Diagrams correspond to groups 1TA (1), 2TA (2), 3TA (3), 4TA (4), 4TB
(5)

Test 3 checks the ability of logic gate recognition and knowledge of their truth tables. The tasks put
here before the students were more mnemonic than practical. The groups 2TA, 3TA, 4TA, and 4TB have
similar medians - with a surprising results of the 1TA group, which proves the validity of the strategy of
teaching. It is worth noting that among the groups of e-Learning, the results of the 2TA and 3TA groups
have positive skewness and the 1TA group negative skewness. Perhaps the individualized education
influence affects the ability of students to memorize information. This requires further research.

Figure 4: Results of the test 4. Diagrams correspond to groups 1TA (1), 2TA (2), 3TA (3), 4TA (4), 4TB
(5)
The test 4 controlled the understanding of the principles of multiplexers and demultiplexers. Students
also had to know the internal structure of the digital circuit. There is a noticeable difference between the
4TA and the 4TB groups and groups of e-learning 1TA, 2TA and 3TA.
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Figure 5: Results of the test 5. Diagrams correspond to groups 1TA (1), 2TA (2), 3TA (3), 4TA (4), 4TB
(5)

The test 5 examined the ability to perform analysis of complex combinational digital circuits. The test
included the circuit identification, understanding the principles of operation and ability to perform logical
calculations. There is a noticeable difference in the results of the group 1TA and the results of other
groups.

The test 4 results show some similarity to the results of the test 1 and the test 5 results to the results
of test 3. According to the author, the type of the course influences the characteristics of the results. In
terms of the students it can be assumed that the ability to perform calculations influences the
understanding of digital circuits and the ability to remember the characteristics of goals: the ability to
analyze patterns.

All tests show noticeably better performance of students belonging to the group 1TA, suggesting a
high potential of the new methodology.

Conclusions

The test results lead to the following conclusions:

e use of educational courses on platforms Moodle or Claroline perpetuates knowledge of students,
improving the test results after a longer time

e standard modules available on the Claroline platform are not sufficient to carry out an effective
secondary education among the youth - it is necessary to develop a new training module that
allows use of non-linear learning path

e the same provision of additional materials through a simple web page does not affect the
outcome of education — the students need incentives to perform additional work and the ability
to check their knowledge in the tests,

e introduction to courses with simple tools based on expert systems, allows for good consolidation
of knowledge,

o fewer traditional teaching hours will not reduce the quality of teaching as far as it includes a
new, effective teaching techniques.
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Recommendations

This work presents several approaches used to improve the effectiveness of teaching in secondary
vocational school. The obvious direction for further action is to implement different teaching strategies.
A real help in achieving this goal is the use of appropriate techniques and tools designed to extend the
functionality of e-learning platforms.

One of the techniques described in the experiment, based on expert systems, gave a promising
performance. As a further way of development of teaching modules can be suggested, for example,
adapting to a student's intelligence. It is necessary to continue to work towards the application of
artificial intelligence courses in school and to individualise teaching.
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Abstract: The changing market conditions related to the processes of globalization cause changes in human
resource management. An employee wishing to retain their place of work must be flexible and
capable of rapid adaptation of new technologies, especially information technology. Standard
professional preparation, especially in the areas of advanced technology no longer enough, which
forces the use of new techniques and technologies of teaching, especially in the sciences directly
related to information technology. The case of learning throughout life has been noticed and
appreciated by European institutions. Defined eight key competences that are needed by every man
for self-fulfillment and personal development, for active citizenship and full social inclusion and
employment. These include, inter alia, mathematical competence. Very accurately described it,
Mogens Nisse. The idea of mathematical competence is in Polish and Czech standards, examination
requirements. The article presents the results of the first stage of his doctoral thesis undertaken at
the Faculty of Education, University of Ostrava on the development of mathematical competence in
students of secondary schools using e-learning. Essential factors inspiring the creation and
implementation of the research were: to develop techniques for creating e-learning courses through,
inter alia, a system MOODLE CLMS), the desire to create the possibility of the emergence of a new
type of educational materials and the results of surveys conducted among students and teachers of
the Silesian province. | stage of research related to the results of two surveys sent to 500 students
and 500 mathematics teachers of secondary schools in Poland within the province of Silesia. Studied
knowledge of respondents about the use of modern ICT in education and e-learning. Developed a
guestionnaire consisting of 21 questions, grouped by type of information to provide. Initial questions
provide general information about respondents, age, gender, indication of the type of school in which
they work and learn for students. In addition, questions were addressed to teachers, inter alia, the
seniority and the type of school completed. Another of the questions concerned the use of modern
ICT technology - communication in education, in particular concerning the evaluation of their
computer skills. Surveyed were asked to indicate the programs that they use in class or preparing for
it. The last group of questions concerned, knowledge by teachers and students of e-learning and
operate the system in Moodle. After analysis of the results found that Polish teachers of mathematics
and students have insufficient knowledge of the use of modern information and communication
technologies in education and e-learning. On the basis of survey data as a result there were specified
milestones for research and their implementation.

Introduction

Velmi dualezitym prvkem vyvoje e-learningovych systému je Uroven informatickych znalosti, vyuZiti
informaticko-komunikaénich technologii a pocitace, a také ndzory ohledné podstaty e-learningu osob, na
které se bude planovana Cinnost vztahovat. V pfipadé stfednich Skol jsou to ucitelé, ktefi tvori didaktické
dokumenty online a studenti, ktefi je vyuzivaji.
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Obecné informace o anketnim vyzkumu [1]

Hlavnimi Cinitely inspirujicimi vznik a realizaci projektu byly: vyvoj technologie tvoreni e-learningovych
kurzd a touha autorky vyzkumu vénovat se Usili o vytvoreni edukacnich materiall nového typu. V tomto
obdobi byly rovnéz vytvoreny dvé ankety uréené studentim a uciteldm matematiky ve stfednich Skolach
v Polsku na uzemi slezského vojevodstvi: vztahujici se na znalosti v oblasti vyuziti modernich informacné-
komunikacnich technologii ve vyuce a e-learningu.

Anketa pro ucitele a studenty sestdvala z 21 otazek. Byly rozdéleny do skupin podle druhu informaci,
na které se vztahovaly:

e pocatecni otdzky v anketé prinesly obecné informace o respondentech, véku, pohlavi, uréeni
typu skoly, ve které pracuji a studuji v pripadé student(, pokud jde o ucitele, byly tam dodatecné
otazky mezi jinymi ohledné délky pracovni praxe, stupen profesniho postupu, druh ukonéené
vysoké skoly,

o dalsi otdzky se tykaly vyuziti modernich informaticko-komunikaénich technologii ve vyuce,
zejména otdzky ohledné urceni programt, které ucastnici ankety vyuZivaji ve vyucovacich
hodinach nebo k jejich pfipravé,

e koncové otdzky se tykaly znalosti e-learningu mezi uciteli a studenty a stupné jejich zajmu o
prohloubeni, rozsifeni nebo nabyti znalosti a dovednosti vyuZiti této technologie ve vyucovacim
procesu a v uceni.

Pfred zahdjenim hlavniho anketniho vyzkumu byly provedeny jednak prostfednictvim Internetu,
jednak osobné ankety mezi 120 uciteli a 130 studenty. S pfihlédnutim k navrham ucastnik( ankety byly
opraveny nepresné formulace tykajici se anketnich otazek, a anketa byla zaroven rozsifena o pét dalSich
otazek vztahujicich se na obsluhu systému Moodle. Ve dnech 05-09 fijna 2009 byl proveden rozsifeny
anketni vyzkum mezi uciteli matematiky ve slezském vojevodstvi. Celkové bylo prozkoumano 500 osob.
Vyzkum byl proveden béhem informacni konference na téma pfipravy uditelt na novou povinnou formuli
maturitni zkousky z matematiky. V obdobi 20 Fijna — 20 ledna 2009 byla provedena analogickd anketa
mezi 500 studenty ve Skolach ve slezském vojevodstvi.

Otazky k informacim na téma zkoumanych osob.

Mezi anketovanymi uditeli tvofily nejpocetnéjsi skupinu Zeny. VétSina zkoumanych osob jsou
absolventi univerzit a pedagogickych vysokych skol, pracujici v gymnaziich a odbornych stfednich Skolach
s pracovni praxi 11-15 let.

Studenti podrobeni anketé jsou osoby studujici hlavné na gymnaziich ve véku 16-17 let.

Otazky Kk vyuziti ucastniky ankety modernich informaticko-komunikacnich
technologii ve vyuce.

Polsti ucitelé a studenti posuzuji vlastni dovednosti ohledné obsluhy pocitace a pocitacového
softwaru dobfe. Svoje informatické dovednosti zdokonaluji na postgradudlnich studiich a informatickych
Skolenich. NejvétsSimi prekdzkami, se kterymi se ucitelé setkavaji pfi vyucovani jsou: pocetnost tfid a
nedostatek multimedidlnich pracoven.

Dalsi otazky se tykaly vyuZiti pocitacovych programi a didaktickych multimedialnich programd béhem
pfipravy ucitell a studentl na hodinu matematiky. Obé dvé skupiny odpovidaly podobné, cozZ znazornuje
nize uvedena tabulka:
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Tabulka 1: Pocitacové programy, které vyuzivaji studenti a ucitelé k pFipravé na hodinu
matematiky

Nazev programu Klasifikace ucastniki ankety
Textovy editor (Microsoft Word, Writer(Open Office), I misto
ostatni

Microsoft Excel II misto
Microsoft PowerPoint III misto

Editor a nastroj HTML IV misto

Nastroje k obsluze databazi V misto

Ostatni programy a aplikace VI misto
Nepouzivam zadné pocitaéové programy VII misto

Zdroj: viastni vyzkum

Tabulka 2: Didaktické multimedidlni programy, které vyuZivaji studenti a ucitelé v hodinach
matematiky

Nézev programu Klasifikace ucastnikii ankety
Cabri I misto
Graficka kalkulacka II misto
Mathcad 11T misto
Gran IV misto
Ostatni programy V misto

Zdroj: viastni vyzkum

Zkoumané program [2]:

e pomahaji pfi poddvani matematického obsahu;

e zpestiuji proces vyuky;

e provéruji uroven znalosti a dovednosti;

e pUsobi, Ze student rozviji svoje zajmy

e diky nim se matematické pojmy stavaji jednodussi a snadnéji pochopitelné;
e usnadnuji provazeni fixujicich cviceni;

e vyrovnavaji studijni Sance student(;

e nuti k intensivni préci ve vyucovaci hodiné.

Dalsi otazky se tykaly vyuziti Internetu ucastniky ankety. Jak studenti, tak ucitelé ho vyuzivaji vétSinou
doma, a to 0 aZ 3 hodiny denné. VyuZivaji Internet k vyhledavani potfebnych udajt, informaci z rGznych
védnich oborU a ze Zivota a ke komunikaci se znamymi.

Otazky tykajici se znalosti e-learningu a obsluhy Moodle mezi respondenty.

Posledni skupina otdzek se tykala znalosti e-learningu a obsluhy platformy Moodle mezi uciteli a
studenty. Jedna z otazek se tykala prednosti a prekazek pramenicich z vyuky na ddlku. Zde byli Gc¢astnici
ankety rovnéz zajedno. Ke kladlim zaradili: individualni tempo vyuky, moZnost vyuky na libovolném misté
a v libovolném ¢ase. Naopak mezi zdpory vyjmenovali: nedostatek mobilizace k samostatnému uceni a
nedostatek dovednosti obsluhy pocitace. 179 (35,8%) ucitelli nedovede jednoznacné odpovédét, pokud
jde o hodnoceni zajmu o dalkovou vyuku v Polsku, 105 (21%) se domniva, ze je velmi maly, 103 (20,6%)
ze je maly. Pokud se jednd o hodnoceni studentl, nejvétsi skupina 160 (32%) se domniva, Ze zajem je
velmi maly, 140 (28%) Ze je maly a 100 (20%) Ze je primérny. V dalsi otdzce méli ucastnici ankety
posoudit pro koho je e-learning nejlepsim feSenim. Méli moznost volby z nékolika odpovédi. Takto se
predstavuji vysledky:
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Tabulka 3: E-learning je nejlepsi feseni pro osoby:

Typy osob Hodnoceni uditelt Hodnoceni studentu

Osoby télesné postizené I misto I misto

Osoby Zzijici v zahrani¢i IV misto V misto

Osoby pracujici, které nemaji cas V misto III misto
dojizdét do Skoly

Osoby, které se u¢i v rezimu denniho IX misto X misto
studia

Osoby, které studuji dalkove VII misto VII misto

Osoby, které se uci v rezimu vecerniho VIII misto VIII misto
studia

Osoby casto nemocné II misto II misto

Osoby, které se cCasto UcCastni VI misto VI misto
sportovnich zavoda

Osoby, které chtéji prohloubit a rozsitit IIT misto IV misto
své znalosti a dovednosti

Osoby, které hodlaji zahajit studium na X misto IX misto
vysoké skole

Ostatni XI misto XI misto

Zdroj: viastni vyzkum

Pozorovanim vysledkl dospéjeme k nazoru, Ze respondenti odpovidali podobné. Nejvétsi skupina se
domniva Ze e-learning je nejlepSim feSenim pro osoby télesné postizené a nemocné. Dale se objevily
drobné neshody, uditelé se domnivali, Ze pro osoby, které si chtéji prohloubit a rozsifit své znalosti, a
studenti naopak, Ze pro pracujici osoby, které nemaji ¢as dojizdét do Skoly. Pak byli ucastnici ankety
tazani, jakym zplGsobem by se udili radéji. Odpovédi znazornuji nasledujici grafy:

Graf 1: Ucitelé

Ucitelé

M |. tradi¢ni (s ucitelem)

B 2. v rezimu e-learning (po
Internetu)

3. ve smiSeném rezimu
(tradi¢nim 1 po Internetu)

Zdroj: viastni vyzkum
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Graf 2: Studenti
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B |, tradi¢ni (s uCitelem)

B 2. v rezimu e-learning (po
Internetu)

® 3. ve smiSeném rezimu
(tradi¢nim i po Internetu)

Zdroj: viastni vyzkum

Témér 260 (52%) uciteld a studentl preferuje smiSeny styl vyuky tzn. tradi¢né i prostfednictvim
Internetu. Odlisnosti se objevuji pti vybéru ostatnich styl(. Pfi srovnani obou skupin vétsi pocet studentd
nez ucitel( se radéji uci v reZimu e-learning po Internetu, a naopak mensi pocet studentll nez ucitelll
uptednostiuje tradi¢ni vyuku s ucitelem. 143 (28,6%) uciteld tvrdi, Ze znad obsluhu platformy Moodle,
avsak pouze 27 (5,4%) ji vyuzivd ve své praci k vyuce. Tito ucitelé vyuzivaji va své praci vétSinou
nasledujici prvky: tkol, workshop, quiz, vyucovaci hodina, forum, anketa. Vétsina ucitelt 380 (76%) by se
chtéla ucastnit kurz(, Skoleni v oblasti obsluhy platformy Moodle.

Conclusion

1. Na zdkladé provedeného vyzkumu mlzZeme konstatovat, Ze se zavedeni e-learningu
jevi jako nutné.

2. VétsSina polskych Skol vlastni odpovidajici hardware k provozovani vyuky tohoto
druhu.

3. Pokud skola nechce instalovat vlastni platformu, mlzZe navazat spolupraci s jinou
jednotkou, kterd vlastni server, za Uplatu nebo bezplatné.

4. Objevuje se potreba vsestranné pripravy ucitell, mj. v oblasti: e-learningovych kurz(,
raznorodych pracovnich nastroji na platformé a odpovidajici metodické pripravy pro
provozovani vyuky tohoto typu.
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Abstract: Collaborative learning occurs in situations when two or more people are engaged in learning activity
that involves some kind of productive collaboration (e. g. working on group projects, joint problem
solving, collaborative writing, debates/discussions, team competitions, role playing games). Every
member of a learning group shares his/her knowledge, skills, experience, creative ideas, opinions,
attitudes as well as motivation to fulfill the task successfully with his/her fellow learners. Individuals
have to co-operate in pairs or groups to search for understanding and solutions. They often create a
concrete artifact of their common learning (e. g. computer program, constructed model, presentation
of project’s results) in order to show it to others. This social interaction is considered to be one of the
key concepts in modern constructivist and constructionist learning theories. In this paper, the
classification of collaborative learning activities suitable for classroom environment is discussed. We
focus on teacher coordinated, synchronous, problem solving and strategy planning class activities
mediated by computers in network. We have been looking for such collaborative learning context, in
which the benefit of face to face communication combines effectively with advantages provided by
digital technology enhancement (multimedia, interactivity, immediate feedback, attractive scenario).
As a result of this effort, an original online educational game was designed and implemented. The
game was developed using Imagine Logo. The built-in network support included in this programming
environment solves the problem of establishing the client-server connection, controlling the online
communication and transmitting data via network through specialized classes. The paper presents
features of the above-mentioned educational game and deals with some implementation details as
well. The game is an open system so it can be customized to fit the needs of its potential users better
(educational goal and rules of the game, nature and difficulty of tasks to be managed by players,
time limit, number of competing teams). In conclusion, we sum up the findings acquired while
realizing suggested network-based collaborative learning activity with students. These findings relate
mainly to methodical and organizational aspects of computer supported collaborative learning (CSCL)
activities: (1) collaboration stimulates students’ motivation to learn and enhances their activity
significantly, (2) digital technology helps to meet the educational goals of an collaborative learning
activity in a more attractive and effective manner, (3) the educational goal of a network-based
collaborative learning activity is a crucial attribute of its design.

Introduction

The European Commission has initiated a wide campaign named E-Skills Week to enhance ICT skills of
people in European countries. Within the scope of this project, online IT Fitness Testing was organized in
Slovakia in March 2010. The test was completed via internet by 55 380 voluntary respondents with
average score of 39%. However, the evaluation of accompanying questionnaire concerning respondents’
ICT using practices has become more interesting than the result of the test. In our estimation, the most
surprising was the fact that 89% of respondents expressed that they participated in some social network
on internet (eSkillsWeek, 2010). They also preferred Google, Wikipedia and internet forums as source of
information to traditional sources like libraries, databases and educational portals. These findings
indicate that needs to be a member of community, to share information, to collaborate with others are
natural and spontaneous characteristics of people and computer networks provide especially convenient
environment for their fulfilment.
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Spontaneity of communication and collaboration on internet represents a phenomenon which makes
educators face the challenge to innovate the educational process emphasizing the importance of
students’ personal competencies and application of personal forms of intelligence to problem solving or
task completing. Gardner (1993) determines two forms of personal intelligence in his theory of multiple
intelligences. Intrapersonal intelligence entails the capacity to understand ourselves, to appreciate our
feelings, fears and motivations, and to be able to use information from our surroundings to regulate our
lives. Interpersonal intelligence is concerned with the capacity to understand the intentions, motivations
and desires of other people. It allows people to work effectively with others.

Collaborative learning is such form of learning that improves both intrapersonal and interpersonal
forms of intelligence. Working on group projects, joint problem solving, debates, discussions, team
competitions, role playing games are activities that stimulate learners to communicate, to understand
others, to cooperate on achieving common aims, and to become themselves through others.

Classification of Collaborative Learning Activities

Collaborative learning is used as a term for a variety of approaches in education when people learn
together, share their ideas, knowledge, experience, opinions in formal and informal exchanges, they
cooperate in completing tasks and cope with challenges collectively.

Dillenbourg (1999) encounters various meanings of the term ‘collaborative learning’ from the point of
three elements that determine collaborative activities:

e scales,
e types of learning,
e forms of interaction.

Scales

Different educational situations create conditions for collaborative activities with different scales:
from 2 to 30 (or more) subjects, from 20 minutes to one year. For instance, working in pairs in a
classroom for several minutes represents a situation of a small scale. At the opposite end of this scale,
computer supported distance learning is a situation in which a group of 40 (or more) subjects follows a
course over one year.

Different scales need different approaches to planning and researching collaborative activities. While
psychology provides useful framework for analyzing cognitive processes in small groups, social
psychology supplies methods for studying interactions in broader groups, and sociology helps us to
survey the behaviour of subjects in larger study communities and its influence on learning.

Types of learning activity

Opinions differ in what type of learning activity is considered to be collaborative. From one point of
view, learning is a social process in which individuals learn together, but there is no guarantee that new
knowledge results from some kind of collaborative interaction. Dillenbourgh (1999) states the term
‘collaborative learners’ for this situation.

From another point of view, collaborative learning occurs in situation in which learners are instructed
to collaborate, they follow a scenario in which they have to perform some kind of particular interaction
at particular time. However, neither this situation implies that the peers take part in the collaborative
activity evenly and that the interaction will occur.

To sum up, the main characteristics of collaborative learning activity is the high probability of getting
new knowledge trough interaction with others. Each activity, e.g. following a course, solving a problem,
working on project, playing a game, taking part in a competition, may be considered as collaborative if
there are favourable conditions for forming productive interactions between learners.
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Forms of Interaction

Collaborative learning activities differ in forms of interaction occurring during learning activity. We
shall classify them according to following criteria:

e division of labour,

e degree of symmetry,

e goals,

e management of interaction.

The first criterion concerns the way and the degree of division of labour among partners collaborating
on some work. Partners may divide the labour vertically into independent sub-tasks and then assemble
the partial results into the final result. This approach is known as ‘divide and conquer’. Another way of
collaboration is ‘joint effort’ to complete some task when partners actually do the work together. Some
kind of work division occurs in this case as well but it is less stable than division to independent sub-
tasks, it may be changed continuously during collaborative activity. This approach is usually realized in
case of small scales. Division also relates to the synchronicity of collaboration. While vertically divided
activity enables asynchronous communication between partners, doing something together implies
rather synchronous interaction.

The second criterion refers to the degree of symmetry. There are several ways to form groups and to
design activities according to the symmetry of members’ status in the group, and the symmetry of
members’ activities in the group. Asymmetry is usually caused by different level of knowledge and
personal competencies.

In the next point of view, we classify interactions in collaborative activities in accordance with goals.
Shared goals imply interaction based on cooperation, conflicting goals cause competition between peers.

Finally, we consider the management of interaction. Spontaneous informal collaboration usually
happens without any coordination. Collaborative activities in the classroom are usually coordinated by
teacher. In the following parts of this paper, we present advantages of computer-mediation in
interactions between collaborating peers.

