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Introduction

The proceedings book XXXIV. DIDMATTECH 2021 consists of selected
contributions from the conference with the same name which took place
on September 2-3 2021 at the Faculty of Informatics of E6tvés Lorand
University in Budapest. The publication covers several basic current
research fields, the results of which were presented in eight sections of
the conference. The purpose of these scientific contributions of notable
authors - scientists and specialists from Czech, Hungarian, Polish,
Slovakian universities - is to present the latest results, ideas and
innovations from various fields of science and research. The main
emphasis is being placed on the scientific disciplines of materials and
technologies, including education, information and communication
technologies.

The proceedings could be recommended primarily for teachers, who are
teaching subjects focused on the fields of informatics, information and
technologies, and who are possibly using modern didactic digital
technologies and ICT in education. It could be also useful for research
workers in the above mentioned fields, and also for PhD, postgraduate
and gifted students, who can find in it not just interesting information,
but also many inspirations for their research and pedagogical activities.

© 2021, The editors and the authors of the contributions

For the content of contributions are responsible their authors.

The contributions have not undergone editorial and linguistic corrections.

No part of this publication may be reproduced, stored, in retrieval system or
transmitted in any form by any means, electronic, mechanical, photocopying,
recording or otherwise, without the prior written permission of the publisher.
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A COMPARISON OF PROBLEM-BASED LEARNING
AND STRONGLY GUIDED INSTRUCTION IN
COMPUTER PROGRAMMING EDUCATION

Laszl6 NIKHAZY, HU

Abstract: The effectiveness of various discovery learning methods in
public education is a much debated topic [1, 2]. Kirschner and colleagues
[1] suggest that teaching through many worked examples is more
efficient than minimally guided instructional methods. The aim of this
study was to compare the former, strongly guided instruction with a
form of problem-based learning in computer programming university
education. The measurements included the enjoyment of classes,
improvement of knowledge, and engagement in extra tasks besides the
students’ actual performance at regular tests. The same topics were
taught in two parallel groups using the two different teaching methods
for one semester. The students’ performance in the tests at the end of the
semester were similar, but the other measurements show some
interesting differences, especially regarding the learning experience.

Keywords: computer programming education, discovery learning,
strongly guided instruction, comparative study.

1 Introduction

In the second half of the 20t century, various forms of discovery learning
(DL) gained very much attention in multiple scientific fields both at
university and school-level education. A great amount of research has
been conducted regarding the benefits and drawbacks of different types
of DL, such as inquiry-based learning (IBL), problem-based learning
(PBL), guided discovery learning (GDL), among others. The profound
critical article of Kirschner et al. [1] brought forth an intriguing scientific
dispute with comprehensive answers from the other side [2]. As a
person, who loved learning with the IBL method of Pésa’s mathematics
camps [3,4] and gained very positive teaching experience applying these
concepts in computer science talent education [5], I miss an aspect from
the papers mentioned above: the students’ enjoyment of classes.

Kirschner and colleagues suggest that a strongly guided teaching method
demonstrating many worked examples is more efficient than the various
DL principles. But the efficiency is expressed in terms of the students’
performance, while their engagement should be an equally significant
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feature because it is not only important how much they learn, but also
how much more they want to study later about the subject. The long-
term effects are hard to measure, but the engagement can be determined
with short surveys and evaluations on non-mandatory tasks. In this
paper, the results of such a research in university education are
presented.

2 Methods and materials

2.1 The course

The same teacher taught two parallel programming practice groups
using different approaches for one semester, which was the first
semester of their university studies. The subject, called Programming
Lecture and Practice, is the introduction to programming fundamentals
for computer science BSc students at the E6tvds Lordand University. The
curriculum is built around solving first simple and later more complex
problems using basic algorithmic patterns, like minimum/maximum
selection, counting, searching, filtering, sequence calculations and
combinations of these [6]. It involves learning the basic elements of a
programming language (which is C++ currently), while the students also
need to create formal specifications to real-world example problems and
express solution algorithms with structograms (Nassi-Shneidermann
diagrams [7]). The lectures mainly present the theoretical background
using the formal specifications and the algorithms shown on
structograms. On the other hand, the practice classes focus on solving
tasks with C++ programs to provide a further base for the theories by
having some hands-on experience. The detailed curriculum can be seen
on the website of the course [8]. Because of the COVID-19 pandemic, all
the lessons had to be held online. Attendance was mandatory for the
online video conferences of the weekly 135-minute practice classes.

2.2 The two groups

The students of the two practice groups visited the same lectures, wrote
the same tests, got the assignments in the same system, and the materials
and tasks of the practice classes were almost the same. The only
difference was the method of teaching. In the first group, I tried to give
minimal guidance to the students and always make them face the
problems on their own first, providing them with enough time to think
and help when necessary. Hence, they are called the problem-based
learning group (PBLG) in this article, although the teaching method
differs from the general approach, which is called problem-based
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learning in science education [9] since the tasks for the students are not
open-ended and are relatively short. Here the students build up their
knowledge through a series of problems designed by the teacher. In the
second group, the strongly guided group (SGG), I tried to demonstrate as
many example tasks as possible to show how to solve a wide variety of
problems that can appear in tests.

The critical difference in the education of the two groups is that in the
SGG, the teacher tries to transmit his knowledge and best practices into
the head of the students, while in the PBLG, the core knowledge is built
by the students in their head, and the teacher has the responsibility of
scaffolding, adjusting and organizing it. The students in the two groups
were similar in terms of intelligence and previous knowledge. When they
enter the university, the most talented persons are selected to a separate
study group, and the rest are divided into two halves based on a
threshold in their entry points and then assigned randomly to groups.
The two groups of this study were chosen from the below-threshold half
of the students, so they presumably had less programming experience.
At the beginning of the semester, the students were asked to fill out a
form about their prior education and expertise in programming. The
answers did not differ significantly between the two groups.

2.3 Assessments and surveys

The students were assessed with several tests and home assignments
listed below at the middle and end of the semester.

¢ Coding test (CT): a 45-minute test about implementing an algorithm
in C++ given a structogram and a corresponding specification in the
middle of the semester.

e Algorithm test (AT): a 45-minute test towards the end of the
semester, where the task is to give an algorithm on paper to a task
specified with a short text and formal definitions.

e Coding exam (CE): at the end of the semester, the students had to
solve a complex task with multiple subtasks in 150 minutes, which
was evaluated automatically using input-output matching by an
online judge giving immediate full feedback.

e Algorithm exam (AE): at the end of the semester, the students got four
tasks with short text descriptions, and they had to give formal
specifications and solution algorithms to them on paper in 90
minutes.

11 Example of a note “under the line” - near the page footer - a footnote.

12 Another example of such a note.
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e Home assignments (HA): throughout the semester, the students had
to write and submit programs as homework for four simple tasks
given 3-weekly in an online judge.

e Home project (HP): the students had to submit a program with
documentation for a complex task at the end of the semester.

¢ Extra tasks (ET): every week, I gave a more challenging task as non-
mandatory homework for the students in the Codeforces system [10].
Students could earn only plus points with these tasks. Their results
in these indicate their motivation and engagement in the
programming studies.
The main research interest was the students’ enjoyment of classes. It was
measured by a simple short feedback question with a 1-5 numeric
answer after each lesson. Furthermore, there was a question about their
perception of development on the same feedback form. Precisely, the
document contained the following questions:

e How much did you learn/improve in today’s class on a scale from 1
to 5? (1 - nothing, 5 - a lot)

e How much did you enjoy today’s class on a scale from 1 to 57 (1 -1
was bored, 5 - I enjoyed it very much)

3 Data analysis

3.1 Assessment results

There were 20 students in the PBLG and 17 students in the SGG. The
results of the assessments in the two groups are visualized below in
figure 1 using box plots; the PBLG is in blue (left side), the SGG is in
orange (right side). The scores of the students were calculated as
percentages at each test. The middle line of a box plot marks the median
result of the group, the box above and below extends to the first and third
quartiles, and the thin lines stretch out to the minimum and maximum.
Outliers are visualized as dots. These correspond to students who gave
up the course inside the semester and did not take the given test or just
partly took it. There is a sad fact worth noting: in the SGG, the number of
such students increased gradually during the semester, up to 4 of them
not taking the final coding exam. It is a strong sign of loss of motivation,
but not necessarily about this course. Some of the students quit
university soon after starting because they realize that computer science
is not for them. Another factor was the quarantine and the fully online
education, which could cause psychic difficulties.
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Test Results
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Figure 1: Box plots of the test results in the two groups

As visible above, the two groups performed similarly in the assessments.
The mid-term coding and algorithm tests and the semester-end
algorithm exam went a bit better for the PBLG. However, in the coding
exam, the SGG students did much better and slightly better in the home
assignments and the home project. To determine whether these
differences are significant, p-values were calculated using two-sample t-
tests, and they are shown in the table below, along with the averages of
the two groups in different tests. We can see that the difference in the CE
is significant (p < 0.05), and the other differences are not significant,
although the PBLG produced slightly better results in the other tests (AT,
CT and AE), while the SGG was a bit better in homework (HP and HA).
What might be the reason for the SGG doing significantly better in the
coding exam? Probably the greater variety of example problems and
solutions shown was helpful when the students had to face the complex
coding task. However, an additional, prosaic reason might play a role in
this. Namely, the students get one combined mark for all the tests
combined. Since the CE is the last test, they know how many points they
need for their desired mark and might finish the test as soon as they get
enough points in the online judge system. Thus, if students collect more
points on earlier tests, they need less at the last one.
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Table 1: Test result averages and p-values
AT CT AE CE HP HA
PBLGavg 81316 91900 51.053 75.009 67.605 91.421
SGGavg 74600 86529 47357 86.769 72571 92.391
p-value 0135  0.089 0239 0.049 0.144 0384

A great indicator of student motivation is the number of solutions to
extra tasks. These were non-mandatory, more challenging tasks where
students could collect a tiny amount of extra points. So, the reward in
points was not proportional to the invested time, but it was also an
opportunity for students to try their best and test the limits of their
knowledge. Surprisingly to me, the results were almost identical in the
two groups, as shown in figure 2 below. The heights of the bars
correspond to the percentage of students submitting correct solutions.
There is a clear trend of decreasing number of solutions in both groups
starting from the middle of the semester. However, it is probably not
because of the loss of motivation, but because the students have very
little free time in the second half of the semester because of the many
tests. Another factor is the increasing difficulty of the tasks. It would be
interesting to measure which is the decisive factor - we could give out
easy exercises throughout the whole semester to test it. In the SGG, the
last extra task received much more solutions, which can be attributed to
the reason mentioned above: they needed more points at the end of the
semester.

Extra homework ratio
100

©
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sPBLG =SGG
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Figure 2: The ratio of students doing extra homework after classes3.2
Feedbacks

The short feedback forms at the end of each class are of great interest in
this study. Each student was asked to give a 1-5 rating of how much they
enjoyed the practice and improved (according to their feeling). On the

10
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charts below, the heights of the columns are the group averages of the
feedbacks for each lesson, while the line segments of the top show the
calculated standard deviations. There were two occasions when the SGG
group did not have a class due to holidays, in those cases, there were
practice lessons in the PBLG group.

Average enjoyment in classes

| l | ' | I I I I I | | l I
1 2 3 4 5 6 7 8 9 (I 12 13

= PBLG Avg Enj =SGG Avg Enj

w

N

Figure 3: Average and standard deviation of enjoyment feedback in classes

The enjoyment ratings are positive in general, as can be seen above in
figure 3. The average of the enjoyment values is higher in the PBLG on 9
occasions and lower on 2 occasions than in the SGG, but there is a
significant difference only two times, in the 4t and 5t lesson (mid-
semester). At this point of the semester, the worst feedback results
occurred in the SGG and the best feedback results in the PBLG. It is a
point when the students already know the elements of the programming
language, and the basic patterns of algorithms (counting, search,
minimum/maximum selection) are introduced. The measurements
show that here it means a lot to the students to let them try working on
their own first. If the examples are demonstrated, the topic might not
seem attractive at all because it looks easy. On the other hand, these tasks
are on the level where the students can find a little challenge and gain
success, and in this case, it is much favourable not to tell them the
solutions first.

Another interesting observation is that the enjoyment levels change
similarly across classes in both groups (excluding the previously
mentioned two occasions). For example, the 12t lesson was excellently
rated in both groups, which was about sorting algorithms, a more
advanced topic. So, the subject of the class affects the enjoyment values
similarly in both teaching methods.

11
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Average self-improvement in classes
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Figure 4: Average and standard deviation of self-improvement
feedback in classes

Figure 4 above shows the averages improvement values - how much was
the development of the students’ knowledge and skills felt by
themselves. In the last four classes, the results of the two groups are
close to each other. This is because, in these lessons, more complex
topics and tasks were discussed. However, in all the previous occasions
(1-9), the improvement values are much higher in the PBLG group than
in the SGG group. This is an exciting finding. We can interpret it by saying
that if the topic is simple enough, the students feel that they improve
more by working out the solutions on their own rather than listening to
many different solutions. There can be two explanations. Firstly, it is
possible that they really improve more. Secondly, it might be that the
group listening to the solutions does not realize the difficulties lying in
the tasks because it looks straightforward when demonstrated; thus,
they think they learn nothing new. Most probably, both explanations are
true at the same time. Nevertheless, this outcome was unexpected in this
measurement.

4 Conclusions

In this paper, a short, small-scale study was presented where the effects
of teaching with minimal guidance learning based on problem-solving
and strongly guided method with demonstrating many worked
examples were inspected. | taught two programming practice groups for
one semester with the different techniques (PBLG and SGG). The
performance at most tests was similar in the two groups. However, a
significant difference was observed at the final coding test; the SGG had
better results, which can be explained by the students having seen a
wider variety of tasks and solutions. However, it is worth noting that four
students gave up the subject in the SGG, while only one in the PBLG,

12
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which is an influencing factor. In other tests, the PBLG students did a bit
better, but not significantly.

The focus of this study was on the students’ experience during classes as
felt by themselves. The measured difference in enjoyment was not as big
as expected; there were only some classes where the problem-based
learning was definitely more entertaining: when some simple
algorithmic patterns were applied for the first time. However, the
students’ feeling of improvement was significantly better in the first half
of the semester in the PBLG. So, it seems beneficial to let students try to
solve problems even if the underlying knowledge has not been explained
previously, provided that it is easily accessible to them. It is a surprising
result that students felt that they learned more when they had the option
to try themselves than when they were told the solution to multiple
other examples.

There are some important limitations. The most desirable measurement
would be the long-term effects of the two teaching methods. How much
difference does it bring in motivation to engage in the field of
programming? Does it change the way how a person approaches a
problem in her professional career? Unfortunately, these are nearly
impossible to measure since there are so many influencing factors in
addition to what we introduce. Furthermore, in the current
measurements, we cannot disclose the effects of other university
subjects that might influence how the students develop during the
semester. Still, it would be interesting to conduct a similar study with
different groups or in another field.
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SPREADSHEET AS AN
ALGORITHM VISUALIZATION TOOL

Gabor TORLEY, Péter BERNAT, HU

Abstract: This paper first presents the definition of algorithm
visualization (AV) and its potential in increasing students’ engagement
in the learning process according to Bloom’s taxonomy. Then it
demonstrates in detail that not only can spreadsheet develop and
support computational and algorithmic thinking, but it can also be used
as an AV tool. Authors give examples as well on how learners can reach
increasing levels of engagement using spreadsheet as an AV tool.

Keywords: spreadsheet, algorithm visualization, computational
thinking, algorithmic thinking, programming

1 Introduction

Among the aims of the Hungarian primary and secondary education, the
development of students’ cognitive skills and the improvement of their
thinking have received more and more attention. Real life creates real
problems that is why conscious thinking is needed in order to find a
quick and efficient answer for everyday problems. Acquiring the ability
of computational and algorithmic thinking also provides help in reaching
this goal.

Educational programming can take a decisive role in improving the
students’ cognitive skills by teaching basic algorithms; however, based
on past experiences - abroad included [6, 7] -, it is rather complicated to
learn and teach algorithms.

One of the strengths of AV can be involving more sensory organs in
learning. Katai et al [8, 10] confirmed that if a teaching method impacts
on different sensory organs, it can effectively support the teaching and
learning of algorithms. Furthermore, AV tools can be used to develop
algorithmic thinking not only in computer science students. [9]

2 Literature review

Algorithm visualization (AV) is a subclass of software visualization, and
it handles the illustration of high level mechanisms of computer
algorithms, usually in order to help students understand better how
algorithms work. [3]
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Naps et al expanded [1] the conclusions of Hundhausen et al [3] i.e. a
student who is actively engaged with the visualization technology has
consistently outperformed learners who passively view visualizations. A
taxonomy was defined which determines the level and type of the
students’ activity. Six levels were stated:
1. No viewing: in this case AV is not used at all.
2. Viewing: students only look at the execution and the steps of AV.
3. Responding: students are presented with questions during the
visualization.
4. Changing: students can alter data or make other changes during the
visualization.
5. Constructing: students construct the algorithm’s visualization
themselves.
6. Presenting: students explain the algorithm using visualization and
ask for feedback and discussion.
This taxonomy relates to Bloom'’s hierarchy [11], which is possibly one
of the best known and most widely used models of human cognitive
processes. A revised version of the taxonomy was published in 2001
(Figure 1.) [2].
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Figure 1: Bloom’s Taxonomy, Original and Revised [2, 11]

Learning taxonomies can help description and categorization in
cognitive, affective, and other dimensions, in which an individual
operates as part of the learning process. In other words, learning
taxonomies help us to "understand about understanding”. [12]
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The new Hungarian Curriculum Framework 2020 [13] adopts an
approach according to which spreadsheet is a new topic in the field of
“Developing problem-solving skills”. Unfortunately, we must note that
the new coursebook for spreadsheeting (Grade 9) does not follow this
concept. The old tool-centered method is presented instead.

The spreadsheet teaching field includes basic programming concepts
[14] like data types, operations, variables, and functions. Tort also
suggests adding procedures, scopes of variables, data tables, sorting, etc.
because a spreadsheet can be considered as a program and building a
spreadsheet is partly programming. If we use a model of a spreadsheet
explicitly, then we can help learners in the process of abstraction, which
is a very important part of programming.
According to Szalayné [4], a table or a spreadsheet can be considered as
a program with data and pre-defined algorithms. Although students can
see a table or a spreadsheet on their screens, they need to understand
the “program”, which consists of their solutions implemented by
functions.
Csernoch and Bir6 claim [5] that a spreadsheet software can be used as
a problem-solving tool. Their method, called Sprego, “is a deep approach
metacognitive problem-solving environment, which has borrowed and
combined proven methods from high level programming languages. The
three milestones of Sprego are

e using as few and as simple general-purpose functions as possible,

¢ building multilevel formulas,

e building array formulas.” ([5] p. 27)
This method can develop students’ computational thinking and
algorithmic skills. Teaching spreadsheet has an important role in ICT
education because students learn several aspects of computer science
and develop skills connected to this field, for example, handling data
structures, database management, programming principles, logical and
computational thinking, and algorithmic skills. Sprego also promotes
schema construction through authentic problem-solving and algorithm
construction [15].

3 AV in Spreadsheet

Our study connects these two fields above: AV supports demonstration,
spreadsheet develops algorithmic thinking. Spreadsheet can visualize
the input, the output and the state of the output variable at each step of
the algorithm. This means that spreadsheet can show the whole state
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space (i.e., input, output, and local variables). A spreadsheet software is
available for every student, and since this topic is included in the
curriculum, students can have the required knowledge. We will show
that great programming knowledge is not required in order to create an
interactive environment in spreadsheet and by creating the
visualization, the student will use algorithmic thinking.

Basic algorithms can be demonstrated in three different levels in
spreadsheet:

1. with the appropriate built-in functions, students can become
familiar with the concept of programming theorems;

2. using spreadsheet as an algorithm visualization tool, students can
understand how programming theorems work;

3. most programming theorems can be implemented using array
formulas based on the postconditions of their specifications.

In our paper, we will focus on level 2.

4 Programming theorems and the Counting algorithm

During programming, using algorithm patterns can give general and
basic solutions to recurring problems, such as, how many elements have
a given attribute in a data sequence, or which is the greatest (or smallest)
element of that. In Hungarian programming education, algorithm
patterns which relate to one or more data sequences are called
“Programming theorems”. [16] We will use this term in our paper. Most
of modern programming languages include solutions for these problems
as built-in functions but we feel strongly that students must understand
and create the appropriate basic algorithms by themselves.

According to the new coursebooks based on the new curriculum [13],
students learn the concept of programming theorems at Grade 10. Our
introductory programming courses at E6tvos Lorand University are also
based on the programming theorems. That is why we suggest using our
AV examples, presented below, at secondary school (from Grade 10) and
at university for students who are familiar with the basic concepts of
programming (such as variables and control structures) and can also
read pseudo code.

We have chosen the Counting programming theorem as an example. We
will demonstrate two kinds of AV of this algorithm: a basic one and an
advanced one. Our sample task is the following. At a ski resort, we
measured the snow depth in centimeters on some consecutive days. Let
us determine the number of days on which the measured value was
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greater than 5. We will store data (numbers) in a sequence. The
algorithm follows the everyday method with which we count objects
with a specific attribute. We ask a yes/no question (Does the current
object have the specific attribute?) for each object, and if the answer is
yes, then we write a mark on a paper, and finally, we count the marks.
(Or we can also keep the current count in mind after each yes/no
question). Accordingly, the algorithm of the programming theorem uses
one auxiliary variable whose initial value is 0 and the algorithm checks
all the elements of the data sequence from the beginning to the end and
if the current element has the given attribute, then the auxiliary variable
is incremented by one. After traversing the whole sequence, the final
result can be found in the auxiliary variable.
Counting(N, Array, Count)
Begin
Count := 0
For i:=1 to N do
If Array[i]>5 then Count := Count + 1
End For
End.

It is very simple to create the Basic AV in spreadsheet. It will
demonstrate the main steps of the programming theorem as a still
picture. In order to create the Advanced AV, advanced spreadsheet skills
(complex (nested) formulas, conditional formatting, lookup functions)
will be necessary. It will demonstrate all the basic steps of the algorithm
as an animation, that is why it can support creating the code and novice
students can have a more understandable and more spectacular tool.

5 Basic AV

A sequence with 10 integer elements is given on the worksheet (B3:B12),
indices are added to the elements (A3:A12) (Figure 2). Our task is to
count the numbers that are greater than 5. By copying a formula, let us
demonstrate the current value of the above-mentioned auxiliary
variable after examining each element of the sequence. (D3:D12)!
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i X[i] Count

initial value
=IF(B3>5;D2+1;D2)
=|F(B4>5;D3+1;D3)
=|F(B5>5;D4+1;D4)
=|F(B6>5;D5+1;D5)
=|F(B7>5;D6+1;D6)
=|F(B8>5;D7+1;D7)
=|F(B9>5;D8+1;D8)
=IF(B10>5;D9+1;D9)
=IF(B11>5;D010+1;D10)
=|IF(B12>5;D11+1;D11)
Figure 2: Basic algorithm visualization

for the counting programming theorem
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A copyable formula needs to be created, which should be based on the
previous element of the sequence. Before the first element, we use the
initial value of 0. Then, this value (Count) should be incremented every
time when the current value (X[i]) has the given attribute. The
appropriate formula can be seen in column E.

This solution corresponds to the algorithm of the programming theorem
in details: value 0 in cell D2 can be comparable to the initialization of the
auxiliary variable, copying the relative reference of the formula refers to
the traverse of the sequence and IF function refers to the branch (if
conditional) in the loop.

With this Basic AV created in spreadsheet, students can reach all the
levels of the earlier mentioned Engagement Taxonomy [1].

5.1 Viewing
The values of the auxiliary variable can be seen for every step of the
algorithm (at the same time). If we copy the formula line by line we can
see the change of this variable as an animation and we can control its
speed easily.

5.2 Responding

Teacher can ask questions in written form about the value of the
auxiliary variable. For example, what will the value of variable Count be
at specified step of the algorithm? At which step of the algorithm change
the variable Count to a specified value? etc.
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5.3 Changing

Thanks to the spreadsheet as a developing environment, the elements of
the sequence can be modified easily. In order to change the given
attribute, it is enough to modify the logical condition in the formula. We
can motivate the modification by asking questions. For example, let us
modify the sequence in order to get a specified value in variable Count at
the end of the algorithm. Of course, questions can refer to modifying the
given attribute as well.

5.4 Constructing

We have chosen spreadsheet as a developing environment because
students know this tool consequently they can create their own AV in
that, with or without support of the teacher. It is a great advantage that
for creating the “Basic AV” needs similar (and not more complicated)
concepts to those that we would use at programming.

5.5 Presenting

The well-known environment and the few and easy tools which are
needed for the visualization support the presentation of the algorithm.
Students can copy the above-mentioned formula (column E on Figure 1)
as a demonstration. Moreover, they can create the formula during the
presentation and can explain the required steps. Of course, they can
change the sequence, its size or the given attribute during presentation
and can ask questions in order to engage their audience.

6 Advanced AV

Although advanced spreadsheet skills (complex (nested) formulas,
conditional formatting, and lookup functions) are required to create the
algorithm visualization described below, it provides additional features
compared to the basic version (Basic AV).

A ten-element sequence of positive integers is given on the worksheet
(D4:M4), each element of which is numbered (D5:M5) (Figure 3). The
task is the same as earlier, let us find the number of elements greater
than 5. Let us create an animation that demonstrates the operation of the
required algorithm and can be played step by step clicking on a spin
button (G11:G12)!
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During the animation,

1. a black arrow should point to the current element of the number
sequence (D3: M3);

2. the background color of the current element should be gray when
selected, yellow when tested, and then green or red depending on
whether it had the attribute in question (and it should turn back to
white when selecting the next element) (D4: M4);

3. the current value of the auxiliary variable should continuously be
visible!
Then, let us display the pseudo code or the program code of the
programming theorem next to the animation area, and highlight the
currently executed instruction with the background color that the
current element has in the animation!

Al 8 [ c o] e[ FJe [ w1 [ 1+ []kKJ[L[IMmINTO

Count:=0
Fori:=1to 10 Do
If X[i]>5 Then
Count:=Count+1
End For

Xil: [3]7]s]e]a]8]o]8][1]4]
i 1 2 3 45 6 7 8 9 10

Count: 0

T

10 Enter the step number (0-31) or click on the arrow buttons!
1 | Step:| O | « |[Next step
1 ¥ |Previous step

Figure 3: Advanced algorithm visualization
for the counting programming theorem

In the implementation, the current step number is stored in cell F11,
which value goes from 0 to 31 with the spin button. The step numbers
were chosen arbitrarily as follows.

In step 0 the auxiliary variable is set to 0. In step 1, the first element of
the number sequence is selected (and gets a black arrow and a gray
background color).

In step 2 the element is tested (and gets a yellow background color), and
in step 3 the decision is made (green or red background color), and if the
answer is yes to the yes/no question, the auxiliary variable is increased
by one. In step 4, we move on to the second element, and so on (Figure 4).
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3
xil: [3]7]s]e[a]s]o]8]1]4]
i: 1 2 3 45 6 7 8 9 10

A 4
xi): [3]7[s[6[a[8]9]8]1]4]
i 123 456 7 8 910

L 4
xil: [ 7]s[e[4]8]o]8]1]4]
iz 12 3 4 5 6 7 8 910
L 4
Xil: [3[7]|s5]6|a[8]9][8]1]4a]
it 1 2 3 45 6 7 8 9 10
Figure 4: Animation in step 1, 2, 3, and 4

Thus, in step 30, the last element is the current one, and the solution of
the original problem can be read from the auxiliary variable (D8). In the
very last step (step 31), traversing of the number sequence terminates
(the black arrow and the green or red background color disappear).
Conditional formatting was used in the animation, as well as in the
pseudo code to highlight the currently performed instruction.