Development of an Collaborative LEARNING Activity Mediated
by Computer Network

As explained above, while developing a classroom learning activity based on collaboration, lots of
important methodical and organizational aspects have to be taken into account. We recommend to start
with answering these few questions:

What educational goals we wish to meet?

Why we want students to collaborate in pairs/groups?

What kind of active/passive collaboration is anticipated?

Is the suggested learning scenario attractive enough?

How to manage the collaboration process effectively?

How to evaluate the collaborative learning activity fairly and effectively?

ouhkwNE

In a traditional (non-ICT) classroom situation, teacher is usually the one, who coordinates and
evaluates collaboration process of involved pairs/groups. Participating students are present at the same
place, they can communicate face to face, discuss and work together using available sources and tools.
We suggest to combine benefits of this direct social contact with advantages provided by digital
technology (e. g. networked computers and educational software). We have been looking for
a classroom learning context, where students would need to collaborate via computer network. But the
need for such online collaboration must be natural and meaningful. As a result of the research effort, an
online educational game was designed and implemented. We list some fundamental ideas embedded in
the game reflecting questions from the previous paragraph:
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1. In general, our online game is focused on fostering problem solving and strategy
planning competences in students. The specific goal of the game depends on the
input set of question/problems prepared by the administrator (e. g. teacher) before
realizing the learning activity.

2. Groups of students (teams with 2-5 members) compete to win an online fight with
simple rules (e. g. to construct the longest chain of fields within a common gridded
playing area).

3. Team members have to collaborate actively to decide the next step and to answer
guestions (or solving problems) quickly and correctly. Different team members can
focus on different tasks (e. g. one student chooses the best move according to the
situation on the playing area, another students pay attention to the actual
question/problem). Every single team collaborates with all opponent teams (in
a passive way) as all competing teams share the same playing area.

4. Playing a dynamic game in order to be the best team of the class is likely to stimulate
students’ learning activity significantly.

5. When playing a multiplayer game, feedback for players should be immediate to keep
the game status consistent with rules. Computers can facilitate this type of
communication most effectively.

6. Rules of the game are objective (e. g. shape of the playing area, values of fields,
number of attempts on a field, time limit for answering/solving the related
question/problem). Results are evaluated automatically throughout the game.

% % client client % %
%% team 4 \ server / team 1 %\%

i it

Figure 1: Collaboration within the online educational game

x

Design & Implementation Issues

The game was developed using Imagine Logo. The built-in network support included in this popular
programming environment (objects of specialized classes) helps a programmer with establishing the
client-server connection, controlling the online communication and transmitting data via network
(Salanci, 2001).

The game has been designed as an open system so it could be customized to fit the needs of its
potential users better. Time limit, number of competing teams and some other important technical
details (e. g. IP address of the game server) can be specified by changing appropriate information in a
configuration file. There are two variants of rules implemented for now (classical tic-tac-toe vs. building
the longest continuous path). All fields on the playing area are the same weight, so the
questions/problems can be distributed in a random manner. Question/problems must be defined in a
multiple-choices format and are loaded from a text file when starting the server. They can include an
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image when necessary. After ateam’s client requests for a free field, the game server sends one
question/problem back.

Conclusion

Before developing the game introduced in this paper, we experienced a similar collaborative learning
activity with 5 groups of adult learners (teachers from primary and secondary schools). Teams of 3-4
members were solving short mathematical problems assigned to the individual fields situated on a
common map. The map with a treasure was saved and updated in an offline software environment. The
answers of teams were collected by an admin of the game (lector). The lector had to type the data into
the application and teams had to wait for the application’s feedback. Although the collaborative learning
activity was successful, the management of the game was too difficult and was slowing the competition
down.

In our game, teams do not need to communicate with a teacher because the network application
manages the whole process online and automatically. The game was tested with a group of university
students (20 participants divided into 5 teams, content focused on computer graphics, 30 minute time
limit). Students were active throughout the whole game and commented the activity as interesting and
funny for them. To sum up our findings acquired while realizing suggested network-based collaborative
learning activity in the classroom: (1) collaboration stimulates students’ motivation to learn and
enhances their activity significantly, (2) digital technology helps to meet the educational goals of
a collaborative learning activity in a more attractive and effective manner, (3) the educational goal of
a network-based collaborative learning activity is a crucial attribute of its design.

This work was supported by the Slovak Research and Development Agency under the Contract No.
APVV-0486-07.
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A teacher who creates his/her own teaching materials often gets inpired with other teachers. Teacher
searches not only for ready made materials, but also for ideas that could be modified for his/her
purposes. After some time teacher starts searching beyond the sources in his/her mother tongue,
usually in English. Nevertheless, our contribution is aimed at Russian sources. Firstly, we have
searched the sources of the Russian State Library. It offers searching not only among books and
articles, but also dissertations, and interlibrary lending services. General Federal Educational Portals
(BasoBble penepanbHble obpasoBaTenbHble nopTanbl) with its several links can be considered as the
main informational signpost.The first of its links is the Federal Portal ,The Russian Education”
(PepepanbHbii nopTan "Poccuitickoe obpasosaHue"). There we can find a catalogue of educational
Internet resources. We can search according to the level of education, subject, kind of resource, and
user. Federal Centre of Informational-educational Resources (®PepepanbHbiit  LEHTP
MHPOPMaLMOHHO-06pa3oBaTeNbHbIX pecypcoB) is an interesting portal offering six types of
educational resources. They are divided according to the level to the comprehensive, secondary
comprehensive, lower professional education, and upper professional education. These domains are
further divided according to the subjects. The materials (teaching units/objects) are described
(copyright, software, time assessment, target user, size etc.) Russian national portal for secondary
education (Poccuiickmii obuieobpasoBaTenbHbili noptan) offers Internet resources of teaching texts,
lesson units, and information on local educational portals. Portal of Informational Support of
Comprehensive State Exam (MopTan MHPOPMaALMOHHOW MOALEPIKKM €AMHOro rocyAapCTBEHHOrO
aK3ameHa) provides the sample tasks for this exam.We also mention several specialised portals, such
as Federal Educational Portal "Economy. Sociology. Management.", Federal Law Portal "Legal Russia",
Social Humanities and Political Education portal, ICT in Education with developed searching for
Internet resources. Russian Portal of Open Education (Poccuitickuii nopTan OTKpbITOro o6pasoBaHusA)
offers more than 200 subjects of education. The visitors can animate the course work in two demo
Moodle courses. The portal All-Russian Pupils" Olympic Games (Bcepoccuiickas onumnunaga
LWKONbHKUKOB) provides organisational information and chosen sample tasks from previous years.
From the point of view of our subject, the most interesting is the portal Network of Creative Teachers
(CeTb TBOpUeckux yunteneit). It offers ready made teaching projects, methodology, guidance for using
ICT educational support, forums and assessments. A Window of Approach to Educational Resources.
Electronic Library (EanHoe oKkHO aocTyna K obpasoBaTesibHbIM pecypcam. INeKTpoHHas bubnunoTteka.)
offers on-line teaching and methodology texts. Web pages of individual schools are none the less
interesting sources. Some of them offer teaching materials. Searching eastwards provides very
edifying comparison of Russian and Czech Internet education background. It offers methodology
support as well as display of possible future shape of Czech educational portals.

Ucitel vytvarejici vlastni vyukové jednotky se snaZi najit inspiraci i u jinych autord. Hleda nejen hotové,
pouzitelné vyukové jednotky, ale i napady, které by mohl modifikovat pro svou potfebu. Prvnim zdrojem
hledani byva zcela logicky internet svého jazykového okruhu, autor projde dostupné vzdélavaci portaly,
zhodnoti jejich pfinosnost pro vlastni praci, pak pokracuje na webové stranky vzdélavacich instituci a
osobni stranky nékterych koleg.

Po urcité dobé se zacne obracet ike zdrojim mimo plvodni jazykovy okruh. Je béiné, Ze prvni
moznosti byva obracet se ke zdrojliim v anglickém jazyce. Dalsi hledani byva zavislé na autorové jazykové
vybavenosti a jeho predstaveé o stupni rozvoje problematiky v dané zemi.
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Autorka prace si vytycila cil ziskani zakladni orientace v ruskych vyukovych portalech a internetovych
strankdch. Jeji hlavni zajem se nachazi v oblasti vyukovych jednotek pro vyuku matefského jazyka,
obcanské nauky a informatiky. Pravé pribuznost obou jazykd je dalsim dlvodem, proc se jevi hledani v
rustiné prinosnési nez hledani vyukovych zdrojd pro vyuku materského jazyka v anglictiné.

Zakladni federalni portaly

Hlavnim rozcestnikem informaci mohou byt stranky Zakladni federalni vzdélavaci portaly (bazossie
¢hedepansHblie 0b6pazosamersnsHsbie nopmarei), obsahujici odkazy na dalsi portaly. Lze je nalézt na adrese:
http://www.edu.ru/db/portal/sites/portal page.htm. Poskytuji prehled o logu, ndzvu a zdakladnich
Castech federalnich ruskych portalt vénovanych vzdélavani.
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Obrazek 1: Ukazka internetové stranky zakladnich federalnich portala

Federalni portal ,Ruské vzdélani“

Prvnim z uvadénych odkazl je Federdlni portal ,Ruské vzdélavani“ (®edepasnbHbili nopman
LPocculickoe obpaszosaHue”) na adrese http://www.edu.ru/. Z jeho obsahu mlzeme zminit ¢ast Pro
maturanty a abiturienty s informacemi tykajicimi se napfriklad dalSich moznosti vzdélavani, jednotnych
vystupnich zkousek.

Zajimavéjsi z naseho pohledu jsou Zakladni informacni zdroje vzdélavani, které obsahuji:

e Narodni projekt ,,Vzdélani“(HayuoHanbHbil npoekm ,,06pazosaHue”).

e Rusky portal vSeobecného vzdélani (Poccuitckmnii obueobpasoBatenbHbln nopTtan). Nabizi mimo
jiné i nékolik tematicky rozdélenych kolekci vyukovych objektl, najdeme je na adrese
http://www.school.edu.ru/default.asp.

e Jednotny katalog vzdélavacich internetovych zdroju (EOuHeili Kamanoz obpazosamesbHbix
uHmepHem-pecypcos) se nachazi na adrese http://window.edu.ru/window, poskytuje
usporadany prehled o on-line ucebnich i metodickych materialech, tfidi je podle stupné vzdélani,
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predmétu, typu, hodnoceni redakce a uZivatelQ. Stranky maji i druhy nazev Jedno okno pfistupu
ke vzdélavacim internetovym zdrojim.

Internetovou knihovnu celych textd wuéebnich a wudebné metodickych materiall
(MonHomekcmosas  anekmpoHHas  6ubauomeKka  y4yebHbIX U  y4ebHO-MemoOuYeCcKuUx
mamepuanog). Opét se jednd o projekt Jedno okno pristupu k Uplnym textiim uéebnich a ucebné
metodickym materialim, je zde uplatnéno podobné tridéni jako u internetovych zdroja.

Katalog vyukovych zdroji sité Internet pro vsSeobecné (stfedni) vzdélani (Kamasnoe
obpaszosamernbHbiX pecypcoe cemu MHmepHem 0na obuwezo (cpedHezo) obpazosaHus) je
publikaci vysledkd provedenych vyzkumu. Odrazi stav v uréitém obdobi, pfinasi metodické
materidly pro ucitele a utfidény seznam novych zdroju.

Knihy. CD/DVD. Audio/Video kazety. Vybaveni i ndzorné pomtcky. Programové vybaveni.
(KHu2u. CD/DVD. Ayduo/Budeo kaccemsl. ObopydosaHue u Hazaa0Hbie nocobus. lpoepammHoe
obecrieyeHue.) jsou internetovym katalogem nabizejicim uditeli na jednom misté prehled
informaci o moznych ucebnich pomuckach.

Jednotna kolekce digitalnich vzdélavacich zdroji (EOuHas Konanexkyus yugpossix
obpazosamesbHbix pecypcos) obsahujici usporadané odkazy na digitalni zdroje. Systém je
licenéné omezeny pouze pro ruské uZivatele, zahranic¢ni zajemce je identifikovdn a zobrazi se mu
pouze omluva.

Federalni centrum informacné vzdélavacich zdroji (®edepasnbHbili yueHmp uHhopmayuoHHO-
o0bpasosamenbHbIX pecypcos) je moiné najit na adrese http://fcior.edu.ru/. Je vybornym
zdrojem inspirace pro vlastni tvorbu vyukovych objektll. Obsahuje oteviené modularni
multimedidlni systémy pro vzdélavani tii typl informaéni (Ukadzka na obrazku 2.), praktické a
kontrolni (Ukazka na obrazku 3.). Jsou pfistupné po instalaci OSM prehravace do pocitace
uzivatele. Kontrolni moduly zabezpecuji i okamzitou zpétnou vazbu.

Vseruska olympiada Skolakl (Bcepoccuiickas onumnuada wkKoabHUKO8), na adrese
http://rusolymp.ru/. Poskytuje kromé organizacnich informaci i zadani nékterych kol olympiad
z rGznych predmétl.

Vseruska internetova pedagogicka rada (Bcepocculickuli uHmepHem-nedcosem), forum ruskych
pedagogl, misto pro feseni spoleénych profesionalnich probléma.

Elektronické prostfedky masové informace v oblasti vzdélavaci tématiky (CMU
obpazosamensHoli memamuku), rozcestnik novin a ¢asopisl tykajicich se problematiky vzdélani
na adrese http://www.edu.ru/db/portal/sites/ejornal/e_jornal.htm.

Novy standard vSeobecného vzdélani (Hoesili cmaHdapm obuwezo obpazosaHus). Uvedenad Cast
portalu nema zatim zpracovany materidly pro starsi Skolaky, je tedy z pohledu ucitele stfedni
Skoly nezajimava.
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Obrazek 2: Ukdazka internetové stranky modularniho multimedialniho systému Vedlejsi vétné
¢leny. Jedna se oinformacni typ vyukového modulu, nachazi se na Federdlnim centru informacné
vzdélavacich zdrojt.
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Obrazek 3: Ukazka internetové stranky modularniho multimedidlniho systému Architektura
pocitace. Jedna se o kontrolni typ vyukového modulu se zpétnou vazbou, nachazi se na Federalnim
centru informacné vzdélavacich zdroja.

Rusky vSeobecné vzdélavaci portal

(Poccutickuii obweobpazosamensHsili nopman). Uvedeny jako druhy ze zakladnich vzdélavacich
portal( Ruska byl jiZz popsan vyse jako soucast portadlu Ruské vzdélani. Systém ruskych vzdélavacich
portal( je propojen na vice mistech navzajem, coZ sice zjednodusuje vyhledavani na pocitaci, ale
hierarchii usporadani ¢ini méné prehlednou.
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Portal Informacni podpory jednotné statni zkousky

Treti z federalnich portal( (OpuyuansHsili uHopMayuoHHbII Nopman eduHo20 20Cy0apcmMeeHHO20
ak3ameHa) dostupny na adrese http://www.ege.edu.ru/ je pro uditele hledajiciho inspiraci pro vlastni
tvorbu vyukovych objekt(l zajimavy predevsim zadanimi zkousek z jednotlivych pfedméta.

Federalni vzdélavaci portal ,, Ekonomika. Sociologie. Management.“

Ctvrty z federalnich portald (®edepanbhbili 06pazosamensHbili mopman "IkoHomuka. Coyuoao2us.
MeHeowmenm.") zahajuje skupinu oborové zamérenych portdld. Najdeme jej na adrese
http://www.ecsocman.edu.ru/. Opét na ném lze najit materialy podporujici vyuku. Nalezneme zde
prehled literatury, clank(, disertacnich préci, glosaf, dale prehled internetovych program( a
internetovych konferenci.

Federalni pravni portal , Pravni Rusko“

Paty federalni portal (®edepasnbHsili npasosoli nopman "HOpuduyeckaa Poccusa') zaméreny na oblast
prava, lze vyhledat na: http://www.law.edu.ru/. Pro inspiraci zde lze najit nékolik uéebné metodickych
komplexu a pfehled internetovych zdroja.

Socialné humanitni a politické vzdélavani

Portdl (CoyuanbHo-2ymaHumapHoe u nosaumosoeu4yeckoe obpaszosaHue) vénovany filozofii, sociologii,
politologii, historii, pedagogice, statni spravé a mezinarodnim vztahim je sice plny informaci, ale podle
minéni autorky je mnohem méné zajimavy z hlediska inspirace pro tvorbu vlastnich vyukovych objektd.
Najdeme jej na adrese: http://www.humanities.edu.ru/index.html.

Informac¢ni a komunikacni technologie

(UHhopMaUUOHHO-KOMMYHUKAUUOHHbIe mexHoa02uu 8 obpazosaHuu). Portal nabizi velmi zajimavou
¢ast vyhledavani internetovych zdroji. To je mozné podle predmétu, Urovné vzdélavani, typu zdroje a
uzivatele. Najdeme jej na http://www.ict.edu.ru/.

Rusky portal otevieného vzdélavani

(Pocculickuli nopman omkpsimoz2o obpasosaHusa) Nabizi na http://www.openet.edu.ru/ mozZnost
distancniho vzdélavani ve vice jak 200 disciplindch. Navstévnikiim je dana mozZnost predstavit si zplsob
prace v kursech na pfikladech dvou demo kurzl v prostfedi Moodle.

Dalsi zajimavé portaly

Sit’ tvarcich ucitela

Z pohledu nasi problematiky je nejzajimavéjSim portadlem (Cemb meopueckux yyumeneii ) na adrese:
http://it-n.ru/. Spolu s hotovymi vyukovymi projekty nabizi i metodiky, vedeni pfi vyuZivani ICT podpory
vyuky, tematicka féra, posuzovani vyukovych jednotek kolegy.
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Obrazek 4: Ukazka internetové stranky s diskusemi pedagogi nad novymi materialy.

Poslednim neméné zajimavym zdrojem mohou byt vysledky vyhleddvani na strankach nékterych skol,
kde jsou nabizeny nékteré vyukové materidly. To je vSak jiz pomérné ¢asové narocnd cCinnost, presto
zajimava a pfinosna.

Zaver

Hledani na vychodé bylo velmi zajimavé. Ucitelé zde fesi velmi podobné problémy, jaké fesi i u nas.
Maji vyborné nebo i obycejné napady, ze kterych se Ize pro vlastni tvorbu vyukovych objektd poudit jak
v kladném, tak i v zdporném smyslu slova.

Hledani na vychodé autorce pfineslo i mnoha prekvapivd zjisténi. Prvnim z nich je ocividny fakt
masivni statni podpory poskytované vzdélani s pomoci pocitace, internetu, multimédii ze strany ruské
vlady a statu. Systém vzdélavacich portall je rozsahly, pokryva témér vsechny oblasti vzdélani a vychovy.
Mimo zminované federalni portaly existuji jeSté irepublikové a oblastni. Ucitelé mezi sebou soutézi,
vzajemné si pomahaji, oteviené resi své problémy v diskusich, které jsou pfistupné nejen pro zaky a
rodice, ale i pro kohokoli z celého svéta. VétsSina material(l je zcela neomezena licencné, jsou dostupné
metodiky, prehledy publikaci, u¢ebnich pomucek, programu.

Uvedené portaly navic Ziji. Neustale se méni a dopliuje jejich obsah. Autorka tyto zmény sleduje
prabézné po dobu Sesti mésicl a je prekvapovana jejich dynamikou.

Nelze si tedy nekldst otdzky o pric¢inach takovych rozdild. Jisté nemalou roli zde hraje centralizovana
statni — zfejmé i financni — podpora.

Dalsim dulezitym ddvodem mohou byt i velké vzdalenosti arozlehlost zemé. Je jisté jednodussi
diskutovat pomoci internetu, nezli odjizdét tisice kilometr( na konference.

Lze si jen prat, aby podobného stavu bylo v pokud mozno blizké budoucnosti dosazeno i u nas.

Pod’'akovanie

Vyse uvedené materidly budou vyuZity ve vyuce kurzu Moderni prezentace prostiednictvim
interaktivni tabule, ktery je soucasti projektu ESF s ndzvem Kurzy ICT ve vyuce pro pedagogické
pracovniky, reg. ¢. CZ.1.07/1.3.00/14.0011, fesitelem projektu je Univerzita Palackého v Olomouci.
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The article presents the experience in developing and application of a test system allowing to
diagnose the assessment of learners’ knowledge through its monitoring during the set period of
study. Among the recent educational technologies the computerised technologies of knowledge
assessment and quality of knowledge take an important place. Effective components of the above
technologies are computerised test systems featuring a high level of processing promptness and
technological effectiveness of assessment. The important advantage of the computerised test
systems lies in the opportunity to use them as an instrumental means of monitoring and diagnostics
of the academic process. Under the author’s guidance there has been developed a computerised test
system allowing to diagnose the current state of the academic process through its monitoring
results.. The system lets the user assess the current level of students’ knowledge, present the testing
results in a wide range of forms and statistical samples. Another important advantage of the system is
the opportunity to automatically determine the components of testing materials content which were
the most difficult to complete. Analysis of such information provides reasons to change the academic
process in a certain discipline. A set of programmes functions in the OS Windows and is available for
use as a networking option. The system provides the opportunity to create test assignments
databases by a user without any programming skills; the opportunity to automatically compile test
assignments using the test assignments databases in various disciplines; the  opportunity to
manage the procedure of testing from the working place of a lecturer; the opportunity to control
each student’s completing progress in a real time; the opportunity to automatically present the
results of a testing in various aspects in respect to analytical goals. System has the function to
diagnose the quality of academic process as it allows to summarise and analyse the results of testing
received by students in the set sections of the study material (syllabus in whole, separate part of a
syllabus, separate themes). Structurally the system consists of the following parts for preparation and
editing of electronic test assignments; preparation of documentation accompanying testing;
administration of testing and control of its procedure (working place of a lecturer); organization of a
test procedure (working place of a test); statistical processing of test results. Test system was trialed
when students knowledge assessment in general physics had been monitored. Results testify to the
opportunity of its wider use including the systems of distant learning.

Introduction

Quite often in university education quality management systems (QMS) methods of self assessment
based on questioning of the subjects of education themselves prevail. Meanwhile more informative and
objective are procedures of knowledge assessment monitoring being the technological basis for
diagnostics of quality education. Results of pedagogical diagnostics can be used to efficiently improve
and optimally plan an educational process.

Necessary stages in creation of knowledge assessment monitoring and diagnostics system are:

e analysis of contents of an educational process; structuring of contents of academic disciplines,
introduction of the system of core material to be learned within each unit, section, theme,
module of a discipline;

e development of requirements applied to learners when completing each component of contents
of an academic discipline;
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e selection of assessment materials (AM), determining the learner’s level of completion for each
core unit of contents;

e development and selection of computer software enabling monitoring and diagnostics of
knowledge assessment.

Quality of diagnostic procedures is dependent on accuracy of criteria met by system under diagnostic.
In pedagogical diagnostics — on quality of requirements applied to learners’ knowledge, skills and abilities
and on quality of assessment materials used for monitoring, the format and contents of which are
determined by concrete tasks of monitoring and diagnostics.
e Aslong as technologies of monitoring and diagnostics allow to create the substantial basis for an
objective assessment of learners’ knowledge, they must become a key component in the
university quality management systems.

Effective functioning of a quality management system is considerably dependent on quality of
software and methodological means used in the monitoring procedure. The above means applied for
monitoring of knowledge assessment must provide:

e opportunity to diagnose quality of assimilation of set contents components of an academic
disciplines (diagnostic function);

e opportunity to receive comparative data as to the level of students’ training within the set
statistical groups (separate groups of students, years of study, faculties) (control function);

e opportunity to use them as a didactic means in teaching academic disciplines (educating
function).

The above possibilities can be realised by the computer system “Inspector”, developed by us (V.V.
Kadakin, K.N. Nishchev at all, 2001). This set of programmes allows to carry out monitoring of quality of
education at all levels consistent with the structure of education management system in the university. It
includes the following analytical levels of information generalisation:

1. academic staff level,
2. chairlevel;
3. institute level.

Interaction of given levels is ensured by adjusting assessment criteria for quality of academic process
to technology of collection, processing and analysis of the information. Technological basis for
monitoring carried out with the use of the given system are presented by procedures of computerised
testing of learners’ knowledge.

«Inspector»’ advantage in comparison with analogues features orientation on diagnostics of contents
of quality of academic process. Basic material for carrying diagnostic research presents automatically
created detailed reports on testing results of learners over the given set of contents components of an
academic discipline. System based on computer testing allows to automatically select test assignments
following the level of completion of corresponding contents of an academic discipline. Moreover
protocol of a test session results contains information on the number of each answer (including wrong
ones) chosen by a learner that makes it possible to analyse typical mistakes of learners. Results gained
through analysis of the above information can be used for current improvement of an academic process
in terms of its quality.

System “Inspector” has the following structural units:

1. unit of tests preparation (editing);
2. unit of testing and control over its procedure;
3. unit of collection and statistical analysis of test data.

A set of programmes functions in the OS Windows and is available for use as a networking option.
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The system allows to:

1. create (edit) computerised test assignments by means of an import of fragments from
Microsoft Office applications with the use of standard clipboard and graphic files of various
types.

2. to automatically compile test assignments with the set structure using the test assignments
databases in various disciplines.

3. to manage the procedure of testing from the working place of a lecturer an to control each
student’s completing progress in the real time.

4. to compile electronic databases of results received from all test sessions including detailed
answer protocols.

5. to automatically present the results of a testing in various aspects dependent on analytical
goals.

Results of all test sessions are kept in current and basic electronic journals databases and can be
exported to the general databases. Producing of reports at each level of monitoring is carried out by the
system of statistical processing and analysis of the monitored data. Format of reports is determined by
the level and tasks of monitoring and is dependent on the detalisation degree of information required by
an expert. Using the computer system an expert can receive various rating lists of testees where
students are distributed on the basis of general amount of grades, results of completed test assignments
and so on. Along with rating lists the above information can be presented in the form of charts and
diagrams.

To export the information from the lower (chair, institute) to upper level (department of academic
studies, rectorate) there is a special subsystem under development which will be integrated into the
information and analysis system of the university management.

A key component of the computerised pedagogical monitoring system is presented by statistical
processing of testees’ results. Similar to monitoring diagnostic and control functions statistical processing
of test results is carried out in two scenarios. In the first one it is carried out to analyse information on
learners’ assimilation degree regarding the contents components of an academic discipline (monitoring
of contents of an academic process). In the second one the statistical processing of data is carried out to
compare the absolute results of control testing among various groups of students (monitoring of
academic achievement)

The subject of statistical processing in the first case is the body of data on test results in separate
units of contents of an academic discipline (structural components of testing). The results of the
statistical processing in this case are:

1. distribution of test results among the students of a set group in units of academic process
contents (themes, sections (modules) of academic disciplines;

2. statistical data reflecting the dynamics of test results in chosen units of academic process
contents (themes, sections (modules));

3. comparative statistical data on test results among various groups of students in set units of
academic process content;

4. statistical data characterising the degree of results correlation in set groups of students in
various units of academic process contents.

In the second case the results of the statistical processing of information are:

1. absolute results of control testing among a certain group of students, represented in the
form of a rating table, charts or diagrams;

2. absolute and relative results of testing of a concrete student received as a result of an
automatic search in the databases;

3. comparative statistical data on results of control testing in various groups of students

4. comparative statistical data on results dynamics of control testing in various groups of
students and specialities;
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5. statistical data characterising the correlation degree of test results in various groups of
students in set contents components of an academic process.

The system offers the following mechanism of data collection and generalisation in the monitoring of
the university education quality. The teaching staff level of monitoring compiles databases containing
analysis results from current test sessions. The chair level compiles databases containing summarised
results of monitoring as to the academic process conducted by a university lecturer. The faculty level
compiles databases containing summarised results of monitoring as to the quality of an academic
process among chairs. Faculty databases are the basis for compiling databases of the university
education quality.

Research conducted on all levels of pedagogical monitoring offers recommendation as to the
improvement and optimisation of an academic process. Monitoring results gained at the teaching staff
level are used to conduct current correction of an academic process in a discipline or organisation of an
individual work with the students. Monitoring results gained at the chair level are used to provide
recommendations on improvement of an academic process in certain disciplines. Monitoring results
gained at the faculty level are used to conduct a comparative analysis of quality of an academic process
among chairs as well as recommendations on improvement of organisation of an academic process.
Results of the pedagogical monitoring available in summarised university databases are the substantial
basis for assessing quality of university education in general and its academic structural units.
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In the informational — creative society a person has to study nearly all his life, to absorb the
knowledge created somewhere else in the world, to use it, to create new knowledge and to pass it to
others. These processes are determined by the development of technologies and the variety of
sources. The two kinds of long-existed information sources (printed and verbal) were supplied by a
new kind of information sources — electronic information sources: electronic course books,
databases, teaching material on electronic media, and others. When the variety of information and
its sources is increasing, other information management skills are necessary — to select the necessary
knowledge, to systemize, to analyze and to spread it. In the second half of the XX century it was
enough to find one or several printed sources of necessary information in order to solve a problem,
and nowadays — to select one suitable source from a number of printed and electronic sources. To do
this, new skills are necessary — information skills. They start forming in a comprehensive school. The
structure of information skills is complicated. They are made of information search, understanding
adaptation, and spread skills. This article only analyzes the skills of information search. Considering
the new possibilities of teaching, the article discusses a scientific problem of how from an
educological point of view senior pupils information search skills’ are being influenced by remote
teaching as well as physics tasks of different integrality level. The conducted quantitative research
shows that traditional and new technologies are combined in educational practice of secondary
schools. The article analyzes information search skills of senior pupils (final classes XI — XII). The first
stage of information search is the planning of information search. The survey allowed distinguishing
the following steps of information search planning: the content analysis of the assigned task, the
prediction of possible information sources (electronic or printed). The second stage of information
search is work with information sources. The article analyzes how senior pupils plan information
search, what information sources they use, how often open code distant teaching program Moodle is
used. What is more, the article analyzes whether and how the first and the second stages of
information search are influenced by the content of the assigned task. In the research according to
the content type the assigned tasks are grouped as follows: nonintegrated content, internal
integrated content, and inter-subject content.
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Abstract: The article deals with educational and technological factors, which determine senior pupils’ (XI — XII
formers’) information search skills. The conducted quantitative research shows that when
respondents (senior pupils) search for educational information, they use internet-electronic
information search systems most often. When planning information search, students should raise
questions, which stimulate the meaningfulness of studying. Fast information search tempo on the
Internet sources limits pupils’ reflexive planning skills, does not stimulate deeper insights into the
task content or alternative search of information sources. Educational processes influence the
formation of information search skills. The format of the assigned tasks content determines the
planning of information search. Interdisciplinary tasks encourage pupils to plan information search, to
see into the task content better, and to reflect the studying. Non-integrated tasks limit the planning
of information search. They stimulate mechanic, fast search of information in the internet-electronic
information search system.

Introduction

In an informational-creative society, a person has to study practically all his life, to absorb the
knowledge created somewhere else in the world, to use it, create new knowing and pass it on to others.
These processes are determined by technological development and the variety of information sources. A
new kind of information sources — electronic information sources — has supplemented the two
information sources (printed and verbal), which have existed for a long time. These are electronic
textbooks, virtual learning environments, databases, teaching material on electronic media and other.

The application of information and communication technologies replaces informational skills,
especially those of information search. Traditional information search method, when constant
information is searched for in a small number of primary sources, is replaced by a modern information
search method — the current information is searched for on virtual environments: virtual libraries,
electronic databases. Information search is a unit of actions, methods and procedures, which are used to
get information about something from the stored data. In order to find the necessary information, we
have to think over an action plan, to create an optimal search strategy, and critically assess the
information found (Doyle, 1999; Buschman, 2009).

Information search skills are a component of informational skills. In informatics, the concept of
informational skills is used to describe work with computer and applied programs, as well as
programming. These are informational technological skills. In librarianship, the term of informational
skills is used to describe information finding, storing, systemizing and generalization.

Many foreign authors (Campbell, 2010; Hayden 2004; Kim, Jung, & Lee, 2008; Pinto, Cordon, & Diaz,
2010) analyzed information search skills. Since informational skills are relatively new phenomenon, there
is not much of their research in the works of a country’s educologists. The country’s educologists’
(Gedviliene & Vaiciuniene, 2006; Vaiciuniene &  Gedviliene, 2008) research about students’
informational skills confirm the findings of foreign authors’ (Probert, 2009; Shapiro & Hughes, 1996)
research. It was found, that the country’s students lack independence when choosing information
sources and determining the sources’ priorities. The formation of informational skills is a permanent
process, which begins in a comprehensive school. Therefore, educological insights about the formation
assumptions of informational skills in a comprehensive school are topical.
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Information search skills are an important component of the knowing how to study competence. This
attitude is supported not only by educologists’ research, but also by education documents (A
Memorandum on Lifelong Learning (2001); Life-lasting studying assurance strategy (2008); Conceptual
Framework of the National Information Society Development of Lithuania (2001)). They emphasize that
those who are studying have to learn to plan the studying time, to foresee studying sources, adapt to
changes and use the plenty of information. By managing time and information efficiently, people should
be able to organize their studying (European Parliament Council recommendation about general life-
lasting studying abilities, 2006). When a person manages the knowing how to study, he not only knows
how the information is managed in a library, in a computer memory, but he is also able to reflect the
information management processes: how he searches, stores, treats the information and how he is able
to use it.

Regarding the above-mentioned topicalities, the scientific problem is formulated with a question:
how do information and communication technologies determine senior pupils’ (XI — Xl formers’)
information search skills, and how do educational processes determine the change of these skills? The
purpose of study is to reveal senior pupils’ attitude towards the educational and technological factors,
which determine the formation of the information search skills.

Study objectives:

1. To analyze pupils’ attitude towards the role of educational factor (bibliographic and
reflexive parameters) for the information search.

2. To highlight the role of interdisciplinary physics tasks for the information search
skills.

3. To reveal the senior pupils’ attitude towards technological factors, which determine
the change of the information search skills.

Research Methodology

Pedagogical-psychological Preconditions

When analyzing the factors, which determine senior pupils’ information search skills, the attitudes of
fundamental cognitive learning theory and R. Marzano’s (2000) new taxonomy of education aims were
referred to.

Cognitive studying theory is based upon the information treatment model, used by the cognitive
psychology. According to it, active meta-cognitive and cognitive activity processes are encouraged during
the information search: planning, assessment of alternative decisions, metacognition. The cognition
process of each studying person is individual and distinctive. In cognitive attitude, teaching is effective
when the activity is actively affected and reflected (Ainley, Arthur, Macklin & Rigby, 2003). These
attitudes are reflected in R. Marzano’s aim taxonomy as well. It emphasizes personality’s role in the
study process and highlights the metacognitive skills of a studying person (setting the aims of activity,
organization of individual activity, self-control, and reflexion).

Research Instruments

In order to reveal the senior pupils’ (XI-XIl forms) attitude towards educational and technological
factors, which determine the information search skills, the following study methods were applied:
scientific literature analysis, questionnaires, comparative analysis of the results.

Questionnaire is a quantitative survey therefore the study sample, its reliability, and representativeness
is important there. The set of senior pupils (XI-XIl formers) is finite. The general set consists of

N=26447 (Lithuanian education figures, 2007) senior pupils, who study in comprehensive schools and

1

1
A+ —

gymnasiums. It was found (Calculated according to the equation: n = N , where n — selection
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value, 4- error value (0.05), N — General unit value), that the study sample, which consists of n=394

respondents is reliable. The sample size is outlined by 95% reliability, which is considered as sufficient

in qualitative social surveys.

Questionnaire respondents were selected using the cluster sample. 5 study clusters were
distinguished in the study (the biggest districts of Lithuania) — Vilnius, Kaunas, Panevezys, Klaipeda and
Siauliai districts. The sample is stratified, since the general set was grouped at the beginning, and then
random selection was applied in each group. Since the pupils from comprehensive schools and
gymnasiums of the cities and districts took place in the survey, it is possible to claim that this study
represents and reflects the general situation in Lithuania. It means that the study has representative
sample, because it reflects the proportions of possible values of the surveyed features in the population.

The study questionnaire was projected regarding the information treatment stages: search, selection,
fixation, storing, creation, presentation and use. This article analyses the results of just one diagnostic
block —information search. Ordinal scale was used for the measurement of the surveyed features.

The quantitative study date was processed using the descriptive statistics. The replies’ percentage
rate was calculated, x2 (chi square) was applied to assess the statistic significance of the attitudes’
difference. The statistic error probability p < 0.05 was chosen. The critical limit of the statistic error
probability p shows what size limit of the statistic solutions error is. Statistic solutions, which do not
satisfy this condition p < 0.05 are treated as invalid. That is, no bigger than 5% solution error limit was
set. Besides, statistic criterion t was used to assess the difference of relative rate. Statistic package SPSS
was used for the statistic treatment of the study data. A qualitative survey supplemented the
guantitative one. Content analysis of the questionnaire responses was carried out.

Results of Research

Educational Factors, Which Determine the Information Search Skills

Methodological attitude, that the first information search stage is planning, was followed during the
study. Information search planning can be analyzed using two attitudes: bibliographic and reflexive. The
following bibliographic information search parameters are distinguished: information source language,
information source newness (not older than 10 years), information source type (book, magazine, and
scientific article), and information source format (printed, electronic).

Reflexive attitude towards the information search planning is related to the internal reaction of a
student. Information search planning may be analyzed according to R. Marzano’s (2000) taxonomy of the
education aims, the basis of which is topographic personality model ego component. According to R.
Marzano, the personality ego determines whether metacognitive thinking system, which foresees the
information search aims and strategies, is activated. Before starting to search for the information, a
student should foresee the aims of the information search, to think over what he knows about the topic,
and assess, how the new information relates to the previous knowledge and awareness. In other words,
it is important to answer the following questions when planning the information search: is it completely
new information? Does the new information supplement what is already known? Doesn’t it contradict to
the previous awareness?

When analyzing respondents’ attitude towards the reflexive planning, it was found that less than a
half of the respondents plan the information search reflexively. It should be stated, that the surveyed
senior pupils differently assess various information source search criteria (table 1). The survey data
shows, that, when planning their information search, a bit more than a half of the respondents
(according to the assessment rank very often 51.2%) raise the question, whether the information source
searched corresponds to the learning objectives.

It was found, that a bit more than a third of the respondents never apply reflexive planning when
searching for new information (table 1). Only a fifth of the surveyed senior pupils very often raise the
following questions when planning the information search: what is my experience and what do | need to
find? Which study sources best correspond to the studying style? Will the new information be useful for
the development of personal competences?
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Table 1. Reflexive planning: senior pupils’ attitudes’ percentage rates

Information source search parameter Assessment rating
Very Often Never
often
Source’s correspondence to the study aims 51.1 17.4 315
Source’s information relation to personal experience 25.6 39.3 35.1
Source’s role for the development of disciplinary 19.1 43.3 37.6
competences
Source’s correspondence to the studying style 20.0 40.8 39.2

Reflexive planning is important psychologically. It is claimed, that a person’s memory has selective
character. It means, that the information, which is meaningful for the student, which meets his interests
and needs, gets into the long-term memory. It means, reflective information search planning should
lightweight the assimilation of new material.

It was found, that senior pupils most often consider, how information sources correspond to the
studying aims, when qualitatively assessing their attitude towards the reflexive planning (table 1). This
regularity was tested in a quantitative way, applying statistic criterion t — statistic significance of the
respondents’ attitudes’ (about reflexive planning parameters) relative ratio difference was calculated
(table 2). It was found, that, in all comparison cases, the relative rate difference is statistically important.

Table 2. Assessment of the reflexive planning parameters: statistic significance of the senior pupils’
attitudes’ difference

Comparative reflexive planning parameters t a

Study aims — personal experience 2.11 p<0.05
Study aims — development of disciplinary competences 3.67 p <0.01
Study aims — studying style 3.13 p <0.01

Senior pupils’ attitude towards bibliographic planning when carrying out the information source
search was analyzed (table 3). During the study, the above-mentioned bibliographic planning parameters
were distinguished: information source language (Lithuanian, English, Russian, German, Polish);
information source newness; information source type (book, magazine), information source form
(electronic, printed).

Table 3. Assessment of the bibliographic planning: senior pupils’ attitudes’ percentage rate

Information source search parameter Assessment rating

Very often Ofte Never

n

Information source language 64.2 25.2 10.6
Information source newness 59.1 29.6 11.3
Information source type 20.9 35.5 43.6
Information source form - electronic 82.7 0.0 17.3
Information source form - printed 17.3 0.0 82.7

The research data shows, that from 55.2% to 70.1% of the surveyed perform the bibliographic
planning (according to the rating vey often), except for one parameter — information source type. Only a
fourth (24.5%) of the surveyed indicated that they regard the source type (book, magazine, etc.) when
planning information search. Most of the surveyed (according to the rating very often 82.7%) give
priority to electronic information sources, when they plan information search. Only 17.3% of the
respondents give priority to the printed sources of information when planning information search.
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A more detailed study on information search according to the language showed that respondents,
when planning information search, give priority to the sources in the native language — 78.4%, in English
—50.0%, other languages — only a small percentage of respondents.

The assessment of reflexive (tablel) and bibliographic (table 2) information search planning
parameters shows, that senior pupils perform bibliographic information search planning rather than
reflexive. x2 (chi square) criterion (table 4) was applied to assess the statistic significance of attitudes’
difference. The statistic data shows, that in most comparison cases statistically significant difference
among the respondents’ attitude towards the reflexive and bibliographic planning parameters was
established.

Table 4. The assessment of reflexive and bibliographic planning parameters: statistic significance of
senior pupils’ attitude difference (The table provides statistic error probability p values.)

Planning parameters Attitude Attitude Attitude Attitude
to the study to personal to to the
aims experience disciplinary studying

competences manner

Attitude to the source language 0.514 0.025* 0.014* 0.017*

Attitude to the source newness 0.615 0.027* 0.021* 0.018*

Attitude to the source type 0.022* 0.721 0.355 0.241

Attitude to the source form 0.029* 0.015* 0.000** 0.000**

(electronic)

Both reflexive and bibliographic planning requires time input. However, students tend to find the
necessary information fast. Answering the questionnaire’s close question about the speed of the
information search, most of the respondents indicated, that it is important for them to find the
necessary information as fast as possible. An open question supplemented the close one, answering
which the respondents had to explain, what helps them find the necessary information fast. Qualitative
content analysis of the open questions helped to find, that the respondents’ opinions can be grouped
into three categories: “Internet”, “Knowing the sources” and “Quick thinking”. Most respondents think
that they manage to find information quickly because they know how to use the Internet (“<...> Internet
is full of search programs”, “<...> | firstly use Google search and then go to various internet sites to find
paper works...”). Absolute rate of the propositions is 177. In the category “Knowing the source”, the
respondents think that they know what they are searching for, therefore they find the necessary
information quickly (“<...> | know where to search”, “l search in the right sources”, “..I know the
literature, where | need to search”). Absolute rate of the propositions is 102. In the category “Quick
thinking”, the pupils think that they find the necessary information fast due to their quick thinking (“<...>
| can think quickly”, “l am able to concentrate quickly”...). Absolute rate of the propositions is 15.

We think that such high self-assessment of the information search speed may be determined by an
imprecise understanding of the information search concept. If we understand that information search is
technical search for information using electronic information search systems, we may get an impression
that information search skills are simple; therefore, it is easy to master them.

We also analyzed whether the task format has influence on the information search planning. Since all
the respondents studied physics, they got a question related to studying physics. The respondents had to
indicate whether the task content format influenced the information search planning. According to the
content format, the tasks were grouped as follows: non-integrated task of one chapter of physics,
internal integrated task of one branch of physics (optics, thermodynamics, etc.), integrated tasks of two
subjects (physics-mathematics), integrated task of natural sciences content (physics, biology, chemistry).
It was found that the task integrity has influence on the information search planning (table 5). A bigger
percentage of the respondents indicated that tasks of interdisciplinary content stimulate the information
search planning.
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Table 5. The role of task integrity for the information search planning: senior pupil’s attitudes’
percentage ratings

Form of the task Task content coverage Information search planning ratings
content Very Often Sel Never
often dom
Non-integrated One chapter of physics 15.5 36.4 38. 9.5
5
Internal One branch of physics 13.7 36.0 42. 7.7
integrated 7
Interdisciplinary Physics - Mathematics 14.8 41.8 309. 3.7
7
Interdisciplinary Physics—Biology- 10.7 44.8 39. 5.1
Chemistry 4

In order to confirm the qualitative finding about the task content integrity role for the information
search planning, mathematic statistics was applied. In order to assess the rating difference of the
information search planning, when performing various integrity tasks, statistic x2 (chi square) criterion
was applied (table 6).