In each cell of range D3:M3, there is an arrow symbol with white font
color, from which the only one that points to the current element of the
number sequence is displayed in black by the help of conditional
formatting. The index number of the current element of the number
sequence can be easily calculated from the current step number of the
animation.

The background color of range D4:M4 (in which the number sequence is
located) is conditionally formatted depending on the current step
number of the animation, and the value and the index number of the
current element of the number sequence.

Each line of the pseudo code in range P2:U7 is formatted by a separate
conditional formatting rule, which depends on the current step number
of the animation and whether the tested element has the specified
attribute (greater than 5).

Finally, the current value of the auxiliary variable is determined in D8.
To this, in a hidden row (row 6) under each element we calculate its
temporary value based on the elements so far and the specified attribute
just like we did with the basic AV earlier. Then, in D8, we select the
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proper value from the hidden row according to the current step number
of the animation.

Regarding how each level of the Engagement Taxonomy can be
accomplished using the algorithm visualization in question, we can say
the following.

6.1 Viewing

At the beginning, the pseudo code or the actual program code can be
hidden to direct the attention to the animation. We believe that this
animation demonstrates the operation of the algorithm in a clearer and
more detailed way than the basic visualization. The animation can be
viewed at any pace, which can be dictated by the teacher during the
presentation and then by the students as they solve tasks. If necessary,
they can also jump back to the previous step. During coding, the pseudo
code or the program code can be displayed, allowing students to see the
algorithm visualization and the algorithm itself at the same time.
Because the currently executed step is highlighted in both the animation
and the program code, it is easy to determine the relationship between
each step of the animation and each instruction in the code.

6.2 Responding

Similar to the first visualization, teacher can ask questions verbally or in
writing about how the algorithm works. The question can be about the
value of the auxiliary variable, or the animation itself: for example, where
the black arrow will be (move) in the next step, and which element will
get a background color (and what color).

6.3 Changing

The elements of the input sequence can be easily changed in this
visualization as well, but the examined attribute must be modified in
several formulas, making it more cumbersome. Otherwise, changes can
be motivated with the same questions that we have already outlined in
the section on our basic algorithm visualization.

6.4 Constructing

The creation of this algorithm visualization requires advanced
spreadsheet knowledge and a longer time (much longer than
comprehending the programming theorem in question and writing the
proper program code), that is why we recommend this visualization
primarily to use and not to create in the class.
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6.5 Presenting

At the same time, not only the teacher but also the students can use this
visualization very well to present the programming theorem, taking
advantage of the already mentioned possibilities of the visualization.

7 Conclusion and future work

In our paper, we have showed the benefits of spreadsheet and AV in
order to develop algorithmic thinking, and we linked these two fields
together.

We have introduced two types of AV in spreadsheet: an easier one e.g.,
Basic AV and an advanced one e.g., Advanced AV. With both AV, students
canreach all the levels of the Engagement Taxonomy, but there are some
differences between them.

Basic AV is very simple. Basic spreadsheet and programming knowledge
is enough to use and understand it. Using this kind of visualization, it is
easy to understand the current state of the algorithm (at a specific step).
It is easy to change and create new visualization as well. That is why we
recommend this type of AV for students who have basic knowledge of
spreadsheet and programming,.

Advanced AV is a better tool for viewing and presenting an algorithm. Its
creation and modification (except changing the values of the sequence)
needs advanced spreadsheet skills. We recommend this type of AV if the
animation and the “output” of the animation is important for the
students and the teacher.

We plan to do an empirical study and try out Basic and Advanced AV in
our course Programming fundamentals at E6tvos Lorand University. Our
students have course on spreadsheet parallel, so we may see how these
two fields (programming and spreadsheet) can have impact on each
other and how this teaching method can develop students’ algorithmic
skills.
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MATHEMATICS AND PROGRAMMING IN TEACHING
NUMBER THEORY

Zsanett SZABO, Laszl6 ZSAKO, HU

Abstract: Programming and mathematics are closely linked, as both
have a strong role in problem-solving thinking and in using different
algorithms. There are many skills that are relevant to both mathematics
and programming. Given the interdependence of the subjects, it is worth
looking at the topics that are covered in both programming and
mathematics lessons in terms of sequencing. In this article, the topic of
number theory is examined from the perspectives of the sequencing and
content. Number theory is relatively important at the beginning of
teaching programming and programming competitions also tend to
frequently include tasks based on number theory.

In this article, we examine which concepts of number theory are
discussed in mathematical textbooks and the curriculum in different
grades. We show examples of related algorithmic and programming
tasks as well. In this way, we show which programming tasks related to
number theory can be set for different age groups without any
explanation of the mathematical background. By solving these tasks,
students are able to focus on the algorithmic and programming aspect to
be learned rather than on understanding the mathematical content.

Keywords: number theory, teaching programming, teaching
mathematics, programming tasks, beginner programming

1 Introduction

Programming and mathematics are closely linked, as both have a strong
role in problem-solving thinking and in using different algorithms. There
are many skills that are relevant to both mathematics and programming.
There are some that can be learned in either subject, but there are also
some that are more easily learned in mathematics (e.g. prime
factorization, taking roots) and vice versa, there are some that are easier
to visualize and teach in computer science (e.g. concepts related to
graphs).

Given the interdependence of the subjects, it is worth looking at the
topics that are covered in both programming and mathematics lessons
in terms of sequencing. In this article, the topic of number theory is
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examined from the perspectives of the sequencing and content. Number
theory is relatively important at the beginning of teaching programming
for multiple reasons, the first of which is its reliability in the teaching of
loop types. It can also be used to set a wide range of easy-to-think-
through tasks that are easy to illustrate using elementary tools. In
addition, programming competitions tend to frequently include tasks
based on number theory. Regardless of whether we are talking about
tasks performed on a computer or without one [1, 2].

2 Mathematical algorithms in teaching programming

In teaching programming, after the print and read instructions, the most
common tasks are related to the number type and more specifically to
integer variables. The reason for this is that (most of) the operations that
can be performed with integers are already familiar to students from
everyday life and from mathematics lessons. However, they do not meet
in other subjects what operations can be performed with, for example,
text-type values. They are only used to alphabetise words in Hungarian
lessons. Or, if they have already been taught spreadsheets in computer
science lessons, and within that text functions, they already have some
idea of operations that can be performed on texts (e.g. concatenation,
cutting, searching). However, from the point of view of teaching
programming, it would be inadvisable to start with tasks that contain
operations on texts, because it would require functions and an array
(text as an array of characters) to interpret operations.

For these reasons, the (integer) number problems are the easiest way for
students to learn the basic concepts of programming, especially the
different types of loops. Many programming textbooks (courses) also
start with mathematical problems, because many problems do not
require the use of arrays.

Of course, the learning and teaching process of mainly geometry-based
development environments and programming languages (e.g. Logo,
Scratch, Micro:bit) are different. There, instead of using numbers, arrays
and text variables, the focus is on motion and displacement.
Number-related tasks can be easily linked to mathematical questions
and mathematical algorithms. These tasks can also be used to show
students why programming knowledge and algorithmic skills are useful
to them.
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For example, they can create a program that

¢ determines that a triangle can be constructed from the data based on
three lengths of the sides;

e calculate average, factorial or compound interest instead of them;
e round to a given positional notation; or
e convert a number to another number system.

Students also meet with these problems in maths lessons, so they are
familiar with the related solution methods and rules. It helps them to
focus on learning new programming skills. They can also use the
program to check their own calculations and to calculate quickly with
larger numerical values, even for tasks where just using a calculator
would not be enough.

These experiences will help students to think more easily about more
complex mathematical algorithms (e.g. geometric problems, graph
problems). In this way, they can be able to learn about different problem
solving and programming strategies (e.g. decomposition into sub-
problems, bottom-up or top-down construction, solving a similar
problem), storage data, efficiency. In the case of more complex tasks and
algorithms, the difference in time between calculations on paper and on
the computer, and the possibility of eliminating errors in calculations,
becomes even more significant.

3 Mathematical algorithms in programming competitions

One of the top levels of teaching programming is programming
competitions. In programming competitions there are rarely
mathematical exercises in themselves. It is more common to apply
mathematical algorithms in practical tasks. When a mathematical
problem is setin a competition, the mathematical knowledge which must
be used to solve the problem is most often explained in the problem text.
For example, as in the following competition task for 11-12th graders:

Divisibility by 37 (OKTV 2020-2021. Round 2, Task 1) [3]

Divisibility by 37 can be tested by taking the number from the first digit to the
penultimate digit of the dividend and subtracting 11 times the last digit. If this
number is divisible by 37, then the original number is divisible by 37 as well.
E.g. 32227 - 3222-(11-7)=3145 - 314-(11-5)=259.

259 is divisible by 37, therefore 32227 is also divisible by 37. The iteration
stops when the resulting number would be less than or equal to zero. Write a
program that decides if a given number can be divided by 37.
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This means that competitors do not need to know every algorithm and
mathematical concept by name to solve the problem. There are some
tasks where a well-known algorithm can be bypassed, however, using
and applying it can lead to a much faster and more efficient solution.
For large international competitions, there are rules that specify which
mathematical skills can be used in the programming competition task.
For example, the 10l syllabus [4] specifies which topics and algorithms
can be included in the tasks

e without explanation,
¢ with explanation only, or
e where knowledge of the algorithm is essential for the solution, or

e if it can be used for the solution, where knowledge of the algorithm is
an advantage.

This list makes easier to define which algorithms and mathematical skills
need to be learned for a successful competition.
There are also programming competitions with a mathematical theme,
such as the Izsdk Imre Gyula Complex Science Competition. In these
competitions, of course, participants are expected to have a wider range
of mathematical skills.

4 Number theory in maths lessons and programming

As mentioned earlier, at the beginning of the programming course, the
focus is on tasks related to numbers, especially integers. The main part
of the tasks related to integers is related also to number theory. The
advantage of number theory is that it contains a lot of simple problems
that are easily understood by everyone. But it is also true that it is easy
to meet with questions that are impossible to answer (e.g. twin prime)
or difficult (e.g. What is the next prime number after the currently known
largest?). However, the latter is a question that is being answered with
the help of computers.

Many problems in number theory can be set as programming problems
whose algorithms are easily understandable to novice programmers and
which produce relatively short programs with few lines and elements.
From a teaching point of view, it is good that these problems are easily
understandable and easily explainable. In most of these problems, the
algorithm can be demonstrated with concrete, small numbers, and it can
be thought through and tested step by step. The completed program can
be run also with large numbers, which would be difficult to calculate
without a computer (with many possibilities of errors).
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The tasks related to number theory may be familiar to students from
maths lessons, where they may also meet with these problems (e.g.
prime number, finding divisors). However, it is important to consider
when and at which grade level students will learn the mathematical
concepts and rules that are required to solve programming tasks. It is
not advisable if the mathematical content and the programming
knowledge are also new for them.

Another advantage from a teaching point of view is that there are many
exercises in number theory that can be made into another with minor
modifications, so they can be built on each other. In a single lesson
students can solve several related programming tasks, for example
related to divisibility, or they can create several versions of one task
which are more and more efficient algorithms. We give a few examples
of how to build tasks on each other.

The efficiency of programs in terms of memory requirements and
runtime for short tasks would be negligible. But it is important that
novice programmers meet with efficiency questions early in the learning
process. One reason for this is to understand later, when programs with
higher memory requirements are used, what is it all about, and to be
familiar with efficiency issues. On the other hand, it is easier to visualise
what is happening, which steps and operations can be omitted from the
less efficient version of the task solution in order to achieve more
efficient solutions. A good example of this is the way to find a divisor of
anumber with a special property (e.g. smallest different from 1) or all its
divisors.

In the following, we will examine the main concepts of number theory in
relation to the current (2020) NAT mathematics framework [5, 6, 7, 8],
to see at different grades which concepts are known and at which level.
In this way, we can see which programming tasks can be assigned to the
different grades related to number theory.

4.1 Divisor, quotient, remainder

Students learn about the concepts of divisors, quotients and remainders
in primary school. First by experience (e.g. grouping objects by 4 in
grades 1-2), then by learning division by hand (grades 3-4).

In this way, after 3-4th grade, it is already possible (from the point of
view of mathematical content) to carry out programming tasks such as
division by remainder without using the division operation, by repeated
subtraction. (But from the point of view of algorithm skills, this is a task
for a bit older age group.)

32



XXXIV.DIDMATTECH 2021
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

In: Divident, Divisor
Quotient:=0
Remainder:=Divident
While Remainder 2> Divisor
Remainder:=Remainder-Divisor
Quotient:=Quotient+1
End of while
In this task, students can use the method that they have already learnt in
mathematics lessons, so this task can be used to introduce the while loop
(pre-test).
Listing the divisors of a number is studied in maths in grades 5-6. In this
age group, the listing of the divisors of a number is done without prime
factorization, using systematic trial and error and with the use of pairs
of divisors. They are already familiar with division by a remainder and
the division remainder, so they can be also introduced to the modulo
programming operation. At this age group, from a mathematical content
point of view, we can set a programming task that expects

o listing the divisors of a number;

e determining a distinguished divisor of a number (e.g. largest,
smallest) or

e the number of divisors of a given number.
It is not expected from students to give a loop condition that is efficient
from a programming point of view, that searches for possible divisors
only up to the half or root of the number.
These tasks can be built on each other well, and with minor
modifications we can make one from the other. They are also suitable for
teaching or practising the while loop and can be used to introduce the
for loop.

Find the smallest divisor of a natural number (greater than 1)
which is different from 1.

In: N

i:=2

While iN

ir=i+l

End of while
We should now think of itN as N mod i # ©, because this idea is
practically the same as what we do in maths class: we try all possible
divisors until we find one where the remainder of the division is 0. Since
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each number is a divisor of itself, itN condition is correct, there will never
be an endless loop.

Find a positive natural number (greater than 1) smallest divisor
which is not different from 1 (Sd) and the largest divisor (Ld)
which is different from itself.

In: N

ii=2

While iN

ir=i+l

End of while

Sd:=i

Ld:=N/Sd
Here, the problem can be solved by using the fact that the greatest and
smallest divisors are a pair of divisors. In this way, the largest divisor can
be calculated by knowing the smallest divisor, because Sd-Ld=N. By using
this, we get a shorter algorithm with fewer steps than by starting an
other loop from N-1 to try the progressively smaller possible divisors, to
find Ld. We should talk about this with the students. On the other hand,
the use of pairs of divisors is well related to the next task.

‘ List all divisors of a number!

In: N
i:=1
While i<N
If i|N then Out: i
i:=i+1
End of while
Forloop can be used instead of while loop, which can be taught using this
task.
In: N
For i=1 to N
If i|N then Out: i
End of for

If the task doesn't require writing out the divisors in a row, then we can
talk about efficiency. We can use pairs of divisors, which means that if i
is a divisor of N, then N/1i is also a divisor.

In: N

For i=1 to i<root(N)

If i|N then Out: i, N/i
End of for
If root(N)|N then Out: i
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As we mentioned it earlier, the idea of searching up to root(N) is not an
expected idea from grades 5-6 students. But they already know that they
can stop searching for divisors with pairs of divisors when the two
numbers in the pair are the same or when the next divisor to be tested is
larger than the pairs of divisors tested earlier. With this idea we can
bypass the use and explanation of the root and we can create an efficient
algorithm which is suitable for the age group.
In: N
i:=1
While i<N/i
If i|N then Out: i, N/i
i:=i+1
End of while
If i=N/i then Out: i
In this algorithm, we used the fact that the "second" element of the pair
of divisors cannot be smaller than the "first" element of the pair of
divisors.

4.2 Prime numbers, prime factorization

In one of the 6th grade mathematics textbooks [9] based on the 2020
NAT, it is stated that if a number has two divisors, it is called prime, but
in the other [10] it is not mentioned. According to the 2020 curriculum,
the concepts of prime and composite number are learned in grades 7-8.
The same is true for the sieve of Eratosthenes and the prime factorization
of numbers. It is likely that these concepts will be included in the 7th
grade textbooks, but they have not been published at the time of writing.

In mathematics textbooks [11, 12] based on the previous curriculum, the
prime factorization of numbers was already included in the 6th grade
mathematics textbook. (Although [12] lists it as additional content).
Accordingly, in the new NAT groups, programming tasks related to
prime numbers cannot be given before grade 7, only if we explain the
concept before that. If we think of the exercise of deciding whether a
given number is a prime number or not, it will be enough to rephrase the
programming task. For example: Is it true for the given number that it has
two divisors?

As a programming task, the prime property can be examined as a
continuation of the tasks related to finding the divisors. If the smallest
divisor of a number which is different from 1 is the number itself, then
the number is prime.
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In: N

i:=2

While iN

ir=i+1

End of while

IsPrime:=i=N
Of course, it can be done more efficiently if the divisors are searched up
to root(N) instead of N, or up to i<N/i without using a root, as in the
previous example.

However, in the case of prime factorization, it is more difficult to avoid
the mathematical content if we want to program it before grade 7. The
task can be explained by the age-appropriate mathematical knowledge:
we need a multiplication whose value is equal to the given number and
each of the factors has two divisors. But this would focus the pupils'
attention on understanding this, rather than on constructing the correct
algorithm. They would also have more difficulty than usual in testing the
program they are preparing, since they have no routine in recognising
prime numbers and checking prime factorization.

When programming a prime factorization, it is useful to proceed
differently from the method used in mathematics class. We can use the
knowledge that the smallest divisor of a number which is different from
1, has no divisor different from 1 and from itself, so that the smallest
divisor of a number is also a prime divisor.

Find all prime divisors of a natural number which is greater than 1
by printing.

In: N
i:=2
While is<N
If i|N thenout: i
While i|N
N:=N/i
End of while
End of if
i:=i+1

End of while

When we created the algorithm, we took advantage of the fact that the
smallest divisor is prime. (If it is not a prime, then the number would have
a divisor less than its smallest divisor (different from 1), which also divides
the smallest divisor that we have found.) If we divide by it as much as we
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can, the next smallest divisor will be prime again. So, we find all prime
divisors of the number in increasing order.

From this algorithm, with a bit of calculation, the prime factorization can
be constructed. This requires that, after we have found a prime divisor,
we count how many times we divide by it.

In: N
ii=2
While isN
If i|N thendb:=0
While i|N
N:=N/i
db:=db+1
End of while
Out: i, db
End of if
i:=i+1

End of while

It is necessary that students be familiar with prime factorization and
confident in recognising prime numbers up to atleast 50 by the time they
use this knowledge in programming tasks. The idea used in the algorithm
above goes a bit beyond what is taught in maths class about prime
factorization, and needs to be understood in depth. For this reason, we
do not recommend to assign programming tasks related to prime
factorization before grade 7, and in grade 7 only in interested groups
after the topic has been practiced in mathematics lessons.

4.3 Greatest common divisor, multiple, least common multiple

In maths lessons, pupils in grades 5-6 study about the greatest common
divisor and the least common multiple of two numbers. In this grade
these problems are solved by listing the divisors and multiples.
Students learn in mathematics in grades 7-8 how to find the greatest
common divisor and least common multiple using prime factorization.
This is actually not a problem from a programming point of view
because, when we are looking for the greatest common divisor of two
numbers, the primal factorization method is not the best way to make a
program which is easy to program and is efficient. When we make this
program, we should follow a similar method to that used in mathematics
in grades 5-6. We should systematically start to try the divisors of one of
the numbers (in terms of efficiency, the smaller one) in descending order
until we find one that is also a divisor of the other number.
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This task can be easily linked to the previously mentioned tasks related
to divisors and can be assigned after them.

Find the greatest common divisor of two positive natural
numbers.
In: A, B
If A<B then i:=A
else i:=B
While itA or itB
ir=i-1
End of while
Out: i
After students learn about the prime factorization method in
mathematics class, they usually have difficulties to remember the
possibility of systematic trial and error. It is useful to talk with them
about this. The use of prime factorization is faster if we can quickly
decide whether a number is prime or not, and also whether it is a divisor
of the number in question. To make it easy for the computer to decide all
this, we need to "give" a list of prime numbers to the computer, which is
already in our heads (for small numbers).

The notion of relative primes is only specifically mentioned in the part of
the curriculum for grades 7-8 of the six-grade secondary school [7].
Nevertheless, we think that this concept can be used in programming
exercises after explanation, when students are already familiar with the
meaning of the greatest common divisor. Such as:

e Decide for two given numbers whether they are relative primes or
not.

e Find the largest number that is a relative prime to the given number
(natural number greater than 2) and that is at least 2 less than the
given number. (Neighbouring numbers are relative primes. And 1 is
good for any number, so there will definitely be a number which is
good.)

Determining the greatest common divisor using the Euclidean algorithm
is not part of the mathematics curriculum. So unfortunately only a small
percentage of students will learn this algorithm in mathematics class.
Nevertheless, it is a well visualizable algorithm that is interesting to
learn from a programming point of view, so we think it is useful to show
it to students from grades 7-8. Students will not fully understand the
mathematical reasoning behind the algorithm without learning about
divisibility properties (according to the 2020 curriculum, they will learn
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aboutitin grades 11-12). By showing examples, and checking the results
of the examples using methods that they know to determine the greatest
common divisor, we can show them that the Euclidean algorithm works
and it is able to determine the greatest common divisor of numbers.

It is interesting to note that the easier but slower algorithm, which can
be used instead of the Euclidean algorithm, relies on the fact that the
common divisors of two numbers are also the divisors of their difference.
However, this also requires knowledge of this divisibility property.

While A#B
If A>B then A:=A-B
else B:=B-A
End of while
Gcd:=A

In the 10th grade digital culture textbook prepared for the 2020 NAT
[13], there is a much simpler exercise relating to the divisibility of two
numbers, which uses no loop, only a selection:

[13] page 48 task 7:
Ask two integers from the user and then determine if the smaller
is a divisor of the larger (so, if the quotient is an integer).
In: A, B
If A2B thendivident:=A
divisor:=B
elsedivident:=B
divisor:=A

End of if
IsDivisable:=divident mod divisor=0

4.4 Divisibility rules

Pupils already use divisibility by 10, 100 and 1000 in maths lessons in
grades 3-4. In this age group, they do not formulate a specific rule yet,
they just observe the shift to the right or left in the table of positional
notations.

The list of divisibility rules is extended in the 5th and 6th grades.
Students observe and apply the rules of divisibility relating to the end of
numbers (2, 5, 10, 4, 25, 100) and the sum of digits (3, 9). At that stage,
they are only learning the rule of divisibility by 6 of complex divisibility
rules. However, in the mathematics textbooks, the rules for divisibility
by 12 and 15 [9] and by 20 [10] are also used in exercises.

The divisibility rules are not mentioned in the part of the 2020
curriculum for grades 7-8 in the topic of number theory. The textbooks
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for these grades have not yet been produced, so it is not clear what other
complex divisibility rules (apart from the rule of divisibility by 6) will be
expected for this grade.

(In the 2012 curriculum for grades 7-8 [14], the topic of number theory
contains the expression divisibility rules, but does not list exactly which
rules are required. In one of the mathematics textbooks for grade 6 [11],
complex divisibility rules include divisibility by 6 and 24 with their
concrete rule, and there are also exercises with divisibility by 12 and 15.
In another series of textbooks, in the volume for 7th graders [15],
divisibility by 6, 12 and 24 appears as a rule, and in the exercises,
divisibility by 15 and 18 also appears.)

The question of complex divisibility rules in grades 7-8 is very important
in the 2020 curriculum because for grades 9-10, number theory is not
included in the curriculum at all. Hence, number theory does not appear
as a separate lesson or topic in the 9th and 10th grade textbooks [16, 17]
based on NAT 2020. In a few exercises, the knowledge of number theory
is only mentioned. For example, some divisibility rules appear in set
theory [16] or logic problems [17]. Therefore, after grade 8, students will
continue to learn about number theory in grades 11-12. In the section of
the curriculum for 11-12th graders, knowledge of divisibility rules is
mentioned as a requirement, but it is not listed exactly which numbers it
means.

For these reasons, it is not clear from grade 7 on which grade levels
which divisibility rules are required to be studied when teaching
programming in computer science and which ones need to be explained.
It is probably best to set the tasks with a description of the rule and a
short example. In tasks related to less frequently used divisibility rules,
this happens even in programming competitions, as we have shown in
an example earlier.

Applying the rule to a concrete example also helps to guess and
implement the correct algorithm. For this reason, it is useful to recall the
rule and demonstrate its usage. Besides, we have to think about the fact
that if students may theoretically know the divisibility rule that is
needed, there may still be students in the group who do not remember it
or do not remember correctly.

One of the biggest difficulties for students when they are programming
divisibility rules is that most of the divisibility rules work with single
digits of a number, not with the whole number. For this reason, there are
three ways to go.
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One of them is to use mathematical operations to determine the digits in
each positional notation. This may require the use of powers of 10 and,
depending on the group, mathematical operations may require a longer
explanation.

Another way is to treat the number not as a number, but as a text. One
disadvantage of this is that it requires to secede from integers and the
operations that can be performed on integers. We have to switch to text-
type variables and operations on texts, which is more remote for
students than operations on numbers. Another disadvantage is that,
depending on the programming language and the environment, the
number has to be converted into text and then the text which contains
the digit has to be converted back into a number to make it possible to
perform operations on numbers.

The third way is to store the numbers as array elements, one digit by one,
which of course also requires operations to be written.

Because of the mentioned programming difficulties, we do not propose
to assign tasks related to divisibility rules to beginners who are just
getting acquainted with the programming language. Unless they have a
very good mathematical sense and have no difficulty in calculating digits
using mathematical operations.

4.5 Properties of divisibility, counting with remainders

Calculating with division remainders is already introduced in primary
school. At this level, students are only experimentally studying about
division remainders. E.g. playing with money, dividing into parts.

In grades 5-6, pupils are already grouping numbers according to their
remainder.In addition, in two 6th grade mathematics textbooks [9, 10],
itis stated in an example that the division remainder of a sum is equal to
the sum of the remainders of its members, or that remainder.

However, learning about the properties of divisibility and calculating
with division remainders has been moved to grades 11-12 in the 2020
curriculum. In the textbooks [18, 19] prepared for the 2012 curriculum,
these were still 9th grade topics. Thus, according to the new curriculum,
pupils will learn much later about the properties of the divisibility of
sum, difference, multiplication and power, and will also learn much later
about the tasks related to this knowledge in mathematics lessons. E.g.:

[18] page 79 task 3:
Prove that 3 is a divisor of 1516%° 4+ 2025° + 400°°,
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With this topic, the understanding of the mathematical content of
Euclidean algorithm is also delayed. Also delayed is, for example, the
possibility of programming the problem How many zeros does a factorial
of 100 end in?

In the 10th grade digital culture textbook prepared for the 2020
curriculum [13], we found one task that can be mentioned as a task
related to remainders, but it is only tangentially related to this, because
we do not have to perform an operation on the remainder, we only have
to define it.

[13] page 50 task 4:

Write out the numbers between one and one hundred which are
divisible by three.

()

d. Modify the program to use the numbers given by the user
instead of one and one hundred.

e. Rewrite the program so that the user can say a number instead
of three.

4.6 Conversion between numeral systems

Pupils start to learn about numeral systems which have different bases
from 10 in a playful way in grades 5-6. The curriculum suggests shopping
with dump: “Shopping with dump, e.g. buying products priced with
numbers in the decimal system in the virtual shop using token money in
denominations of 1, 3, 9, 27, ..., using as few coins as possible."”

In grades 7-8, pupils also have to write the local values of the different
numeral systems after they have learned raising to powers. (In the 2012
framework curriculum and in the mathematics textbooks [18, 19] based
on it, this was also a grade 9 topic.)

Converting from 10-based numeral system to a different numeral system
is easy to make algorithms for, and the process itself can be illustrated
with an example. Thus, students can implement a program that converts
a number from based-10 numeral system to an other numeral system in
grades 7-8. However, the mathematical reasoning behind the algorithm
is more complex, so it is better to introduce it to students in mathematics
lessons. In a computer science lesson, it is enough to accept that the
method shown in the example is suitable for converting a number from
10-based numeral system to an other numeral system. Students who
have good mathematical skills and are interested in mathematics may
also understand some of the mathematical background of the algorithm
based on their previous mathematical knowledge.
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However, if we want the students to be already aware of the
mathematical explanation of the algorithm when they program the task,
we should wait until the 11th-12th grades under the 2020 curriculum.

The conversion from another numeral system to a 10-based numeral
system is a more complex process than the opposite. It also requires the
digit-by-digit form of the number and powers of the base number of the
numeral system. The digit-by-digit generation of the number can be done
in the same way as we described above for the divisibility rules for the
sum of digits. We can use a text variable, appropriate mathematical
operations or an array. If you choose to produce digits by mathematical
operations, you should be carefully explaining them. The number (e.g.
3445¢) is not in the 10-based numeral system (6-based in the example),
but it is still treated as a 10-based number when we perform the
operations to get the digits. For this reason, this solution is only
recommended for more experienced groups with a good mathematical
sense, or with careful and appropriate explanation.

It is interesting to note that, despite the foregoing, converting between
number systems, which is familiar from everyday life, may be a
programming task much earlier. For example, to convert time (hours,
minutes, seconds) to seconds and back, we use 60-based numeral
system. The conversion only requires the calculation of quotient and
remainder. And if we add days to the time, the 24-based and 60-based
numeral systems are mixed. Pupils do not think of these as numeral
systems, but as concepts and units of measurement they know from
everyday life, so they are not confused by the mathematical content.
There are also conversion exercises between different units of
measurement and currencies in the 10th grade digital culture textbook
prepared for the 2020 curriculum. For example, from litres to "aké"
(Hungarian unit of measurement):

[13] page 57 task 1:
Write a procedure that converts the given volume in litres to "aké"
and writes the result to the screen.
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Or between penny and pound:

[13] page 74 task 8:

We keep a list of how much money the waiter has put in his wallet
in the last hour in London. When he took money out of his wallet,
it was marked with a negative number. Our waiter is clumsy and
sloppy, so he never gets a tip. [3, 8, 10, 19.35, -6, 5.1, 9,
20]

()

b. If his wallet is empty at the beginning of the hour, how much is
in it at the end of the hour?

()

g. If he had 8 pounds 23 pence in his wallet at the beginning of the
hour, how much money was in it at the end of the hour?

If the payments are not stored in decimal form in this task, but the pence
and the pound are stored separately, the conversion can be more
significant. Similarly, it also can be more significant if we choose
currencies that do not differ by a power of 10.

4.7 Amicable, perfect, ... numbers

Amicable numbers, perfect numbers, happy numbers, absolute primes
and similar numbers with special properties are not included in the
curriculum of primary and secondary school. The curriculum suggests
the topic of amicable and perfect numbers as a short presentation for
pupils in grades 11-12, but does not specify them as obligatory topics.

Students can meet with these numbers with special properties in extra-
curricular maths activities and competitions. In maths competitions, the
texts of the tasks not only give the name of these numbers, but also
explain their special property. Hence, pupils do not need to know these
concepts in competitions by name. It is enough to interpret the
properties described in the texts of the tasks.

An interesting aspect of the relationship between number theory and
programming is that in programming, these tasks related to numbers
with special properties are more frequently given to students and groups
who already know the basic programming routines. More complex tasks,
tasks which require more programming instructions and tasks which are
given in competitions are often related to these number theory concepts.
Since pupils are not familiar with these sets of numbers in their
mathematics studies, the programming tasks also have to explain in their
texts what properties these numbers have.
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5 More complex programming tasks related to number theory

Of course, we can also make more complex programming tasks related
to number theory than previously mentioned. And these more complex
tasks do not need to substantially exceed the mathematics curriculum of
the topic of number theory. Here are some examples of our own number-
theory related tasks that require more complex algorithms. Because of
the complexity of the algorithms required to solve them, these would be
given in groups at secondary school, where the relevant mathematical
and algorithmic knowledge is already available.

For example, the following task can be set in connection with divisibility
rules:

Make a program that gives all the prime divisors between 2 and
40 of a very large natural number.

The "very large" number mentioned in the text of the task cannot be
stored as a number type, so we cannot perform the remainder division
operation on it, so it must be stored as text (or as an array of digits). In
addition to the text type operations, a new feature is the need for more
divisibility rules beside what the students have already know from
mathematics. We can leave to students the search for these more
complex division rules on the Internet.

To solve the next task, you don't even need that much extra
mathematical knowledge. It introduces a new concept, but it only
requires the knowledge already learned in grades 7-8. This new concept
(discrete semiprime) can be omitted from the task.

Create an algorithm to decide if a number is a discrete semiprime.
Discrete semiprimes are positive integers that are multiples of
two prime numbers and not a square number.
e.g.: 33 isadiscrete semiprime because 3-11
2021 is a discrete semiprime because it is 43-47
25 is a semiprime because it is 5.5, but not a discrete
semiprime because it is 52

In: N
ji=2
While j<root(N) and jiN
Jji=j+1
End of while
IsDiscreteSemiprime:=j<root(N) and IsPrime(N/j)

To solve the task, we utilized the fact that the smallest divisor of a
number which is different from 1 is prime, and we used the previously
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mentioned is prime algorithm, which decides for a given number
whether that number is prime or not.

The problem can also be simplified and performed with semi-primes.
And it can be extended further by using the concept of a brilliant number.

Create an algorithm to decide whether a number is a brilliant
number.
Brilliant numbers are half-primes where the two prime factors
have the same number of digits.
e.g.: based on the examples in the previous exercise, 33 is not
a brilliant number, but 2021 is

IsBrilliantNumber:= IsDiscreteSemiprime and
Length(j)=Length(N/7)
Here, comparing the lengths of numbers can cause some difficulties,
depending on the programming language and on the knowledge of type
conversions and operations on strings that students are familiar with.
Like this task, the next task, which is related to highly complex numbers,
does not require any new mathematical knowledge.

A highly composite number is a positive integer with more
divisors than any smaller positive integer has.
Create a program that lists up to N the highly complex numbers.

However, the algorithm requires more steps and more attention from
the students than if they only had to determine the numbers of divisors
of a number.

There are many sets of numbers like these, where a property related to
divisibility, the number of divisors, prime factors distinguishes the
numbers in the set from other numbers. These properties are usually
easy to formulate and understand, so it is easy to create a program that
recognizes the numbers with these properties. Some of these special
number sets were mentioned by name in the previous subsection.

6 Number theory in programming competitions

The competitions for primary and secondary school students, the
programming category of the Nemes Tihamér International Computer
Science Competition (NT) and the National Secondary School
Competition (OKTV), both feature several problems related to number
theory. We will now focus on the tasks that have to be solved on the
computer and actually programmed.
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According to Laszl6 Nikhazy's collection ( [2], table in reference 3), we
can get a comprehensive overview of the knowledge which is required
to solve the tasks of these two competitions. The collection shows for
each task which algorithmic strategy, data structure, algorithm and
mathematical concepts are required to solve them. It is indicated for
each task if the knowledge is required.

There are 6 columns in all that are based on the topic of number theory.
The summary scores for these are shown in Table 1. In each cell, the
number of tasks related to that knowledge is shown. A task may require
more than one knowledge of number theory, so the numbers do not
necessarily mean as many different tasks. They analysed a total of 51
tasks from both the 5-8 and 9-10 grades, and 80 tasks from the 11-12
grades.

NT cat. 1 NT cat. 2 OKTV
grades 5-8 | grades 9-10 | grades 11-12
algorithm related to
number theory (greatest
. o 4 0 0
common divisor, is prime,
etc.)
opergtlons with 11 ) )
remainders
prime numbers
prime factorization
greatest common d.1v1sor, 4 0 0,5
least common multiple
numeral systems, unit of
measurement 10 2 0
conversions
total number of tasks 51 51 80
analysed

Table 1: Extract from Laszlé Nikhazy's summary table [2]

Although the number of tasks analysed was different for different age
groups, it is still clear that the prevalence of number theory in
competition tasks is decreasing. For the older age groups, there are only
a few tasks related to number theory. One reason for this is that simple,
easy to visualize and solve number theory problems are being replaced
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by more complex problems which require more complex data structures
and algorithms (e.g. problems connected to graphs, graph algorithms).

In grades 5-8, many of the competition tasks are related to operations
with remainders and conversions between numeral systems and units of
measurement. For example:

2018-2019. Round 2 Task 1: Dates [20]

For a date in a year, we can define what week of the year it falls
on, what day of the week it falls on, and within that time, how
many hours, how many minutes, how many seconds it was. Create
a program that gives the distance between two dates and a new
date that is the same distance from the later date as the later date
is from the earlier date.

The two lines of the standard input contain the two times. Each of
them can be written with 5 numbers (1<Week<25, 1<Day<7,
@<Hours<23, 0@<Minutes<59, @s<Seconds<59).

The first line of the standard output should contain the distance
between the two times, and the second line should contain a new
time, which is the same distance from the later time as the later
time is from the earlier time!

As it is a competition task, the task text includes the format of the input
and also specifies the format of the output.

Pupils in this age group are already familiar with the units of time and
count with them routinely. They also got a little extra help in the
description of the input for the change of measurements. They may find
it a little confusing why the maximum number of Week is 25, but it does
not disturb them when they are constructing the algorithm, and they
may realize that it is to make sure they avoid counting with years when
they calculate the new date.

The tasks have to be a bit more complex than those for grades 5-8 in
Round 3. One of these tasks in Round 3 requires students to calculate and
use the greatest common divisor:
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2017-2018. Round 3 Task 1: Castle [20]

Castles have different numbers of rectangular rooms of different
sizes. When renovating a castle, the aim is to have the same square
tiles in each room within a castle. Create a program that calculates
the largest possible tile size for each castle.

The first line of the standard input is the number of castles
(1<K<10). The first line of each of the next K blocks contains the
number of rooms of a castle (1<T;<10), followed by T; lines of the
width and length of each room (1<S;,4,H;,<1000000000).

In line K of the standard output, the maximum size of a square tile
to be used in a castle must be printed!

In maths lessons, students solve a lot of similar real-life tasks to practise
how to calculate the greatest common divisor. Hence, it is probably easy
for them to find that the first thing they have to do is to find the greatest
common divisor of the widths and lengths of the rooms. (They can also
use the example in the exercise to check that the method they have found
out works).

When solving the task, students should also pay attention to the fact that
the greatest common divisor should be found per castle and not per
room or for all rooms of all castles, but this is also clearly shown in the
example.

In grades 9-10, one of the tasks related to numeral systems and
remainders is:

2015-2016. Round 2 Task 1: Earthquakes [20]

In Bergengocia, the exact time of earthquakes was recorded for a
31-day month.

Create a program that gives the longest period without an
earthquake and the minimum period between two earthquakes.
The first line of the standard input is the number of earthquakes
(25N21000). The next row N contains the time of each earthquake,
in ascending order: (1< Day;<31, 8< Hour;<23, 9<Minute;<59, 02
Second;<59).

In the firstline of the standard output, you have to write the length
of the longest earthquake-free period, and in the second line, the
minimum of the periods between two earthquakes! The format of
both lines should be the same as the format of the input time!

In this exercise, the conversion of units is only a small part of the task,
and is essential for solving the rest of the exercise.
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One of the tasks in grades 11-12 is related to operations with
remainders:

2014-2015. Round 3 Task 2: Ranking [21]

Pupils in a class are numbered according to their names. We want
to rearrange the students in such a way that no one is immediately
after the next (i.e. next in line) in the roster.

Create a program that shows how many ways this can be done.
The single row of the standard input has the value N (1<N<30). In
the single line of the standard output, write the number of ways
in which the reordering can be done! As this can be a very large
number, the value must be given asMOD 1 000 000 000!

It is also true for this task that operations on remainders are not
sufficient to solve the problem. To solve this problem successfully, a good
deal of combinatorial knowledge is also required.

7 Conclusion

The topic of number theory can be well connected to the teaching of
programming structures, because the tasks are easy to understand and
well demonstrated. However, when we assign the tasks, we have to pay
attention to the mathematical knowledge of the age group for which the
tasks are aimed. For grades studying according to the 2020 curriculum,
this will require more attention, as the 2012 curriculum 9th grade
number theory topic has been transferred to grades 11-12.

More complex programming tasks, which eventuate longer algorithms,
would often require more mathematical knowledge from students than
is contained in the secondary school curriculum. Some of this extra
knowledge can be avoided by rewording (e.g. the property of a brilliant
number can be used to describe the task instead of the notion of brilliant
number), while others should be avoided or require additional
explanation by the teacher because of the mathematical content (e.g. rule
of divisibility by 19, tasks related to properties of divisibility).

Number theory is more important in programming competitions for
younger age groups than for older ones. However, the knowledge
required to solve the tasks, which goes beyond the compulsory
mathematics curriculum, is explained in the text of the programming
tasks, thus helping to focus on programming knowledge rather than
mathematics.
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ARTIFICIAL INTELLIGENCE ALGORITHMS WITH
VISUALIZATION

Imre BENDE, HU

Abstract: Nowadays we are speaking more and more about artificial
intelligence (AI). While in the past it was only a theory, now we have
enough knowledge and computing power to create and use basic Al in
everyday life. Therefore, it is important to teach its basic functions at
school, so students get familiar with the way they work. In this article we
would like to demonstrate how we can introduce these algorithms to
pupils with visualizations including backtrack, A* minimax,
evolutionary algorithm.

Keywords: programming, algorithm, algorithm visualization, artificial
intelligence.

1 Introduction

“Algorithm animation is the visualization of the behavior of an
algorithm.” [2] Therefore it is not only a simple video or animation, as it
is more complex and has more fundamental points. In order to find the
most convenient way to use, we will concentrate on how the animation
should represent the current step, how and what data should appear and
how we can track the progression of the algorithm.

The algorithm itself appears in every visualization, which can be a
pseudocode (that is what we use) or an exact implementation in a
programming language as well. Every main changing mechanism is a
breakpoint, where we can check our progression, our achievements, our
current position and what is left to do (while the current position in the
code is highlighted as already introduced in the first animations as well
[1]). This part of the visualization helps to make a connection between
the animation and understanding, learn then later reproduce the
algorithm to another task.

Another part of the visualizations is the interactivity. Based on Myller’s
extended taxonomy [6] and research presented in [3], [5] the interactive
functions like controlling the visualization and question about the
algorithm’s next step could help the understanding of the functionality.
That is why we will present methods, helping pupils to connect with
these (beside the multiple-choice quiz question, controlling the steps
and the changing of the speed of the visualization). Few of them even
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introduce gamification elements, which not necessarily makes the
education process more effective (as shown in [10]), but is definitely
making it more interactive, and for some of the students more enjoyable.
[7] article introduces multiple requirements besides the already
mentioned ones: rewind capability, interactive prediction.
Unfortunately, the input change with these algorithms is not possible,
because most of them already have predefined inputs, or fixed game
platform. The application also should be “reliably reaching a large target
audience” [7], that is why we chose an online platform, so everybody
with Internet connection and a simple web browser can reach it (the
code was also written in JavaScript, so the pupils can check the source
code as well). [4] also mentions features that make the system more
attractive to use, which was in mind at the time the visualizations were
created: “easy installation”, “platform independence” (it is a HTML+]S
application, so no further installation required), “internationalization”
(the application is easily translatable with only a notepad, no
development environment required),” interactive prediction support”
(previously mentioned) [4].

In this paper we will first introduce the algorithms and their
pseudocodes, then observe in depth how they can be displayed in the
form of a visualization. The goal of this article is not only to introduce
how we can visualize these algorithms, but also to demonstrate how we
can present more complex algorithms without using, understanding
unnecessary knowledge of any programming language’s grammar.

2 Heuristic search algorithms

“Strategies that use such considerations are called informed search
strategies or heuristic search strategies” [9]. Many algorithms could be a
part of this section, but our priority is the backtrack and A* algorithm.
While we focus on the often-mentioned algorithms in the topic, it is
worth a few words that these games, tasks can be solved with simple,
static codes too. It could be a great introduction for each visualization to
try to think and solve these problems with the already owned
knowledge. This way the students can find strategies, schemes and
patterns that could facilitate understanding the later examined
algorithms.
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2.1 Backtrack algorithm

“Backtracking is a systematic way to run through all the possible
configurations of a search space.” [9] (algorithm shown in Figure 1)

Backtrack-DFS(a, k)
if a = (a1, az, ..., ak) is a solution, report it.
else
k =k +1
construct Sk, the set of candidates for position k of a
while S # @ do
ak = an element in Si
Sk = Sk - {ak}
Backtrack-DFS(a, k)

Figure 1: Backtrack algorithm [9] (“a” is a given partial solution, by adding
another element at the end we test whether it is a solution or not)

The most common introduction task for backtrack algorithm is the eight
queens puzzlel.

ABCDETFGH

w

w

w

0 N O® O~ WN =
W ~N O TR~ WN =

ABCDETFGH

Figure 2: Backtrack algorithm visualization: Eight queens puzzle with
already placed queens and the currently investigated newly added queen

e The visualization is the chessboard with the already placed queens
(whether it will be their final position or not, so it shows only the
actual state). (Figure 2)

e The currently investigated coordinate is highlighted with a
transparent queen and additional marking on the file letter and the
rank number.

1 The goal is to put down eight queens on a chess table, while none of them threatens each
other.
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¢ With these, every main data, variable is appearing, therefore it is not
necessary to show them in a separate block.

¢ The visualization gives opportunity to place the queens on our own
as well, while showing if they are on a “good” position, or one of them
threatens another.

2.2 A* algorithm

“A* heuristic is an elaboration on the branch-and-bound search, where
at each iteration we expanded the best (cheapest) partial solution that
we have found so far. The idea is to use a lower bound on the cost of all
possible partial solution extensions that is stronger than just the cost of
the current partial tour.” [9] (algorithm shown in Figure 3)

A* algorithm()

make an openlist containing only the starting node

make an empty closed list

while (the destination node has not been reached):
consider the node with the lowest f score in the open list
if (this node is our destination node):

we are finished

if not:

put the current node in the closed list and look at all
of its neighbors

for (each neighbor of the current node):

if (neighbor has lower g value than current and is in
the closed list):

replace the neighbor with the new, lower, g value
current node is now the neighbor's parent
else if (current g value is lower and this neighbor is
in the open list):
replace the neighbor with the new, lower, g value
change the neighbor's parent to our current node
else if this neighbor is not in both lists:
add it to the open list and set its g

Figure 3: A* algorithm?

Probably one of the most common example tasks for A* algorithm is a
pathfinding in a labyrinth. We have the description of the labyrinth
(where we are allowed to go in each position), a starting point and a goal.

2 Based on the pseudocode displayed here: https://brilliant.org/wiki/a-star-search/
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With the A* algorithm we can get a suboptimal solution to get to the
target.

dist:2, hv-8

-

Figure 4: A* algorithm visualization: Labyrinth with data display

In this case the visualization’s main part is the labyrinth itself. It should
contain where we are now (current observed vertex), where we were
(observed vertexes which are not the target point) and where the goal is.
The heuristic is based on how far we are from the goal. As we see in
Figure 4, we represented:
e The current vertex with a figure (where we are now in the current
step),
e the observed vertexes with grey background (where we were
already),
¢ and the goal with a gift.

At this point we see a normal labyrinth representation, while using a
pathfinding algorithm. The Depth First Search (DFS), the Breadth First
Search (BFS) and the Dijkstra algorithm can be visualized with the same
components. At some point (with visualization), we can even compare
these, so we can see what the difference between them is, which one is
faster/more effective in specific situations.

Normally, we would list the observed vertexes in a priority queue, which
contains the vertexes with their name, and would show the distance
from start and the heuristic value (sorted by the sum of this two value).
In this case the vertexes do not have names, and there are too many of
them to show them at the same time. That is why the data should be
showed in the “game platform” as well (as we can see in Figure 3). While
we hover on a space in the labyrinth, we can see the distance from the
start (if the algorithm already calculated it) and the heuristic value. That
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is how we will know where the algorithm stands now, and how it chooses
which will be the next observed vertex.

“The 8-puzzle consists of a 3x3 board with eight numbered tiles and a
blank space. A tile adjacent to the blank space can slide into the space.”
[8] The object is to get a sorted list with the numbers. It has other
variants (for example: it has more numbers, or the number replaced by
small images, which in the right places can show a bigger picture), but
the algorithm and the visualization could work on them as well, it is only
matter of computing time and number of the steps of the algorithm. The
heuristic this time is how many tiles are in the good positions.

11213
0 4|16 h=3
7158
213 112]3 12
1 1|46 h=4 [7]|4|6| h=4 [4 6f] h=2
71518 508 715
1123 11213 1|2 1
2 45|16 h=1 [4]6 h=3 46| h=3 [4]|2]6] h=3
7 8 7158 7158 518
11213 1123
3 4]5|6| h=1 4156 h=0
718 718

Figure 5: Data visualization for A*: Possible moves in current 8-puzzle
game, the best option with heuristic is highlighted

While with the labyrinth the key was a detailed representation of the
labyrinth, with a sliding game/8-game it would be different. The main
goal is to show the possible moves and how far we are from the goal
(sorted numbers) at the same time, while following the algorithm’s path.
In this case:

e As mentioned before the most important part is the data
visualization. That is why the game’s current state does not have to
be too big.

e There are maximum four possible moves in each position, so we can
build a graph with these states for a few levels while it is still clear
and understandable. We can make it bigger with expanding only the
solution’s vertexes. With this the data visualization will not be too
wide, and we can display more levels of the algorithm (Figure 5).
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Both the labyrinth and the 8-puzzle visualizations are playable, so the
pupils can try out the games on their own, while thinking about the used
algorithm, or try to find other possible ways to complete the task.

3 Minimax algorithm

The minimax algorithm “returns the operator that corresponding to the
best possible move, that is, the move that leads to the outcome with the
best utility, under the assumption that the opponent plays to minimize
utility”. [8] (algorithm shown in Figure 6)

function MINIMAX-DECISION (game) returns an operator
for each op in OPERATORS[game] do
VALUE[op] — MINIMAX-VALUE(APPLY(op, game), game)
end
return the op with the highest VALUE[op]

function MINIMAX-VALUE(state, game) returns a utility value
if TERMINAL-TEST[game](state) then
return UTILITY[game](state)
else if MAX is to move in state then
return the highest MINIMAX-VALUE of SUCCESSORS(state)
else
return the lowest MINIMAX-VALUE of SUCCESSORS(state)

Figure 6: Minimax algorithm [8]

To showcase this algorithm, we need a two-player game, besides it
cannot be a game with long gametime (which means too many
rounds/possible moves), because then the algorithm would need too
many resources, and it would take too much time to calculate the next
move. Therefore, we chose a 3x3 tic-tac-toe3 game for a visualization.
The maximum level of the decision tree is 9, so it is still manageable by
an average computer (that schools have).

3 The rules are simple: each player marks an empty space with a sign (0/X), who succeeds
in placing three in diagonal, horizontal or vertical wins.
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Tic-Tac-Toe
Player's Opponent's
Round  next step next step
X X
+1 o
X|X X|X|0
+2 o o

+3 O oo

+4 0|0 |X 0|0 X

Figure 7: Tic-Tac-Toe visualization with the optimal decisions
for each round/player

The main points for the visualization (Figure 7):

¢ Obviously, we show the 3x3 grid current state with the symbols (O,
X) in the visualization.

e The key here is how we can show the decision tree. With every future
rounds it becomes bigger and bigger, which cannot be displayed in
one screen (1st level has 9 moves, 2nd level has 56 moves, 3rd level
has 392 moves, etc.). That is why we only show the “best”/optimal
(min/max) moves in a queue, just like as it has shown in Figure 7.

¢ Each element (row) shows a round with each player’s optimal move
in the field (the mark is highlighted). Therefore, we can see what we
should choose and what will be the opponent’s next optimal step (if
they follow the algorithm’s way).

After checking the visualization, it could also be a useful exercise to find
out a simple, static algorithm (strategy) for winning the game (or in this
case at least draw because of the length of the game/possibilities). We
could even compare the outcome of the game and the running time of the
algorithms. The new algorithm would probably have better statistics
(much faster answer, lower memory usage), but the minimax algorithm
gives a universal solution for 2-player games.

This could only work if we have the option to play the game (which is
implemented in this case). With this version we can play the game
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completely on our own (we put down both signs), and we can play
against a built-in Al. The second one can help understand the
functionality of the algorithm/enemy, while on the other hand it can help
the “player” to make, then implement their own method to beat the
computer.

4 Evolutionary algorithm

Evolutionary algorithm “starts with a set of one or more individuals and
applies selection and reproduction operators to "evolve” an individual
that is successful, as measured by a fitness function”. [9] (algorithm
shown in Figure 8)

function GENETIC-ALGORITHM (population, FITNESS-FN) returns an
individual
inputs: population, a set of individuals
FITNESS-FN, a function that measures the fitness of an
individual
repeat
parents « SELECTION (population, FITNESS-FN) population
population < REPRODUCTION (parents)
until some individual is fit enough
return the best individual in population, according to
FITNESS-FN

Figure 8: Evolutionary algorithm [8]

With this algorithm the result will be a bit different. While with the other
algorithms the goal was to show how it proceeds, and what is happening
in each step, with evolutionary algorithm the one step of the method will
be a generation. Therefore the “visualization” will be similar to a
simulation. The simplest way to show the algorithm’s work is setting up
a starting point and a finish point in a canvas, while the goal is to reach
the second one from the first one. In this case the points/population’s
members are evaluated by how close they are to the finish point.
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[ ]
[ ] m-
Figure 9: Visualization for evolutionary algorithm (blue is the starting

point, green is the finish point and the black one are the current
generation’s population)

The first variant is when the user can set the number of population and
the generation (as inputs). At this point we can see how far the best
individuals can reach in the current generation.

The second variation works with the data more deeply (basically it is
more concentrated on the data visualization, helping understand
algorithm’s process). The visualization (Figure 9) for the current
step/generation should contain:

e Previous generations’ best individual’s moveset.

e Current population’s moveset (mostly the number of population and
the moveset’s size is large, but with a sorted list based on the fitness
function we can check all the individuals’ moves).

e In the previously mentioned list, the “best” individual(s) is
highlighted, so we can see its moveset, and what will be the
ancestor(s) of the next generation.