Table 6. The role of task integrity for the information search planning: senior pupils’ attitudes’
difference statistic significance (The table provides statistic error probability p values.)

Form of the task content Non- Internal Interdisciplin Interdisciplin

integrated  integrated ary- Mathematics ary— Natural
sciences

Non-integrated X 0.000 0.000 0.001

Internal integrated 0.000 X 0.012 0.011

Interdisciplinary- Mathematics 0.000 0.012 X 0.001

Interdisciplinary—Natural 0.001 0.001 0.011 X

sciences

The statistic data shows that, in most comparison cases, statistically significant difference among the
information search planning ratings, when performing non-integrated and various level integrity tasks,
was found. Meanwhile information search planning ratings, when performing interdisciplinary-
mathematics and interdisciplinary-natural sciences tasks, in all comparison cases are statistically
insignificant.

The research data shows that integrated tasks stimulate the information search planning. The
information search planning is stimulated by the following factors: when performing interdisciplinary
tasks, it is necessary to foresee the relations among the analyzed phenomena and objects, to be able to
transfer the study material from one subject context to the context of another subject. Therefore, a
student has to reflect his knowledge and experience of a subject and too foresee more sources of
information. These activities stimulate metacognitive processes and reflexive planning.

Technological Factors, Which Determine Information Search

Information search planning is followed by the second information search stage — work with
information sources. Educational insights of the planning stage showed that senior pupils often plan
information search in electronic information sources. These insights are confirmed by other research
data about the use of information sources (table 7). It was found that 92.8% of the respondents
(according to the assessment rating very often and often) search for the study information on the
Internet. Schoolbooks are in the second place according to the importance of the information sources.
71.1% of the respondents indicated that they use schoolbooks often and very often. Statistic significance
of the rating difference of the internet and schoolbooks use in the study process was calculated. It was
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2
found, that it is statistically significant (Z =24,33; df =8; p= 0,041). Although the difference between the
internet and schoolbooks use ratings is statistically significant, we cannot deny the significance of the
printed textbooks. More than two thirds (71.1%) of the respondents use textbooks in the study process.

Table 7. The use of information sources: senior pupils’ attitudes’ percentage ratings

Information sources Very often Often Seldom Never
Verbal 17.8 47.6 28.4 6.3
Books 23.1 43.8 29.8 34
Magazines 139 32.2 47.1 6.7
Schoolbooks 31.7 39.4 24.5 4.3
Scientific articles 14.9 26.4 49.0 9.6
Internet 72.6 20.2 5.8 14
CD, DVD 13.0 26.9 43.8 16.3
The media 16.3 38.9 37.5 7.2

We analyzed how pupils use other electronic information sources. provided in the form of various
media (CDs, DVDs). It was found that senior pupils seldom (43.8%) or never (16.3%) use these electronic
information sources. It means that more than a half of the respondents do not use them. After the
comparison of the use ratings (very often and often) of the Internet and other electronic sources, it was
found that the Internet, as the source of study information, is used by three times bigger percentage of

2
the respondents. The difference is statistically significant (Z =47,21; df =8; p= 0,001). Comparing the
use of printed schoolbooks and other electronic media according to the rating very often and often, it
was found that twice bigger number of the respondents use schoolbooks. The difference of among the

2
use ratings of the above-mentioned sources is also statistically significant (75 =18,14; df =8; p=0,021).

Conclusions

Information search planning is an important component of informational skills. When planning
information search, bibliographic and especially reflexive planning, which stimulates meaningful
studying, is important. When planning information search, students should raise questions, which
stimulate the meaningfulness of studying. Fast information search tempo on the Internet sources limits
pupils’ reflexive planning skills, does not stimulate deeper insights into the task content or alternative
search of information sources.

Educational processes influence the formation of the information search skills. The form of tasks,
assigned for students, determines the information search planning. Interdisciplinary tasks stimulate
students to plan information search, to see into the task content deeper, and to reflect the studying.
Non-integrated tasks limit the information search planning. They stimulate mechanic, fast information
search on the internet-electronic information search systems, however they limit meaningful studying.

Technological variety of information sources determines pupils’ information search skills. Senior
pupils, when searching for study material, mostly use the study resources, which are found on the
Internet. Printed schoolbooks remain an important information source for the respondents. They are less
popular than the Internet, however more important than other electronic media (CDs, DVDs). The use of
printed schoolbooks and electronic sources reveals the tune of traditional and new teaching
technologies, confirms that new electronic technologies do not deny the printed old ones, and reflects
the alternation of the information search skills.
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Abstract: In this article we attempt to present a review of the chain of thought and research studies which led
from traditional, institutionalized education, through distance education and e-learning to the newest
ideas of b-learning and complementary learning. Each stage presented its creators with certain
difficulties, highlighted by research projects of which selected samples we discuss. In the case of
complementary learning, the most recent development in distance education, aside from discussing
the research results, we present the reader with an outlook on the problems not yet resolved, and
awaiting scientific attention.

Historical Note - Distance Education

Distance learning isn’t anything new. It dates back over 300 years. The forerunners of distance
education were the Americans — the first press notice advertising a correspondence course based on the
teachers sending training materials, exercises and written assignments to students, came out in 1700.
The rapid development in technology, especially digital telecommunication, computers and satellite
communication observed in the second half of XX century resulted in the advent of Multimedia, Internet
and Interactive Television. All of them have increasing influence on the processes of learning and
teaching. When in 1962 the first American telecommunications satellite (Telstar 1) was placed on the
orbit, the era of tele- and video-conference teaching began. Through the 70s and 80s it remained the
most often used form of delivering educational content over distances, particularly by academic centers.
The real breakthrough and, at least until today, the peak of DE popularity came with the arrival of the
Internet.

The applications of the newest achievements of information and communication technology in
education in recent years are usually referred to under the umbrella term of e-learning. The rapidly
growing popularity, amongst the practitioners and researchers of education alike, of a concept of
delivering knowledge in a very energy- and cost-effective way is by no means surprising. If anything, it
provides a knowledge delivering platform in an environment that comes to many students as a much
more natural one than school or even university courses. It appeals especially to those to whom
traditional education is not easily available (for either socioeconomic or simply geographical reasons),
and it allows for a great deal of student independence. It is not without its flaws though.

Difficulties with Traditional Education

Traditional approach to education, or as we should rather put it, ‘before distance learning’ approach
to education, saw the process of learning as happening in a controlled environment (school and its rules),
steered by protocol (traditional didactics), addressed to a varying group of receivers (students and their
individual dispositions). If the outcome of the education process can be predicted by a generic formula of
[(system conditions) x (student dispositions)] (see: Krathwohl, 1993), than this meant that the results of
practically any two students could not possibly be the same. Aiming for the standardization of system
conditions (didactics) had to result in varying students’ results simply because no two students had the
same cognitive, affective (motivational) or psychomotorical dispositions for learning (Bloom, 1980).
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In 1984, in an attempt to address this matter, Benjamin Bloom published "The 2 Sigma Problem: The
Search for Methods of Group Instruction as Effective as One-to-One Tutoring". This paper reported the
results of a study on what has come to be known as Bloom's 2 Sigma Problem, which shows an
astonishing positive effect for the average student in conditions of one-to-one tutoring using Mastery
Learning (Anderson, Krathwohl, 2001) techniques. Bloom realized one-to-one tutoring is impossible in
most educational systems, and encouraged educators to study combinations of other alterable variables
in the learning process that may approach the 2 sigma results. At the time of the article’s publication
only meager means of ‘out of institution’ education were available, directing the efforts of educators into
designing the way of fusing traditional schooling with instructions that would be addressed to the whole
group of students but would also appeal to each individual’s dispositions. The resulting ‘Taxonomy of
educational objectives’ (Bloom, 1984), listing the steps of student’s progress from comprehension of the
material through its application, than analysis, synthesis, evaluation and finally to actual knowledge, is
until today considered the most comprehensive study explaining how and why learning experience is
transferred into conscious knowledge.

E-Learning and the Difficulties It Brought About

The arrival of the Internet, and with it education delivered ‘over the cable’, brought many answers to
the problems of ‘traditional’ education. Simply put, it allowed for one-to-one tutoring, so richly
advertised by Bloom’s followers, in a very comfortable way. It gave students freedom and it let them
create their own learning environments.

The fact was that e-learning, while making it possible to maximize the individualism of the learning
process, presented researchers from both the field of pedagogy and psychology with an array of
questions and difficulties. In psychology, they were mainly focused on the issues of attention guiding
(Jamet et al., 2008) and cognitive load experienced by the students (Moreno, Mayer, 1999) while
pedagogy addressed more systemic matters of student support, help-seeking and the whole structure
and didactics of e-learning (Tanas, 2007).

In the area of attention guiding, an article by Jamet, Gavota and Quaireau (2008) reports and
discusses the findings of a study on how various types of attention guiding means affect retention and
transfer. Two types of often used attention guiding techniques were tested in the study, sequential vs
static presentation (parts of a picture either ‘popped’ on the screen in a sequence to illustrate the
spoken — recorded — presentation, or the picture was present as a whole during the presentation) and
salient vs non-salient presentation (parts of picture either colored red when spoken and than turned gray
about or remained gray during the whole presentation). This allowed for a 2 x 2 matrix to be formed for
the purposes of statistical analysis. The results of the study indicated that while salience (highlighting of
the objects) indeed has significant effect on the understanding and retention of the material,
sequentiality’s impact is not clear — in some tasks it seemed important, in others the order in which parts
of the picture were presented was irrelevant. This was explained by the authors by the presence of the
spoken explanation (the study measured the effects of a computer-delivered lecture) — which was said to
eliminate the need to guide attention chronologically with visual clues by guiding it with spoken clues.
Another interesting finding of the study was that no effect for transfer tasks (applying the newly gained
knowledge to new situations) was observed for either salience or sequentiality, although there is data
available that indicates quite the opposite (Craig et al., 2002) — an interesting hypothesis that attention
guiding might indirectly (negatively) influence comprehension remains to be tested.

Another study, comparing the effects of interactive and non-interactive pictures on the efficiency of
learning, was reported by Rasch and Schnotz (2009). Groups of students were assigned a text to learn, in
four groups coupled by interactive and non-interactive pictures that illustrated the text, in the fifth group
the text contained no pictures at all. The results were rather baffling, as they indicated that adding
pictures to the text was neither beneficial nor harmful to learning — the students’ interactions with the
texts were different based on what pictures were used, but the outcome of learning remained the same.
Moreover, pictures proved to be harmful to the efficiency of learning. The results of the study
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contradicted both the well-established multimedia principle (that multimedia means more effective,
Mayer, 2001) and the redundancy rule (Sweller, 1999) and the ensuing discussion only served to
highlight how tricky and unclear the ground is for practical planning of teaching materials.

A study into how the freedom of choice in shaping the learning environment affects the effects of
learning was presented by Segers and Verhoeven (2009). In the study of a group of children assigned to
either complete webQuests (closed search of the Internet) or do a free-search (Google, Wiki) the authors
tested their hypothesis that cued research would lead to better learning results. Indeed, after filtering
out individual conditions (generic linguistic and specific writing skills, but also information processing
influenced learning gains), the authors proved webQuests to be more effective, albeit only for boys.

The aspect in information processing (dealing with information overflow), cast aside in the previous
study as ‘individual disposition’, and therefore not related to the structural research conducted, was
made the key point of an extensive study reported by Ledzinska (2009). The study on a very large group
of students showed that information processing, or coping with information overflow in broader terms,
is a crucial factor for how information is processed, retained, used — the importance of information
processing grows even more as increasing amounts of information are produced and delivered ‘into’ the
society, and with it, into the schooling system. This is an aspect of learning so far overlooked by most
researchers, who focused more on how e-learning conditions affect its effectiveness, not on how e-
student conditions do that.

The evidence from those psychological studies, pointing towards the problem of students’ inability to
cope with actually being made responsible for the large part of their learning conditions — be is as a
result of the inadequacy of the teaching techniques employed or the inadequacy of students’ processing,
is further supported by studies more pedagogical in their approach. Research into how students deal
with this increased load of responsibility (and if they deal with it at all) was conducted by Mercier and
Frederiksen (2007) proving that not only task-related, but even help-seeking behaviors in solving
complicated tasks are a complex, strategic cognitive process which, to many, does not come naturally.
An analysis into how science exhibition visitors acquire knowledge was presented by Knipfer et al.
(2009). The authors suggest that while technology is a very effective tool for knowledge transfer in
science museumes, it mainly inhibits only one of the three pathways believed to partake in such transfer —
namely museum-to-visitor path. On the other hand it makes the second path, visitor-to-visitor, much
harder to become activated. This in turn means that while technology allows for the knowledge
acquisition, it might negatively impact (Walter, 1996) the interactions that lead to knowledge
comprehension. This directly corresponds with the view (eg. Katra, 1995) that for an event (experience
or chunk of knowledge) to gain significance, that event needs not only to be ‘lived through’, but also
reflected upon, and than spoken about to others (interaction).

B-Learning as an Answer and Its Key Problems

A growing number of research reports and meta-analysis led many scientists involved in e-learning
(Mc Cullough et al., 2006, Tanas, 2004, Gajda et al., 2002) to believe that the sudden shift in control over
the learning process, although beneficial from Bloom’s theory’s perspective (as it allows the student to
compensate for possible cognitive, affective (motivational) or psychomotorical deficiencies by changing
the structural conditions of learning) also created a number of specific difficulties, coming from what was
originally considered the upside of the whole idea — the lack of rigid rules, the lack of controlling teacher,
the lack of conditions forced upon the students. E-learners, in many cases, are simply neither ready nor
even aware of their lack of readiness to take control over how, what and when they learn.

The concept of b-learning originates from the above conclusion (Graham, 2005, Young, 2002). It is a
concept in which the distance learning’s benefits are combined (blended, hence the name) with the
advantages of direct teacher-student interaction. Its initial aim was to put together the techniques
employed in e-learning and those employed in traditional education, requiring the presence of a teacher.
Very soon however many authors (e.g. Osguthorpe, Graham, 2003) concluded that a simple combination
of those would not address the difficulties of regular e-learning. Instead, a proposition to redefine the
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role of a teacher in b-learning (and possibly the role of a teacher in general) was made (Ward, La
Branche, 2003). In the light of this proposition, the name b-learning becomes a little misleading.

Complementary learning, as many authors now call it, is a concept in which the teacher assumes a
two-fold role. In relation to the teaching material delivered via the now (at the risk of sounding
paradoxical) ‘traditional’ e-learning, the teacher becomes a guide, leading the student through the
material, assisting in organizing it, finding learning tactics and fusing the newly acquired information with
the existing body of knowledge. This directly addresses the psychological-level troubles students have
with information overflow and the inability to organize it presented by Ledzinska (2006). In relation to
general experience of information overflow, its availability on one hand and uncertainly of their source
and value on the other, as well as to address the difficulties with self-motivation, self-control and the
need of a student to create their own learning conditions, the teacher becomes a coach. That coach’s
role is defined, in opposition to the traditional teacher’s role of a source of information (in a broader
view, a source of judgment and values too), as that of a trainer of the ability to deal with information
coming from elsewhere, to self-motivate and to control one’s progress.

Helping students to cope with psychological consequences of information stress (extensive study by
Ledzinska, 2009): disorientation, inability to integrate the acquired information into the already existing
body of knowledge, the feeling of possessing only outdated (and therefore useless) information, being
unable to tell important knowledge from the trivial one and the negative emotions stemming from all
those — also adds to the possible tasks of such a ‘redefined’ teacher.

The forefront of pedagogical and psychological innovation in distance learning, having resolved most
of the difficulties connected with e-learning, now faces yet another kind of problems. Those problems
are strictly tied to the changes in the role of a teacher that need to happen in order for complementary
learning to be successful. From the psychological perspective, addressing the consequences of
informational stress alone presents teachers with a number of problems, and it is closely followed by the
need to stimulate interest and motivation of a student. On the pedagogical level, the most easily
apparent difficulty is that the didactics of ‘teaching how to learn in the modern world’ are next to non-
existent, although attempts to rectify that are being made (Morbitzer, 1997). Another often raised
problem is that of the teacher ethos, defining the profession as something rather opposing what
complementary learning proposes (Morbitzer, 2007, Michke, Stanislawska, 2006).

B-learning, and especially its enhanced version, complementary learning, seems to be the cutting
edge of today’s distance education. However, while providing solution to a lot of difficulties of more
traditional approaches, they at the same time force upon their followers rather dramatic changes in
what we grew to consider ‘normal’ teacher behavior. What the ‘new’ teacher behavior should be, and in
fact what the ‘new’ teaching content should be, is far from established. A number of (so far) loosely
related research projects touch on the subjects very closely related to the idea of fusing the traditional
and the ultra-modern teaching. The need for the development of a whole new educational theory seems
to be presenting itself, especially in the face of the fact that distance learning technology keeps
developing rapidly, leaving little time for systemic reflection. Developing such theory might turn out to
be the most challenging tasks for educational psychologists and pedagogues alike in the nearest years.
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Abstract: This paper presents a historical development of distance learning and a comparison with e-learning.
The advantages and disadvantages of e-learning and distance learning are discussed. Since the
preparation of e-material is a demanding and time-consuming task, the article also includes a
discussion about preparing study material and the characteristics of good e-materials. Quality
preparation of e-materials requires qualified teachers who master, beside the manufacture of e-
materials, also the use of ICT. These skills have been added to the list of teacher competencies in the
last decade. We call them digital skills. The paper presents the Moodle Educational Portal, which is
one of the most popular open source learning systems in the field of education. Moodle is a Course
Management System (CMS), also known as a Learning Management System (LMS) or a Virtual
Learning Environment (VLE). In the conclusion, the vision of integrating e-learning into the study
process at the higher education is described. This vertical connection of the entire education within
the same field of expertise is very important for all three levels of users.

Introduction

Over the past twenty years, the transformation of a relatively simple computer network used by a
few researchers into a global Internet, involving hundreds of millions of people and generating a new
economic order, took government, business and education, by surprise.

If the Internet is changing everything, will the Internet also have the power to change universities?
Organisations do not change automatically. Organisational development requires proactive human
intervention.

At the University of Maribor, the implementation of e-learning is in a very active phase but the actual
utilisation of e-learning depends on each individual faculty. Faculties providing programmes for student
teachers must pay special attention to the implementation of information and communication
technology (ICT) in their study process. Education of teachers is namely the starting point in the
knowledge transfer vertical (see Diagram 1).

Digital Competencies of Teachers

Due to the necessity of using the computer in the modern educational process, teachers no longer need
only conventional competencies but also knowledge and competencies of using the computer in class.
Teachers decide whether to enrich their classes with (ICT) and numerous factors influence the teacher’s
decision whether to use the computer in class. Preparing teachers to use the computer in class already
during the teacher training programme, possibilities of accessing computers and the equipment available
to students play a major role.

An ICT is a competency that has been added to the list of competencies in the last decade. Faculties
providing programmes for student teachers are those that transfer knowledge and competencies to
teachers.

Teachers, who have concluded their studies ten or more years ago, therefore did not acquire the
required competencies during their study. For these teachers, corresponding training has been organised
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that has however not been provided separately according to individual subject areas. Another factor that
is strongly related to the use of ICT in education is the field of teaching. Due to the specific differences of
individual subject areas, the use of ICT strongly differs among teachers of different subjects.

Faculty providing
programmes for student

Transfer of
knowledge and
competencies

Teachers acquire
competencies
for the use of

; ]Teachers use the acquired

N e LN

Educational institution

Transfer of
knowledge and
competencies
from teachers

competencies for the use of
ICT in the teaching process

A mranila

Pupils

Diagram 1: Knowledge transfer vertical

Defining Distance Learning and E-Learning

As explained by Valentine (Valentine, 2002), the term distance learning is not new, but it has been
around for well over 100 years. One of the earlier forms of distance learning was done through
correspondence courses. In the middle of the past century technology changed and so has the definition
of distance learning. Today, as stated by the author, the Internet and compressed video have taken
distance learning in new directions.

Distance learning is defined as a form of education where the educator (professor) and participant
(student) of the learning process are separated by space and time. The student receives the learning
material that he uses to primarily prepare for the exams independently.

Taylor (Taylor, 2001) divided distance learning into 5 generations. The model of distance learning is
shown in Table 1.

Table 1: Models of distance learning according to Taylor.

Distance learning

The first generation; The Correspondence Print material
Model
The second generation; The Multimedia Print material, Audiotapes, Videotapes,
Model Computer-based learning, Interactive video
(disk and tape)
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The third generation; The Telelearning Audio teleconferencing,
Model Videoconferencing, Audiographic
communication, Broadcast TV/radio and
audio teleconferencing
The fourth generation; The Flexible Model Interactive multimedia online, Internet-  E-learning
based access to www resources, Computer-
mediated communication, ICT

The fifth generation; The Intelligent Interactive multimedia online, Internet-
Flexible Learning Model based access to www resources, Computer-
mediated communication using automated

response systems

E-learning began after the year 2000 with the use of the Internet and ICT or in the fourth generation
of e-learning according to Taylor. Today’s generation of e-learning might be called the sixth generation
that apart from interactive multimedia, Internet-based access to www resources and computer-
mediated communication using automated response systems includes also a combination of real and
virtual elements.

According to Tallent-Runnels et al. (Tallent-Runnels et al., 2006) e-learning is ,any learning that is
electronically mediated or facilitated by transactions software”.

The generic term e-learning means the complete information support of the educational process that
can be treated from different viewpoints (Dinevski, 2006):

e the information and technological viewpoint (ICT, software environment, different media);

e the organisational viewpoint (organisation of the learning process, distribution of study material,
administrating the process, human resources management, support for statistical analyses);

e the didactic viewpoint (new methods and processes of teaching and learning, use of technologies
for didactical purposes, new forms of constructing and methods of administering knowledge and
information), and

e the professional viewpoint (development of e-learning as a special field).