4 Conclusion

As we saw a simple animation is not necessarily enough, the key is the
connection between the representation, the data, and the algorithm itself
- while the visualization highlights main events, that could be explained
with descriptions in an “image” or showing the used data structure for
the current state. With this we can give the pupils comprehensive image
about the algorithm and its operation in a specific situation with a
particular case or task. The mentioned methods can easily be converted
to another more complex algorithms’ visualizations — unlike the usually
mentioned basic array algorithms -, for example dynamic programming,
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greedy algorithm, etc. Thanks to these, we can make the programming
education more colourful and enjoyable for every student regardless of
whether they have previous knowledge of coding or programming or
not, while showing interesting worlds and exciting problems.
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AZ ALGORITMIZALAS, KODOLAS ES ROBOTIKA
TEMAKOR MEGJELENESE A DIGITALIS KULTURA
TANTARGYBAN, AZ ALTALANOS ISKOLA FELSO
TAGOZATAN

Andor ABONYI-TOTH, HU

Absztrakt: Magyarorszagon az Uj Nemzeti Alaptanterv (NAT2020) a
2020/21-es tanévben lépett életbe felmend rendszerben az 1., 5. és 9.
évfolyamokon. Az informatika tantidrgyat a tartalmiban és
modszertandban is megugjult digitdlis kultdra tantargy valtotta fel,
amelyben fontos szerepet kap a robotika, kddolas és algoritmizalas
témakore. Az 1Gj tankonyvekben a didkok (tobbek kozott)
megismerkednek a  robotika  alapjaival, = blokkprogramozasi
kornyezeteket hasznalva szimulaljak a robotok miikodését, betekintést
nyernek a micro:bitek programozasaba, (sajat tervezésii) jatékokat
fejlesztenek, valamint valds, oktatasi robotok segitségével oldanak meg
kiilonboz6 feladatokat, illetve problémakat. Cikkemben attekintem az j
tankonyvek (tervezett) tematikajat, és azt, hogy az 4j alaptanterv milyen
kihivasok elé allitja az intézményeket, a pedagdégusokat, valamint a
tankonyvszerzdket.

Keywords: digitalis kultara, algoritmizalas, kddolas, robotika.

APPEARANCE OF ALGORITHMISATION, CODING AND
ROBOTICS IN THE SUBJECT OF DIGITAL CULTURE IN THE
HIGHER GRADES OF THE PRIMARY SCHOOL

Abstract: In Hungary, the new National Core Curriculum (Nat2020) was
introduced in the 2020/21 academic year in grades 1, 5 and 9, in a
phasing-out system. The subject of informatics has been replaced by the
subject of digital culture, which is renewed in its content and
methodology. The topics of robotics, coding and algorithmics play an
important role in the new subject. In the new textbooks, the students
learn, among other things, the basics of robotics, use of block
programming environments to simulate the robot operation, and the
basics of micro:bit programming. Students also learn how to develop
self-designed games, and how to solve real-world tasks using various
educational robots. In this article, I present the (planned) contents of the
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new textbooks and the challenges that the new core curriculum poses to
institutions, educators, and textbook authors.

Keywords: digital culture, algorithmization, coding, robotics

1 A digitalis kultira tantargy megjelenése az 1ij Nemzeti
alaptantervben

Az Gj Nemzeti alaptanterv (Nat2020) magyarorszagi bevezetésére a
2020/21-es tanévben Kkeriilt sor, felmen6 rendszerben az altalanos
iskola els6 és 6todik, valamint a kozépiskola kilencedik évfolyamain.

Az informatika tantargy mind tartalmaban, mind elnevezésében
megujult, immdaron digitadlis kultira néven jelenik meg az
alaptantervben. ,A digitdlis kultira tantdrgy olyan kompetencidk
megszerzését teszi lehetévé, amelyek a mindennapi életben
nélkiilézhetetlenek, és el6segitik az informdcics tdrsadalom vdltozdsaihoz
térténd folyamatos alkalmazkoddst. (..) A tantdrgy olyan naprakész
ismeretek dtaddsdt és olyan készségek kialakitdsdt teszi lehet6vé, amelyek
biztos alapot kindlnak a tanulé szdmdra az informdcids tdrsadalomba
valé sikeres beilleszkedéshez.” - olvashatjuk a Nat2020 [1] szovegében.
Az alaptantervben foglaltak szerint [1] a tantargy legalapvet6bb célja,
hogy ,a tanulé:

1. megszerezze a digitdlis irdstudds, a problémamegoldds és az
informdcids technolégia - mint a tantdrgy hdrom fé témakérének
- ismereteit;

2. felkésziiljén a digitdlis kompetencidk széles korii alkalmazdsdra
ugy, hogy arra a mds tuddsteriiletekhez tartozé tananyagok
feldolgozdsakor mdr épiteni tudjon;

3. rendszerezni tudja a digitdlis eszk6zék mds forrdsokbdl szdrmazo
tuddselemeit;

4. ismerje a digitdlis eszkézék haszndlatdval jdré veszélyek
kezelését, az ellentik valo védekezést;

5. fejlessze tudatos felhaszndléi attitiidjét mind az egyén, mind a
kézdsség, mind a tdrsadalom szintjén;

6. megtanulja a problémdk digitdlis eszkézdkkel valé megolddsdnak
mddjait, beleértve egy adott probléma megolddsdhoz sziikséges
algoritmusok értelmezését, kivdlasztdsdt, mddositdsdt, illetve
létrehozdsadt.”
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A digitalis kultura tantargy az altaldnos iskola 3. osztalyatél a
kozépiskola 11. osztalyaig folyamatosan jelen van a tantervben.

Arroél, hogy hogy az alsé tagozatos tanuldk digitalis kompetencidinak
fejlesztésével kapcsolatban milyen f6 fokuszpontokat tartalmaz az j
Nat, Lénard Andras publikaciéjaban részletesen olvashatunk [2].
Erdemes azonban roévid, tiblazatos formaban attekinteniink, hogy az
also, illetve felsé tagozaton milyen témakorok, mekkora éraszamban
jelennek meg az érvényben 1év6 kerettantervek alapjan.

Témakor neve Javasolt 6raszam
3-4. évfolyam

A digitalis vilag koriilottiink 6
A digitalis eszk6zok hasznalata 14
Alkotas digitalis eszkézokkel 18
Informécidszerzés az e-Vilagban 8
Védekezés a digitalis vilag veszélyei ellen 6
A robotika és a kddolas alapjai 16
Osszes 6raszam: 68

1. Tablazat: A tantargy témakorei a 3-4. évfolyamon

Javasolt 6raszam

Témakor neve 5-6. 7-8.
évfolyam évfolyam

Algoritmizalas és blokkprogramozas 14 15
Online kommunikacié 5 4
Robotika 11 8
Szovegszerkesztés 12 8
Bemutatokészités 8 6
Multimédias elemek készitése 8 6
Tablazatkezelés - 12
Az informécios tarsadalom (e-Vilag) 6 5
A digitalis eszkdzok hasznalata 4

Osszes 6raszam: 68 68

2. Tablazat: A tantargy témakorei az 5-6., valamint 7-8. évfolyamokon
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Elmondhatd, hogy a digitalis kultira tantargyban megjelend témakorok
harom f6 témacsoportba tartoznak. Ezek a kovetkezok:
1. Digitalis f{rastudas (internetes kommunikacio, szdveges,
tablazatos, multimédias dokumentumok készitése)
2. Problémamegoldas (tablazatkezelés, algoritmus Kkészités,
programozas, adatmodellezés, adatbaziskezelés)

3. Informacios technologiak (robotika, webes és
mobiltechnolégiak)

Van olyan témakor is - az informatikai eszk6zok hasznalata - , amely
integraltan is megjelenik az egyes témakorokben [2].

2 Az Gj Nat bevezetésének Kihivasai

Mivel az 0j alaptanterv a 1., 5., valamint 9. évfolyamokon felmen6
rendszerben Kkeriilt bevezetésre, a 2022/23-as tanév végéig lesznek
olyan évfolyamok, akik még a korabbi alaptanterv és kerettanterv
szerint tanulnak, mig masok mar az Uj kerettantervekhez kidolgozott
tankonyvek és feladatgyiijtemények alapjan haladhatnak.

Ezért a tankonyszerz6knek figyelembe kellett vennitik azt a tényt, hogy
a diakoknak esetleg még nincs meg az az el6ismeretiik, amelyet az Gj Nat
megfogalmaz az adott évfolyamra vonatkozo6an. J6 példa erre a robotika
és kddolas témakor, amely az 4j Nat szerint mar az altalanos iskola als6
tagozatan (3-4. évfolyam) bevezetésre kertl, ezen ismeretekre viszont
az 5. évfolyam szamara késziilt tankonyvben még évekig nem lehet
épiteni. Ezért az 5. évfolyamnak sz416 tankdnyv jelenleg olyan bevezetd
ismereteket és foglalkozasokat tartalmaz, amelyek késébb az alsés
évfolyamnak sz6l6 tankonyvekben kapnak helyet. A fenti okokbdl a
tankdnyveket az atmeneti id6szakra végére, a 2023 /24-es tanévig kis
mértékben moédositaniuk kell a szerz6knek, annak érdekében, hogy a
témakorok egymasra épiilése a tantervben megfogalmazott célokkal
0sszhangban lehessenek.

A pedagoégusok szamara kihivast jelent, hogy a tantervben megjelend
témakorok egy részével (pl. robotika) képzésiikk sordn még nem
talalkozhattak. Ezért rendkiviil fontos, hogy a tanarképz6 intézmények
és mas oktatasi szervezetek olyan tanartovabbképzési programokat
inditsanak, amelyek elvégzésével a tanarok magabiztosan és hatékonyan
tudjak az 0j ismereteket az oktatasban felhasznalni, akar tantargyak
kozotti egytittmiikodés keretében is. Az ELTE Informatika Karan példaul
tobb olyan képzési programot is kidolgoztunk, amely a micro:bitek
oktatdsban val6 felhasznalasat mutatjdk be, eltéré célkozonségre
hangolva. Ezek a kovetkezdk:
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e  Micro:bitek hasznalata informatikaérakon (informatika tanarok
szamara)

e Bevezetés a robotikdba micro:bitek felhasznalasaval

e  Micro:bitek felhasznalasa a redl tantargyakban

A 2020-ban kezd6d6 pandémia miatt azonban ezen jelenléti képzéseket
nem tudtuk elinditani, bizunk abban, hogy a 2021/22-es tanévben mar
szamos tanar kolléga részt tud venni a képzéseken. De a képzéseken feliil
szamos olyan szabadon elérhet6, onalléan feldolgozhatd jegyzetet
biztositunk a pedagdgusok rendelkezésére4, amely a robotika, illetve
programozas témakdrével foglalkozik.

A pedagdgusok és oktatasi intézmények szamara az is kihivast jelent,
hogy az oktatashoz sziikséges hardvereszk6zokbél melyeket és milyen
forrasbol szerezzenek be. Oktatasi céli robotokbdl rendkiviil nagy a
valaszték a piacon, ezért a valasztds nem mindig egyszerdi. Nagyon
fontos, hogy mindig olyan eszkozoket hasznaljunk, amelyek az adott
korosztalyok szamara idealisak. A valasztasban segitenek a gyartok altal
megfogalmazott ajanlasok, a tanarkollégak tapasztalatai, vagy akar a
kapcsolédé szakirodalom. Toébb olyan gyarté is van, aki a
termékpalettajaval képes lefedni a teljes kozoktatds spektrumat, a
kilonboz6 korosztalyok szamara kifejlesztett robotok, robotjarmiivek
egyre komplexebbek és tobb feladat megoldasara alkalmasak, de a
programozasukhoz hasznalhaté feliilet ugyanaz, vagy nagyon hasonlé,
igy a didkoknak nem kell feltétleniil djabb és djabb kdrnyezetekkel
megismerkedniiik.

Az is el6fordulhat, hogy az oktatasi intézményben nem Aallnak
rendelkezésre kell6 szamban az oktatasi céld robotok ahhoz, hogy a
didkok hatékonyan dolgozhassanak egyéni vagy akar csoportmunkaban.
Ebben az esetben sokat segithet, ha a robot viselkedését szimulalni is
lehet, igy az adott probléma megoldasara kifejlesztett algoritmust és
kodot a robot nélkiil is ki lehet probalni, tokéletesiteni lehet, majd a
végs6 stddiumban a gyakorlatban is ki lehet prébalni. llyen kérnyezet
lehet példaul egy robotjairmi{i esetén a https://vr.vex.com/ cimen
elérhet6 VEXcode VR koérnyezet is. A szimulatorok haszndlata akkor is
elényos lehet, ha a didkok otthon, 6nalléan proébalnak egy adott
problémat megoldani, majd azt ki szeretnék prébalni az intézményben
elérhet6, valds robotokkal [3].

+Jegyzetek, digitalis tananyagok (ELTE IK),
https://www.inf.elte.hu/etananyagok?m=397
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Az Gj Nat bevezetése a tanarképzé intézmények szamara is tartogat
kihivasokat. Sziikség lehet az egyes tantargyak tematikainak
feliilvizsgalatara, illetve 1j (kotelezd, vagy szabadon elvégezhetd)
kurzusok kidolgozasara és elinditasara. Péld4ul az informatika tanarok
képzési programjaban sokkal nagyobb hangstlyt kell fektetni a robotika
témakor megjelenésére, mint korabban.

2 Az algoritmizalas, kddolas, robotika témakoér megjelenése a
tankényvekben

Az 1. tablazatban is lathatjuk, hogy a robotika és kddolas alapjai témakor
mar az altalanos alsé tagozatanak 3-4. évfolyaman megjelenik, f6 célja
pedig az algoritmikus gondolkodas fejlesztése. Kezdetben a didkok még
robotok nélkil, kiilonb6z6 eszkdzok, vagy akar sajat testiik segitségével
végeznek olyan tevékenységeket (pl. utvonalbejaras), amelyek kés6bb a
robotok iranyitasanak alapjat jelentik. A didkok egyszerti algoritmusokat
hajtanak végre, azokat modositjak, illetve elemzik. Késébb folyamatokat
modelleznek, szimulalnak, természetesen jatékosan, az életkori
sajatossagok figyelembevételével. A tanultakat természetesen valds
robotok (pl. padlérobotok) hasznalataval is kiprébalhatjak, igy azonnal
visszacsatolast kapnak az altaluk megalkotott algoritmus és kéd
helyességérdl [2]. A 3. évfolyamnak sz6l6 tankdnyv varhatéan 2021
végén valik elérhetdvé.

A kovetkez6kben az dltaldnos iskola fels6 tagozatdnak sz416 tankonyvek,
algoritmizalas, kodolas, robotika témakorének tartalmat kivanom
Osszefoglalni, amelynek kidolgozasaban magam is részt vettem.

Az 5. évfolyamnak szdl6 tankonyvben [4] a robotika témakor
bevezetéseként el§szor a didkokkal kozdsen dsszegyjtjiik, hogy milyen
eldismereteik vannak a robotokrdél, az altaluk ismert robotok milyen
tevékenységeket tudnak elvégezni, majd ezen tevékenységek alapjan
hogyan lehet csoportositani a robotokat. Ez a tevékenység j6 alkalom
arra, hogy beszéljlink a robotok kiilonb6z6 generacidirol, az érzékel6k
nélkiil miikod6 els6 generacids robotokrol, az érzékeldkkel ellatott
masodik generacios robotokrol és az igazan fejlett, szabalyszeriiségek
megallapitdsara, gépi tanuldsra képes harmadik generacids robotokrél.
Természetesen - az dtmeneti id6szak elteltével - ez a témakoér mar a 3-
4. évfolyamnak sz616 tankdnyvekben fog megjelenni, itt mar csak ismétlé
jellegii tevékenységekben fog el6keriilni.

A robotok tevékenységeit szimuldlni is fogjuk a didkokkal. Ennek
részeként eldszor vezérelni fogjuk a szimuldlt (vagy valodi) robotot,
amelyhez egyszeri utasitasokat fogunk kiadni. Ehhez el8szor
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megtervezzik a robot tevékenységeit, mondatszerli leirassal
megfogalmazzuk a feladat megoldasanak algoritmusat. Az
algoritmusokkal valé ismerkedésnél a diakoknak hétkoznapi
tevékenységekhez kapcsol6dé algoritmusokat is meg kell fogalmazniuk,
illetve az egyes algoritmusokat el is jatszhatjak.

Ezek utdn megismerkediink egy blokkprogramozasi kornyezet
hasznélataval, a blokkok jelentésével, a paraméter fogalmaval, a
program végrehajtasi mddjaval. Kezdetben a billentytizet segitségével
vezéreljiilk a szimuldlt robotot, amelynek alakjat akar a diakok is
megrajzolhatjak, vagy megvaltoztathatjak. A feladat példaul lehet az,
hogy egy labirintusbdl kivezessiik a robotot. Mindezt akar a Scratch
kornyezetben is megvalésithatjuk, de megvan a lehet6ség mas, alternativ
kornyezetek haszndlatdra is. A tankdnyvben tobb, alternativ
blokkprogramozasi koérnyezetb6l szarmazé példa is helyet kapott,
bemutatva azt, hogy egy adott probléma megoldasara tobbféle
kornyezet is hasznalhatunk.

A Dbillentylizettel torténé vezérlés utdn megmutatjuk, hogy a
szereplénket hogyan irdnyithatjuk utasitdsok segitségével, és hogyan
oldhatjuk meg, hogy latsz6djon, hogy milyen aGtvonalat jart be a robot. A
labirintus helyett itt mar olyan problémak keriilnek el6térbe, amelynél a
feladatot ismétl6dé tevékenységekkel lehet megoldani, amelynek
kapcsan a didkok megismerkednek a ciklus fogalmaval és hasznalataval.
Ezt kovetSen olyan problémdakat mutatunk be, amelyeknél sziikség van
arra, hogy a robotunk érzékelje a kdrnyezetét, példaul azt, hogy van-e
el6tte valamilyen akadaly, vagy sem. Ez a feladat is megoldhaté szimulalt
kornyezetben, példaul a Scratch blokkprogramozasi kornyezet
szinérzékel6jének haszndlataval, de a valédi, kézzelfoghaté robotok
segitségével is, amelyek haszndlata motivalébb lehet a korosztaly
szamara.

A tankoényvekben kiemelt szerepet kapott a micro:bit egylapkas
szamitogép, tekintettel arra, hogy nagyon sokréti tevékenységeket
tdmogat, és olcson beszerezhetd eszkozrél van szo. A didkok ennek
kapcsan megismerkednek a makecode> blokkprogramozasi feliilettel,
egyszerl animaciokat készitenek, illetve a gyakorlatban is felhasznaljak
az érzékel6kben (pl. gyorsulasmérd) rejlé lehet6ségeket. A projektek
megvaldsitdsa sordn megtanuljdk a valtozok, eldgazasok hasznalatat,
egyszerd jatékokat készitenek, illetve sajat dtleteiket is megvaldsithatjak
egyéni, illetve csoportmunkaban.

5 https: //makecode.microbit.or
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A 6. évfolyamos konyvben [5] a didkok még mélyebben
megismerkednek a micro:bitek altal nyujtott lehet6ségekkel. A diakok az
eszkoz LED Kijelz6jére rajzolnak a pontok koordinatait felhasznalva,
valds folyamatokat szimuldlnak, algoritmusokat jatszanak el, illetve
megismerkednek az Osszetett feltételek és logikai miveletek
hasznalataval. A tanultak alapjan a didkok mar komplexebb jatékokat
készithetnek, sajat otleteik alapjan.

Ezt kovet6éen a didkok megismerkednek valédi robotok
programozasaval, melynek része az adott készlet és a programozasi
lehet6ségek megismerése. A tankonyvben példaképpen a LEGO
Mindstorms EV3 készlet keriil bemutatasra, illetve a micro:bitre épiilé
készletekrdl és azok programozasardl is szo6 esik. A kiilonb6z6 projektet
kapcsan a didkok megismerkednek a motorok hasznalataval, a fékezés
és kanyarodas lehetdségeivel. A zaro6 projekt keretében olyan programot
kell elkésziteniiik csoportmunkdban, amely lehetévé teszi, hogy egy
elére nem ismert palyan minél gyorsabban végigvezessék a jarmiivet.

A 7. és 8. évfolyamnak sz616 tankonyv jelenleg még fejlesztés alatt all,
megjelenésiik 2021 végén, illetve 2022 kézepén varhatd. A tervezett
tematika szerint a didkok tovabb mélyitik tudasukat a micro:bitek
programozasaval kapcsolatban; a projektek megoldasa soran
megismerkednek a ciklusvaltozé fogalmaval és haszndlataval és az
egymasba agyazott ciklusokkal. A micro:bitek kozti kommunikacids
lehet6ségek felfedezése és Kkiprébalasa utan olyan projekteket
készitenek, amelyekben az egyik micro:bit érzékel6je altal mért adat egy
masik micro:bit szamdra keriil atkildésre, példaul grafikonon torténd
megjelenités céljabol. Ezen tevékenységek utdan a didkok képesek
lesznek arra, hogy sajat otleteik alapjan akar tobbfelhasznalos jatékokat
készitsenek.

A robotika teriiletén a vonalkdvetési algoritmusok megismerése,
kiprobalasa és tovabbfejlesztése djabb és Gjabb problémak megoldasat
teszi lehetévé. A didkok munkajuk soran tetszbleges (az intézményben
rendelkezésre allo) készletet hasznalhatnak.

Ebben az életkorban még nagyobb teret kapnak a projekt jellegi
feladatok, melyek soran a didkoknak val6és problémakat kell
modellezniiik, megoldaniuk a megismert eszk6zok segitségével.

A kidolgozott tankdnyvek mellett a didkok és tanarok munkajat segiti
egy feladatgy(jtemény is, amely a Nemzeti Kéznevelési Portalon® kertil
publikalasra 2021 végén.

6 https://www.nkp.hu/
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Osszefoglalas

Cikkiinkben bemutattuk a digitalis kultdra tantargy céljait, témakoreit és
részletesebb betekintést adtunk az algoritmizalas, kodolas, robotika
témakor tartalmarél, amely ujdonsagként jelent meg a fejlesztési
teriiletekhez kapcsoléddéan. Bemutattuk azt is, hogy a Nat 2020
bevezetése milyen kihivasokat tartogat a pedagoégusok, oktatasi
intézmények, tanarképzd intézmények, illetve a tankonyvek szerzéi
szamara, és hogy ezen kihivasoknak hogyan lehet megfelelni.
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PREPARING MICROBIT TASKS USING BLUETOOTH
FORIT EDUCATION

Istvan SZERZO, HU

Abstract: Nowadays there are more and more opportunities to use IT
tools for edu-cation. There are a lot of appliances available in schools
which are capable of providing a feeling of high success without any
previous learning. A simple little tool like microbit for example:
according to my experiences we can highlight a partlike radio/bluetooth
connection and we can build educational unit for students from small
bits based upon one another even in public education. In this article I
would like to introduce this with the help of microbit and I am also going
to show some playful classroom task knowhows.

Keywords: IT knowledge, playful programming, microbit, bluetooth,
passing IT knowledge.

1 Introduction

First, thanks to the revolution of digital appliances there are plenty of
newer and newer technologies which we can use. Our lifestyle is
infiltrating into education. One of the tailenders in progressing is IT
education where teachers have to update their knowledge constantly
because of quick change Nowadays students claim the variety of the
latest technologies in use. [1] Here we must deal with integrating mobile
based tools into the fields of IT education. Plenty of opportunities have
appeared for the latter years and they show the power of technology
supported teaching & learning. [2]

Gaining theoretical knowledge which are provided by information
technology competences - creating models is a kind of mechanism where
you can solve everyday tasks or even more difficult ones and get
immediate success. During modelling we prepare general descriptions
which help to understand the process with their ordinary language.
Preparing a model is an abstraction skill which provides an exact
description with the help of one or several IT notions. We use phrases
related to information technology in these descriptions with the help of
the mother tongue sentences. We prepare solutions for imaginary or
real-life tasks, problems. [3]

We can use such problem-solving approach in this current situation in
which we can build IT knowledge around mobile technologies. In my
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report | use teaching in practice primarily combined with the right
theoretical training. First, I present a problem, then we are searching for
solutions. I am going to introduce 4 parts where I show playful IT tasks
based upon connections among appliances.

2 Method

Providing different opportunities, we can prepare spectacular tasks for
IT students. When youngsters see the chosen rather playful tasks, they
can formulate solutions immediately. 1 rather wonder what ideas
students can give from their surroundings when they see the half ready
descriptions shown to them. According to my experiences most students
are very talented in completing and colouring unfinished, embryonic
thoughts.

This kind of induction works by gradualism where the exercise is rather
built upon exercises available and explainable in our environment.
Setting the IT task partly only I expect that students use their
imagination in completing the exercise. So that they can give birth to
complete solutions. In most cases we do not need to intervene during the
solution processing. Here is the following aim of those specs, in this way
there is not just one possible solution, so that students can use their
imagination and creativity to make several alternative approaches. [4]

2.1 Shaping IT tasks

Step by step starting with simpler exercises I only prepared the frame of
the tasks which students could enrich with their own knowledge.
Certainly, later I extended the tasks’ steps gradually to enable students
to complete the tasks successfully.

e First, I listed a few words, so that I provided the frame of the
solutions

e Iexpected their very own solutions from the children.

e In the beginning I had the following strategy: [ presented the
following words only - game, micro:bit, two appliances,
Bluetooth.

e Therefore, my directions contain the minimum but the most
important parts.

e lintervene exclusively in those cases when solutions do not lead
in the direction planned by myself.

e There are several approaches in each given task.
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e Although we need to let only those solutions further which
reach the final goal, the others must be discussed repeatedly
after smaller additions.

e The method mentioned above proves for me that a planned goal
has plenty of similar ways to achieve.

2.2 Appliance to use

I experienced that micro:bit can be used well for that method in any age
groups. The chosen appliance is small sized but possesses a lot of
sensors. Its digital display is 5X5 with LED base. Its processor provides
the following information needed for the user: text or shape which can
be displayed with the given matrix. Different programming languages
could be used for its programming in online area. [5] It gives a lot of help
at the beginning if there are sample programmes available for students,
those programmes can process plenty of events on sensors. [6]

3 Communicative games

[ would like to highlight that radio communication itself is the basic task
but there are other supplements which occur sometimes that come into
question. If the task needs it, a complex solution can be formed during
game planning & design.

I found tasks only for Bluetooth communication channel which can occur
in students’ everyday life.

Like in data communication the tasks have been made for 4 levels:
e onetoone
e one to many
e many to one
e many to many

3.1 One to one
I Before I gave the detailed task, [ gave a few additions:
e On the first level, formulate a game for only two people.

e Theprocessof the game should be as simple as possible, so there
should be quite a few steps.
e Try to eliminate the solutions offered by the computer.
The result should be readable on the device display. Task can be created
only, where only two devices are connected and they perform equal
tasks. Out of the pair games, there were quite a few options that made
the selection difficult. It was important however, that on a device with a
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fairly limited display, communication with the user was still clear. This
is where the “stone-paper-scissors” game came up as the simplest game.

3.1.1 Method
Modules created:

As a starting state - on start - two information had to be stored, so we
entered two variables, one stored its own selected value, and the second
collected the number of hits.

on start

set me + +to °

set hits = to o

show number me =

Figure 1: “on start” method

Select your own choice by pressing button A. For simplicity, in the first
part, each step has been replaced by integers. Thus, by pressing the key,
the integers [1, 2, 3] appear in a circular way on the display.

1-2-3-1---

on button A * pressed

show number me »

Figure 2: “on button A pressed” method
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Use the B button to display the number of hits.

on button B +* pressed

show number hits =

Figure 3: “on button B pressed” method

Pressing buttons A + B on this module starts sending the radio signal to
the other device.

il gp) A=l = g ey

LT - r-ﬂ-.ﬂn

wifiid: urkm iy - o=

1

Figure 4: “on button A+B pressed” method

In the case of on radio received, when the data of both values - own and
the opponent - are available, the evaluation can start. For each of our own
hits, we increase the number of hits.

on radio received receivedNumber

Y - BRI
- @ ve

show icon

change hits v by o

change hits v by o

else if

recetveammer  « v @) nen @ e o | e

else

show icon ‘e

C]
(C]

Figure 5: “on radio received” method
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3.2 One to many

Further enhancing the first task - allowing on one side to use multiple
devices. From one sending location, the signal arrives at several
receiving devices and the received task can be completed. Therefore, a
solution had to be made, that several devices perform the task in the
same way. Here, it is no longer enough to create just one program, as
different tasks arise in the sending and receiving parts. The simplest
game with a Christmas decoration became the most appropriate idea.
Christmas Decoration

When sending, it is enough to create the solution for only one device, but
on the other side, the program can be used in several places. Changing
the lineup, I added the option to run the host program on more than two
devices.

Server side

On start

The display shows the shape of the bell and creates the game variable
with a value of zero.

on start

show leds

Figure 6: “on start” method

Since the process on the sending side needs to be started I chose the
shake event in which by setting the game variable to one, we send the
signal needed to start in the direction of the receiving part and we play a
melody. At the end of the melody, we reset the variable content of the
game to zero.
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set  play *+ to o
radio send string

at tempo @ {bpm)

Figure 6: “on start” method

Made with a procedure itRings, the image of the small bell on the display
is changing.

show leds

function @

[ ]
show leds
] - a
]

show leds

Figure 7: “itRings” method
Client side

At this point, instead of using the on shake procedure, the on radio
received procedure has been used, which includes the itRings procedure
to start four times when the event arrives.

on radio received receivedString

for index from 8 to o

call itRings

Figure 8: “itRings” method
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3.3 Many to one

From time to time, | may meet students who have already received some
form of music education. With their help, we were able to create a game
simulating a piano.

In this case, I divided the implementation into two parts again. The task
itself contains sections that include multiple sending and one receiving
unit. Even if we did not make a real piano that spans multiple octaves,
we managed to incorporate an octave of sound for beauty and usability.
Client side

The client-side program contains the notes one by one. The first part
contains the value of the radio group setting and the keys - using a
program, of course - and can be used for several, in this case eight,
devices. The soundList contains the basic octave characters.

on start

e

set  soundlList * to

c0000000

set sound v to °

show image = soundlList + get value at sound * | at offset o @}

radio set group @

Figure 9: “on start” method

For simplicity, we used both buttons A and B to determine what note the
given unit represented.

81



XXXIV.DIDMATTECH 2021
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

on button A - pressed

radio send number sound =

on button B * pressed

radio send number sound *

Figure 10: “on start” method

When sending, pressing the A+B keys simultaneously starts the set value
of the selected soundList array.

on button A+B ¥ pressed
set sound ¥ to remsinder of sound * + v | length of array soundlist ¥ | &+ o + | length of array soundList

show string  soundlist * get value at sound +

Figure 11: “on start” method

Server side

On start we set the radio group and simply use the number type values
sent to the given radio channel from the list of predefined tones to the
selected value and display the received numeric value for safety.

on radio received receivedNumber
ring tone (Hz) soundList =+ pet value at receivedNumber

show number receivedNumber

rest(ms) 1/2 = beat

Figure 12: “on start” method
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After that, itis enough to upload the sending program created in the first
part to eight devices, to set the appropriate music tones. At the receiving
part, connect the speaker connection to the serial ports also specified in
the simulator.

3.4 Many to many

So far, there has been only one device in one direction, i.e. client-server,
on one side. Now, we use more tools on both sides. It should not be
imagined in the way that it consists of different servers and again
different clients, rather we integrate the process into one machine. We
can go in the direction of the first task when both directions were
working together. It will be much easier for this little tool to have the
dataset you want to share in one place.

For this, | created a more complex task where a lot of data is handled and
yet can be interpreted at the elementary school level. At an early stage in
school, appears the concept of an operating system. By reviving its
schematic principle of operation, the game should be able to place
participants in place of processes running in parallel. The dining
philosophers problem known from E. W. Dijkstra is suitable for complex
process descriptions, which are functionally available in many
programming languages based on the solution, [7] but for me, it is a nice
challenge to create on such a low-performance device.

This solution is available at:
https://github.com/szerzoistvan/diningphilosophers
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Preparation: After setting the initial data, the display shows a so-called
group placement. Using the events of all three buttons, the recognition
of the group is started by pressing the A+B buttons. It is always the
device in which initialization starts, that sends the group and for itself
the connection to the group. This increases the content of the playerList.
After that, the forkList is enriched to the same size. On devices that are
turned on, the display shows the Arabic numeral of how many are
connected. After a device sends out its request to join, it is already logged
into the game and it displays its own group number in the bottom two
lines of the screen with a Roman numeral. In the top two rows, from top
to right, is the fork on the right, with three LEDs. Below the second row,
the left fork gets three LEDs from the left again.

Figure 14: “on start” method

The Figure 14. contains the connection of the third device and the two
unattached forks.

Continue game:

We can always use the forks with the help of our own button. If the fork
on the right is picked up it will be moved to the center and if the fork on
the left was picked up by my neighbor, only one LED from the lightning
on the left will appear. (show Figure 15).

Figure 15: “on start” method

A fork picked up by a neighbor will become unusable on the other side
and will not move as a result of the corresponding button. Once both
buttons have been added at the same time, we can only replace them by
pressing the A + B buttons together. The Figure 4. contains the recording
of the two forks in the fourth device.
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Figure 15: “on start” method

With this short, informal description, the students were able to work
together to solve a simplified model of a basic operating system.

4 Experiences

For most of the last school year, when online education took place in high
schools, the framework of the examples described were obtained in a
high school system after school and during summer IT camps with
groups of middle and elementary school students. I observed that the
individual groups that received the information needed for the tasks
using this hierarchical method had significantly better performance in
finding solutions than the groups that were given the full task in advance.
Based on this, it can be stated that fewer issues arose during
implementation and the applications created were executed more
accurately or in a shorter time. Based on the feedback from the students,
they really liked that they could complete the task descriptions and
unleash their creativity according to their own will.

In many solutions, the initial part of the task I gave them was also
upgraded in their unique ways.

It can be said that in many cases I found their ideas supplemented with
their uniqueness instructive even to me. Last but not least, the structure
of the tasks also stimulated their completion and the motivation of the
students. [ did not meet a participant at all who wanted to stop the task
and based on their feedback, they will apply for even more similar tasks.

I have observed over the last few years that in the school environment
and in most of the examinations the students get the full task to work on.
I found competitions where the goal was not exactly to make a final
solution at once. Based on my decades of experience in the industry and
looking at such competitions, solving a task often develops the final form
of the program on the fly. The final marketable shape of a software
product is always made under the control of the customer and the
development of needs.
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[ was able to experiment my idea for the first time in learning groups -
the first one was called MONDAY with eight people and the second was
THURSDAY with seven people. The students in the two groups had
roughly the same knowledge.

I gave the same tasks in the MONDAY group and the THURSDAY group.
The difference was that in the MONDAY group I gave the same task step-
by-step, unlike in the THURSDAY group, where they received it at once.

Stone- Christmas Piano | The dining
paper- decoration philosophers
scissors
Failed 0 1 2 4
Excellent 8 7 6 4
Table 1: MONDAY group result
With
Stone- Christmas Piano | The dining
paper- decoration philosophers
scissors
Failed 0 2 2 6
Excellent 7 5 5 1

Table 2: THURSDAY group result

It can be seen from the results of the two groups - although not with a
big difference - but there is a difference.

This fact didn’t convince me yet and [ knew I was getting invited to a
summer IT camp, therefore I tried the same steps with ten students in
the course of a week. There were no difficulties in sorting the five
students each. Rather, when giving the tasks, I had to be careful to enter
the task gradually or at the same time. There was little time in the camp,
so I could only fully evaluate the planning phase. I rather asked for the
design in the form of drawings. I give the names of the groups based on
the choice of the students. The first ELF: BIT where I used to assign the
task in a hierarchical form. In the second, they were given the task at
once, it was BEAR:BIT.

Stone- Christmas Piano | The  dining
paper- decoration philosophers
scissors
Failed 0 2 2 4
Excellent 5 3 3 1

Table 3: ELF:BIT group result
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Stone- Christmas Piano | The dining
paper- decoration philosophers
scissors
Failed 1 2 4 5
Excellent 4 3 1 0

Table 4: BEAR:BIT group result

I consider it important to continue the experiments in case of other tasks
as well, where I prefer to focus on the planning, and leave the
implementation to the students again.

In IT education, understanding the task and the importance of planning
determine accurate and effective solutions.

5 Conclusion

It can be said that on this tiny device, even examining only the radio
connection part, very nice tasks can be solved. Of course, in addition to
the few tasks presented, many other solutions can provide a quick sense
of success if we effectively provide a description of the task. These
playful solutions can advance students through instructors to not only
seek to learn the basics, but also to research and develop more
sophisticated playful solutions themselves. This small device can also
provide tremendous opportunities for newer generations born into
computers.
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GENERATING AND STORING ARTIFICIAL
SENSOR DATA

Anna SZABO, Zoltan PODOR, HU

Abstract: In this paper a relational database structure is introduced,
which is suitable to receiving and storing general sensor data. The
database structure incorporates the advantages of the structuring thatis
ensured by relational databases, but still demonstrates the flexibility
that would be expected in sensor systems. The database gives the
opportunity to define new sensors, sensor types, new measurements and
measurement conditions, among other things. A data generation process
is also presented, which is implemented in Python. It is able to simulate
the operation of sensor systems, and it is suitable for generating sensor
data - depending on the properly defined boundary conditions - for
transferring the data into the database and for supporting the
development of related mobile and desktop applications. The original
sensor data are sometimes sensitive, for example the production and
personal data in an industrial environment. In this case we usually have
to use sample or artificial data under the application development
process. Our data generator and database form a complex unit and it is
capable of simulating the operation of a sensor environment from the
data generation to the efficient data storage.

Keywords: sensor data, databases, data generator

1 Introduction

Nowadays, the sensors are immensely popular and important devices in
the industry and in everyday life. We can find them used more and more
often in different places and tasks. A sensor is a special device which
measures signals from its environment and converts them into a format
that a person or a machine can already process and interpret [1]. The
sensors have a lot of advantages: we can buy them at a low price, and we
can measure almost any value with it, for example the traditional
temperature or different production data. For these reasons it is not
surprising that, according to the challenges of Industry 4.0, an increasing
number of companies and factories acquire and apply such devices to
measure various data [2] in their production processes. It helps them to
improve the product efficiency, to reduce the costs and to increase the
profit. We can also mention the smart home and smart building systems,
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which also include and use a huge number of different sensors. With the
help of special mobile or desktop applications we can control our smart
home devices, even from the other side of the world.

Not only the sensors, but the applications which handle them, process
and display sensor data, are really important in the industry and in all
areas of our casual life. However, in many cases this data can be sensitive,
for example the product and machine data in the industry, or the
personal data of the workers. In the software development process, the
person, or the organization who ordered the application must not
transfer the sensitive data to the developers; only sample data, or the
characteristic of data can be transmitted. In our article we introduce a
complex system with two modules, where the first module is the data
generator and the second one is a general database. The data generator
generates artificial sensor data according to the given conditions (range,
measurement frequency, measurement unit, accuracy, distribution, etc.).
The second component, the database receives and stores these data. Our
system allows us to quickly and easily create a test environment and test
data - which are really similar to the original sensor data - for the
development or testing of different applications.

One of the basic elements of the sensor data management process is their
efficient, reliable and flexible storage in a database. Both relational and
non-relational databases offer the opportunity for this function, with all
their advantages and disadvantages. In terms of their popularity, the
relational databases are much more acknowledged [3], than the non-
relational form and they are capable of performing more complex
queries. A huge number of companies usually use traditional relational
databases, like Microsoft SQL server. The structure of a non-relational
database is not fixed (unstructured), there are no relation schemas,
connections, the form and structure of data can be easily modified [4].
Because of the aforementioned, we decided to use and create a flexible
relational database structure with its structured background.

Our aims were, in one hand to define and create a relational database to
store and handle sensor data from different environments, domains and
include the possibility to define new sensors, sensor types,
measurements and measurements conditions. On the other hand, the
data generator was created in Python language. This application is
capable of (1) generating artificial sensor data using the given
parameters, for example the distribution, the range, the frequency, the
timestamp of the data; and (2) of sending and storing the data to our
database. According to the above mentioned expectations, our
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application - including two main modules - is suitable for supporting the
development and testing processes of applications which handle sensor
data, without the original, sensitive sensor data being transferred to the
developers.

2 The application components

2.1 The database

During the design of the database our aim was to develop a universal,
flexible relational database structure. There were four basic, defined
requirements according to a sensor system: the database can be
expanded with (1) new sensor types, (2) new sensors, (3) measurement
types, (4) measurement conditions. Accordingly to the above mentioned
expectations, a universal data base structure was developed and
implemented, as illustrated in the first figure below.

Figure 1: Entity relationship diagram of our database

Our database includes the next six tables (Figure 1.):

¢ Sensor_types table: general characterization of the different sensor
types in which we can define real sensors to the different types. Each
one of the sensor types are defined by a unique identifier (id) and
each type has a practical name (name). Max_values and min_values are
important attributes to define the possible minimum and maximum
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measured values by the given sensor type. The measurement_length
and the measurement_accuracy are stored, the first one defines the
length of one measurement and the second one defines the
measurement precision of the actual sensor type (Figure 1.,
Sensor_types).

Sensors table: it describes the parameters of a given sensor, which
belongs to a certain type. Each one of the sensors are defined by a
unique identifier (id) and each one has a practical name (name).
There are two important parameters, the alarm_low_boundary and
the alarm_over_boundary. These attributes define the lowest and the
highest measured values which might be practically correct. The
frequency defines the density of the measurement. Furthermore, the
year of the production (year_prod) and the date of calibration
(calib_date) are stored in this table (Figure 1., Sensors).

Measurement_types table: this table describes the parameters of
the measured data. All data has a unique identifier (id) and has a
practical name (name). The name depends on the measured values,
e.g. temperature (temp), pressure (pres) etc. The unit of the
measured values is stored as well (unit) (Figure 1,
Measurement_types).

Measured_values table: it contains the measured sensor values. All
measured values are defined by two attributes: the date and the
sensor.id. The first one defines the exact time of the measurement and
the latter defines the sensor from the sensor table, which measured
the given value. The attribute measured_value stores the measured
sensor values. The attribute valid is a binary parameter with only two
values, 1 and 0. Value 1 shows that the measured value is correct, it
is between the sensors.alarm_low_boundary and
sensors.alarm_over_boundary values from Sensors table and the
error_rate attribute is NULL. Value 0 shows that the measured value
is incorrect, in this case the value of error_rate, is the value of signed
distance of the measured value and the given boundary. The values
of attributes valid and error_rate are created automatically by a
trigger (Figure 1., Measured_values).

Devices table: this table describes the parameters of the devices
which contain the sensors. Each of the devices are defined by a
unique identifier (id) and they have a practical name (name) (Figure
1., Devices table).

Location table: it describes the parameters of the location of the
devices and sensors. Each places and locations are defined by a
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unique identifier (id) and they have a practical name (name).
Location1, location2 and location3 attributes store the details of the
location, e.g. the name of the company. The GPS_coordinates attribute
contains the accurate location in GPS format. Condition1, condition2
and condition3 attributes provide the opportunity to store different
information about the conditions of the location, e.g. if the sensor or
the device is an indoor or outdoor gadget (Figure 1., Location table).

The next connections were defined between the tables:

¢ Each of the sensors have one and only one sensor type. In other words
there are sensor families, with some well-defined general
parameters, in which we can define a concrete sensor, which belongs
to the given sensor family. This connection is a one-more
relationship, because one sensor family can contain more sensors
and one sensor always belongs to only one family (Figure 1., type).

e Each of the sensor types include the unit and the type of the
measurement. It is a one-more relationship, because a given sensor
type measures only one thing, but one measurement type can
measure more than one sensor type (Figure 1., unit).

e The measured values are connected to the sensor which measured
them. This is a one-more connection, because a measured value
always belongs to only one given sensor, which measured it, but one
sensor can measure more than one data type (Figure 1., measure).

o All sensors belong to a device, which contains the given sensor. This
connection is a one-more relationship, because a device can contain
a lot of sensors, but one sensor is always in one device (Figure 1.,
sensor’s).

e It is important to store the conditions, e.g. where is the sensor. It is a
one-more connection, because a given device is always in one place,
but more than one devices can be in one place (Figure 1., location).

The efficient and automatized operation of the database is supported by
the above mentioned trigger. It helps us to decide whether the actual
measured value is correct or not (is it between the boundaries or not).
According to this decision we store that the given value is valid or not (0
or 1). If the value is not valid then the trigger calculates the signed
magnitude of the error as the difference of the measured value and the
proper boundary.

The database and the connected elements were developed in MSSQL-
Server Management Studio 18.6 version.
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2.2 The data generator

The main task of the data generator module is to create artificial sensor
data according to the parameters that are defined by the user. The
generator forwards the data to the database, where it will be stored.

The data generator module was implemented in Python language and
along with that we used a public Github project, the Mandrova. This
project was developed by a Korean team, Mandrova means ,make it” in
English, but in relation to sensor domain it means ,make sensor data”
[5].

In the Mandrova project there are a lot of possibilities to create data with
different distributions. In this current application we only used the
normal distribution, but there is the opportunity to choose other
distributions, as exponential, Poisson, etc..

It was really important to design a user-friendly application so that we
can generate and store a large amount of the data in an easy way. To fulfil
this expectation a special user interface was defined and developed. The
user has to give or choose three main parameters on this interface to
create the data: (1) choose a sensor from a list, which is queried from the
table sensors, (2) the number of the created data records, (3) the
timestamp, which defines the timestamp of the last created data. If the
parameters are in correct form the data generator starts to create the
data in the background. In our current software we used only simple
normal distribution for the data generation. This distribution needs two
values, the average and the standard deviation (sigma). The average
value is the numerical mean of the alarm_low_boundray and
alarm_upper_boundary values and the value of sigma was created
according to the boundaries. We wanted to create the value of sigmaina
simple way, as it is described in the first algorithm.

Algorithm 1.: the definition of value sigma using max_value, min_value,
alarm_max_value and alarm_min_value variables

if max_value — min_value < 10 then

return 2
if max_value — min_value > 10 and max_value — min_value < 90
then

return 5
if max_value — min_value = 90 and alarm_max_value —
alarm_min_value < 10 then

return 7
return 10
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The data generator is connected directly to the MSSQL database to send
and store the created data.

3 Testing results

After the design and the development of our application the testing
period started. The database tables were filled in manually with some
sensor types (temperature, humidity, pressure), sensors (hom1, hom2,
viznyom1, etc.), devices (XX, YY, ZZ) and locations (hall-A, court-B). The
table measured_values was filled in by our data generator after choosing
the corresponding parameters on the user interface. There are currently
six sensors in our table named sensors and 1700 values were created for
each of these six sensors. This is shown in an example in Figure 2, where
we chose sensor hom3, the time stamp is 2021. 04. 29 11:56:36 and we
generated 1700 values.

i Szenzoradatok generaldsa e X
Szenzoradatok generalasa

Melyik szenzorhoz szeretne adatot generalni?
Hom1

H6m2

Paral
Para2
VizNyom1

Mennyi adatot szeretne generalni?
1700
Az adatokat egy adott id6ponttdl kezdve idében
visszafele generéljuk az adatbazisban taldlhatd idékézénként.

Melyik legyen ez a kezdé idGpont?
(Kérem, hogy a megadott formatumban adja meg az idépontot!)

2021.04.29 11:56:3¢

Generalas

Figure 2: test data generating (in Hungarian language)

After a few seconds we got the sign that the system generated and stored
the data according to the given parameters. The content of the table was
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checked manually and we can see a part of the generated data in the first
table.

Table 1: Table measured data, a short example

time stamp sensor_id | measured_value | valid error_rate
2021-04-17 3 28.27 0 3.27
16:46:36.000

2021-04-17 3 21.31 1 0
16:56:36.000

2021-04-29 3 25.71 0 0.71
11:46:36.000

2021-04-29 3 22.21 1 0
11:56:36.000

After that, the attribute values of valid and error_rate were checked by
selecting random rows from the columns including their data. The lower
boundary of Hom 3 was 15 and the over boundary was 25, so the trigger
generated the right valid and error_rate values in the table.

4 Conclusion

The sensors, the measured data and the related applications are
becoming more and more relevant in our everyday life. The reliable
development and testing of these applications are very important tasks.
The original measured data are very sensitive sometimes, and the owner
cannot give them to the developers. We provide a solution for this
problem with a data generator and with the connected, universal
database structure. In this article a flexible, structured SQL-based
database is presented with the tables and the connections between them.
Furthermore, a data generator is introduced, that generates random
sensor data - under the right, user defined conditions - and transmits
them into the MSSQL database. The stored data can be used for the
applications in the development phase and for the testing.

Our complex system is suitable for storing data from any sensor
environment (factories, smart homes, etc.), because there are tables to
store the information about sensors, sensor types, measured data,
location and many other conditions. A flexible database was designed,
with the opportunity to store new circumstances and parameters.
Thanks to the data generator application anyone can easily generate test
data in a simple, user-friendly way. The generated data are useable for
the development of the new applications, which use the sensor data, and
for the testing phase.
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The presented, two-component system includes a huge number of the
steps to take the process further and development possibilities. The data
generator uses only normal distribution in this version, but it is possible
to implement other distributions too. In the case of database component,
an SQL-based solution was chosen, but we can use NoSQL databases, or
any other database forms too. The parametrization possibilities of the
data generator can be expanded with the parameters, which are
currently burned into the code. The user interface can be supplemented
according to the above mentioned steps.
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USE OF FGPA IN HIGH-SPEED INDUSTRIAL
NETWORK

J. ANTAL, ]. FARAGO, T. HIDVEGI, HU

Abstract: Nowadays, the industrial systems are under a lot of
cyberattacks. The defence is very difficult due to high-speed data traffic.
Detecting and countering different attacks is also difficult. One of option
is to use FPGAs.

Keywords: fpga, vhdl, it, ot, industrial network, iiot, spi, ethernet, tcp/ip,
honeypot

1 Introduction

Nowadays industrial systems are being hit by more and more
cyberattacks. These attacks, in addition to causing significant material
damage, also do a lot of damage to the company's reputation. There are
several options for protection and minimizing damage. However, they
are expensive and even rudimentary. For example, the real-time data
collection is very important so that the method and structure of an attack
can be understood. This will be very important in the subsequent
defence. But how do we collect data on a high-speed industrial network?
[s it necessary to store all data? Another task to be accomplished is the
post-encryption of protocols used in industrial networks for decades. If
we use encryption in the communication of programmable devices, how
to implement it in real time? Another way to defend against cyber-
attacks could be to use a honeypot. Honeypots are not used in live
systems, but we have broken this rule in our research by giving a new
task to the industrial honeypot. During a cyber-attack, the purpose of this
honeypot is to divert the attacker's attention. It can be seen, then, that
protecting an industrial network, detecting an attack immediately or
retrospectively is not an easy task. Our goal is to research and develop a
target device that, in addition to defence, can also save network data that
can be analysed to learn about the characteristics of a cyber-attack, even
in real time during an attack. The use of high-speed FPGAs seems to be
an obvious solution to these problems, but its use raises several
questions. For computer networks and embedded systems, the
ENC28]60 Ethernet-SPI converter is commonly used, but the SPI serial
protocol significantly reduces the maximum data rate.
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In this article, we focus on the implementation of the data acquisition
sensor and its placement in the industrial network.

1.1 Problems in Industrial Network

The Ethernet used by today’s industrial networks goes far beyond the
functionality of standard Ethernet. Ethernet now covers the entire
territory of companies, not just the office part. In the case of industrial
networks, different communication protocols appear at the fieldbus
level, which are connected to the already complex network [1]. The
emergence of time-sensitive networking (TSN) in industrial networks
brings to the fore the issue of priority. These problems are exacerbated
by the growing use of IIoT (Industrial Internet of Things) devices.
Today’s industrial control equipment (PLCs) are becoming more
powerful and processing more and more data. This requires ever-
increasing data communication speeds, and our network is becoming
increasingly complex. These devices now have more than one Ethernet
port. With the help of these ports, they can communicate no longer only
with field devices but also with, because due to the size of the equipment,
we may need several control devices. In addition, they can write data to
databases and display the status of the equipment on a WEB interface.
As the cycle time of the equipment is getting shorter for faster
production, the data delay, e.g., due to an unexpected attack, can cause
serious operational problems [2].

1.2 Devices in our solutions

For the sake of a few sentences, we would like to present the tools that
can be used to monitor the traffic of an industrial network, and other
“business logic” can be implemented in their use. Such a “logic” to be
implemented is the so-called honeypot, which able attracts the attacker's
attention during a cyber-attack. However, it is also expected that, if there
is no attack in progress the honeypot must be invisible to other
participants in the network. This ensures that the data acquisition sensor
does not interfere with manufacturing processes.

The ENC28]60 [3] target circuit converts Ethernet traffic to a stream that
conforms to the “Serial Peripheral-to-Interface” (SPI) protocol [4]. This
is important because not all FPGAs [5] can directly receive network
traffic. The architecture of ENC28]60 can be seen in the Figure 1.
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Figure 1: The scheme of ENC28]60 device [3]

The Field Programmable Gate Arrays (FPGA) is a programmable logic
device in which various digital circuits can be implemented. The FPGA
consists of CLBs, programmable interconnects, different RAM, and I/0
blocks (Figure 2).
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Figure 2: The scheme of FPGA

Different digital solutions can be implemented in the FPGA. Therefore,
the architectures we designed are housed in this tool.

The ethernet frame arrives in the FPGA using the SPI protocol. First, we
must distinguish the MAC address of the target and source devices in the
frame. This is followed by the definition of the protocol, for which
knowledge of EtherType is essential (Figure 3.).
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The complete data acquisition sensor (and our special solution that can
be reconfigured even during operation) is implemented in the FPGA
(Figure 3).
The reconfigurable block may contain the following module:

e control of collection of data for Al

e rules of detect of network attacks (detection of PLC discovery,
detection of port scanning, detection of ARP poisoning and MAC
flooding, detection of data of services, detection of D(D)oS,
detection of brute force)

e implementation of honeypot

It is important to note that the modules have not yet been implemented
in FPGA.

2 Data logger placement options in industrial network

The data acquisition sensor must be physically located at the
manufacturer's site. Therefore, this device must be connected to the
industrial network. It is important that this device can not interfere with
the high-speed traffic of the industrial network and be able in real time
to capture, process and store special data. Unfortunately, data can not be
stored in FPGA because there is little memory in this programmable logic
device.

Therefore, plus a database must be used in layer 1. The different alerts
(e.g.: network attack) and logs should be saved in a database (in layer 1.)
for network forensics [9]. This database is not the SCADA database,
which is in layer 2. [6].

2.1 General solution in industrial network

For low-speed industrial systems with few network devices, the solution
shown in Figure 4 can be used. The PLCs are located in the second layer
of the Purdue model [6].

A data acquisition sensor is placed in the industrial network. Although
we use a high-speed FPGA, thanks to the use of the SPI protocol, this
solution can be used in networks with about 8-10 programmable
devices.
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Figure 4: The (part)architecture of industrial network and data logger with
other reconfigurable module

2.2 Optimized solution in industrial network

If you want to use data collection or protection in a high-speed network
with several industrial devices, the network required be segmented.
However, this is not always possible, so we propose a solution that does
not affect the structure of the industrial network: a small data acquisition
sensor will be installed next to each TCP/IP-based industrial device. This
solution can be seen in Figure 5.
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Figure 5: The (part)architecture of industrial network

3 Conclusion

The architectural arrangement that can be used in the industrial network
we propose greatly helps to detect a possible network attack, to monitor
the execution of the attack. This helps us to strengthen the defence lines.
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In addition, our solution can be used to search for special patterns, as it
provides the ability to re-configure a configurable block, even during the
operation. This can be even a digitally implemented honeypot if needed.
Using the industrial honeypot, the focus of the attack can be diverted
from the industrial devices that actually play a role in production.