Advantages and Disadvantages of Distance Learning and E-Learning Compared
with Traditional Learning Process

Guri-Rosenblit (Guri-Rosenblit, 2005) stated three distinctive differences between distance education
and e-learning. These relate to remoteness and proximity between the learner and teacher in the study
process, relevant target populations, and cost considerations. The author explained that distance
education as provided by the large distance teaching universities and e-learning are based on two
different teaching/learning paradigms. While the industrial model of distance education is based on
teaching large numbers of students by a handful of professors, most of whom do not communicate with
the students at all, efficient e-learning encourages direct interaction between a small number of
students and expert teacher/s. Distance education is aimed at students who are located in dispersed
places and are physically distant from their teachers and the teaching institution, whereas e-learning can
be easily utilized by both distant and on-campus students, and even more effectively by the latter.
Distance education at university level in the last thirty years has prided itself for providing economies of
scale as compared to campus universities, while well designed e-learning environments tend to cost even
more than comparable face to-face encounters.

From the stated comparison, it is possible to perceive some advantages and disadvantages of distance
learning and e-learning compared with traditional learning process. In sum, the greatest strength of
distance learning is that it can be used anywhere (school, faculty, job, etc.) at any time (in the morning,
in the afternoon, etc.), depending on the participant’s wishes, needs and interests. It can include a large
number of students, while at the same time saving time and money. On the other hand, efficient e-
learning encourages direct interaction between a small number of students and teacher/s. “E-learning
requires great maturity and discipline compared to traditional learning. It demands that learners interact
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and collaborate which is not always the case in traditional learning. This type of learning can result in a
deeper understanding and is usually preferred by adult learners” (Desai, Hart, Richards, 2008). In
addition, the e-material is more attractive including elements of interactivity and much of the ICT can be
used to enrich lectures and face-to-face tutorials. Despite its growing popularity, e-learning does have
some weaknesses. The greatest one is the relatively high costs. As pointed out before, effective e-
learning frequently costs more than conventional learning.

One characteristic of distance learning is that the learner and teacher are separated not only by space
but also by time. This also means deficient direct relationship between teacher and the learner, which
undoubtedly means an impaired face to face and social interaction (Desai, Hart, Richards, 2008).
Especially with younger learners, a disadvantage of distance learning is evident in the lack of group social
influence and the educational component. At the same time, distance learning primarily enables the
acquisition of verbal knowledge and less that of skills and practical knowledge.

Study Material for E-Learning

The significance of e-learning material (e-material) lies in enabling the students a quality independent
learning and self-evaluation of the acquired knowledge. The preparation of e-material is a demanding
and time-consuming task.

In planning e-material, the anticipated learning objectives that are the basis for the extent of the
subject matter and the choice of the assessment of knowledge are of vital importance. In addition to the
subject matter, which is divided according to units and activities, e-material must include all the principal
information - usually provided in the initial chapter (Dinevski, 2006):

e Brief summary; The chapter’s learning objectives;

e Table of the chapter’s contents;
Anticipated time of study; Link to another subject matter (unit) or subject matters (units);
Note on previous knowledge;

When talking about good e-material, we need to stress four aspects which determine the
guality of the e-material (Dinevski, 2006).

The first one is Professional content.

The second one is Educational and didactic design of the material in the traditional sense. In its
educational and didactic design, the e-learning material does not substantially differ from the
conventional print material. The material needs to be designed following the same principles. This
means that: the learning objectives must be clearly defined, the content must be divided into complete
chapters or study units, with regard to content and didactics, the chapters or study units need to be
designed so as to enable independent learning. The study material is divided into successive study units
that all need to display the following fundamental structure: beginning, gist and conclusion.

The third aspect which determines the quality of the e-material is the Educational and didactic
structure with regard to its electronic design. Compared to printed textbooks, the interactive and
multimedia-supported e-material also has all the advantages provided by information and
communication technology: audio recordings, video recordings, computer animations, simulations, etc.,
study navigation and different interactive aspects enabling simple and fast feedback to the student
regarding his or her progress. The authors of e-material are met with different additional
recommendations on what the e-material should include. Planning a user interface is a demanding task
and its quality is of key importance for the success of the e-material. The standards relate to the relation
between the user and the e-material and include:

e Orientation: does it provide fast and quality orientation during use (learning) — where in the

material or on the learning path are we?

e Possibility of tracking: the possibility of tracking the student’s progress (progress of the user of e-

material) is assessed.
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e Navigation: does the structure of the material enable the student a quality navigation (forward,
back, out, back again to the same position, etc.) and to save the current situation and return to
it?

e Additional navigational/organisational services: can the student add bookmarks, dictionaries; can
he or she easily move on to other (related) study units and go back, etc.?

e Work support (help, online mentor, search engine, wizards, dictionaries, etc.)

The last aspect which determines the quality of the e-material is Technological implementation of e-
material. The quality of the e-material is determined also by the technical implementation and
compatibility focusing on those elements of e-material relating to the quality of the elaboration,
installation, decompressing and uninstalling in different systems and environments:

e Availability of the study material (online, temporal availability, etc.).

e |Installation/preparation for use: is the installation simple and fast enough? Automatic but
controlled installation of additional objects (plug-in).

e Registration: is it simple and fast enough (web interface, etc.)?

e Program/environment/startup, using the e-material: is it fast and precise, does it enable saving
settings and last position (when we last exited the material)?

e Uninstalling/end of use: is it fast and complete and does not require professional help?

e Interoperability: Is the object compatible with other objects and the complete system?

The Moodle Educational Portal

Moodle is one of the most popular free open source learning systems in the field of education. It is
intended for all planning a longer e-learning process that will include people with rather well developed
computer skills.

Moodle is alive and developing since 1999. It has been translated into more than 70 different
languages. Moodle operates on different operating systems, from Windows, UNIX and Linux to Mac OS
and also other operating systems supporting the PHP programming language.

Moodle has three user types: administrators, providers, and participants. The role of the
administrators is to maintain the Moodle system and usually also the server running the portal. Moodle
enables providers of e-learning to construct e-learning material. The providers monitor the activity of the
participants, communicate with them and use e-material, while the participants use the prepared e-
content set up by the provider.

What does Moodle offer the participants? It provides access to e-education, communication with
providers and other participants in e-learning (through forums, chat rooms, blogs, etc.), it enables
receiving exercises, seminar work and their submission to the provider of e-learning, etc. What does
Moodle offer the providers of e-learning? Development of e-learning, construction and display of e-
material; elaborating tests for checking knowledge; handing out exercises, homework, etc.; elaboration
of a dictionary (professional terms used in e-learning); adding literature, links to other websites, adding
audio and video recordings, etc.

The Vision of E-learning at the Department of Technical Education

In June 2007, the Ministry of Higher Education, Science and Technology adopted the Strategy for the
Development of the Information Society in Slovenia through 2010. The strategy aims to facilitate
effective use of information and communication technologies to boost the country's competitiveness
and productivity and provide a balanced social and regional development and improve the quality of life
of the society as a whole and of each individual. The strategy also covers the sphere of education and
research which are the main activity of universities. At the University of Maribor (UM), the
implementation of e-learning is in a very active phase but the actual utilisation of e-learning depends on
each individual faculty.
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Within the framework of the post doctoral project Analysis of the Higher Education Technical
Didactics and Creating the Application Framework for Transferring Technical Knowledge project, Ploj
Virti¢ and PSunder (Ploj Virti¢ and PSunder, 2009) in Slovenia conducted a research among teachers of
Design and Technology (D&T), graduates of the Faculty of Natural Sciences and Mathematics (FNM). This
research has shown that despite them not having sufficient knowledge regarding the use of modern
tools for educational purposes; teachers are nevertheless inclined to the use of ICT. The finding that
teachers support the use of the computer for educational purposes importantly influenced further
activities related to the implementation of e-learning into the study process. The aim of this
implementation is the setting up of an educational portal that not only provide e-learning to students
but also enable a vertical connection among the technical education.

This vertical connection of the entire education within the same field of expertise is very important
for all three levels of users. The teachers receive new knowledge and permanent education from the
faculty, the students receive useful practice-oriented insight from the teachers and university professors
receive feedback on the study process from the teachers which is essential information attributing to a
higher quality of the study process. The educational portal thus directly and indirectly represents a
means of communication for a higher quality of the study process.

E-learning at the Department of Technical Education on the FNM UM is implemented with the help of
the Moodle open source system. E-material regarding individual courses will be elaborated mainly using
the eXe software tool. The mentioned tools enable a broad range of learning activities and activities of
providing study content, assessing knowledge, communication among users, etc.

This complex educational portal provides students:

e opportunities to access information and communication technologies;

e tools for student life: the routine use of information and communication technology in

administrative dealings with students;

e tools for learning: using information and communication technologies in core educational

processes;

e opportunities for students to learn about information and communication technologies and their

implications in the student’s area(s) of specialisation;

e the introduction of courses/specialisations in aspects of the e-world;

e the connection with teachers from their field of specialisation and the thus related exchange of

useful information provided by practicing teachers.

Students are encouraged, and in many cases required, to communicate through various electronic
discussion groups established for specific content areas as well as for informal social interaction.
Fundamental to online pedagogy is the effective use of asynchronous CMC for ensuring effective
interactivity, which is generally regarded as an essential feature of effective pedagogy. It is worth noting
that there is a qualitative difference between a traditional on-campus tutorial (real-time verbal
communication) and computer conferencing (asynchronous written communication) with the reflective
and precise nature of the latter being very different from the spontaneous and less structured nature of
oral discourse in either a face-to-face, video or audio teleconference context.
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Abstract: The paper deals with research activities run at the University of Hradec Kralove, Faculty of Education
and Faculty of Informatics and Management, Czech Republic, which relate to information and
communication technologies implemented in the process of instruction in various subjects.
Particularly the role of a virtual learning environment (VLE) is mentioned and discussed, and
information about core current projects is provided. The project work is understood to be a tool of
VLE reflection, which is considered both from generally accepted points of view, and new approaches
are also introduced.

Introduction

Currently, the implementation of information and communication technologies (ICT) into the process
of instruction and forming a virtual learning environment are crucial aspects of developing educational
projects, forms of education and designing e-learning products. These processes depend on the level of
school technical equipment and computer literacy of students and teachers. It appears quite frequently
that psychological, educational, didactic and didactic-technological aspects of preparation and running
courses, evaluation of various virtual learning environments are the matter of research. Conferences,
seminars and competitions are held focusing on e-learning, distance education, e-communities etc.
Criteria of evaluation applied on e-learning courses in concrete virtual environments mainly focus on
following features:

e Course content, i.e. how the educational objectives are defined, general course design,
arrangement and originality, implementation of multimedia components, quality and adequacy
of additional study materials.

e Ways of activating students, i.e. what tools are applied in communication, team work,
application the knowledge in real life.

e Evaluation of planning and running activities according to the Syllabus and Calendar.

e Feedback provided via tests, self tests and scheduled assignments.

This "operating” and in the virtual learning environment pre-defined framework, conditioned by
strict accepting algorithm procedures, forms a pragmatic position of courses, their successfulness,
efficiency, accessibility, interconnection and succession to other sources. Forming educational co-
operating e-communities is in a certain sense the result of designers, both of the virtual learning
environment and single e-courses. The possibility to continuously update the course content, engage
new participants and relate them to others, broaden the space and time available to study are
considered to be contributive, as well as the number of course participants who can be educated at
once, the open access to systematic education for handicapped students etc. On the other side,
objections appear against the trend of ICT implementation to the process of instruction, resulting from
neo-phobic approaches in general, from fears of technization, depersonalization, algorithmization,
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undue rationalization, economization, and in a certain sense fears of a possible simplified approach to
world, people and themselves. Technical scientist civilization considers the ICT an optimal tool for
efficient and productive education towards the further development. The question, asked by
philosophers, educators, psychologists, e-course designers and educants, is the question aiming at the
content of education in differing world, and consequences of reducing the "being education" (i.e.
education of man as the whole) to education for technocratic, bureaucratic civilization, for roles we play
and have to play if we want to succeed (e.g. Palous, 2009). Thanks to their potential the ICT and
educational courses do not constrain the "being education", because they can substantially respect the
necessity of setting student-oriented, teacher-oriented and content-oriented educational objectives.
They can individualize the instruction from the point of pace, standard and non-standard educational
offer. In the future the ICT do not have to be understood as a tool of technocratic dictate. ICT-based
virtual learning environments can take into account value, emotional, ethic and aesthetic relations and
consequences of cognitive contents, and thus contribute to personality development.

Authors contribute to the reflection of virtual learning environment by solving several research
projects, e.g. "Interaction of real and virtual environment in early science education", "Evaluation of the
modern technologies contributing towards forming and development university student competences",
"A flexible model of the ICT supported educational process reflecting individual learning styles", and they
have prepared a new project "Contexts of e-learning. Reflection of the Virtual (Learning) Environment in
Education" dealing with other, not so commonly researched areas and approaches to e-learning
contexts. The latest results of the projects are provided and discussed below. The field of e-learning is in
the centre of pedagogical attention because of continuous search of new ways in education, and new
strategies applying the information and communication technologies.

Project Work

The current society offers people new chances but at the same time requires new competences from
them. In the last decade the lifelong professions were disappearing, and competences aimed at one
profession have become useless and non-contributive. It is necessary to find, define and develop such
competences which will be useful in most (still unknown) professions, which enable solving (still
unknown) problems, prepare man to cope with fast changes in professional, private and social life. It is
not a private matter, but it requires a kind and helpful social environment.

University of Hradec Kralove (UHK), led by the Faculty of Informatics and Management (FIM),
belongs to active new competence providers, project applicants and supporters of project work. It has
been offering the staff (both academic and administrative) courses towards developing required
competences, mostly in the distance electronic way for a decade, and the whole process of ICT
implementation is closely connected to project work. It started at the beginning of 1990s by using shared
directories where study materials were presented. Step by step the importance of electronic mail
increased for communication between students, and students and teachers, then other services followed
- electronic administration of credits and examinations, displaying syllabi, timetables, entrance exams
results, university websites were designed and e-magazine Telegraph published. Teacher’s websites
supporting instruction appeared, and in 1997 nearly 25% of teachers used them. Then the professional
virtual learning environment Learning Space was bought, in 2001 it was replaced by WebCT. First
distance on-line course was designed in 1998 within the Tempus Project MUDILT (Multimedia and
Distance Learning for Teachers). Thanks to this project the first team was created which started to deal
with this field actively. In 2000 within the Tempus Project PATTER (Public Administrators Training
Towards EU) the ECDL (European Computer Driving Licence) course was the first one prepared in the
electronic distance form, other courses follow. In 2001 the Institute of Further Education was established
to offer the courses to public. Experience gained in designing and running these courses resulted in the
OLIVA Project (On-Line VyukA, on-line learning) targeting at university students. Consequently, that was
why the process of training teachers in designing and running on-line courses started. New courses for
university students appeared. First, in the field of Informatics, Economy and Management, then in
foreign languages, Psychology, Ethics etc. Some of them were designed for distance education, others
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supported present lessons. In January 2010 more than 170 courses are accessible in WebCT; 2,000
students of FIM use more than 10,000 chairs. Thus the WebCT implementation in the instructional
process has become common standard, for both students and teachers. All WebCT users were trained in
effective designing and teaching or studying, the newly interested have chance to gain this competence
continuously. Training courses for teachers, future course tutors, are often run in the distance form
where participants are in the position of students. It provides them important experience. Currently,
having undergone the starting period of material and technical problems, the time came to deal with
didactic aspects of ICT implementation into the instructional process. And what are the results?
e Are teachers able to apply suitable methods and forms of instruction, create and use appropriate
didactic means which are offered by new technologies?
e Do students have higher level of knowledge if they attend lessons managed by ICT or run
traditionally by teachers?
e Are the new didactic means (methods and forms supported by digital technologies) able to
optimize the cognitive process of creating knowledge?

University of Hradec Kralove carried out several important project activities in co-operation with other
Czech and international universities. In last five years the projects concentrated on interuniversity study
based on virtual mobilities. Students can enroll at selected courses of any partner university and study
the subject. The successful projects are e.g.:

e the RIUS Project (Run-up of InterUniversity Study in selected universities in the Czech Republic,
CZ.04.1.03/3.2.15.1/0067, https://www.uhk.cz/fim/projekty/1360 ) and

e the EVENE Project (Erasmus Virtual Economics&Management Studies, 2005-3857/001-001,
https://www.uhk.cz/fim/projekty/1740 ).

e The REKAP Project (Rozvoj e-learningovych kompetenci akademickych pracovnikd,
CZ.04.1.03/3.2.15.3/0406, https://www.uhk.cz/fim/projekty/2080 ) deals with ensuring the
continual process of developing e-learning competences of academics at university.

Currently Running Projects

As mentioned above, information and communication technologies and e-learning have become
standard for both the teachers and students, and researches proving the efficiency and users’
satisfaction are available (Bilek & Skalicka, 2009); (Bilek, Poulova, & Simonova, 2009). The team dealing
with this field consists of academics of the Faculty of Education (M. Bilek) and Faculty of Informatics and
Management (P. Poulova, | Simonova) being supported by specialists from other branches. The three-
year projects the team is working on are supported by the Czech Science Foundation (GA CR). Projects
intentionally are of similar structure, methodology and outcomes so that results could be easily
generalized and recommendations provided to the wide range of users.

The project "Possibilities and Limits of Real and Virtual Environment in Primary Science Education’
arose from today’s situation when the Science teacher is expected to master not only his/her field and
subject, but also have basic knowledge in Informatics and applied software. Progress in digital
technologies and their applications in natural science and technical fields are rapid, so it cannot be
expected teachers will minutely master most of the offered products. What is expected, it is general
knowledge and orientation in principles, and paying more attention to perspective information systems
according to the subject they teach. Focusing on new didactic means, both material and non-material,
and their application into the process of instruction in a certain subject in theory and practice belongs to
the field of didactics. It is not acceptable to define didactics as an intersection of a subject (branch) and
didactics only, but it is necessary to discover wider relations and contexts. Currently, a new item has
appeared connecting all field didactics — technology of education. This new stimulus should facilitate the
implementation of latest technologies into the instruction. Simultaneously, it is possible to advocate that
two sciences function each other as methodologies, mainly in situations when the science reflecting
simplier fields of phenomena carries out the function of methodological tool towards the other science

U
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which solves more complicated problems. When using this approach it is necessary to realize that apart
from specific functions (originating from natural sciences), computers can also have another function, i.e.
a didactic one. This results in the main objectives of the project which are as follows:

e Analysis of results in blended real and simulative experiment in natural science instruction
abroad.

e Researching the effectiveness in application of selected simulative and animating experiments in
primary chemical education by applying pedagogical research methods, especially direct and
indirect observation, interview and pedagogical experiment.

e Researching the influence of preconcepts, individual learning styles and other pedagogical-
psychological phenomena of effective learning on application of simulations and animations in
primary Chemistry instruction.

This project is solved in three phases, starting from bibliographic search and concept activities.
Results have been partly published in a monograph containing survey studies of authors participating in
the project and other addressed national and international experts; it was published by the Faculty of
Education, University of Hradec Kralove, in edition "Didactics of Science and Technical Subjects"; partly
the research concept was specified according to the analysis results, i.e. preparation and choice of
materials suitable for research activities (in the form of school chemical experiments and their
simulations, including practice sheets) and tools for collecting data empirical research activities (Bilek et
al., 2009).

The orientation of project "Evaluation of the modern technologies contributing towards forming and
development university student competences” arose from the current state in the society (Poulova,
2005). Its changes are defined by generally acknowledged theses of fast development of ICT and their
influence on the educational process, globalization of the world and the necessity of new key
competences, availability of education and its influence on changes in lifestyle. The project aims at
working up the theory of educational science on university level in the field of electronic education. Its
main objectives are as follows:

e To find out the impact of different ways of the instructional process management on the quality
and durability of students” knowledge, i.e. research students’ results in the process of instruction
managed by ICT, or by a real teacher.

e To evaluate the quality, meaningfulness, effectiveness and limits in the field of ICT
implementation in the instructional process, present proposals to its optimum choice and extent.

The project started with the pedagogical experiment dealing with comparison of study results in the
present and distance form of instruction. Students” knowledge was tested before the process of
instruction started by a didactic test evaluating the entrance level of knowledge (pretest), then when it
finished (posttest), and after a three-month period. According to the collected data the project will result
in recommendations towards improving the efficiency (quality) of the process of instruction run in both
ways. The first phase resulted in a monograph of bibliography survey of authors-project solvers and
other outstanding experts in this subject field (Simonova, Poulova, & Sabatova, 2009). The second phase
was and will be divided in two parts (12 months each) in which the experiment was and will be organized
twice (in 2009 and 2010). Then results of both experiments will be compared and conclusions presented.
The final period will be devoted to summarizing final results. The research group consists of students of
University of Hradec Kralove, Faculty of Informatics and Management and Faculty of Education.
Outcomes are expected in the field of educational science where appropriate proposals towards
optimizing the process of instruction managed by LMS will be provided according to the gained results,
and in the field of publishing activities where two monographs will be published.

Another related topic is mentioned in the project "A flexible model of the ICT supported educational
process reflecting individual learning styles". Teaching and learning styles play an important role in the
instructional process (LasSek, 2006), (Mares, 1998), especially if it is managed by a virtual learning
environment, as they offer designers a wide range of tools which accommodate all learning styles, and
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students can choose those activities which suit them best. In spite of this advantage, there exist several
conflicting ideas concerning practical application of learning styles which should be taken into
consideration, so teachers” and students” awareness of styles may help substantially (Felder, 2010).

The main project objectives are as follows:

e To adapt the Learning Combination Inventory (LCI) (Johnston, 1996) the conditions of Czech
university education, and pilot it. Run an experiment to find out whether using such methods of
instruction which reflect individual learning styles results in significantly higher level of students’
knowledge in comparison to the traditional, majority way of instruction.

e To evaluate the quality, meaningfulness, effectiveness and limits of ICT/LMS implementation in
the instructional process, and present proposals to its optimal contribution and extent.

A monograph dealing with the process of cognition and learning from the point of instruction
(educational science), psychology, frequently used models defining student’s learning styles, and tools
provided by ICT towards accommodating student’s needs will belong to the first outcomes. Then the
process of determining students” styles will run. According to the results students will be provided an
electronic distance course offering a wide range of activities accommodating various learning styles. A
newly designed electronic application will provide students the most appropriate activities according to
student’s individual learning style and monitor what materials they really use (Kuli¢, 1992). Finally
another monograph will be published presenting the received results and recommendations, partial
results will be continuously published on conferences and in journals. Students from all faculties of the
University of Hradec Kralove will participate in the project. Their learning style will be determined by the
adapted LCl in Czech language, their knowledge monitored by didactic tests evaluating the entrance and
final levels of knowledge (pretest and posttest). According to the gained results appropriate proposals
towards optimizing the instructional process in reference to individual learning styles will be provided.
Partial project results will be published in journals and in conference proceedings.