Also, our special data logger can be used to collect data for artificial
intelligence or network forensics.

The FPGAs are not good for monitoring large industrial networks
because of the high-speed of the network. Therefore, one FPGA per PLC
is needed, because network segmentation can not always be achieved.

References

1. T.MORRIS, A. SRIVASTAVA, B. REAVES et al. “A control system testbed to
validate critical infrastructure protection concepts”, International Journal of
Critical Infrastructure Protection, vol. 4(2), pp. 88-103, 2011.

2. THOMAS H. MORRIS, WEI GAO, Industrial Control System Cyber Attacks, 1st
International Symposium for ICS & SCADA Cyber Security Research 2013,
16-17 September 2013. [on-line]
https://www.scienceopen.com/document/read?vid=307d49e4-e2d8-
4250-aca3-de6fa4fd5c7d

3. ENC28J60 Datasheet
https://ww1.microchip.com/downloads/en/devicedoc/39662c.

4. “Serial Peripheral Interface”, [on-line]
https://www.sciencedirect.com/topics/computer-science/serial-
peripheral-interface

5. Whatis an FPGA?, [on-line] https://www.xilinx.com/products/silicon-
devices/fpga/what-is-an-fpga.html

6. PASCAL ACKERMAN, Industrial Cybersecurity. In Packt Publishing 2017,
ISBN 978-1-78839-515-1

7. CONPOT ICS/SCADA Honeypot, [on-line] http://conpot.or

8. Industrial honeypot implementation guide, In. Spanish National
Cybersecurity Institute. [on-line] https://www.incibe-
cert.es/sites/default/files/contenidos/guias/doc/incibe-
cert industrial honeypot implementation guide.pdf

9. Introduction to Network Forensics, In. ENISA, European Union Agency For
Cybersecurity. August 2019, [on-line]
https://www.enisa.europa.eu/topics/trainings-for-cybersecurity-

specialists/online-training-material/documents/introduction-to-network-

forensics-handbook.pdf

Reviewed by: Ph.D., Arpad Kovacshazy

104


https://www.scienceopen.com/document/read?vid=307d49e4-e2d8-4250-aca3-de6fa4fd5c7d
https://www.scienceopen.com/document/read?vid=307d49e4-e2d8-4250-aca3-de6fa4fd5c7d
https://ww1.microchip.com/downloads/en/devicedoc/39662c
https://www.sciencedirect.com/topics/computer-science/serial-peripheral-interface
https://www.sciencedirect.com/topics/computer-science/serial-peripheral-interface
https://www.xilinx.com/products/silicon-devices/fpga/what-is-an-fpga.html
https://www.xilinx.com/products/silicon-devices/fpga/what-is-an-fpga.html
http://conpot.org/
https://www.incibe-cert.es/sites/default/files/contenidos/guias/doc/incibe-cert_industrial_honeypot_implementation_guide.pdf
https://www.incibe-cert.es/sites/default/files/contenidos/guias/doc/incibe-cert_industrial_honeypot_implementation_guide.pdf
https://www.incibe-cert.es/sites/default/files/contenidos/guias/doc/incibe-cert_industrial_honeypot_implementation_guide.pdf
https://www.enisa.europa.eu/topics/trainings-for-cybersecurity-specialists/online-training-material/documents/introduction-to-network-forensics-handbook.pdf
https://www.enisa.europa.eu/topics/trainings-for-cybersecurity-specialists/online-training-material/documents/introduction-to-network-forensics-handbook.pdf
https://www.enisa.europa.eu/topics/trainings-for-cybersecurity-specialists/online-training-material/documents/introduction-to-network-forensics-handbook.pdf

XXXIV.DIDMATTECH 2021
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

Contact address

Ing. Timét Hidvégi, PhD.

E6tvos Lorand University, Savaria University Centre
9700 Szombathely, Karolyi Gaspar tér 4.

e-mail: ht@inf.elte.hu

Ing. Janos Faragd

Andrews IT Engineering Kft.

1138 Budapest, Tomori utca 34.

e-mail: farago.janos@andrews.hu

105



XXXIV.DIDMATTECH 2021
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

TEST ENVIRONMENT FOR SPECIAL PROTOCOLS
FOR INDUSTRY COMPUTER SYSTEMS

Jézsef ANTAL, Timét HIDVEGI, HU

Abstract: The security of industrial networks is today a serious
requirement, but industrial machines and production lines are not yet
prepared for this. The use of unencrypted protocols and default
passwords is commonplace even in large companies as well. Our article
describes a test environment or protocol proposal that can be
conveniently implemented in existing industrial networks..

Keywords: modbus, industry computer system, plc, fpga, vulnerability,
OT network, iot, encryption, decryption, cve

1 Introduction

The appearance of Industry 4.0 was unprepared for various factories and
production plants. Today, the expectation is that all measurement results
and data will be stored in the cloud. Various recommendations [1], [2],
tools and architectures have emerged to make this expectation as
convenient as possible. However, the basic problem remained, namely
that industrial devices (PLCs, actuators, robots, etc.) communicate with
each other using unencrypted protocols. For industrial devices
communication, Modbus is usually used, which is very convenient to use
but unencrypted, i.e. sensitive data (e.g, password, measurement
results, etc.) are visible in network traffic.

One of the main features of production lines is that they are rarely shut
down, and a timetable must be drawn up for the implementation of the
various upgrades [2]. Therefore, industrial systems that have been
completed and operating for years are unfortunately not expected to
switch to using encrypted protocols. These protocols are generally not
yet prepared by PLC manufacturers [3].

In our article, we present the generally accepted Purdue model, the test
environment we have created, and we suggest the construction of
encrypted protocols that can be easily implemented in an industrial
environment and appropriate to the OSI model.

2 Network model of industry

The network of industrial systems and the so-called office network is
often interoperable, making an attack easy to execute that causes serious
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damage to the company. Therefore, the so-called Purdue model [3] was
born, this is a recommendation by which the two given networks can be
easily separated, however, this model does not provide perfect
protection either.

The three bottom layers are located on the company’s production line
where the specific production takes place. On the fourth layer we find
the different data collection servers, SCADAs [4]. A well-configured DMZ
separates the top two layers that belong to the office network (and the
Internet).

Thanks to the poor DMZ settings, unencrypted industrial protocols, and
default settings can make the industrial network vulnerable even when
using the Purdue model (Figure 1).

ws Mail Server DNS Server et Server Level 4/5:
I:] E]w é E E - Enterprise
=

Remote Acosss  Petch Mensgement  Applcation  Historin
‘Server Servr Server mirn DMZ

Level 3
Operation
& Control
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E Ha SCADA

T
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Control

Level 1

sy Pt Pty
HHHH HHHH HHHH e
Level 0
I - Process
- v
Sensor/ Sanaor senser/ Sensor
Henuaters Serers B cntrs Hematers

Figure 1: The Purdue model

Some attack modes:
e using of malicious codes
e using of unencrypted protocols
e bad DMZ settings
e using of WIFI
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3 Different protocols for industry

Mainly the Modbus TCP is used in industry, which is unencrypted [3].
The TCP protocol (EMP) we propose is an optimized and encrypted
protocol that is also based on TCP.

4 Our test Environment

In this article, we propose an encrypted protocol that can be easily and
simply implemented on most industrial devices already in use. To test
this protocol, a system was developed that implements the lower three
layers of the Purdue model (except for level 1, because there are only
actuators, valves, robot arms). Included in Level 2 is an S7-1200 PLC,
Raspberry Pi 2 and 4, as well as a programmable router. An Ethernet Cap
has also been used to monitor network traffic.
Our test environment can be used to conveniently simulate industrial
networks that can even be found on the production lines at companies.
However, with this test environment, we can easily test and optimize
new protocols, as well.
For industrial systems (including the IoT devices, as well), it is very
important to be able to implement encryption algorithms in the devices
on the network that cause minimal latency and do not reduce device
performance. The PLCs (or HMIs, etc.) on the industrial network shown
in the following figure are supplemented with encryption/decryption
algorithms that cause minimal latency and do not reduce the computing
power, and fit in the memory of the industrial device (Figure 2.). There
are encryption algorithms in FPGA [9].

>

§ 0 y

FPGA F(x) FPGA F(x) FPGA F(x)

crip [ crip | F crp |

| ;}II @ |m

Figure 2: PLCs and Programmable Logic Circuit (FPGA or CPLD) with encyption and
decryption algorithms

This function is therefore simple, but can be used to significantly
increase security and easily replace the encryption function over the
network. In this example, ROT13 has been implemented in VHDL, which
easy to implement in FPGA/CPLD as well.
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5 Own protocol

Given that Modbus TCP [5], [6] has become widespread in the industry,
our own protocol architecture follows this layout as well. We opted for
the similar architecture so that industry players can easily implement
this in their own systems.
Of course, our own protocol design was based on the structure of the
Ethernet frame (Figure 3).

Destination Source Ethernet

MAC Address MAC Address Type bata

Figure 3: The Ethernet frame

The recommended value of Ethernet Type is 0x8AFF [7].

The next figure shows the structure of the OSI model, Modbus_TCP, and
our own protocol (Figure 4). The “EMP TCP” section contains the
encryption function whose inverse can be used to decrypt the encryption
in real time.

osl Modbus EMP
Application Modbus TCP EMP TCP
Presentation .
Session
Transportation TCP TCP
Network IP P
i | | s
Physical ‘ 10/100 BaseT 10/100 BaseT ‘

Figure 4: Layers of OS], Modbus TCP and Own protocol

The next figure shows Modbus data traffic, Here the values of registers
are read out. It is easy to notice that the traffic is unencrypted. So
sensitive data can be accessed and even the measured values can be
easily modified.
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Frame 37: 64 bytes on wire (512 bits), 64 bytes captured (512 bits) on
Ethernet II, Src: PcsCompu_e6:e5:59 (08:00:27:e6:e5:59), Dst: PcsCompu,
Internet Protocol Version 4, Src: 172.24.8.121, Dst: 172.24.08.159
Transmission Control Protocol, Src Port: 502, Dst Port: 46714, Seq: 1,
Modbus/TCP
Modbus

.Be@ 8001 = Function Code: Read Coils (1)

Request Frame: 36

[Time from request: 8.081945904 seconds]

Byte Count: 1

{vwvwvww

» Bit @ @

» Bit 1 : @

» Bit 2 : @

» Bit 3 : @

» Bit 4 : @
@3 Be 27 5c 65 26 B8 OO 27 eG6 eb 59 08 BO 45 OO "\ed Y E
@0 32 ac 31 40 00 30 @6 f5 4b ac 18 00 79 ac 18 2:1@ Kooy
@0 9f 61 f6 b6 7a 97 25 GB df bb 56 48 18 50 18 Z% h VH-P

0P30 20 14 78 7b 00 00 80 @1 00 00 00 04 01 01 01 [ x{

Figure 5: Data without encryption (sensitive data is visible)

There is an additional serious problem that the active scanners
recognize this industry protocol thanks to the use of port 502 (Flgure 6.).

$ sudo nmap 1
{ https

STATE SERVICE
modbus

Nmap done: 1 IP address (1 host up) scanned in @.54 seconds

Figure 6: Sensitive data by active scan (nmap script)

Let us send the message “hello world” to the network with ROT13
encryption (f (x) = ROT13). “Hello world” is encrypted as “uryyb jbeyq”.
Now send the encrypted message and decrypt at the target device, but in
the network traffic only the encrypted value is visible (Figure 7.).

6 3.363578184  PcsCompu_5c:65:26 PcsCompu_5¢C:65:59 Ox7a05 25 Ethernet IT

8 4 163356200 172.74.0.13 239255 955950 Ssnp 213 M-SFARCH * HTTPI1‘
» Frame 6: 25 bytes on wire (200 bits), 25 bytes captured (280 bits) on interface etnd, id
~ Ethernet II, Src: PcsCompu_5c:65:26 (88:00:27:5c:65:26), Dst: PcsCompu_5c:65:59 (08:08 27 5c:65:59)
C DEStlHathﬂ‘ PcsCompu_5c:65:59 (08:00:27:5¢c:65:59)
» Source: PcsCompu_5c:65:26 (08:00:27:5¢:65:26)
Type: Unknown (8x7a@5)
~ Data (11 by

ytes)
Data: 1572197962206862657971
[Length: 11]

0008 08 BO 27 5c 65 59 @8 B8 27 5¢ 65 26 T7a @5 '\eY '\edz
(ARl /S /9 62 20 6a 62 65 /9 7 b jbey gf

Figure 7: Encrypted sensitive data

The Wireshark does not recognize the protocol used, instead it identifies
as 7A05. As the 7A05 is unknown, it is also difficult to produce a CRC with
a subsequent packet injection.

Although ROT13 is a known and very simple protocol, using this we can
very conveniently encrypt the data traffic.
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6 Advantages of own protocols

The following table compares its own and Modbus properties. Some
SCADA features were also included.

Own protocol Modbus
can be arbitrary,
Port number unique (except for | 502
special ports)

Known
Based on ASP.NET | vulnerabilities,
.NET 5, updates are | rarely updated,

Vulnabilities handled by | e.g. HTTP instead
Microsoft of HTTPS at
SCADA
Encryption encrypted unencrypted

Table 1: Comparison of Modbus and own protocol
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ROZVO]J PRIESTOROVEJ PREDSTAVIVOSTI NA
HODINE INFORMATIKY V 5. ROCNIKU ZS$

Tibor SZABO, Rastislav ZITNY, SK

Abstrakt: Prispevok sa zameriava na rozvoj priestorovej predstavivosti
ziakov v 5. ro¢niku ZS v ramci hodiny informatiky. V prispevku ukaZzeme
niekol'ko konkrétnych aktivit, ktoré sliZia na rozvoj priestorovej
predstavivosti. Uvedené aktivity zohladiuji aj obsah Statneho
vzdelavacieho programu. Napokon, snazime sa najst synergicky efekt
spojenia priestorovej predstavivosti a prislusného predmetu na skole.

KIicové slova: priestorovd predstavivost, aktivita, informatika,
interaktivita, vizualizacia.

DEVELOPMENT OF SPATIAL IMAGINATION IN COMPUTER
SCIENCE LESSON IN THE 5TH GRADE OF ELEMENTARY
SCHOOL

Abstract: The paper focuses on the developing of spatial imagination at
the pupils in the 5th grade of elementary schools in computer science
lessons. In this paper, we are trying to show some specific activities and
task to support the developing of spatial imagination. These activities
consider the content of the National Programme of Education. Finally,
we are trying to find effective tools which leads to development of spatial
with synergy of spatial imagination and subjects in school.

Keywords: spatial imagination, activity, informatics, interactivity,
visualisation.

1 Uvod

Pre STEM (Science, Technology, Engineering and Mathematics) odbory
je priestorova predstavivost mimoriadne dbleZita. Na zaklade vysledkov
Testovania 9, Ziaci na Slovensku po dokoncéeni zakladnej Skoly
nedisponuju s dostatotnou priestorovou predstavivostou. [11] Tieto
schopnosti sa u ¢loveka rozvijaju postupne od narodenia, ale predsa
existuji urcité etapy zivota, kedy sa daji rozvijat efektivnejsie. Ziaci
piateho ro¢nika patria prave do idedlnej vekovej kategérie (11 az 12
rokov) [1, 2], preto by sme mali venovat rozvoju priestorovej
predstavivosti va¢siu pozornost. Pri rozvoji tychto schopnosti v prvom
rade by sme mohli mysliet na vyucovacie hodiny matematiky, hlavne na
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geometriu. Nakol'ko priestorova predstavivost ma multidisciplinarny
charakter, moZeme ju rozvijat aj na inych vyucovacich hodinach. V ramci
nasho KEGA projektu (Rozvoj priestorovej predstavivosti 10-12 ro¢nych
ziakov zdkladnych $kol) sa sustredujeme na matematiku, informatiku
a vytvarna vychovu. Musime spomentt, Ze existujd rézne typy aktivit,
ktoré efektivne mézu prispievat k rozvoju priestorovej predstavivosti.
Babaly a Karpati (2015) pomenovali pat typov:

. pouzivanie stavebnic v detstve,

e remesla a kutilstvo,

. 3D pocitacové hry,

° Sport,

e  rozvoj matematickych schopnosti.

Okrem Sportu vramci projektu vyuzivame vSetky uvedené aktivity.
V tomto prispevku sa zaoberame len tlohami pre hodiny informatiky.

2 Informatika v 5. roéniku Z$

Statny vzdelavaci program (SVP) v predmete informatika sa na jednej
strane zameriava na ziskanie konkrétnych skudsenosti a zru¢nosti pri
praci s pocitacom iaplikaciami, a na druhej na budovanie zakladov
informatiky. [5] Vykonové Standardy pre 5. ro¢nik nie su definované
zvlast, ale su spolu so 6. ro¢nikom, teda Standardy definuju len to, o ma
ziak vediet na konci 6. ro¢nika. V pripade nami vytvorenych aktivit sme
sa prvom rade sustredili na pracu s grafikou a na algoritmické rieSenie
problémov (analyza problému, jazyk na zapis rieSenia, postupnost
prikazov, cykly).

3 Aktivity

Pri tvorbe aktivit okrem obsahu SVP sme brali do tivahy aj d'al$ie doleZité
aspekty, ako napriklad vizualizdcia, interaktivita, motivacia a
konstruovanie objektov. Spravna vizualizacia a interaktivita pozitivne
prispievaju k zvySovaniu efektivity u¢ebnych materialov alebo aktivit.
Dolezitost vizualizacie je zrejma, ved’ uz na to upozornil aj Jan Amos
Komensky. Podl'a PSendkovej a Hegedtis (2017) ,interaktivita je aktivne
zapdjanie sa ucastnikov do edukacného procesu“. Teda interaktivita
urcitym spbésobom dokaze zabezpecit aktivnejSiu ucast ziakov pri
rieSeni uloh. Nagyova Lehocka (2008) hovori, Ze ,optimalny stupen
naroc¢nosti dloh je tieZ podmienkou rozvoja motivacie a zaujmu”. Aby
sme si udrzali neustaly zaujem, snazili sme sa mat’ tito skutocnost na
pamati pri optimalnom vybere a zvySovanim narocnosti jednotlivych
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uloh. Podla Nagyovej Lehockej (2020) ,konsStrukcia roznych
geometrickych telies rozvija priestorovu predstavivost a konstruktivne
schopnosti Studentov.” Je dolezité si spomenut, Ze masivnejSia
pritomnost’ takychto aktivit vo vzdeldvacom procese modze prispiet
k dosiahnutiu  mnohych vzdelavacich cielov. [10] V nasledujicich
podkapitolach predstavime Styri aktivity, pri tvorbe ktorych sme
vyuzivali niektoré z uvedenych aspektov.

3.1 Kodovanie

Binarne kddovanie je iloha, ktoru sme zaradili do programu zlepSovania
priestorovej predstavivosti v piatom roc¢niku zakladnej skoly. V tejto
ulohe vychadzame z problematiky binarneho kédovania
alfanumerickych znakov vo forme zobrazenia tychto znakov vo
formulari vytvorenom zgeometrickych objektov, t. j. pasikov a
Stvorcekov usporiadanych vrovinnej schéme. Tato tloha prezentuje
alfanumerické znaky ako unikatnu kombinaciu jednotiek a ntl, ktoré su
na rovinnom objekte zobrazené ako tmavé, resp. bledé objekty. Plocha
obrazca je tvorena plochou riadku s 6smimi Stvorcami na zapisanie
kédu, kde jednotku reprezentuje tmavy Stvorec anulu prazdny,
nevyfarbeny Stvorec. Na farebnom pozadi su vytvarané polia, ktoré
tvoria binarne pasiky, ktoré vytvaraji geometricky charakter kodu. Ziaci
ziskaju trojdimenzionalny geometricky vzor, ktoré vytvarajii hibku
obrazca. Ulohou Ziakov je vytvorit takyto geometricky obrazec na
zaklade vytvorenia binarneho kédu svojho mena a priezviska. Siicastou
materialov je Sifrovaci kl'i¢, kde Ziaci obdrzia jednotlivé znaky abecedy
aich reprezentaciu v bindrnom tvare. Uloha je zamerana na tvorbu
geometrickych objektov a zaroven na budovanie preciznosti zapisu kédu
mena a priezviska zZiaka. V tejto ulohe sa snazime polozit zaklady na
budovanie priestorovej predstavivosti. UCitel hodnoti spravnost kodu

a pocet chyb.

B NN NN =
P T

Obrazok 1: Ukazka Sifrovania znakov v binarnej sustave.
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3.2 Minecraft - Cesta hrdinu

Uloha je zaloZena na popularite hry Minecraft. Tato hra je dostupna
online na stranke https://studio.code.org/s/hero/lessons, ako
vzdelavaci projekt neziskovej organizacie Code.org®, s ambiciou
podporit informatické vzdelavanie. Do projektu je zapojena aj
spolo¢nost Microsoft. V hre vystupujd hrdinovia Alex a Steve, ktori
v §tyle Minecraftu vyuZivaji prikazy ako napriklad dopredu, dozadu,
doprava, dol'ava, pocet krokov, vybuduj objekt (piesok, skala, kol'ajnice,
voda a pod.) tak, aby sa hrdina mohol pohybovat po scéne. Hra ma
dvanast urovni a Ziaci prechadzaju cez jednotlivé scény vytvorenim
spravneho algoritmu v $tyle programovania Scratch, aby dostali hrdinu
do ciel'ového miesta. Hoci scény maju charakter 2D, tretia dimenzia je
vytvorena hibkou scény. Hra Cesta hrdinu pomaha budovat priestorovi
predstavivost pohybom a orientaciou po scéne, podporou neverbalneho
myslenia, manipuldciou s objektmi najprv v mysli a potom vo virtualne;j
scéne. Ucitel potom zaznamenava spravnost napisaného kédu, pripadne
pocet chybnych krokov.

Minecraft: Hero's Journey | finished!

MINELCRREN\

Instructions

Alex continues on the adventure and %

needs the compass - " to prepare for
the trip.

Code the Agent to open the gate.

Blocks Workspace O startOver <> Show Code

move forward
repeat EZEB times

e left o v ] do

Need help? -
(‘tim

See these videos and
hints

repeat times
Obrazok 2: Cesta hrdinu v prostredi Minecraft a priestorova orientacia
v jednotlivych scénach.
3.3 Kreslenie 3D objektov alebo obrazkov
Dobre znamy pocitacovy program Skicar (Paint) ma svojho ,nastupcu”
v podobe pocitacového programu s ndzvom 3D Skicar (3D Paint), ktory
umozinuje ,kreslenie v priestore”. UmoZiluje vytvarat priestorové utvary
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(modely) a manipulovat s nimi. Pomocou tohto programu, sa Ziaci mézu
oboznamit so zakladnymi priestorovymi tutvarmi, a popritom maja
moznost pozorovat aj prechod medzi rovinnymi a priestorovymi
utvarmi. Tuto aktivitu mézeme clenit na tri ulohy:

e Ziaci sa oboznamia s prostredim programu 3D Skicar. VloZia rézne
prvky, zafarbuju, prestvaju a otacaju ich. Vyskusaju moznosti
uloZenia svojej prace. Oboznamia sa s kreslenim 3D c¢iar (3D
doodle). Pospajaju priestorové utvary na zaklade vopred urceného
miesta.

e  Vytvoria si model stolicky (obr. ¢. 3), ktorej aspon sedadlo musi
mat inu farbu, a majui postupovat na zaklade nasledujticeho planu:
4 nohy a sedadlo, operadlo, opierka.

e  Vytvoria si model ,pravekého parku“. V parku majua byt aspoi dva
(maximalne 4) praveké zvierata roznych druhov (modely
pravekych zvierat sa nachadzaji v 3D kniZnici). Park ma
obsahovat aj jedno jazero a jeden strom. Pri vchode parku sa
nachadza tabul'a s napisom ,Jurassic Park®.

Obrazok 3: Praca Ziakov.

3.4 Hl'adanie doplnkového priestorového objektu

Webova aplikacia obsahuje ulohy zalozené na vyuziti pocitacovych 3D
modelov. Pri jednotlivych tilohach, priestorové objekty (objekt A, vid..
obr. ¢ 4) ziak modZe preskimat, nakolko je umoZnené ich
zvacSenie/zmensSenie ako aj otacanie. Priestorovy objekt A sa sklada
z jednotkovych kociek roznej farby, ich farba nezohrava Specialnu rolu,
len poméha pri zistovani $truktdry priestorového objektu A. Ulohou
ziaka je vybrat si spravny doplnkovy priestorovy objekt k objektu A tak,
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aby pri ich poskladani dostal vac¢siu kocku . Pri rieSeni tychto tloh ziak

moze postupovat napriklad na zaklade nasledujticeho algoritmu:

e  spocitat pocet chybajicich jednotkovych kociek potrebnych
k doplneniu priestorového objektu A,

e na zaklade poctu chybajicich jednotkovych kociek eliminovat
nespravne rieSenia z moznych odpovedi,

e na zaklade zizeného poctu moznych vyhovujucich rieSeni,
pomocou mentalnej rotacie tychto objektov a manipulacie
s objektom A hl'adat rieSenie.

O

Obrazok 4: Ukazka webovej aplikacie (vI'avo objekt A, vpravo
doplnkové priestorové objekty).

Ziaci st vopred zaregistrovani do webovej aplikacie, po prihlasent riesia
5 podobnych, ale postupne narocnejsich tloh. Pri kazdej ulohe su
uvedené 4 mozné odpovede. Po odoslani vsetkych odpovedi, teda po ich
ukonceni, sa odpovede uloZia na server a Ziak bude automaticky
odhlaseny. Prihlasit sa do aplikacie eSte raz Ziakovi nie je povolené.
Aplikicia je responzivna, teda okrem pocitacov plne funkénd aj na
zariadeniach s mensim displejom (mobil, tablet).
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4 Zaver

Pri tvorbe uvedenych aktivit sme sa snazili zohl'adnit obsah SVP, aby sa
vystupné ciele aktivit s nim v o najvacsej miere prekryvali. Samozrejme
spolo¢nym ciel'om tychto aktivit je rozvijanie priestorovej predstavivosti
7iakov. Dal$imi ciel'mi sd napriklad: Ziak dokaZe pouZit' algoritmus pri
hl'adani rieSeni; dokaze uloZit svoju pracu ako projekt; otvorit projekt a
editovat’ ho; dokaze ulozit svoju pracu ako obrazok avideo; dokaze
pouzivat jednoduché nastroje: kreslenie/mal'ovanie, 2D tvary, 3D tvary,
text, 3D kniznica; dokaze selektivne oznacovat, kopirovat, vystrihnut a
vymazat jednotlivé prvky; dokaze spravne pospajat prvky; dokaze
otacat, preklopit a premiestnovat jednotlivé prvky; dokaze prefarbit
jednotlivé prvky; dokaze zoskupovat prvky. S cielom prezentovat
problematiku tematického celku informacie okolo ndas, prindSame
ziakom pohlad na spracovanie informacii a mechanizmov prevodu
analégovych informacii do binadrnej sustavy a pre okruh Postupy,
rieSenie problémov, algoritmické myslenie sa ziaci stretavaju so
zakladmi tvorby algoritmov prostrednictvom bublinového algoritmu v
Style Scratch.

Projekt je planovany na dva roky, pricom jednotlivé ulohy su tvorené
a aplikované v prostredi, ktoré vyuziva priestorové scény, geometrické
Utvary apostupy simuldcie priestorovych vztahov v matematike,
informatike avytvarnej vychove scielom zlepSit priestorova
predstavivost experimentdlnej vzorky. Vysledky ziskané hodnotenim
vykonu jednotlivych uloh spracujeme pomocou Statistickych metod,
analyzujeme korelaciu vysledkov s vysledkami dosiahnutymi vo
vstupnom teste asjednotlivymi  znamkami v rozhodujucich
predmetoch. Na konci experimentu pomocou testu na priestorovd
predstavivost porovname vyznamnost rozdielov medzi kontrolnou
a experimentalnou vzorkou.

Cldnok vznikol za podpory projektu KEGA ¢ 015UKF-4/2020 “ Rozvoj
priestorovej predstavivosti 10-12 rocnych Ziakov zdkladnych skol”.
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VYUZIVANIE INFORMACNO-KOMUNIKACNYCH
TECHNOLOGII A INTERAKTIVNEHO
SOFTVERU NA ZS

Veronika GABALLOVA , Anna KRISOVA, SK

Abstract: Vyucovanie na zakladnej skole si bez modernych digitalnych
didaktickych prostriedkov nevieme ani predstavit lebo sa stali
kazdodennou sucastou vyucovania. Dobra technicka a technologicka
vybavenost §kdl automaticky nezabezpecuje vysoku efektivitu
vyucovania [1]. Vyuzivanie ich edukac¢ného potencidlu predpoklada
urcita digitdlnu gramotnost nielen ucitel'ov, ale aj ziakov. Ucitel, ktory je
erudovany pouzivatelom didaktickej techniky a edukacnych technolégii
vie navrhnut a implementovat na vyucovanie tematickych celkov, také
edukacné aktivity, ktoré pomocou interaktivnej tabule a vhodného
softvéru zaujmu ziakov a zabezpecia ich spontannu aktivnu ucast na
vyudovani aj na prvom stupni zakladnej $koly [2]. Clanok okrem opisu,
ako sa vyuZzivaji moderné vzdelavacie technolégie na hodinach
matematiky, prinasa aj vysledky dotaznikového prieskumu samotného
pouzivania IKT v $kolskom i domacom prostredi, realizovany so Ziakmi
prvych ro¢nikov primarneho vzdelavania [3].

Keywords: Informacno-komunika¢né technolégie. Interaktivny softvér,
IKT vo vyucovani matematiky. IKT vo vzdelavani.

USING ICT AND INTERACTIVE SOFTWARE AT PRIMARY
SCHOOL

Abstract: 1 We cannot even imagine teaching in primary school without
modern digital teaching aids, because they have become an everyday part of
teaching. Good technical and technological equipment of schools does not
automatically ensure high teaching efficiency [1]. Utilizing their educational
potential presupposes a certain digital literacy not only of teachers but also of
students. A teacher who is erudite user of didactic techniques and educational
technologies can design and implement thematic units for teaching, such
educational activities that will use the interactive whiteboard and appropriate
software to engage pupils and ensure their spontaneous active participation in
teaching in primary school [2] . In addition to describing how modern
educational technologies are used in mathematics lessons, the article also
presents the results of a questionnaire survey of the use of ICT in the school and
home environment, conducted with first-year students in primary education [3].
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Keywords: ICT. Interactive software. ICT in the teaching mathematic.
ICT in education.

1 Uvod

Kalas a kol. [4, s. 34] zhrnul benefity vyuzivania IKT detmi do jednej vel'mi ddlezitej
myslienky. ,,Digitalne technologie patria do rik detom ako prostriedok a prilezitost’
nato, aby mohli lepsie premyslat’ a skimat’, komunikovat’, vyjadrovat’ sa, tvorit,
rozvijat' sa a spolupracovat’, aby sa mohli lepsie ucit.“ Autorky ¢lanku zastavaji
nazor uvedeného autora na pouzivanie interaktivnych technoldgii detmi. I preto
autorky pocas vyuovacicho procesu povazuju tieto za ddlezity prostriedok
dosahovania edukacnych cielov. Vramci prispevku sa venujeme popisu
implementacie IKT do eduka¢ného procesu s tym, ze sme pri realizacii aktivit pocas
pedagogického experimentu, vyuzivali pedagogicky softvér. Tento softvér Kalas [5]
definuje ho ako softvér vyvinuty na podporu uéenia sa, poznavania a na rozvoj
informa¢nej gramotnosti. Krna¢ a kol. [6] uvadza zékladné znaky edukacného
softvéru:

e vzdelavaci ciel,

e lahkéa ovladatel'nost,

prijemné uzivatel'ské rozhranie,

putavost,

ovplyviiovanie zmyslov ziaka v ¢o najvacSej miere,
primeranost,

hrava a putava forma.

2 TEORIE UCENIA SA A ICH SPOJITOST S IKT

Na to, aby mohol ucitel' kvalitne a kvalifikovane planovat edukacny
proces a aby jeho praca bola produktivna, zmysluplna a prinosna pre
Ziakov, ale i pre neho samého, je nevyhnutné rozumiet samotnym
kognitivnym procesom Ziakov, kriticky mysliet, hodnotit, analyzovat, ¢i
poznat pedagogické stratégie, ktoré podla Kostruba [7, s.8]
znamenaju ,urcitu filozofiu uplatriovania zvolenych metdd, teda komplex
urcitych spésobov ucitel'ovho vyucovania, ktoré zodpovedaju podmienkam
navodenym organizacnym modelom vyucby. Ide o ucitelovu premyslend,
cielavedomil koncepciu efektivneho rozvijania edukacnych operdcii,
pomocou ktorych je mozZné osobnost dietata edukacne ovplyvriovat,
napomdhat’ jej pozitivnemu sebarozvoju.” Cinnost ucitel'a by mala byt
samozrejme zaloZena na teorii ucenia, ktora tvori ,uceleny a vntitorne
konzistentny stibor vseobecnych predpokladov a tvrdeni, ktoré sa snaZia
vysvetlit’ podstatu psychického procesu ucenia, predvidat’ jeho priebeh a
umoZnit do neho ucinne zasahovat.” [8, s.248]
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Proces vyucby je tak, ako uvadza Kostrub a kol. [9, s. 23] ,interpretdciou
ucitelom preferovanej koncepcie. Je to zosobneny koncept vyucby zo strany
ucitela, isty svojbytny fenomén, charakteristicky pre konkrétneho ucitel'a.”
Autori publikujtci v danej oblasti d’alej tvrdia, Ze IKT st vel'mi dobre
kompatibilné s tradi¢nou paradigmou, pricom su v sicasnosti vyuzivané
najma pri tvorbe multimedialnych vyucbovych programov vhodnych pri
vyucbe jazyka, matematiky, chémie [10]. Kostrub a kol. [9, s. 53]
konstatuje, Ze ,behavioristickd tedria redukuje digitdlne technolégie na
(slovami tejto tedrie) ndcvik zrucnosti pri prdci s pocitacom. Vyucba je
preto zvdcsa orientovand na ndcvik mechanickych tikonov vyZadujtcich si
pozornost, auditivhu a vizudlnu diskrimindciu, vnimanie a pamdt. Bdzické
su v tomto ndcviku externe prichddzajiice podnety v podobe tloh (tzv.
krokov), pricom sa sleduje ich (sprdvne, Ci nesprdvne) splnenie, ktoré je
opdtovne posiliiované odmenou (pochvalou, dalSim krokom v systéme,
dobrym hodnotenim a pod.), ¢i trestom (zabrdnenim dalSieho kroku v
systéme a vrdtenim sa nazad). V takto poriatej vyucbe sa uplatiiuji
neinteraktivne vided a uzatvorené PC programy, tzv. edukacné baliky
(softvéry), pretoZe tieto sleduju splnenie uzatvorenych a preskriptivnych
(vopred urcéenych, predpisanych) programov operacnych cielov
(vedomosti, zrucnosti a pod.) rovnakych pre vsetkych ticastnikov vyucby.”
Modernt paradigmu reprezentuje konsStruktivizmus. V didaktike je
povazovany za dominantni paradigmu sucasnosti. Deli sa na niekol'ko
pradov, a to: kognitivny konStruktivizmus, ktorého hlavnymi
predstavitel'mi sa ]. Piaget, ]. S. Bruner a socidlny konstruktivizmus,
ktorého hlavnymi predstavitelmi si A. Bandura, L. S. Vygotskij. V praxi
vSak dochadza k ich syntéze, pricom sa presadzuje vyucba zamerana na
rieSenie problémov zo Zivota, tvorivé myslenie, skupinovu pracu, menej
tedrie a drilu. Zdoraziuje sa manipulacia s predmetmi.

Komplexny pohlad na konstruktivizmus poskytuji Zounek a Sed’ova
[11], podl'a ktorych:

o  Utitel je facilitator a mediator.

e Jeddlezité interaktivne, dialogické ponimanie vyucby. a kognitivna
podpora (navrhovanie, odporucanie, tvorivost, podpora
nezavislého myslenia). Vyucbu prispésobovat existujicim
konceptom a skiisenostiam Ziaka.

e Ziakje vnimany ako aktivny subjekt konstruujici si svoje poznanie
a rozvijajuci si svoje kompetencie.

e Typické pre nich si dva druhy ucenia, a to ufenie sa novym
informaciam a ucCenie sa novym sposobom ako sa ucit. Ucenie
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prebieha v kontexte (vo vztahu k Zivotu, vlastnym predsudkom,
obavam) a je socialnou aktivitou.

e Velmi podnetnd a ddlezita je velka variabilita ucebnych aktivit,
skupinova praca, projektova vyucba, experimentovanie, hl'adanie a
syntéza informacii, prezentovanie.

e Zdrojom informdcif pre Ziakov st ucebnice, knihy, ¢asopisy, audio
a video nahravky, internet, elektronické encyklopédie, ale i ucitel’,
spoluziaci a i.

e IKT plnia informac¢ny, konstruktivnu, kognitivnu, komunikacnu
ulohu.

Kostrub a kol. [9, s. 54] rovnako konStatuje, Ze v kognitivnom
konstruktivizme sa digitalne technoldgie javia ako prostriedok a nie ako
ciel. Pri vyucbe sa, ako tvrdi, vyuZzivaju ,hry, audiovizualne, simulacné,
interaktivne PC programy a obsahy su prezentované explikativnou
(vysvetl'ujiicou) a otvorenou formou.” Autor sa dalej vyjadruje i k
vyuzitiu IKT v rdmci socidlneho konstruktivizmu, ktorého zakladom je
Jinterpersondlna interakcia avzdjomnad transakcia s ostatnymi
subjektmi (v uciacej sa i mimo uciacej sa skupiny) prostrednictvom
kognitivne situovaného dialégu (diskusia) v Specifickych kultirnych
kontextoch, ktoré subjekty spolo¢ne, symbolicky, vzajomne konStruuju
a zdiel'aju. [ tu su digitalne technolégie chapané ako prostriedok.”

3 Charakteristika eduka¢ného softvéru (kritéria vyberu vhodného
softvéru)

Vzhl'adom na to, Ze na trhu je vel’ké mnozstvo réznych typov a druhov
softvéru, Zilkova [12] ho navrhuje posudzovat z viacerych hl'adisk, a to:
o vzdelavaci aspekt (zameranie programu, ciel'ova skupina, miesto
pouzivania, odborné poziadavky predmetu a i.);
o uzivatel'ské hladisko (obsluha softvéru, vzhlad, rusivé prvky,
uzivatel'ské pomocky);
technické parametre softvéru (hardvérové poZiadavky, instalacia a i.).
Pocas prezencnej vyucby v Skolskom roku 2019/2020 jedna z autoriek
¢lanku, ktora pdsobi ako ucitel'’ka v Zakladnej Skole vo Vel'kom Bieli,
realizovala prieskum pouZivania interaktivnych technolégii v procese
vyucovania. Po uskuto¢neni prieskumu spoluautorka ¢lanku realizovala
vyucbu s implementaciou IKT a vol'ne dostupného edukacného softvéru
[3]. Pri realizacii aktivit vyuzivala vol'ne dostupny edukac¢ny softvér v
roznych fazach vyucovacieho procesu. Zamerali sme sa na neplateny,
vol'ne dostupny softvér. Vo vyucbe vyuZzivala tri web stranky. No pocas
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planovania aktivit sme pracovali aj s inymi web strankami, ktoré
povaZujeme za alternativne a plne implementovatel'né do vyucovania
matematiky. Uvadzame niekol’ko z nich:
https://www.coolmath4kids.com/, http://matematika.hrou.cz/,
https://www.umimematiku.cz/, http://www.pastelka.sk/,
https://www.onlinecviceni.cz/exc/list_topic_mat1l.php,
https://www.khanacademy.org /math/k-8-grades#cc-1st-grade-math,
https://www.abcya.com/. Vol'ne dostupné su tiez aplikacie zamerané
na Hejného matematiku uvedené na stranke http://www.hejny.sk/.

4 Metodolodgia dotaznikového prieskumu

Tak ako uz bolo vyssie napisané, v ramci pedagogického experimentu
sme realizovali prieskum pouzivania interaktivnych technoldgii
v procese vyucovania a rovnako tak sme mali v zaujme zistit pouzivanie
IKT samotnymi Ziakmi v domacom prostredi. Za nutnost povaZujeme
pojem prieskum vysvetlit. Rusnakova [13, s. 21] konStatuje, Ze pojem nie
je jednoduché $pecifikovat, nakolko je extrémne variabilny. Dalej
uvadza, Ze ,v slovenskej (Ceskej) metodoldgii su dva ndzorové pohlady na
vdhu prieskumu v empirickom skimani. V prvom pohlade hrd prieskum
ulohu predvyskumu, v druhom pohlade md tlohu reguldrneho typu, (i
pldnu alebo projektu vyskumu.” Podobny nazor zastava i Kalas [14, s. 21]
, ktory tiez konStatuje, Ze prieskum nema za ciel tvorit zavery a tedrie,
ale poskytovat informacie o stave skimaného javu. Zastavame nazory
uvedenych autorov a prieskum povaZujeme za nizZ$iu formu empirického
vyskumu, v ¢lanku praci budeme vyuzivat pojem prieskum. Realizovali
sme zber dat v teréne, aby sme si vytvorili prehl'ad o danej problematike
amali tak moznost ziskané informdacie vyuzit pri realizacii nami
planovanej vyucby S vyuzitim interaktivnych technologii
a interaktivneho softvéru.

4.1 Realizacia prieskumu

NaSim cielom bolo zistit, aké IKT deti poznaju, ktoré technolégie realne
vyuzivaju pocas edukacného procesu a ktoré pouzivaji vo svojom
domacom prostredi. Zaujimalo nas tieZ to, ¢i spoznavaju loga niektorych
beZne pouZivanych aplikacii, s ktorymi sa denne dostavaji do kontaktu.
Prieskum a aj realizaciu vyucby sme uskutoc¢nili v Zakladnej Skole Vel'ky
Biel, ktora v plnej miere do vyucovacieho procesu integruje interaktivne
technolégie. Kazda trieda primarneho stupiia ma v triede k dispozicii
interaktivnu tabul'u, pocitac, tablety a vCely Bee-bot. Prieskumna vzorka
bola vybrata zamerne, zahinala 30 Ziakov z dvoch tried prvého roc¢nika.
Uvadzame tieZz, Ze Ziaci navstevuju i kruzok ,Bez kriedy“, ktory je
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pocitacovym kruzkom. Cielom je zdokonalit pracu ziakov s pocitacom a
popritom rozvijat’ nielen informac¢nd gramotnost, ale i matematicky,
Citatel'skq, ¢i prirodovednt gramotnost’ s vyuzitim roznych platenych a
neplatenych druhov softvéru [15].

4.2 Charakteristika respondentov

Prieskumna vzorka bola vybratd zdmerne, zahfniala 30 ziakov z dvoch
tried prvého roc¢nika. V jednej triede vyucuje prave spoluautorka ¢lanku.
Uvadzame tiez, Ze Ziaci navStevuju i kruzok ,Bez kriedy“, ktory je
pocitacovym kruzkom. Cielom je zdokonalit pracu ziakov s pocitacom a
popritom rozvijat’ nielen informac¢nd gramotnost, ale i matematickg,
Citatel'skq, ¢i prirodovednt gramotnost’ s vyuzitim roznych platenych a
neplatenych druhov softvéru .

4.3 Etické otazky prieskumu

Pri realizacii a spracovavani prieskumu sme dodrziavali etické zasady
ato dovernost, informovany sudhlas zdkonnych zastupcov ziakov,
(nakol’ko boli respondenti neplnoleti). Informovanie o prieskume sme
povaZovali za samozrejmost jednak ziakov ale i zdkonnych zastupcov.
Tito boli informovani o ucele, ziskanie udajov bez akéhokolvek
psychického, ¢i fyzického natlaku.

5 Hiba! A kdnyvjelz6 nem létezik.vysledkov

Zozbierali sme odpovede tridsiatich ziakov. tato skupina Zziakov
pozostavala z 15 chlapcov a 15 dievcat vo veku 6 a 7 rokov. Dotazniky
boli respondentom dokladne opisané a vysvetlené.

Pocitac,25

Fotoaparat,26

S
Notebook,27 Tablet,26

Bee-bot,24

Graf 1 Znalost IKT

Kazda otazka bola ziakom precitana samostatne a na vyplnenie odpovedi
mali dostato¢ny cas. Po porovnani vysledkov sme pri tvorbe grafov
nezohl'adnovali vek a pohlavie respondentov, nakol'ko rozdiely medzi
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skupinami 6 a 7 ro¢nych ziakov a skupinou chlapcov a dievcat boli
minimalne, z nasho pohl'adu v momentalnom prieskume nepodstatné.
Ako vidime zgrafu 1 ziakom si vel'mi dobré zname vsSetky druhy
interaktivnych technolégii, najvacsie zastipenie ma mobil, ¢o nie je
prekvapujice, nakolko predpokladdme, Ze snim Zziaci najCastejsie
prichadzaju do kontaktu. Nasleduje notebook, potom zhodne fotoaparat,
tablet ainteraktivna tabula. Zaujimavostou je fakt, Ze iked Ziaci
prichadzaju do kontaktu s interaktivnou tabul'ou denne, i tak ju oznacilo
iba 26 ziakov. Podobne sa vieme vyjadrit i v pripade pocitaca, ktory
oznacilo ako ,znamy“ 25 ziakov aj napriek tomu, Ze sa nachddza na
katedre ucitelky avSetci Ziaci navStevuju pocitacovy krazok. Velmi
dobre znamy je aj Bee-bot, bezne vyuzivany v skupinovych aktivitach pri
vyucovani.

Interaktivna
tabul'a
Bee-bot

W Tablet

M Fotoaparat
W Mobil

Graf 2 IKT realne vyuZivané pocas edukacného procesu

V pripade pouzivania interaktivnych technolégii pocas edukacného
procesu uz jasne dominuje pouZzivanie interaktivnej tabule a vcely Bee-
bot. Predpokladdme, Ze prave s nimi Ziaci pracuju najcastejSie. Zhodny
pocet vykazuje pocita¢ a tablet. Podl'a naSich informacii, notebook,
fotoaparat a mobil Ziaci pocas vyucovania zatial’ nepouzivali.

Vzhladom na zaujem autorky predkladanej prace o vizualizaciu
porovnania uvadzame v grafe 3 porovnanie udajov zobrazenych v
grafoch 1 a 2.
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Porovanie udajov Graf 1 vs. Graf 2

28
25 25
- L

Interaktivna tabul'a Bee-bat Pocitat

M Graf1 MGraf2
Graf 3 Znalost' IKT vs. ich realne pouZivanie v praxi

V grafe ¢. 3 sme porovnavali zariadenia, ktoré Ziaci oznacili ako ,zname*
a zariadenia, ktoré realne pouzivaju v Skolskom prostredi. Ako je vidiet,
hodnoty sa nerovnaju a vyskytuji sa menSie rozdiely. Je zaujimavé, Ze 25
ziakov oznacilo pocitac¢ ako ,zndmy*“, no iba 12 zZiakov ho oznacilo ako
zariadenie, ktoré v Skole vyuziva, iked vSetci Ziaci prvého rocnika
navstevuju pocitacovy krazok, ktory je realizovany v popoludiajsich
hodinach jedenkrat tyZdenne a kazdy ziak ma k dispozicii svoj vlastny
pocitac.

Z uvedeného vyplyva, Ze ziaci poznaji mnohé bezne pouzivané
zariadenia, spravne ich identifikuji ako zariadenia pouzivané v skole a
zariadenia pouzivané doma. Mensie rozdiely, ktoré sme opisovali vyssie,
pripisujeme nizkemu veku respondentov a moZnej nepozornosti a
nesustredenosti. Usudzujeme, Ze by bolo velmi zaujimavé realizovat
vyskum na pocetnejSej skupine respondentov, ¢o by z nasho pohl'adu
mohlo priniest komplexnejsi pohlad na pouZzivanie interaktivnych
technologii detmi v Skolach i v domacom prostredi. Rozpracovat by tiez
bolo moZné i otazku ¢. 6, ktord bola v naSom vyskume zamerana na
aplikacie, s ktorymi Ziaci prichddzaji do kontaktu, teda ich bud’ realne
pouZivaju alebo ich registruji len ako sicéast pouZivanych IKT.

6 Zaver

Informacno-komunikaéné technoldgie su v stiCasnej dobe velmi frekventovanym
pojmom, najmi o sa tyka $kolského prostredia. Ziaci sa s IKT stretavajti denne nielen
v skole, ale idoma. Utitelia sa snaZia vyuCovanie obohatit o mnohé aktivity
realizované v prostredi digitalnych technologii i S pouZitim interaktivneho softvéru.
Je v8ak dolezité pri jeho vybere postupovat’ zodpovedne. Vyberat taky softvér, ktory
spiita znaky kvalitného, l'ahko ovladatelného, piitavého, veku primeraného softvéru
Stym, aby sme prostrednictvom neho dosiahli, resp. napomohli k dosiahnutiu
pozadovaného vzdelavacieho ciela. Konstatujeme, Ze komplexnejsi a rozsiahlejsi
vyskum by mohol pre prax priniest uZzitoéné informacie, ¢o sa tyka samotného
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pouzivania IKT ziakmi, najmé poéas vyucovacieho procesu. [10, 15] V kombinacii
s d’al$imi vyskumnymi metédami, napr. pozorovania, by poskytol realny obraz o tom,
ako a akym sposobom st informa¢no-komunikaéné technoldgie implementované do
edukacie, ¢i ich ziaci pri svojej praci aktivne vyuzivaju, alebo st len prostriedkom
uditel'a na dosahovanie vyucovacich ciel'ov.
Nasou snahou bolo cely prieskum, planovanie aktivit a ich realizaciu viest' tym
najlepSim smerom. Tak, aby sme plnohodnotne vyuzili potencial digitalnych
technologii, ktoré sme mali k dispozicii. Softvér sme starostlivo skiimali, vyhl'adavali,
hodnotili. Vzhl'adom na rozsah prace bohuzial’ nebolo mozné realizovat’ vSetky nase
napady, ¢i vyuzit' kazdy softvér, ktory bol z nasho pohl'adu vhodny na pouzitie sa
VO vyucovacom procese. Z toho dovodu sme ho v praci aspon okrajovo spomenuli.
Na zéaver chceme citovat’ profesora Kalasa [4, s. 101], ktory hovori: ,,Po¢itace
nepotrebujete, aby ste sa mohli ucit’. To, ¢o potrebujete, st dobré podmienky. Ak mate
na hudbu dobré podmienky, hudobné nastroje vam ich este zlepsia. Ak ucitel’ vytvori
dobré podmienky na ucenie sa, pocita¢ ich méze fantasticky vylepsit.“ V tomto
pripade iba dodame, Ze tento citat chceme aplikovat’ na vSetky digitalne technologie.
Stotozitujeme sa s tym, ze ak ulitel’ vytvori vhodné a kvalitné prostredie na ich
pouzivanie, tak i samotny edukacny proces bude pre ziakov ovela prinosnejsi.
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NEW METHODS IN EDUCATION, NEW E-LECTION
VERSION

Viktéria BAKONYI, Zoltan ILLES, HU

Abstract: A few years ago, we introduced a real-time CRS (Classroom
Response system) to meet the need to activate a large number of
students. We used it with 2-300 students in 2-300 face-to-face live
lectures, fine-tuning it time to time. Last year, in 2020, Covid-19 changed
our lives and education too moved to the online space. Because of this,
classical universities faced problems they had not encountered before,
but with further efforts we found good solutions. E-Lection and similar
systems have done their part and helped to facilitate the interactions
between professors and students, the lack of which was the biggest fear
of the participants. At the time of writing this paper, the situation became
even more complex. Covid-19 is still with us, but we can be confident that
vaccination will eventually overcome it. The question now is what type
of semester we can prepare for: online, in-person or hybrid semester
according to the current pandemic level in September - or will we have
to switch on the fly? The problem is not a simple one, therefore we have
developed a flexible model to manage the learning process in a rapidly
changing environment, introducing a new, appropriate version of E-
Lection.

Keywords: Classroom response system, activity, interaction, real-time,
online, hybrid education

1 Introduction

Classical universities time-to-time adopt new methods and possibilities
though the change should not be scraping, which is particularly true for
universities with a long history, because we should make sure before
implementation that the result will be effective.

Our university ELTE (E6tvds Lorand University) was established in1635
and one of the biggest ones in Hungary with its eight faculties. Worthy of
its reputation step-by-step new digital tools were integrated into the
education. This calm well thought out process was cancelled by Covid-
19 which forced an immediate changeover from face-to-face to digital
teaching.

The start was not easy, nobody knows punctually whether the resources
will be enough for video streaming lectures and other courses, are there
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adequate devices and network at home for professors and students.
Meanwhile a lot of colleagues had to learn on the fly new applications to
make their lessons more involving though in the case of programming
trainings these problems were not so tragical. Most of the educators
declared after the first semester that they want to use the new tools later,
when we are back to face-to-face classes.

Informatic Faculty ELTE decided to go on with synchronous, streamed
and recorded courses in Teams supported by digital documents in
Canvas LMS - course organization remained in Neptun see Figure 1.

-
o

N

CANVAS

&

1. Figure: Neptun + Canvas + Teams in ELTE remote teaching period

We made a survey (https://forms.gle/SURMcmUGuUPHcgM756) in
Spring 2020 and students detected 3 problems as follows. The biggest
rate has got the lack of interaction see table 1.

2. Table Surve

problems of virtual classes

Reduced
interaction

mpersonality Concentration

Spring Together 26, 21,53% 17,36%
(H+E)
Hungarian 24,24% 22,22% 19,19%
English  31,11% 20,00% 13,33%

During the last 2,5 semester the teaching process become commonplace
and were fine-tuned by professors - though focusing on interactivity and
student activation was never forgotten.

Whilst Covid situation slowly gets better, we shall have a new challenge:
hybrid training.
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2 New challenge

We all hope that we can go back to face-to-face teaching in Autumn 2021,
because personal relations, metacommunication, feedback enhance the
quality due to researchers and to our own experiences. Maybe it will
happen only not for everybody and not for all the time. The new concept
is that persons - both professors and students - may ask to go on with
virtual classes if their state of health requires so. In the time of writing
the paper the most possible way is hybrid teaching. (It is a pity but go
back to virtual classes is also a slight possibility during the semester if
the pandemic situation became worth. So, everything is extremely
flexible now.)