Project Work in the Future

The project "Contexts of e-learning. Reflection of the Virtual (Learning) Environment in Education"
will examine and evaluate a VLE from the point of philosophy, axiology and ethics. Psychological,
educational, didactic and didactic-technological aspects of e-learning have been relatively frequently
researched, while generally-epistemological, axiological and ethic relations usually have not frequently
been a subject of reflection. If they are reflected, then it is done randomly only, or some authors apriori
reject such a claim.

The above mentioned project team is led by llona Semradova, Head of the Applied Linguistics
Department, FIM, UHK.

The pre-defined framework of a virtual learning environment conditioned by strict accepting the
algorithmized procedures forms a pragmatic position of courses, their successfulness, efficiency,
accessibility, interconnection and succession to other sources. Currently, no complex concepts are
available dealing with this field. Only isolated partial contributions appear which continue constructivist
ideas in education, or mention e-learning cursorily, e.g. Liessmann, 2008.

The project main objectives are to identify and articulate philosophical, particularly axiological and
ethic dimensions of e-learning; to set and define criteria of e-learning product evaluation which would
taken into account contexts of using a virtual learning environment in education; to define the term of e-
learning in the narrow and broad sense of the word; to set basic attributes of optimal educational
practice from the philosophical point of view, while taking advantages and limits of e-learning into
account; and last but not least to record basic trajectories, motivating incentives, experience of e-
learning participants in different roles (teacher — tutor — course designer — student — administrator —
technician — manager of the e-learning concept in the university institution).

263



DIVAI 2010 - Distance Learning in Applied Informatics

Conclusions

Current orientation of university education, which is changing under the influence of latest
technology development and new key competences, can be researched from various, different points of
view. Education supported by ICT has been spreading because of growing popularity of digital
technologies in general. Another reason is it enables easier and more complex realization of the
instructional process, offers choice of place, time and pace for studying, allows an individual approach to
students preferring various learning styles. These are the key values important for the effectiveness of
the process. Material and technical requirements having been satisfied, strong attention must be paid to
didactic aspects of the instructional process. To contribute to this process is the main objective of these
projects.

The paper is supported by the GACR Project P407/10/0632 " A flexible model of the ICT supported
educational process reflecting individual learning styles".
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Abstract: The following contribution deals with the continual education of Primary school teachers, particularly
by the content of educational programme with an e-learning support created at the Department of
Informatics at UKF in Nitra. The continual education Act as a part of whole-life education is effective
from 1.november 2009. It solves a task of systematic process of acquiring knowledges, capabilities,
skills on standard function of pedagogical and specialized activity or supplement of professional
competences of pedagogical and specialized employees. These competences are necessary for
completion qualified conditions of pedagogical and specialized employee. The educational continual
programmes are based on acquiring the definite number of credits and also on support of carrier
growth of teachers in contrast with previous educational activities in postgraduate education with
achieving of certificate after graduation, which did not solve other carrier growth neither teachers
compensation packages. After taking effect of continual education Act, many educational institutions
started to create and offer programmes of various kinds. The selection and accreditation of each
educational programme depend on new-coined accredited commission of Ministry of education of
Slovakia. The hypothesis about subject fields of UKF which will be supported by positive judgement of
educational content and following accreditation is noticeable. The programmes of informatic
character will have more difficult position, because many public either private institution had been
offering various courses and activities which were focused on acquiring computer skills by achieving
of standard necessary for certificate ECDL. By the time this interest had declined. The Department of
Informatics as a consequence of previously mentioned problem, decided to develop continual
educational program which would increase basic computer knowledges of teachers. The
concentration was focused mainly on those products which will support innovating teaching methods
by using project teaching in daily practice of primary school teachers. The training activity Press enter
accredited by the accredited commission by the end of the previous year. It is based on combined
form of education with the e-learning support. It contains topics relating to the knowledges of
orientation in virtual space and sphere of hardware and personal security and its extending. The
attention is paid to children’s safety using an internet space for various activities. The security
knowledge or copyrights abusing have also connection with virtual space. One of the topics is also the
creation of own web pages by normal way or with the help of models, patterns of various commercial
or non-commercial institutions. Attractive and good quality presentation on own web site is not
going without any knowledges from graphic sphere. The knowledges from multimedia are also closely
connected with it. The knowledges of systems LMS sphere for teaching operation are the right
orientation in scholarship market.

Uvod

Kontinualne vzdelavanie svojim vyznamom vypoveda, Ze ide o vzdeldvanie pokracujuce, Cize
postgradualne. Predstavuje vzdelavanie uréené skonéenym ucitelom, ktori zastdvaju miesto
pedagogického zamestnanca v Skolskom prostredi. Kontinualne vzdeldvanie sa zameriava na
modernizaciu ainovaciu kazdodenného vzdeldvacieho procesu vzdkladnom, strednom alebo aj
vysokoskolskom prostredi. Tento novoprijaty zakon sa tyka sa nielen dalSieho vzdelavania pedagogickych
zamestnancov ale riesi aj otdzku ich postavenia a dalSieho kariérneho rastu.
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Vyznam kontinualneho vzdelavania

Kontinualne vzdeldvanie, podla zdkona, rieSi otdzku sustavného procesu nadobudania dalSich
spbsobilosti, vedomosti, zru¢nosti na Standardny vykon pedagogickej a odbornej cinnosti alebo
doplfiania si profesijnych kompetencii pedagogickych zamestnancov a odbornych zamestnancov. Tieto
kompetencie su potrebné na splnenie kvalifikaénych predpokladov vykonu pedagogického alebo
odborného zamestnanca. Kontinudlne vzdelavanie, tak ako hovori zdkon, predstavuje nadobudanie
vedomosti a zruénosti z pedagogiky, psycholégie, aprobacnych predmetov alebo zo studijnych odborov,
inych oblasti suvisiacich s vykonom pedagogickej ¢innosti alebo s vykonom odbornej ¢innosti (1).

Ako sa tyka tento zakon vysokoskolskych vzdelavacich institucii? Akym sposobom mozu vysoké skoly
prispiet k aplikacii tohto zakona do praxe zékladnych a strednych skél?

Uskutocriovanie kontinudlneho vzdeladvania pripdsta zakon vykonavat formou prezencnou,
distan¢nou alebo kombinaciou prezencnej a distancnej formy, ¢o nazyvame aj blended learningom. Uz
samotny ndzov napoveda, Ze sa realizuje s podporou informacno — komunikaénych technoldgii, ktoré su
uz v sucasnosti pristupné a pouzivané vo vzdelavacich ustanovizniach.

Druhy kontinudlneho vzdeldvania definuje zdkon nasledovne: aktualizacné vzdelavanie, inovacné
vzdelavanie, Specializacné vzdeldvanie, funkéné vzdelavanie, kvalifikacné vzdeldvanie, vzdeldvanie na
doplnenie kvalifika¢nych predpokladov.

Vsetky spomenuté druhy vzdeldvania moze poskytovat iba vysoka Skola alebo organizécia zriadend
ministerstvom, na zabezpecenie alebo plnenie Uloh v oblasti kontinualneho vzdelavania.

Zakladné, stredné, stredné odborné skoly, cirkev alebo iné pravnické osoby nemaju zakonom dané
vykondvat vsetky druhy kontinudlneho vzdelavania, maju tieto prava obmedzené.

Podstatnym znakom kontinualneho vzdelavania, na rozdiel od predchadzajucich druhov aforiem
vzdeldvania sa stala skutoénost, Zze jeho Uspesnym absolvovanim ziska Géastnik vzdeldvania urcity pocet
stanovenych kreditov. Ziskané kredity sa budu ucastnikom napoditavat k ziskaniu plného poctu kreditov,
potrebného k ich kariérnemu rastu. Kredity sa prideluju nasledovne: za kazdych 5 hodin sa pocita jeden
kredit za absolvovanie aktualizacného vzdelavania a inovacného vzdeldvania, Specializaéného
a kvalifikacného vzdeldvania. Kredity sa neprideluju za adaptacné vzdeldvanie, za pripravné atestacné
vzdeldvanie, funkéné a funkéné inovacné vzdelavanie, Specializacné a Specializacné inovacné vzdelavania
na vykon cinnosti triedneho ucitela a uvadzajuceho pedagogického zamestnanca alebo odborného
zamestnanca a kvalifika¢ného vzdelavania.

Povinnostou $koly a Skolského zariadenia, je poskytnut priestor iniciative uditela aj umoznenim
prezentovania inovacnych postupov svojej prace, medzi ktoré sa zaraduje najmd autorstvo alebo
spoluautorstvo schvalenych alebo odporucanych uéebnych pomdcok vratane pocitacovych programov,
ucebnic, uéebnych textov, metodickych materidlov a pracovnych zositov, iné tvorivé aktivity suvisiace s
vykonom pedagogickej praxe alebo vykonom odbornej ¢innosti, napriklad vysledky vyskumu, patenty,
vynalezy, odborno-preventivne programy, odborné c¢lanky publikované v odbornej literature (1).

Na fakt o novoprijatych formdach vzdelavania nezareagovali iba vysoké Skoly, ale najma metodické
centra a dalsie vzdelavacie institlcie, statne aj nestatne, ktoré zacali pripravovat rézne typy vzdeldvacich
programov, uréenych pedagogickym zamestnancom v praxi. V mnohych pripadoch sa jedna o vzdelavacie
projekty, finanéne podporované Eurépskou Uniou.

Katedra informatiky upriamila svoju pozornost na tvorbu vzdeldvacieho programu, ktory samozrejme
priamo vychadza zjej podstaty a Uzko suvisi s informacno-komunikacnymi technoldgiami. Pri tvorbe
vzdeldvacieho programu, tim odbornych pracovnikov sledoval najma ciel, aby obsah vzdelavacej aktivity
bol naplneny tak, Ze po jeho absolvovani napomdze ucastnikom inovovat, aktualizovat a modernizovat
kazdodenny vzdelavaci proces so znacnou podporou IKT, ¢i uz na zakladnych alebo strednych Skolach.

Motivujuicim prvkom by sa malo stat nielen ziskanie kreditov, ale rovnako délezitym motivacnym
prvkom je zaujimavo a putavo spracovany vzdelavaci e-learningovy priestor, poskytnuty pre vzdeldvanie
v LMS Moodle. IKT by mali byt v sicasnosti uz skutoéne dalSou pravou rukou dnesného pedagdga, bez
ohladu na vekové rozpatie.
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Prieskum

Doposial mnoho institucii, ponukalo rézne kurzy a aktivity, ktoré boli zamerané najma na ziskavanie
primarnych pocitaCovych zrucnosti, vychadzajlcich z dosiahnutia standardov, potrebnych na ziskanie
certifikdtu ECDL. KI mala a ma taktiez akreditaciu na ziskanie certifikatu ECDL a pripravovala ucastnikov
ECDL k uspesnému ukonceniu vzdelavania.

Postupom casu vsak zaujem zo strany verejnosti o tento druh vzdeldvania ochabol. V prieskume nds
preto zaujimalo, akymi spdsobmi ziskali ucitelia pocitacové kompetencie. Predkladdme tieto zistené
vysledky v grafickom znazorneni:

Otazka €. 1:
Akou formou ste absolvovali vzdeldvanie?

Akou formou ste absolvovali vzdelavanie?

. [ ECDL-4 moduly (7)
W ECDL-7 medulov (7)

S O Aprobacny predmet Informatika (1)
Sebavzdelavanie 14;

15%
M ELFA- Spravca potitacovych sieti(1)

[ Kratke Skolenie vo vzdelavacej institdcii (7)

ratke Skolenie vo vzdeléuaue]lll
intitucii 7; \

B% W Mam univerzitné vzdelanie v oblasti
Informatiky (1)

m Povinny kurz k zakladom IKT (43)

@ Sebavzdelavanie {14)

[ Skolenia organizované &S (1)

[0 3KS informatika (1)

® Ziadne vzdeldvanie (2}

Odborni pracovnici Katedry informatiky maju uz dlhoroéne overené skidsenosti s pracou v prostredi
e-learningového vzdeldvacieho systému LMS Moodle. Tento systém vacSina pedagoégov vyuZiva na
podporu dennej aj externej formy vyucby s tym, Ze podpora e-learningu im dava moznost skvalitnit a
zefektivnit vzdelavaci proces z hladiska Casu, priestoru, vyhodnej komunikacie a dalSich podpdr, ktoré
umoznuje LMS Moodle.

V minulom roku sa Kl zaradila medzi katedry Fakulty prirodnych vied UKF v Nitre do projektu ,0d
prezenéného k distanénému vzdeldvaniu®. Zmyslom projektu bolo prave spracovanie tematickych celkov
alebo samostatnych odbornych tém tak, aby sa tieto mohli vyuZivat ako e-learningova podpora
vzdeldvania pre vietkych pedagogickych pracovnikov.

Vzdelavacia aktivita pod nazvom ,Potvrdme to Enterom s podtitulom Multimédia v projektovom
vyucovani“ bola tvorend vobdobi ndvrhu a realizacie esSte pred prijatim zdkona o kontinudlnom
vzdelavani.

Bola vypracovana, ako vzdeldvacia aktivita, bez moZnosti pridelovania kreditov. Vychadzala zo
zdkona ¢. 567/2001 Z. z. o akreditacii vzdelavacich aktivit. Vtomto duchu bola aj akreditovana
Akreditacnou komisiou Ministerstva Skolstva SR, v septembri 2009. Jej ukonéenim neziskaju ucastnici
vzdeldvania kreditné hodnoty ale certifikat o absolvovani.

Vzdeldvacia aktivita vramci celoZivotného vzdeldvania, bola spracovand do 6 tematickych celkov,
logicky na seba nadvazujucich:
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1. Prvé kroky s IKT v internetovom priestore
Bezpecne na internete
2. Ucitel ako manazér vzdelavania
E-learning a LMS Moodle
Pocitacova grafika
4. Ako tvorit jednoduché multimedialne aplikacie
Autorsky zakon
5. Vytvorme si webovu stranku
6. Priprava multimedialneho projektu pre podporu projektového vyucovania

w

Otazka €. 2:
Mali by ste zdujem o vzdeldvaci program (kombinovanou formou) s nasledujicimi tematickymi celkami?

Mali by ste zdujem o vzdeldvaci program,
s navrhovanym tematickym obsahom?

@ Ana(79)

[ Nie (8)

M Nie, nepotrebujemto (1)

| Svynimkou celku e-learning a
ostatné len vtedy, ak sd urené
pre vysiie pokrocdilych (1)

[ Som ucastnik podobneho
projektu (1)
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Otazka €. 3:
Boli by ste ochotni venovat tomuto vzdeldvaciemu programu 2 semestre na vysokej skole, kombinovanou
formou vzdeldvania?

Boli by ste ochotnivenovat tomuto vzdeldvaciemu
programu 2 semestre na vysokejikole,
kombinovanou formou vzdelavania?

® Ano, velmi by mi vyhovovala
tato forma vzdeldvaniav (37)

[ Ee3te sa neviem sa rozhodnut
(47)

[ Nie somvdbec ochotny/a
venovat tomuto vzdeldvaniu
tas (3)

M Nie, lebo kombinované forma
vzdeldvania mi nevyhovuje (10)

Zaver

Pripravujeme sa a aj to ocakavame, Ze po overeni (ukonéeni) pilotného projektu vzdelavacej aktivity
pedagogickymi pracovnikmi UKF, budeme musiet realizovat urcité Gpravy a zmeny, podla relevantnych a
korektnych pripomienok absolventov. Az takto upraveny vzdeldvaci progam predlozime opat
Akreditaénej komisii MS SR na akreditéciu.

Ocakdvame, Ze novoakreditovanym vzdeldvacim programom obohatime platformu Studijnych
programov v oblasti celoZivotného vzdelavania na UKF.

Verime, ze ak oslovime pedagdgov - uditefov v praxi, budd mat zaujem tento o druh aj formu
kontinudlneho vzdeldvania. Ak bude vzdeldvaci program uspesSny, ¢omu verime, prinesie mnoho
pozitivneho jednak tvorcom — tdtorom vzdeldvania, ako aj samotnym ucastnikom.
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Information and communication technologies (ICT) have become a very important part of our
everyday lives. Thus the ICT skills have become an essential need for everyone who wants to benefit
from innovation of today’s world. On the face of it, we can say that ICT play an important role
especially in education. ICT can help to transformation of learning environment — it enable new ways
of teaching and learning, it helps to constitute a shift from a teacher-centred pedagogy to a student’s
active learning and has changed much more aspects of traditional pedagogy. E-learning encompasses
all forms of Technology-Enhanced Learning or Web-based learning including computer based
learning, computer based training and computer-supported collaborative learning. E-learning is
usually suited to distance learning but can also be used in conjunction with face-to-face teaching
(blended learning). In higher education we can see the increasing tendency to work in virtual learning
environment or multiuser virtual environment in which all study processes are handled through a
consistent user interface. Various forms of e-learning provide benefits especially in the case of life
long learning students. It is convenience and flexibility to learners first of all which means that
learners are not bound to a specific time or place to physically attend classes. The Department of ICT
education of the Centre for Lifelong Education (Faculty of Education, Palacky University in Olomouc)
provides for last 4 years the life long courses for teachers focused on the use of ICT in education of
different subjects (English language, Czech language etc.). Our courses are focused on development
of basic ICT skills and its creative use in classroom. To help our learners develop ICT skills also in the
area of e-learning activities, the courses have been realized as a blended learning which means the
part of face-to-face teaching and study in the Learning Management System Unifor. On the base of
our experiences from the courses since 2006 we can note that the majority of teachers usually come
with basic ICT skills (which mean the work with MS Office software, work in Internet network (mail,
chat, internet sources searching) or work with an education software). They are less skilled in the
area of work with interactive whiteboard or using Web 2.0 tools (mostly it is a passive work with
“wiki” tools or multimedia storages as YouTube etc.). The majority of the learners are not able to
work with ICT in a creative way which means that they have created their first online blog or the first
published webpage in our seminars. Therefore we find it beneficial to teach our learners how to work
with ICT actively to be able to use the virtual environment in their own communication with their
pupils (by creating online education objects or online school magazine etc.). E-learning in LMS also
enables our teachers to develop their ICT skills by the use it within the educational process and help
them to better understand the digital educational object structure.

Introduction

"When it comes to helping them learn how to be citizens in a democracy, media literacy education
is central to 21st century civic education.” (H. Rheingold, 2007).

Nowadays we live in an increasingly digitalized culture — it has also an influence on many areas of
everyday activities. Information and communication technologies (ICT) have recently become also a very
important part of how people interact with each other. On the face of it, we can say that ICT play an
important role especially in education. Computer Assisted Learning (CAL) nowadays represents one of
significantly developing area, especially in the meaning of academic and further education. In connection
with development of ICT itself and its superior hardware and software equipment, new ways of its use in
education are emerging, particularly then in the area of e-learning.
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E-learning in Education

E-learning, in its wider meaning, means classical teaching with the use of computer, in closer
meaning denotes real virtual school (Fojtik, 2001). According to Sebera (Sebera, 2010), e-learning can be
more simply defined as “any use of electronic, material and didactic means to effectively reach the
teaching aim taking into account realisation particularly/not only by means of computer networks”. On
the basis of possible internet connection, there can be distinguished online and offline teaching as it is
not necessary to be connected online. Online teaching can then take its course synchronically (real time)
or asynchronically. Within the synchronic way of teaching can be used online tools for direct
communication between the teacher and student (instant messaging, chat etc.). The most common
communication tools of asynchronic teaching are email or discussion forums, in other cases is taken into
account work with different data discs (CD, DVD, USB etc.).

Learning Management Systems (LMS) have become these days personalised virtual study
environment in which student can find not only courses, tests, instructions how to study but can also
participate in discussion forums to single topics or consult with peers or teachers some unclear parts of
the content of the lesson in the same way like he was in the real class. To create such a “virtual class”,
meaning high quality on-line learning course, it is needed much more than just to transform teaching
materials into electronic form and upload them to the internet network. It is important to create an
environment which can, as much as possible, retrieve classical teaching instrument. For this purpose
special applications are being developed and are based on high quality database support. There is a list
of different products nowadays in which it is possible to create virtual learning environment (e.g.
Microsoft Learning Gateway) or substantial amount of commercial LMS, e.g. WorkPlace Collaborative
Learning or open source systems (e.g. Moodle, Sakai, Cybeo etc.) which connect possibilities of classical
teaching with the help of texts, animations, audio and video materials with means of offline or online
electronic communication.

E-learning in Multi-user Virtual Environment (MUVE)

To the area of new trends in e-learning can be assigned also the use of simulations in the real
environment in virtual reality which works as a platform for interactive and collaborative teaching —
MUVE. It is defined as virtual 2D or 3D environment presenting simulation of the real environment
(Brdicka, 1999). It shows the integration of up to date used forms of on-line communication and
becomes a medium through which it is possible to create social interactions being very close to
communication in the real world. Collaborative hypermedia environment, which is represented by
MUVE, implements the majority of he above mentioned aspects of e-learning — they are object oriented
systems in which communication proceeds in real time, e.g. through audio or video conference or in
interaction through 3D graphic representations (avatars). In comparison to previous types of electronic
communication (e-mail, text or video chat), which is used to communicate separately, communication in
MUVE environment integrates all these types and increases the effect of the online communication.
“User represented by avatar is located in particular virtual environment; his location is visible also for the
other users which leads to arising of social presence.” (Riha, 1999) User in MUVE can observe
communication of other users, can move to chosen user in a second which helps to communicate in the
very similar way like in the real environment. MUVE can be considered as constructive environment
because it is not only the source of information but it is also dependent on the contact with other people
which corresponds to contemporary didactic theories putting an emphasis on social aspect of education.
MUVE eases reciprocal cooperation, helps physically remote users to work on collective projects because
their work in real world would be difficult and financially expensive. In contrast to online education
supports represented by LMS, web pages or blogs, MUVE enables students to simulate real situations in
which they can learn how to work with objects and demonstrate the topics in virtual world; they can take
part in actions and processes which would be inaccessible for them in real world (e.g. molecular
structures production, airplane operating etc.). Teaching in MUVE takes part in virtual schools which are
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supplied with classrooms (some of which are in buildings, some are in free areas or under sea water).
Students in schools can move in a very similar way like in the real world — school can be entered, they
can go through classes, go to library, sit to the table etc. Teachers can build special classes equipped
exactly according to needs of their subjects. The teacher can be occurred in the classes in the form of
avatar and by means of this communicate with his students (e.g. through text or voice form or by
videoconference in his real appearance). Students can be given learning materials in the classroom as
well as links to study. Students can exercise topics on particular objects and they can work together or on
the basis of teacher’s instructions. Teacher has a board in the classroom (e.g. in TappedIn environment)
which works in the same way as real board — there can be written notes on it, can be erased and any
user can read it. During the teaching in MUVE, it is possible to take a video record of the lesson or an
activity — this function can be used for speech preparation to which the teacher wants to return in
future. Students can create objects, go through virtual environment simulating different times or
cultures, they can join the chat with authors or take part in concerts of their favourite music groups
playing also in the real world. They can put into MUVE their own literary works or react to works of other
users etc. The most extensive and best known 3D virtual world project in these days in is Second Life (SL)
(http://www.secondlife.com) where are over 12 million users up to date. The possibility of connection
people from all over the world, from different nations and social background enables laying out
completely new types of communities and experience exchange goes much more easily than in the real
environment. Many universities have already discovered these possibilities which are being offered to
them by SL and create their virtual campuses, presentation rooms and held their educational courses.
We can find here for example virtual classes of more than sixty American colleges, e.g. Oakland
University, Ohio University etc. In the Czech virtual environment, some faculties of the Czech universities
have introduced themselves — Ethnical faculty of University of Economics in Prague, Faculty of Education
ZCU in Plzen, Faculty of social studies MU in Brno and Philosophical faculty UP in Olomouc.

E-learning in Additional Education of Pedagogical Employees (AEPE) at Faculty of
Education in Olomouc

E-learning is more and more used for teaching methods within AEPR. Especially method of blended
learning represents suitable platform for realisation of courses AEPE because it provides direct contact
with the teacher to the members of the course and at the same time, they are not limited by physical
space or by time aspects. Taking into account all the above mentioned advantages, we have also decided
to use this form for the realisation of DVPP courses for lower and upper secondary school teachers at
Faculty of Education, Palacky University in Olomouc. We have already started to use the method of
blended learning in 2006 within the realisation of courses of State Information Politics in Education
(SIPVZ) which were realised under the scope of Training Centre SIPVZ, purpose-built institution at Faculty
of Education, Palacky University in Olomouc (see http://odborict.upol.cz). After the end of the
government conception SIPVZ, the centre was transformed into ICT Department of Lifelong Education at
Faculty of Education, Palacky University in Olomouc. Our courses are focused on development of basic
ICT skills and their creative use in classroom. Nowadays are accredited (accreditation MSMT, no.
11 388/2007-25-275) these courses: Basic ICT course, Advanced ICT course, ICT in the Czech language
and literature, ICT in English, ICT in German, ICT in mathematics, E-learning for teachers,
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INVESTICE DO ROZVOJE VZDELAVANI

In 2010 the Department expanded the offer of its courses by getting the donation from ESP project
(OP Education for Competitiveness, no. CZ.1.07/1.3.00/14.0011). Within this project called ICT Course
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for Pedagogical Workers are prepared nine new courses: ICT in English at primary school, ICT in English —
basic course, ICT in English — advanced course, ICT in Czech language at primary school, ICT in media
education, ICT sources of contemporary Czech literature, ICT for classical literature for children and
adults, Modern presentation through interactive whiteboard, Dangerous communication techniques
connected with ICT.

Online lessons themselves at our department take part in Learning Management System UNIFOR.
Every course has its own virtual class in which are integrated all communication channels
(communication centre) needed for interaction between teachers and students and between students
themselves as well. Together with basic teaching space (in which are integrated all multimedia distant
texts, tasks and tests), there is also forum, e-mail communication, multi e-mail etc. The teacher has
complex overview about all students, about continuous tasks observance and also data when a student is
visible in the classroom.

Picture 1. Example of virtual classroom in LMS UNIFOR.

On the base of our experiences from the courses since 2006, we can note that the majority of
teachers usually come with basic ICT skills (which mean the work with MS Office software, work in
Internet network (mail, chat, internet sources searching) or work with education software). They are less
skilled in the area of work with interactive whiteboard, using Web 2.0 tools or working in Learning
Management Systems. The majority of the learners are not able to work with ICT in a creative way which
means that they have created their first online blog or the first published webpage in our courses.
Therefore we find it beneficial to teach our learners how to work with ICT actively to be able to use the
virtual environment in their own communication with their pupils (by creating online education objects
or online school magazine etc.). E-learning in LMS also enables our teachers to develop their ICT skills by
the use it within the educational process and help them to better understand the digital educational
object structure. Learners were also included into communication in the MUVE — Second Life — in which
they were supposed to cooperate together on given tasks. The possibility of virtual communication by
individually created avatars and the movement in the virtual 3D environment has given them a new
experience of connecting with other people and new possible ways of learning strategies. The positive
experiences with Second Life at our university have also teachers and students at the Department of
Applied Economics which use it as one of the newest methods of virtual teams building by team gaming
of specially designed games (Kubatova, 2007).
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Conclusion

ICT do not represent only source of information for education. They can also become an
environment which has the new dimension — e-learning teaching is no more limited by the borders of
physical space, students can study any time in any cultural or language environment without the need to
move in real space. Individualised and interactive teaching in virtual reality forces user towards the
active work within his own education and also to contact and cooperation with other people. All these
aspects surely correspond with contemporary pedagogical theories.
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Abstract: Distance learning, owing to such advantages as flexibility, ease of access, modular character, quality,
cost-effectiveness, state-of-the-art technology, large audiences, social balance, global reach, the new
role of the teacher, positive effect on the learner, has become a leading mode of tuition and
instructional technology practically at all levels of the education system. It is difficult to imagine today
any contemporary university or department without a website. Moreover, it is getting more and
more common for universities and individual departments to operate distance learning platforms
which implement various teaching, scientific and educational goals. This article examines various
aspects of experience in the use of the distance learning platform of the Faculty of Ethnology and
Sciences of Education (FESE) in Cieszyn (University of Silesia in Katowice) in teacher training and
lifelong learning. Furthermore, the author discusses examples of good practice in comprehensive,
systematic and effective use of the faculty distance learning platform, based on CLMS MOODLE
system in order to: 1) provide pedagogical support for teaching programme courses, run in the full-
time and part-time mode (hybrid learning), 2) assist teaching staff as well as graduate and post-
graduate students in carrying out scientific research and pedagogical experiments, 3) train future and
active teachers, post-graduate students, counsellors, teacher trainers, therapists, and others teachers
in distance learning — to use e-learning in their own work and to act as tutors, 4) provide access to
educational materials for students and other users; 5) foster international cooperation, in particular,
through international projects.

Introduction

The global transformation from industrial to information society as well as social and economic
changes taking place both in Poland and other European countries have necessitated reforms in many
areas of government responsibility. In this respect, the priorities include reforming the education system
which involved the implementation of modern educational technologies and modes of tuition.

Distance learning, due to such advantages as flexibility, ease of access, modular character, quality,
cost-effectiveness, state-of-the-art technology, large audiences, social balance, global reach, the new
role of the teacher, positive effect on the learner, has become a leading mode of tuition and instructional
technology practically at all levels of the education system (Smyrnova-Trybulska, 2009).

Distance learning can cater to the needs of practically all categories of recipients and users of
education services, starting from secondary school and university students wishing to continue
improving their skills and acquiring more knowledge, through adult learners from all walks of life,
especially teachers wishing to continue in-service training or to pursue lifelong training, and ending with
the unemployed, disabled and all other people looking to improve their skills and knowledge (Smyrnova-
Trybulska, 2009).
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Reasons and Considerations for Lifelong Learning Supported
by E-Learning

One of the most important educational challenges that is present practically in all European
countries is the creation and development of a system of «education functional and effective during all
life» (LLL - Life Long Learning), which is mentioned in the Bologna Declaration, to which Poland is a
signatory.

Contemporary times, in which high technologies and knowledge societies play an important part, are
marked by increased levels of activity in old age, accompanied by active efforts to keep knowledge up to
date. Besides, social processes are taking place faster than before.

Simultaneously, there are now a rich variety of Information and Communication Technology (ICT)
tools which can potentially be used in innovative ways to support learning, providing the opportunity for
students to take control of, and personalise, their learning. Coupled with this there has been a
fundamental shift in the nature of society; the world in which we live is dramatically different from that
of our grandparents. As a result, the nature and purpose of education has changed; in part in response to
the changing nature of society and in part given the changing perspective on what education in a modern
context is for. (Grainne, 2006)

Nowadays it would be hard to come across a higher education institution (faculty), school,
kindergarten, vocational training institution, teacher training centre or other educational institution that
does not maintain its own website. More and more educational institutions are launching distance
learning systems or components thereof in response to the needs of both learners and teachers. The
implementation of distance learning is being facilitated by increasing availability of information tools and
means which, in turn, are being developed as a result of advances in information and communication
technologies, and particularly web-based technologies. All of these developments have contributed to
the emergence of multi-functional, quite reliable, user-friendly distance learning tools. (Smyrnova-
Trybulska, 2009).

These include more advanced tools such as content learning management systems (CLMS's),
including open source systems (MOODLE, Claroline, Dokeos, Atutor and other systems) supporting
practically all phases of the learning process as well as content management systems CMS (e.g. Mambo,
Joomla!, Drupal, Nuke PHP Apache), enabling users to quickly launch vertical portals such as educational
portals, featuring various services, including those with return email links but requiring initial
configuration and subsequent maintenance by an IT specialist. Solutions developed using Web 2.0
technology (Blogs, Forum, Wiki, Chat, WWW, RSS, CSS projects, open repositories of audio and video
materials, and podcasting and other forms of social software etc.) are also available; they can be used by
all users, including those without any special IT training. Web 2.0 is not a new worldwide web or the
Internet; it is a new method for using the Internet’s existing resources. Web 2.0 is the informal
designation of Internet sites and services launched after 2001 which primarily rely on the content
generated by users visiting the site or service. Web 2.0 was designed to facilitate interactive information
sharing, to enable Internet users to use personalised web pages. Generally, websites have become more
user-centred. It is hard to overestimate the importance of CLMS systems and Web 2.0. services in efforts
aimed at achieving educational goals nowadays as the underlying principle of education is shifting
towards personal-oriented education, focussing on the learner and on the development of the learner’s
mental faculties, creative abilities, personal qualities as well as the ability to think creatively and
critically. The most popular and fast-developing MOODLE system, based on tenets of social
constructionism and the concept of micro-worlds (enabling learners to explore course environments),
implemented by Jean Piaget and Seymour Papert, has yet to realize its broad educational potential.
Thanks to its open code and broad spectrum of resources offered, MOODLE can be flexibly developed,
adapted and modified to meet the various needs of learners, teachers and educational institutions.
(Smyrnova-Trybulska, 2009).

The Web 3.0. project, which is also fast-developing and promising technology, exemplifies the
evolution of both the Internet and other tools and ideas towards the conversion of the present system
for imparting knowledge into a broadly defined database model. The idea behind Web 3.0 is to convert
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web page content into a format readable by various applications (including those that are not web
browsers), systems utilizing artificial intelligence, semantic solutions as well as software capable of
visualizing and processing data within a three-dimensional space. Pages developed using Web 3.0 will be
able to identify the user’s intentions based on the data transmission context. This will enable the user to
retrieve necessary data more quickly and easily and use them to effectively achieve her/his educational
goals. The Internet2 project, which is expanding globally with more and more universities joining in,
offers such elements and services as a global digital library, open education program database, a virtual
laboratory to carry out experiments in any science field, a service to transmit 3D images to remote sites
(tele-immersion). These services and facilities have already undergone preliminary tests and will soon be
made available to the global academic Internet community, offering new advanced educational tools and
opportunities for use thereof (Smyrnova-Trybulska, 2009).

Learners are also changing; they enter education with very difference expectations from students
in the past. They have grown up in a networked society, where the use of technologies is pervasive
across all aspects of their lives. They are no longer passive recipients of knowledge, but active
demanding 'customers' who expect and want an education tailored to their individual needs. Technology
is not seen as an 'add on' luxury but a central tool for supporting all aspects of their study. These changes
are very evident in the emergent findings from a current study of students' perceptions and use of
technologies in the UK, USA, China, Australia, Poland, the Czech Republic, Slovakia, Ukraine, Russia, other
countries, which consists of an online survey, a series of case studies, a distance courses and others e-
learning forms, methods and tools. (Grainne, 2006)

E-learning Platform in Teacher’s Training and Lifelong Learning

This article examines various aspects of experience in the use of the distance learning platform of the
Faculty of Ethnology and Sciences of Education in Cieszyn, University of Silesia in Katowice in teacher
training and lifelong learning. Furthermore, the author discusses examples of good practice in
comprehensive, systematic and effective use of the faculty distance learning platform, based on CLMS
MOODLE system (Figure 1), in order to: 1) provide pedagogical support for teaching programme courses,
run in the full-time and part-time mode (hybrid learning), 2) assist teaching staff as well as graduate and
post-graduate students in carrying out scientific research and pedagogical experiments, 3) train future
and active teachers, post-graduate students, counsellors, teacher trainers, therapists, and others
teachers in distance learning — to use e-learning in their own work and to act as tutors, 4) provide access
to educational materials for students and other users; 5) foster international cooperation, in particular,
through the international project supported financially by International Visegrad Funds (IVF) "E-learning
— as a Road to the Communication in a Multicultural Environment”, implemented in collaboration with
University of Ostrava (Czech Republic), Matej Bel University in Baniska Bystrica (Slovak Republic), which
project has been successfully completed. One should also highlight the value and multipurpose character
of the FESE distance learning platform in helping to identify right solutions for different educational,
academic, and social problems as well lifelong learning issues that were difficult or impossible to solve in
a conventional manner.

Expectations of Faculty of Ethnology and Sciences of Education in Cieszyn, University of Silesia in
Katowice in successfully actual and future teacher’s training and lifelong learning could be provided
thanks to the platform of Content Learning Management System (CLMS), one of the most popular and
quickly developing system is MOODLE. This system was chosen as a tool to the realization of becoming
the defined plans of department reality and the future integration of local space into the European one,
and worldwide computer-educational space. As the practice showed the system MOODLE did not fail the
expectations of its users.
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Distance Support of Programme Subjects, Provided in a Full-Time
and Part-Time Mode (Hybrid Learning)

The general aims also include familiarization with media processing programmes: graphics
processors, sound recorders, programme recording, video processing sequences, programmes-
converters, etc. Among the aims is also familiarization with basic services available on the Internet and
with CLMS MOODLE - the system supporting distance learning and developing distance education
competences. The aim of practical classes is, first of all, to develop practical abilities of using computer
equipment and to solve practical tasks with the help of utility programmes and the Internet.

The high value and relevance of the subject, and also its practical aspect on one hand, and the small
number of hours envisaged in the curriculum on the other hand, have led to contradictions between
ambitiously justified aims and objective problems with their implementation, connected first of all with
the small number of hours. In such conditions, as real-life experience shows, active and systematic use of
distance learning is a sufficient solution, adapted to the requirements formulated for the subject, and
allowing to support all stages of teaching process: familiarization with new teaching material,

formulating practical abilities, recording theoretical knowledge and practical abilities, casual and final
check-up of the knowledge, evaluation.
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Figure 1: Distance Learning Platform of The Faculty of Faculty of Ethnology and Sciences of
Education (FESE) in Cieszyn (University of Silesia in Katowice) (http://el2.us.edu.pl/weinoe).

280



Eugenia Smyrnova-Trybulska: On Experience in the Delivery of E-Learning-Assisted Lifelong Learning

That is just the supporting system of distance learning MOODLE and a department platform
http://moodle.weinoe.us.edu.pl based on it, which effectively handle performing all these tasks. In the
framework of this IT subject students take part in distance courses “MS Word and its possibilities” (“We
are getting acquainted with the word processor Word”, “The word processor for advanced learners”,
“Analysis of data in the spreadsheet MS Excel”, “Arrangement of multimedia presentations in the
programme MS Power Point” (“We are making multimedia presentation in Power Point”).

Also as an optional subject, students can take part in any computer course, for example: “Creating
web-page on Front Page Express”, "My first front page in HTML”, ”"Basic WebDesing” (“Internet
Technologies”); ”"Graphic in IrfanView”, "Raster Graphics in Photoshop”, ”Vector Technology in
CorelDraw” (“Computer graphics”), ”Digital photography - we are making a multimedia album”,
“Creating animation in Macromedia Flash”, “Film Development and Editing in Computer Programmes”,
”"Sound Recording and Processing in Computer Programmes” (“Computer Science and Technology
Information”), and others.

In this context it is worth mentioning the rules of the Bologna Process, which Poland joined a few
years ago. One of these rules envisages that the number of hours of instruction on tertiary education
programmes will change so that more time will be devoted to self-study than to traditional face-to-face
classes. When this change materializes, it will be of crucial importance to provide means of two-way
communication between the instructor and students and to ensure high teaching standards.
Comprehensive and systematic implementation of distance learning methods, well-thought-out
beforehand, can significantly contribute to the achievement of this goal.

E-learning courses are also actively used to support classes in various courses offered on post-
graduate studies organized on WEINoOE, for example: Oligofrenopedagogy, Educational Therapy,
Education of Family Life, Integrated Early School Education with Pre-school Education and others.

Taking into consideration the fact that post-graduate students mainly include active teachers, who
pursue their post-graduate studies and at the same time work in their jobs and perform official duties,
who have families and quite often commute to university a few dozen and even several hundred
kilometres, enabling them to take part in distance learning is a good and flexible solution, allowing them
to organize their own education process and to ensure high professional and teaching standards.

Use of the Platform in the Preparation of Future Teachers to Take Advantage of Distance
Learning - to Use E-Learning in Own Profession and to Perform the Role of A Tutor

The platform also offers such as distance courses as “Distance learning” and “Developing distance
courses in the MOODLE system”, which are available free of charge to all those interested in obtaining
tutor’s competence: future and active teachers, post-graduate students, counsellors, teacher trainers,
therapists, and others.

Simultaneously with the new concept of the development of educational system and standards of
teacher preparation, every teacher should be a computer teacher, possessing the competence of
distance learning. The implementation of these tasks should be ensured by institutions of higher
education employing active and common remote controlled forms and teaching technology. The positive
example in this context is the distance learning platform WEINoE and its use in IT training for teachers
while they attend the course called “Information Technology in the work of an assistant to a disabled
person.”(E.Smyrnova- Trybulska, 2009)

Effective Use of the Faculty Distance Learning Platform in Order to Foster International
Cooperation

About Project "E-learning — as a Road to the Communication in a Multicultural Environment”

International project supported financially by International Visegrad Funds (IVF) “E-learning — as a
Road to the Communication in a Multicultural Environment”, implemented in collaboration with
University of Ostrava (Czech Republic), Matej Bel University in Banska Bystrica (Slovak Republic), which
project has been successfully completed.
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Description of aims achieved, fulfilling a set of objectives and expected contribution of the project

The aim of the project has been to address the problem of fostering close cooperation and
strengthening relationships between the  Czech Republic, Poland and Slovakia.
In particular, the project was designed to promote regional cooperation among Visegrad countries
through  support for research and educational projects as well as through
e-learning and LLL  programmes, conferences, workshops, and the development
of regional educational environments as well as training of teachers in the field of ICT and E-learning

The official languages of the project were Czech, Slovak, Polish and English.

The international project “E-learning - as a Road to Communication in a Multicultural Environment” has
successfully served the following purposes:

e Popularization of E-learning in academic environments and among students through the
organization of the 2-days conference (19-20.10.2009) entitled: "Theoretical and Practical
Aspects of Distance Learning” with 97 participants (academic staff, teachers, students and
others), and the workshop "Distance Course Design Using CLMS MOODLE” (20.10.2009) with 35
participants (as above). The participants of these activities were from all above mentioned
countries.

e Training prospective teachers to use distance teaching and to utilize e-learning
in teaching and preparing them for the role of a tutor. Development of e-learning postgraduate
programmes for teachers in ICT and other fields. These objectives were achieved through several
actions, among the others, series of distance courses on the e-learning platforms of University of
Silesia and University of Ostrava and above mentioned workshop and conference.

e Publication of proceedings of the conference entitled "Theoretical and Practical Aspects of
Distance Learning”, including publication in the Internet, with 26 articles devoted for different
aspects of distance learning: 1) Theoretical and Methodical Aspects of Distance Learning; 2)
Practical Aspects of Distance Learning with Successful Examples; 3)Development of Teachers’
Computer Competences for Use in E-learning; 4)Multimedia and E-learning System in Distance
Learning; 5) Psychological, Social and Legal Aspects of Distance Learning.

. This publication was designed as both instrument for popularization of the idea of e-learning
and training and teaching materials.

e Publication of articles and papers on the project outcomes in academic journals
and other hard copy and on-line periodicals as the method of e-learning and distance learning
popularization.

Other Long-Term Objectives Successfully Supported by the Project

e Provision of access to educational materials to students, local communities and all those
interested, including people with disabilities, people with limited financial resources, residents of

small towns and remote areas, in furtherance
of the European community goal of providing equal opportunity for all citizens in access to
knowledge.

e Development of a working model of an information and educational environment intended to
provide support for distance learning and teacher’s education in Visegrad Group countries as
well as further development of distance learning platforms actually operated by all project
partners.

e Development of distance courses in pedagogy, ICT and other fields.

e Fostering close cooperation, strengthening relationships and promoting regional cooperation in
the field of education, especially e-learning, between Czech Republic, Poland and Slovakia

Description of media coverage, outcomes (publications etc.) and other enclosed project’s
documentation http://weinoe.us.edu.pl/sites/weinoe.us.edu.pl/files/pliki/Public_Relations 1.pdf
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Conclusion

At the same time it is worth mentioning that there is still large potential to be tapped and a wide
spectrum of tasks and projects which will be implemented in the near or more distant future through the
active use of the platform, in particular: international projects as well as support for many courses
offered as part of post-graduate programmes and for self-study activities; support for all courses
included in full-time and extramural programmes; support for the disabled and other activities. Another
important consideration is the monitoring and evaluation of the effectiveness of the use of e-learning
platforms. That is why in her article the author looks at preliminary results of an evaluation of the
utilization of e-learning techniques and the faculty’s platform for LLL purposes.
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Abstract: The paper briefly summarizes information on two projects of the Leonardo da Vinci programme —
transfer of innovation, in which the UWB participates as the project partner. The project InnoSkills
focuses on the growth of competencies of the SME staff in innovation management. The training is
supported by the learning platform http://www.innoskills.net. Its main elements are: Innovation
Guide, consisting of consisting of 12 chapters focused on different issues of the innovation
management; the guide is implemented as online e-learning modules supported by multimedia
elements. Innovation Rooms offering access to selected web based tools enabling collaboration and
knowledge sharing. Resource Library containing additional material, web links, documents and
articles linked to the chapters of the Innovation Guide. Guide to informal and cooperative learning.
The main target groups are SME managers, consultants, students and researchers. Project partners
are Treviso Tecnologia (Italy, coordinator), LINK MV and Pro-competence (Germany), E-Learning
concepts Rietsch KEG (Austria), Parkurbis (Portugal) and Firenze Tecnologia (Italy) The project FASTER
focuses on ambitious, rapidly growing, knowledge-intensive entrepreneurs and companies (gazelles).
At the UWB, the main target groups are nascent entrepreneurs — master and Ph.D. students. Other
possible users are starting companies looking for best practices, examples, possibilities of financing,
business planning, etc. It is based on the ISTUD Entrepreneurship Programme adapted to partner
countries on the basis of the regional analysis of entrepreneurial milieu and training needs in partner
countries. The training materials and other tools will be available at the project website
http://www.fasterentrepreneurs.eu/. FASTER project fosters the cooperation among key actors
involved in entrepreneurship promotion such as organizations providing learning opportunities,
incubators, Technology Transfer Offices and early stage investors. The cooperation among the above
mentioned actors is crucial for the success and effectiveness of the training programme, because it
will give the opportunity to the would-be entrepreneur to build a network able to support him in the
starting phase. Project partners are The West Pomeranian Business School (Poland — coordinator),
ISTUD Foundation and RTD Talos (Italy), INNOSTART (Hungary) and META Group (Cyprus). The full
paper includes more detailed information on the objectives and outputs of both projects, references
to additional information and examples of the use of project platforms.

Introduction

> The University of West Bohemia is a partner in two Leonardo da Vinci —

- vj transfer of innovation projects. Both of them are now in their final phases

Fueationand Culture D6 54 we would like to present here some of their deliverables (even if they

are not yet complete). We hope you will find them useful in trainings of

various target groups, from university students to managers of SMEs.

Project InnoSkills is focused mainly on enhancement of competencies of SME’s employees in the

area of innovation management, project FASTER on the analysis of the regional entrepreneurial milieu
and support of ambitious, knowledge-based, fast growing enterprises (gazelles).

Lifelong Learning Programme
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Projekt InnoSkills

Project partners are Treviso Tecnologia (Italy, coordinator), LINK MV and Pro-
s competence (Germany), E-Learning concepts Rietsch KEG (Austria), Parkurbis
I nno (Portugal) and Firenze Tecnologia (Italy)
Main output of InnoSkills (InnoSkills- Innovation Skills for SMEs, project LLP-
LDV/TOI/08/IT/481 of the Leonardo da Vinci — transfer of innovation programme)
[1, 2] is the Innovation Guide. Compared to its previous version, the guide was upgraded and transferred
to other languages, among others in Czech (so that now it is available in 12 languages). The Guide is
accessible at http://www.innosupport.net and is complemented by other elements for cooperative and
informal learning: the resource library and innovation rooms.
Possibilities of the platform usage can be best illustrated by snapshots of web pages.
After you open the main page, we recommend to select the language and to view the tutorial that
will guide you through the platform (see Fig. 1).
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Fig. 1. Home page, introduction to the platform

When your first experience is satisfactory and you intend to come back, we recommend you to
register as a new user. After verification of your identity you will be granted access rights allowing you to
add your resources to the library and use other possibilities of cooperation offered by the platform. Next
time, you can login using your user name and password.

Your next step may be entry to the Innovation Guide. You can start by completing the self-
assessment questionnaire. If you answer the questions about you interests and knowledge of specific
issues of innovation management, the system recommends you the most relevant components of the
Guide.
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The Guide consists of 39 modules grouped in 12 chapters. It is possible to download the modules in
pdf format (not yet in Czech). However, some content (multimedia, tests ...) are available only in online

version.
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Fig. 2. Introductory page of the Innovation Guide

For the user’s convenience the structure of the modules is uniform and orientation in the text is
made easier by using icons (see Fig. 3).

Modules are enriched by user friendly multimedia elements (flash, short videos) and tests — see Fig.
4.

If you are the registered user and you have or know some interesting resources (your own
document, web link, etc.) you would like to share with other users, you can upload it to the resource
library and link it to some module of the Guide. After that, the users see the link to your resource when
they open the corresponding module. The process of the resource insertion into the library is explained
in the short tutorial.
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Fig. 3. Typical module structure, icons used in the text
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Fig. 4. Example of multimedia element

In innovation rooms you have access to selected tools supporting creativity, cooperation and
knowledge sharing. In addition to specific tools and links to them, you will find here short guides to their
efficient use and summaries of their benefits. Currently there are tools supporting the following
activities:

e Brainstorming

e Mind mapping

e Collaborative text processing
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e Whiteboards
e Online voting

And now we would like to wish you the pleasant experience with the platform and ask you to
complete the questionnaire, in which you will share with us you experience. Do not be afraid to criticize -
we appreciate you feedback that can help us to further improve the platform. The questionnaire is
available at the home page, its completion is not too time demanding. Thank you for your response.

Project and Website Management

The project management was supported by the Team Organizer provided and administered by
LinkMV. Its main component is the working space shared by all partners, each work package and meeting
having its own directory for file storage.

The free open source Content Management Framework TYPO3 [5] provides a backend for
management of the content and a frontend engine for website display.

The process of development of the Innovation Guide content consisted of several steps:

e translation of modules from English to target language (Czech) (MS Word — doc),

e development of multimedia elements (ppt, mp3, flash), their transformation and inclusion into

the database,

e preparation of online templates (English) with links to multimedia elements,

e conversion of doc files to online content (TYPO3),

e final edit and conversion of doc to pdf files and their inclusion into the platform for downloading.

Projekt FASTER

Goal of the FASTER project (FASTER-Training for Fast

Growing Entrepreneurs, project 2008-1-PL1-LEO05-02076

of the EU Leonardo da Vinci — transfer of innovation

Training for Fast Growing Entreprencurs  Programme) [6, 7, 8] is sharing and development of

efficient training methods and tools supporting ambitious

potential entrepreneurs establishing knowledge-intensive fast growing companies (they are often known

as “gazelles”). For such a company it is typical that within 3 years after its foundation it creates at least

20 new jobs.

Project partners are The West Pomeranian Business School (Poland - coordinator), ISTUD
Foundation and RTD Talos (Italy), INNOSTART (Hungary) and META Group (Cyprus).

The deliverables of FASTER are:

e 4 analytical reports describing the entrepreneurship milieu in partner regions, needs and
requirements on the training of entrepreneurs. The conclusions of these reports were used to
design region dependent pilot training programmes. At the UWB, the main target groups are
nascent entrepreneurs — master and Ph.D. students. Other possible users are starting companies
looking for best practices, examples, possibilities of financing, business planning, etc.

e Training Toolkit containing 8 training units (see Fig. 6). Example of the training unit content is
presented in Fig. 7)

e Guide for trainers with the following components:

- Entrepreneurship matrix: traditional way to see the entrepreneurial process

- International Entrepreneurship: A strategy map for addressing country context challenges
- Districts and district firms: their evolution and future developments

- Exercises and other active methods

- Learning conditions

- Learning styles, Questionnaire on the evaluation of learning styles

- Training process

- Evaluation of entrepreneurship programme: Swedish experience
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- European university-based entrepreneurship training programmes: Best Practices

Both guides are based on the experience of ISTUD foundation [9] and were used in the train-the-
trainers programme in Prague workshop in March 2010.

FASTER project fosters the cooperation among key actors involved in entrepreneurship promotion
such as organizations providing learning opportunities, incubators, Technology Transfer Offices and early
stage investors. The cooperation among the above mentioned actors is crucial for the success and
effectiveness of the training programme, because it will give the opportunity to the would-be
entrepreneur to build a network able to support him/her in the starting phase.

The project website [6] is used throughout the project as the repository of documents and shared
workspace.

We invite you to join our community — register and we will start to deliver to you the project
newsletter.

FASTER

Training Toolkit [ ronpazioneIsTUD

Fig. 6. Description of the FASTER Training Toolkit
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Fig. 7. Example of the FASTER training unit , Innovation and R&D*
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The vision of distance education in Lithuania is to secure affordable life-long learning based on the
use of modern ICT for every citizen of Lithuania by expanding a distance teaching/learning network.
(Development of Lithuanian Distance Learning Network.- Strategy, 2005). Distance Education (DE) in
Lithuania is expanding quite rapidly. However until now it is more prevalent in universities. This is
explained by a better technical base of universities (Matulionis, 2007). In 2009, a research on the
need for distance learning services within the non-formal adult education framework showed that
the distance learning opportunity would have the circle of its users in the given field of education as
well (Vilkonis, Turskiené, 2009). A course of distance learning has also been prepared at one
comprehensive school in Vilnius (Ozo school). It is used by children of emigrants who wish to
continue their education in Lithuania. For example, in the academic year 2006-2007 there were 220
distance learning students from Lithuania, Norway, Ireland, England, Spain, Belgium, Georgia, the
United States and Germany. The need for distance learning within a comprehensive education system
has not been investigated in Lithuania so far although certain features and theoretical background
suggests the existence of such a need. The research issue was expressed in the following questions:
What is the current need for distance education services at a comprehensive school of Lithuania?
What groups of students are interested in such an opportunity? Hence, the research was aimed at
finding out the need for distance learning at a comprehensive school of Lithuania as well as target
groups of students. The research was based on qualitative research methodology. The underlying
technique employed in the research was a Delphi method expert survey. The research took place in
October-December 2009. 12 experts participated in the research. Employees from the education
system and other institutions were selected as experts due to the nature of their professional
activities, available information and sufficient competence on answering questions related to the
needs of the students and the school. The findings showed that the need for distance learning was
stimulated by students and the school needs. In conclusion, the following groups of distance students
can be distinguished: children undergoing treatment for a long time (at home, in hospitals, health
centres), students living abroad, prisoners, athletes spending a large proportion of the school year at
sports camps, gifted students, students with special needs or special learning needs, students unable
to attend school or to train together with other students for various reasons (including pregnant
schoolgirls), students repeating the course, immigrants, working adult students and extra students in
preparation for the final examinations. Schools lacking one or another specialist are also interested in
the distance learning opportunity. It is a matter of great relevance in rural areas and remote regions.
Distant teaching could be referred to certain modules for several schools simultaneously.

Introduction

The rapid pace of modern knowledge society conditioned by the processes of developing modern
information technologies and globalization leads to significant changes in education systems. Having
joined the European Union, Lithuania as well as other European Union countries implements education
in compliance with the Memorandum on Lifelong Learning adopted in Lisbon in 2002. Under the
Memorandum on Lifelong Learning, Lithuania prepared the National Education Strategy for the period of
2003-2012. The Seimas of the Republic of Lithuania has approved the provisions whereby the three main
objectives of educational development are formulated and the means for their implementation are
provided. One of the said objectives is to develop an ongoing affordable and socially equitable education
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system that would warrant lifelong learning. Most employed people in Lithuania aspiring to continue
their studies have no opportunity to retreat from work and go to educational institutions. Therefore
distance education programs and individual learning is the only way out for such persons.

The vision of distance education in Lithuania is to secure affordable lifelong learning based on the
use of modern information and communication technologies for every citizen of Lithuania by expanding
a distance teaching/learning network (Development of Lithuanian Distance Learning Network: Strategy,
2005). The programme for implementation of the National Education Strategy is targeted at further
improvement of infrastructure and the development of new services adequate to the educational needs
of modern society by 2012. The establishment of distance learning service centers in all elderships across
the country shall be actualized by 2012.

The need for distance learning was revealed by researches carried out during the period of 2005-
2009 (Matulionis, Rutkauskiené et al., 2005, 2007; Vilkonis, Turskiené, 2009). It can be maintained that
distance education is undergoing quite a rapid development in Lithuanian universities. It was found that
the system of non-formal adult education was experiencing the need for distance learning services as
well (Vilkonis, Turskiené, 2009). The question remains whether there is a need for distance learning
services in Lithuanian comprehensive schools. A distance training course in all subjects for the 10th
formers has been prepared by a single comprehensive school in the capital of the country
(http://www.ozomokykla.eu/). According to the teachers of the given school, the course is convenient to
children with special needs and to athletes. However, the capacities of one school are rather limited. The
online discussions have shown that children, having gone abroad with their parents, are willing to
continue their studies in the Lithuanian language.

According to L. Zajanckauskiené (2006), there are quite few manifestations of distance learning in
Lithuanian comprehensive schools; only individual activists in promotion of this process can be observed.
It was found that distance teaching/learning opportunities in comprehensive schools are poor, with
teachers being unprepared in this context (Zajanciauskiené, 2006; lvanauskiené, Tankeleviciene, 2006).
Paterson et al. (2005) argues that Lithuania lacks distance education researches; there is no scheme
enabling to evaluate the effectiveness of distance learning and the ability to meet the needs of target
groups.

Hence the research problem can be expressed by the question whether there exists the need for
distance teaching/learning services in Lithuanian comprehensive schools and what target groups it
manifests itself in.

Research Methodology

The following two basic methods of research were employed: a Delphi method expert survey and
secondary school upper grade students questioning. The expert survey took place during the period of
October 2009 — January 2010 whereas the students questioning was carried out in January — February
2010. This article presents the findings of the expert survey.

A feedback was applied in the expert survey. The intervention with multiple repeated discussions
was underlying the building of the consensus. The expert survey was conducted in three stages. In the
first stage, the experts responded to the following five open-ended questions: 1) Is distance
teaching/learning in the comprehensive school relevant today? 2) What are the factors prompting the
need for distance teaching/learning in the comprehensive school? 3) What are the factors limiting the
possibility of providing distance teaching/learning services in the comprehensive school? 4) What
groups of comprehensive education students might be interested in distance learning? 5) What are the
perspectives for providing distance teaching/learning services in the comprehensive school in the next
five years?

In the second stage, following the generalization of the first research results, the second stage
questionnaire which included all the first stage statements was delivered to the experts. A 1-to-3 rating
scale where: Agree=1, Partly Agree=2, Disagree=3 was used for the assessment of each statement by
the experts. The second stage results were analysed by calculating the index of popularity,
subsequently all the statements being ranked according to their significance. In the third stage, the
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second stage results were presented to the experts who were asked for a comment, a complement or
an objection in relation to the results.

A sample of education professionals, knowledgeable of the situation in comprehensive schools and
capable of giving a competent opinion, was selected for the expert survey. It involved professionals
from the Education Development Centre under the Ministry of Education and Science of the Republic
of Lithuania, specialists from municipal education departments and the children rights protection
service, representatives of the Sports Department and two school principals — the members of the
School Principals Association. A total of 12 experts were invited to participate in the survey but only 11
of them stayed in the survey until the end.

Research Results

The research has shown that the possibility of distance learning is a matter of relevance in the
comprehensive school as well however for some groups of students rather than for all of them. In
large, for those students who are unable to attend classes for a longer period of time for various
reasons but are capable of learning individually, consulted by a teacher. Due to new information and
communication technologies, more opportunities are emerging for learning indivisually without sticking
to a certain place and time. As it can be seen from Table 1, the need for distance learning is primarily
associated with students whose ability to participate in conventional classes on school premises for a
longer or a shorter period is limited by health problems or congenital or acquired disabilities.

Table 1: Student Groups Interested in Distance Learning

Target Groups Target Group Description Index of
Popularity
Students Students temporarily dropped out of the educational process 0,95
undergoing (students unable to attend school because of health problems,
treatment or i.e. students taught at home)
disabled students  Students undergoing treatment in sanatoriums 0,95
Students undergoing treatment in hospitals 0,90
Students with special needs and special education needs (they 0,75
could be grouped in terms of learning difficulties, intellectual
development, physical or mental disabilities, behavioural
disorders or some other adversities, for example, students with
autism spectrum disorders when a person cannot learn in a team)
2 Students learning  Individually learning several subjects, preparing for examinations 0,90
in addition Students having chosen individual studies 0,90
Gifted students 0,80
3 Students having Lithuanians and their children living abroad 0,85
gone abroad Students leaving Lithuania for a longer or a shorter period of time 0,70
4 Adult students Students at youth and adult schools 0,65
5 Talented young Sportsmen spending much time at sports camps 0,60

sportsmen

The values of the index of popularity in the given group indicate an extremely high need for distance
teaching/learning. Another target group consists of students attending classes regularly and
distinguished by exceptional abilities and learning motivation. Distance learning would allow them to
learn to a greater extent and at a higher rate than the average class, to gain more knowledge and to
make better use of leisure time and individual learning opportunities. The third target group also
involves students devoid of any health problems but unable to attend school because of a varied place
of residence. These are students who have gone abroad with their parents in search for a job. A large
part of such students wish to continue their studies in their mother tongue at a Lithuanian
comprehensive school. The fourth target group comprises fit students as well however their
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opportunities to attend conventional classes are limited. These are adult students working in Lithuania
or in other countries. The fifth group are talented sportsmen spending a considerable time at sports
camps far away from home and school. The possibility of distance teaching/learning, albeit through a
facilitated curriculum, would prevent them from seriously lagging behind their peers.

Few students interested in the possibility of distance learning have not been separately ranked in
the Table 1 as being less significant due to a lower index of popularity. These are young people serving
their sentence in prison, pregnant schoolgirls and students attending on severely ill persons or disabled
parents at home.

Further, the factors leading to considerations about the provision of distance teaching/ learning
services within a comprehensive education system shall be analysed.

Table 2: Factors Influencing the Need for Distance Learning

Factor Group Factors Index of
Popularity
Endeavour to Endeavour to facilitate learning for children with physical 0,95
ensure access to disabilities
learning and equal  Endeavour to obviate a short-term withdrawal from studies 0,95
opportunities for because of a disease which does not interfere with learning
all Endeavour to ensure continuous learning during quarantine 0,85
High employment of the teacher and students during the 0,60
workday, raising the need for consultation
Increasing number of students willing to deepen and broaden 0,60
their knowledge in a subject
High student activity and involvement in extra-curricular 0,40
activities
Learning quality Increasing focus on students with special educational needs (in 0,60
improvement the broad sense)
Endeavour to prevent students absent from school (both, with 0,55
and without justified reasons) from lagging behind which could
result in incomprehension of new learning material, lagging
behind to a large extent and ultimately — dropping out of the
education system
Endeavour to ensure teaching/learning quality for want of 0,55
specialist(s) at school
Demand for changes and innovations 0,65
Increasing teacher  Increasing number of teachers using ICT in their work 0,90
competence
Increasing resident A drastic increase in the international mobility of residents and, 0,85
mobility at the same time, of students
Technological Development of information and communication technologies 0,80
development and new opportunities
opportunities Increasing number of personal computers in student families 0,80
Expansion of public internet access 0,80
Expansion of internet access in remote regions 0,75

In addition to the factors contributing to distance learning, certain factors limiting the possibility to

provide distance learning services have been distinguished as well (Table 3).
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Table 3: Factors Limiting Distance Teaching/Learning Opportunities
Factor Group Factors Index of
Popularity
1 Teacher Teachers’ distrust of students and their individual learning, the 0,90
competence and desire to control
attitudes Some teachers’ lack of computer literacy 0,80
Lack of knowledge on the contemporary distance learning 0,80
opportunities
Absence of comprehensive school teacher training 0,75
Insufficient efforts of many teachers to adopt innovations 0,60
Teachers’ passivity 0,45
2 Technological Shortage of possibilities to access special distance teaching/ 0,80
barriers learning environments
A computer is unavailable to some students 0,70
3 Lack of resources Lack of time for the assignment and assessment of individual 0,85
tasks
Inflexible system of payment for work and labour accounting 0,85
Lack of funds allocated for the payment of school work 0,85
Deficiency of electronic database tasks under study subjects 0,80
Lack of electronic textbooks and other teaching/learning tools 0,80

The largest and the most significant group of factors is related to teacher competence and attitudes.
Teachers’ distrust of student ability to study individually, the desire to control the learning process and
to maintain a closer contact with the student in order to ensure regular communication are top rated. It
is believed that independent learners require the supervision of teachers and parents which would be
more difficult to ensure through distance learning. Experts also note that a computer and internet
access are not available to all families. Teachers have a limited access to virtual distance
teaching/learning environments. Electronic textbooks and electronic database tasks available to all
teachers would come in handy too. This would save the time spent on the preparation of electronic
learning materials. In this way, the value of time as deficient resource would be reduced. It is also
emphasized that distance learning does not replace laboratory and other practical work. Attention is
also drawn to negative effects of computer work on health.

Experts have a notion that distance teaching and learning in the Lithuanian comprehensive school is
viable. The state shall assume an important role in the provision of both, the infrastructure and the
schools with sufficient funding and material support. It is recommended to spread the experience of
distance education among comprehensive schools and to ensure access to timely and competent advice
by implementing distance learning services.

Conclusions

1. Distance learning has been and continues to be important to a part of students at
comprehensive schools but currently the number of target groups is increasing.

2. Currently, distance learning is a matter of relevance to students deprived of the
opportunity to attend conventional classes in a traditional school classroom. The
following 4 main target groups can be distinguished: a) students with short- or long-
term health problems undergoing treatment in hospitals, sanatoriums or at homes
when health problems do not interfere with learning, also students with congenital
or acquired disabilities who are taught at home; b) students having gone abroad with
their families but willing to acquire general education in Lithuania; c) gifted and
highly motivated students dissatisfied with the average educational level; d)
sportsmen leaving for sports camps in other cities for a long time; e) adult students,
some of them living and working abroad.
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3. The need for the provision of distance education services in the comprehensive
school is prompted by endeavours to guarantee all students equal access to general
education and to improve teaching and learning quality. The need for distance
learning is also increased by the growing mobility of Lithuanian residents and
workforce in particular. The need for distance teaching and learning is based on
evolving e-learning technologies, the growing competence of teachers and the
improving access to the internet.

4. The provision of distance teaching and learning services is still hampered by a lack of
resources, some teachers’ negative attitudes towards innovations and competence
deficiency.
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