2.1 Hybrid teaching
Firstlet us define what do we mean under hybrid teaching.

—
e Everybody knows what a face-to-face teaching [ﬁ/

(©]
model, teachers and students is are at the same
place at the same time, remember all of us grew |_|_|° oo
up in classical schools. (Figure 2) Naturally (=[]
there may be additional digital quizzes,

: 2. Face-to-face
documents, videos to help learners.

e During Covid, during the remote teaching period ( Q
classes were organized in digital area. (figure 3)
They may be synchronic, asynchronous ones or g J
mixed. The level of digital may differs from just
email using to real-time video streaming.
Naturally in this case additional digital tools
are also appreciated.

3. Figure Digital
classroom

e It is an evident, that hybrid teaching model should be the
combination of the above ones. It may contain face-to-face and
digital elements. But what is the difference between hybrid and
blended learning what appears as a question sometimes? Let’s
see the definition of them:

o “Hybrid learning is an educational approach where some
individuals participate in person and some participate
online. Instructors and facilitators teach remote and in-
person learners at the same time using technology like
video conferencing.

o With blended learning, instructors and facilitators
combine in-person instruction with online learning
activities. Learners complete some components online
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and do others in person.”
https://www.leadinglearning.com/hybrid-vs-blended-
learning/

Hybrid teaching has several models, faculty choose the model where
students are divided into 2 groups (in class on board / in class online)
and they are rotating weekly. As we mentioned in the introduction, we
were not fully satisfied with the student’s activity during the digital
classes. Therefore, in this new hybrid model we do have to focus on this
problematic field too.

2.2 Master teacher driven courses

Besides hybrid teaching model we shall face to a very new idea in the
case of first semester students. They came from different schools,
applied university with different results, their base knowledge is not the
same so we must support them with extra care. Naturally professors are
not teaching at the same level though they all know their profession
excellent.

The idea is, that there will be joined laboratories for the first-year
students - six laboratories will be joined together. There will be a master
teacher and 6+1 others who help him and the on-board students of their
class. The +1 will be responsible for the online students. The master’ role
is very similar to a conductor’s; he should present the newness and
organize learning process all over the classes. It is an exciting task - we
never tried before see Figure 4.

Lab 1
Master
in class Online
demonstrator
[ T T 1
Lab 2 Lab 3 Lab 4 Lab 5 Lab 6
demonstrator demonstrator demonstrator demonstrator demonstrator

4. Figure Structure of joined hybrid model

Naturally this type of work needs a lot of additional software to be able
to get immediate feedbacks about the joined classes and activate them.
You are right we again mention activation because we think it is very
important to involve students into the learning process. “The importance
of stimulating pupils' interest” has a key role [11].
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3 How to activate students

Whether itis a face-to-face or a digital class we need a lot of tools to make
the lessons and the learning process variable and involving. You may use
different things like group work, discussion, quizzes etc. One of the best
practices is using a CRS (Classroom Response System) to get immediate
feedbacks and map the actual knowledge or interest of the students.
“Growing up in front of a screen” [13] researchers found nowadays young
people prefer text messaging than speaking and it is more relevant if the
lesson is recorded.

Several years ago, we faced the decreasing activity of students this was
the starting point of a long developing process. We examined the ready-
made CRS-s in the market, but neither was totally good for our aims.
Without a strong financial background, we should have settled for
reduced functionality of free versions.

3.1 History of E-Lection

Therefore, we decided to implement an own web-based real-time bi-
directional lecture management system named by us E-Lection available
at https://election.inf.elte.hu. It uses faculty LDAP to authenticate see on
Figure 5.

LDAP server

( )

Authentication

Database SignalR

ul

E-LECTION

5. Figure Basic architecture of E-Lection

The very first version was implemented in PHP. Soon we changed to use
ASP.NET with C# and SignalR. We used it during face-to-face lectures
and measured its efficiency (Table 2), but we used it later as well during
the pandemic at virtual courses and it produces good results.
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3. Table Comparing the result with and without E-Lection

2017 2018

Missed exam 20,5% 17,8%

Avarage 9,9 10,6
Spring

Dispersion 4.8 5,2

Median 10 11

Missed exam 15,5% 14,2%

Avarage 10,3 12,2
Autumn

Dispersion 4,9 5,5

Median 10 12,2

We had some new ideas what functionalities we should add to our
system to enhance learning experience like streaming (which was
successfully tested) or joining it to Neptun (to get official course data) or
create a practice module from the question bank for preparing exams.
Now we have a more important task to make a model for hybrid teaching
and handling of joined classes and rewrite our system to help us in it.

4 New teaching models with E-Lection

In the last semesters we tested and used E-Lection both in face-to-face
and in synchronous teaching situation. We state and the measures
proved that it was valuable, produced higher result (see Table 2) and
activated students. What is the situation with hybrid teaching model?
4.1 Basic hybrid model

While any of our students from anywhere with any device (having a
browser) can join to the bidirectional communication started by the
professor - basic hybrid model will not produce any problem. From the
2.0 version of E-Lection we are able to detect to logins from the spot or
remote - so proper rotation can be checked. Naturally we should add
some notifications towards the students who must be on the spot or filter
the not good logins. IP address filtering is built in the system already -
only it has to be joined to the weekly in class online and in class on board
groups. It is a need but not urgent - everything can be done using the
actual version.
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4.2 Joined hybrid model

Joined hybrid model is far more difficult. Naturally we need the weekly
rotating students per group - it is the same as in basic hybrid model. The
real problem is the handling of the joined courses with a master and
several demonstrators to keep personal data secrets due to law.

Naturally master should handle everybody in the set of groups,
Questioning and real-time measuring of students’ answers, and
the csv downloadable results are ready — no need to make any
changes. It would be good if there would be any possibility to
send personal messages to demonstrators and they can send
back such messages.

Demonstrator who is responsible for online students
questioning should handle all of their questions send through E-
Lection. In the actual version of E-Lection students may send
questions to teacher and he can send back personal messages.
But there is a big difference: only one teacher was able to do it.
Now we have an additional “online” demonstrator, who should
get the questions and answer for them instead of master.
Moreover, it would be good if questions and answers could be
sent to a “public” area if they may be interesting for everybody.
So, we have to add new permission levels and functionality to
the application.

Laboratory demonstrators may see the questions of their own
group to detect problems easier. Do not forget the group is
rotating, therefore, to be able to help efficiently to on board
students’ demonstrators need to overview the previous week
online students’ questions. It means we have to add new
permissions and functionalities to demonstrators. They should
access only the data of their own group.

If during the semester from hybrid model we must change to virtual
or back to face-to-face - nothing special happens, everything may go
on. Moreover, we have to teach talented students, so we need to use
methods which are useful to them [12].

4.3 New E-Lection

We plan to change to a new technology, to .net Core answering to the
modern requirements. A .NET Core application will be more flexible on
different devices and it ensures much more safetyness with using
encrypted connection and data. Besides technology point of views
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referring to the above-mentioned new joined hybrid model we should
change our database and add new roles.

4. Table Roles E-Lection

Roles Previously Planned

Master (teacher) v v
Online answerer - v
Lab. demonstrator - v
Student v v

Roles are checked by faculty LDAP. In LDAP there are only two roles in
the moment. We should apply to insert an online answerer and a
demonstrator role though it is important that a teacher can be in any
role, a demonstrator can be in student’s role too. According to the above-
mentioned new needs we should add some new functionalities too.
Actual version model is given in Table 4, new planned version see Table
5.

5. Table E-Lection actual version

<start/ stop coursD

< master auest. >
4/
students’ answers.

<students 51gns>
Ctudents' questionD

Master Student
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6. Table New E-Lection with new actors and joined events
blue line - original events
green dotted line - new event or connection
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In the database itself we do not need a big modification exceptin the case
of persons - because the role may change course-to-course (a teacher
may be a master or may be an online answerer or even a demonstrator.)
Avery new thing is internal communication which can be logged - in that
case it needs a new table with participants and messages, but it is not
important. For streaming we do not have to store only some basic data -
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the recorded video will be available in faculty streaming server. As we
already have a connection table between teachers and the courses it does
not need the change of the database. As the reader can see we can build
on the bases of our E-Lection, but some modifications must be done to
be able to use in hybrid joined model.

5 Conclusion

21st century one of the key elements of education to find effective,
interactive tools. On the market there are lot of ready-made applications
to help our goals. We voted for classroom response systems and
implemented an own which fits our special requirements. During the
years it proved its efficiency first in face-to-face and in virtual courses
too. Now there is a new idea hybrid and joined hybrid models. What kind
of modifications do we have to make to use our system during any
circumstances?

This work has been supported by EFOP-3.6.3-VEKOP-16-2017-00001: Talent
Management in Autonomous Vehicle Control Technologies — The Project is
supported by the Hungarian Government and co-financed by the European
Social Fund.

References

1. DEEPIKA NAMBIAR : The impact of online learning during COVID-19:
students’ and teachers’ perspective, The International Journal of Indian
Psychology ISSN 2348-5396 (Online) | ISSN: 2349-3429 (Print) Volume 8,
Issue 2, April- June, 2020 DIP: 18.01.094/20200802, DOI:
10.25215/0802.094 http://www.ijip.in

2. EILISH MCLOUGHLIN: Enhancing the learning environment using class-room
response systems, International Symposium for Engineering Education,
ISEE-08, Dublin City University, Ireland, [online]: HTTPS://BIT.LY/2ZPVQLY

3. Raymond Li: Communication preference and the effectiveness of clickers in
an Asian university economics course, April 2020 Heliyon 6(4):e03847, DOI:
10.1016/j.heliyon.2020.e03847

4. V. Bakonyi, Z. Illes and C. Verma, "Virtual classrooms and real-time
interactivity," 2021 2nd International Conference on Intelligent Engineering
and Management (ICIEM), 2021, pp- 69-74, doi:
10.1109/ICIEM51511.2021.9445279.

5. V.Bakonyi, Z.Illés and C. Verma, "Key element in online education to activate
students with real-time tools," 2021 2nd International Conference on
Computation, Automation and Knowledge Management (ICCAKM), 2021, pp.
326-331, doi: 10.1109/ICCAKM50778.2021.9357714.

6. Eilish Mcloughlin: ENHANCING THE LEARNING ENVIRONMENT USING
CLASSROOM RESPONSE SYSTEMS, International Symposium for Engineering

141


https://bit.ly/2zPvQLY

10.

11.

12.

13.

XXXIV.DIDMATTECH 2021
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

Education, ISEE-08, Dublin City University, Ireland, elérhet6:
https://bitly/2zPvQLY utolsé elérés datuma: 2020. 08. 05.
Keng Siau, Hong Sheng, Fiona Fui-Hoon Nah, Use of a Classroom Response
System to Enhance Classroom Interactivity, IEEE Transactions on Education
- September 2006, DOI: 10.1109/TE.2006.879802 - Source: IEEE Xplore
elérhetd: https://bitly/3hENEdT utolsé elérés datuma: 2020. 08. 05.
Sibongile Simelane-Mnisi, D.M. Dimpe: Clicker technology: The tool to
promote active learning in the classroom, elérhet6: https://bitly/3ifqXMN
utolsé elérés datuma: 2020. 08. 05.
Jenepher Lennox Terrion, Victoria Aceti: The Potential for Students
Engagement Using Clickers in a Large Introductory Class. Chapter 9, Edited
by: Luppicini, Rocci, Haghi, A.K. Cases on Digital Technologies in Higher
Education: Issues and Challenges, Information Science Reference (IGI
GLOBAL), 2010, ISBN13: 9781615208692
Z.lles, Zolt” an; H, Bakonyi Vikt oria; Jnr Z. IlI" es, “Supporting dynamic,” bi-
directional presentation management in real-time” In: Emil, Vatai (editor.)
11th Joint Conference on Mathematics and Computer Science, CEUR-WS.org,
(2016), 6 p.
Zsuzsa Nagy Lehocky: A tanuldi érdéklédés felkeltésének fontossaga 2008.
In: Képzés és gyakorlat = Edukacia a prax : tanulmanykotet Zséfia Barczi,
Ildiké Psenak, Ildikd Vanco. - Nitra : UKF, 2008. - ISBN 978-80-8094-427-8,
S.33-37.

I1diké PSenakova, Zuzana Nagyova Lehocka A tehetséggondozas korlatok
nélkiil, 2011. In: A tehetséges tanuldkkal val6 munka mddszertana - The
methodology of working with talented pupils Az Ujvidéki Egyetem Magyar
Tannyelv{ Tanit6képzg Kara V. nemzetkozi tudomanyos konferenciajanak
el6adasai, Szabadka, 2011. november 3-5. - Subotica : Ujvidéki Egyetem,
Magyar Tannyelvii Tanitoképz6 Kar, Szabadka, 2011. - ISBN 978-86-
87095-17-5, S. 44-50.
http://Kis.ukf.sk/epcfiles/F2E4F0C1D8894756AFAD28FFFOE1CF05 /konf

erencia.pdf

Zuzana Nagyova Lehocka: Képernyd elétt felndni, 2018. In: Katedra :
szlovakiai magyar pedagoégusok és sziil6k lapja. - ISSN 1335-6445, Ro¢. 25,
¢.5(2018), s. 15-16.

Reviewed by:.Mgr. Tibor Szabé, PhD

Contact address

Viktdria Bakonyi.

ELTE, FI, Budapest

1117 Budapest, Pazmanys. 1/c
e-mail: hbv@inf.elte.hu

142


https://bit.ly/2zPvQLY
https://bit.ly/3hENEdT
https://bit.ly/3ifqXMN
http://kis.ukf.sk/epcfiles/F2E4F0C1D8894756AFAD28FFF0E1CF05/konferencia.pdf
http://kis.ukf.sk/epcfiles/F2E4F0C1D8894756AFAD28FFF0E1CF05/konferencia.pdf

XXXIV.DIDMATTECH 2021
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

KNOWLEDGE TRACING: A SIMPLIFIED ROAD MAP
TO THE STATE OF THE ART

Jose NARAN]JO, Veronika STOFFOVA, Changsheng ZHU

Abstract: The current world situation has boosted the importance of
online education and with-it platforms that provide computer-aided
learning that enhances the students' autonomy in the learning process.
Those platforms also promise broad access to world-class training while
also lowering the rising cost of tuition.

Knowledge tracing is the process of predicting how pupils will perform
in future encounters by modelling their knowledge across time. Learning
models can be created using large-scale student trace data on prominent
educational sites like Udemy, EdX, Coursera, etc. Furthermore, the
learning model may be utilized to create clever curriculums and enables
simple interpretation and finding of structures in student activities.

The learning process may be improved by suggesting resources to
students based on their requirements, and information that is expected
to be too simple or too difficult can be avoided or delayed. Therefore, in
the field of online education, the problem of providing suitable material
to students based on their current knowledge, learning rate and personal
skills can be solved by different designs. Available designs are Dynamic
Probabilistic Models (Partially Observable Markov Decision Processes),
Recurrent Neural Networks, Bayesian Knowledge Tracing, etc. All these
designs have advantages and disadvantages. We analysed the designs
and proposed a synthesized road map towards the currents state of the
research that illustrates the strong and weak points of the existing
designs.

Links to the academic articles and source code of freely available
resources are provided. Additionally, future challenges are discussed at
the end.

Keywords: Knowledge Tracing, Artificial Intelligence, Neural Networks.

1 Introduction

Because of the current world condition, the need of providing students
with proper advice to allow them to gain relevant knowledge and
empower them to solve problems correctly and efficiently has been
shown to be critical.
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The knowledge tracing conception is not new, earlier Corbett et al. [1]
attempted to simulate students' shifting knowledge state during skill
learning for the first time in 1994.

Students learnt programming skills utilizing a software platform that
allows the tutor to work with the student on exercises and aid as needed.
In a process known as knowledge tracing, the system keeps track of the
probability that the learner has learned each of the rules while working
on them.

However on [1] a two-state learning model is assumed in knowledge
tracing. Each coding rule is in one of two states: learned or unlearned. A
rule can move from the unlearned to the learned stage prior to practice
by reading the text or by applying the rule in practice at each
opportunity. Furthermore, it is presumptively assumed that there is no
forgetting; rules do not reverse course.

The definition of knowledge tracing can be formalized as follows:

Given interactions of alearner xy, ..., x; on a particular learning task, how
will he behave at t + 1? The goal being to estimate the probability
p(x¢4+1]%4, ---, x; )—probability to give a correct answer on x;,; given the
answers on X, ..., x; [2]

One of the most significant goals of KT is to customize the practice
sequence so that students can master knowledge ideas more quickly.

The fundamental purpose of knowledge tracing is to track students'
knowledge levels based on their previous exercise performance. This
will help students become more aware of their learning process and
dedicate more energy to less familiar topics, allowing them to learn more
quickly. At the same time, they assist the instructor in understanding
how to offer the subject in a more effective and straightforward manner.
A slew of new solutions has shown up recently, but we'll focus on the
most important ones here.

The most significant models and their characteristics will be discussed
in section 2. Section 3 discusses the potential applications of KT and
provides several publicly available datasets as well as some unsolved
challenges. In section 4, we give various evaluation measures as well as
a discussion of future research topics, and in section 5, we present the
review's conclusion.

2 Relevant Existing Models

In this section, we'll go over some of the most important models and
their key features.
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First, we classify the KT approaches that have been found in the
literature. These include approaches that are based on techniques that
are used as baselines and techniques that are utilized for comparison.
The review of these models, in our opinion, is the first step toward
comprehending the status of research in the KT roadmap.

2.1 Bayesian knowledge tracing.
Is the 1st and most popular model used by intelligent tutoring[3], Here
the students’ knowledge represents whether a student understand or
not a concept. Generally, that knowledge is represented using binary
variables 0 and 1. This model used Hidden Markov Model (HMM) to
learn.
e Characteristics:
o This model is highly constrained.
oThe prediction of the model degrades substantially when the
number of hidden concepts increases[3].
o The model does not have a mechanism to learn unlabelled concepts.
o Allows inferring the probability of mastering a skill from a specific
response pattern[2].
oThe standard model is defined by four parameters: initial
knowledge (likelihood of knowing a concept before studying it),
learning rate (the opportunity to acquire the skill having the
opportunity of practicing), slip (false negative) and guess (false
positive).
o Lacks the ability of handle multi-skill questions.
o Cannot capture the relationship between different concepts[4].

A version that involves forgetting (BKT+F), a version that incorporates
skill discovery (BKT+S), a version that incorporates latent abilities
(BKT+A), and a version that incorporates all three extensions
(BKT+FSA) have all been presented as upgrades to the original model.

2.2 Probabilistic models

Among the bunch of models in this category, the most prominent ones
are:

e POMDPs: partially observable Markov decision processes
e PFA: performance factor analysis
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Figure 1: Road chart of the KT
e LFA: learning factor analysis
¢ IRT: Item response theory (which uses Kalman filters)
2.2.1 POMDP model

In the lack of perfect information about the actual state, partially
observable Markov decision processes are used to calculate an optimal
conditional policy for selecting actions to achieve a goal[5].

Modelling learner knowledge within the POMDP requires specifying the
space s of possible knowledge states and a transition model p(s'|s, a)for
how knowledge changes, here s’, represents the new state and a the
action taken in the current state s. The observation model, maps to
modelling the learner’s behaviour given her knowledge. Intuitively, this
model provides noisy information about the learner’s understanding by
specifying the probability p(z|s, a) that a learner will give a particular
response z to an item given her current knowledge state s.

2.2.2 Performance Factor Analysis model (PFA)

This is done in this paper[6]

It is a variant of learning decomposition, based on reconfiguration of
learning factors Analysis. It can handle multiple skill questions. This
model estimates parameters for each item’s difficulty and also two
parameters for each skill reflecting the effect of the prior correct and
incorrect response achieved for that skill[7].

2.2.3Learning Factor Analysis model (LFA)

7 https://whimsical.com/knowledge-tracing-]SCkpL]cMt7kTggVQpoyDN
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LFA has three components: a statistical model that quantifies the skills,
the difficulty factors that may affect student performance in the tutor
curriculum, and a combinatorial search that does model selection[8].
To extend the power law model, the model made four assumptions about
student learning. 1. Initially, different students may have some expertise.
2. All students progress at the same pace. 3. Certain concepts are more
well-known than others. 4. Some topics are easier to grasp than others.
2.2.4 Item Response Theory (IRT)

IRT assumes the student knowledge state is static and represented by
her proficiency when completing an assessment during an exam. IRT
models a single skill and assumes the test items are unidimensional.[9]
It assigns student i with a static proficiency 6; . Each item j has its own
difficulty ;. The main idea of IRT is estimating a probability that student
i answers item j correctly by using student’s ability and item’s difficulty.
The widely used one-parameter version of IRT, known as the Rasch

model, is:
1

pi(6) = @7, (1)

This method also has been integrated with knowledge training[10].

2.3 Deep learning models

Deep learning is an emerging approach to model the learning knowledge,
the most prominent ones are Recurrent Neural Networks and from them
one complex variant known as the Long Shot Term Memory (LSTM)
networks[11] have performed best. They retain the information until it
is explicitly told to delete it.

In general, the models based in deep neural networks have achieved the
best performance.
e Characteristics:
o This model is highly constrained.

oThe input to the network is one-hot encoding of the student
interactions tuple h; = {q;, a;} that represents the exercise and the
answer.

oWhen the number of unique exercises is too big, then a random
vector of tuples is selected using a normal distribution [12].

o The model is highly parametrized.

oThe model uses minibatch, hidden dimensionality and applies
dropout techniques to avoid overfitting.

oDoes not need expert annotations (human-labelled).
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oIt can work in any input that can be vectorized.

o Requires large amount of training data, it fails to predict in stills that
are too easy or too hard to master.

o The student knowledge is modelled as a latent variable.
o This model observes knowledge at both the skill and problem level.

oOnly considers the knowledge components of the problem and
correctness, neglecting the breadth of other features.

o Some evolved models can automatically discover concepts.

The usage of laten variables is based on the difficulty of determining all
of the elements that influence student achievement, some of which
include: available material, time spent learning the course, individual
capacity, and others.[13].

Another approach is to combine DKT with a Bayesian Network using the
attention mechanism proposed on [14]. The objective here is to enforce
Neural Networks' intrinsic property of being a tiered graph, with one
node's output feeding into one or more nodes in the following layer.
2.3.1 Dynamic Key-Value Memory Networks[4]

This network is built on top of a Memory Augmented Neural Network
(MANN), which is a type of RNN.

The memory structure of the DKVMN is made up of key-value pairs
rather than a single matrix. In contrast to MANN, which attends, reads,
and writes to the same memory matrix, the DKVMN paradigm attends
input to the immutable key component and reads and writes to the
associated value component. DKVMN uses the correlation weights to
read and write to the value matrix to track a student's knowledge.

The model is fully differentiable, and stochastic gradient descent may be
used to efficiently train it.

DKVMN outperforms the standard MANN and other models.

It can produce better results with fewer parameters than DKT.

It does not suffer from overfitting, which is a big issue for DKT.

It can discover underlying concepts for input exercises precisely.

3 Application, Problems and Datasets

In this section we will talk about the applications of KT, and some of the
problems that the current solutions still have, At the end of this section
we provide a list of the public available datasets.
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3.1 Application of the models:

e Intelligent Curriculum Design[3] ( design effective exercises which
vary in difficultlevel and design curriculum according to the observer
knowledge state of the student).

e Discovery of structure in student task[3].
e Personalized content recommendation.
3.2 Problems of the KT models:
¢ A binary representation of knowledge is limited[3].
e The hidden variables and their mapping onto exercises can be
ambiguous|[3].
¢ Limit of the kind of exercises that can be modelled [3].

e The DKT model is biases towards the data seen during the training
phase.

e The prediction of the DKT model degrades substantially when the
number of hidden concepts increases|[3]

e This BKT model is highly constrained.
3.3 Datasets Used:
e Simulated Data[3]
¢ Khan Academy Data[3]
o ASSISTments Benchmark Dataset[3](provides a link to the data)
The ASSISTments 20098, contains issues [7]:
o Duplicated Record.
o Mixing main problems with scaffolding problems.
oRepeated response sequences with deafferents skill tagging[7].
e The ASSISTments 2015°
e KDD CUP 2010 dataset?0 [15]
¢ Synthetic-511
e Statics201112

8https://sites.google.com/site/assistmentsdata/home/assistment-2009-2010-data/skill-builder-data-2009-2010
9https://sites.google.com/site/assistmentsdata/home/2015-assistments-skill-builder-data
10https://pslcdatashop.web.cmu.edu/KDDCup/downloads.jsp
1https://github.com/chrispiech/DeepKnowledgeTracing/tree/master/data/synthetic
12https://pslcdatashop.web.cmu.edu/DatasetInfo?datasetld=507
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4, Evaluation metrics, features, and road chart

In this section there will be presented the most common evaluation
metrics used to evaluate the effectiveness of each model. Additionally,
we will mention the different features used for modelling the knowledge
of the students, and finally we talk about future directions.

Evaluation Metrics

e Area Under the curve (AUC )[3]: is a reliable metric for evaluating
prediction, where the projected value of 0 or 1 provides different
information about the model's performance. A higher AUC indicates
more accuracy.

e The square of Pearson Correlation (R2 )[13]: is a coefficient between
the observed and predicted values of dependent variables,
comparable to the Root Mean Square Error, the square gives an
indirect assessment of how good the modelled values are, using one
or more variables (RMSE)

Some of the features used in KT are:
Features used:

e Correctness

o Sill tag

e Number of hints accessed

e Student first response time

e Number of attempts

Dimensionality reduction (using autoencoders[16])*, this technique can
be applied in order to lower the dimensionality of the vector given as
input in the case that too many features have been used.

In the Figure 1, we present the road chart of the KT research.

5 Conclusion

In this paper, we provide a literature review of the current state of the
art of KT. We introduce a road map of KT that contain important models,
datasets, and evaluation metrics.

KT is a high-complexity modeling problem because it's extremely
difficult to determine all the factors that influence a student's
performance. There are numerous factors that influence how a student
performs, including the available material, the time involved, the
number of hints accessed, the student's initial response, the time and
number of attempts, the individual's capacity, and so on. The use of all
these components promises an increase in prediction accuracy, but also
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new problems, such as an exponential growth in dimensionality, but it
has also contributed to the field being more active. Correctly assessing a
student's ability provides vital information to models for predicting
student performance in the next time interval and tracing their
knowledge when students' abilities grow dynamically.

Finally, future study can consider additional features such as time taken,
hint generation, student dropout prediction, and modelling how
students forget. In future work, different models will be adapted to
problems with many linked subskills in the system, and multiple features
will be used to train the models.

This work has been supported by the Hungarian Tempus Public Foundation
and Lanzhou University of Technology.
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SEARCHING FORIT TALENT AT SECONDARY
SCHOOL

P4l SARMASAGI, HU

Abstract: The concept of talent is complex; it is similar to the concept of
computational thinking and both can be difficult to define. Pupils who
have an open mind to computational thinking can become potential IT
talents. How can we discover these pupils at secondary school, especially
those pupils who are not interested in IT? Generally, the identification of
talent is a long-term process that requires the results of several tests and
observations. This paper investigates concepts and evaluation
environments and presents some tasks and assessments that help to
identify potential IT talents at secondary school. The classroom trial
presents a novel combination of well-known methodologies and devices.

Keywords: CS unplugged, IT talent, talent searching, computational
thinking.

1 Introduction

The ICT-related subject is mandatory at secondary school in most
countries. Some pupils are interested in Computer Science, while some
others are not, regardless of their digital competences. There are a lot of
pupils who play computer games every day and some of them have deep
knowledge of computer science as they have learned how they can create
their own plug-ins and mods for their favourite game. It is easy to involve
pupils who are interested in ICT in classroom work and specialization
classes. Other pupils are not engaged in informatics and they are not so
motivated during ICT lessons at school meanwhile, maybe there are
some potential IT talents among them. How can we explore their
potential regarding computer science and how can we involve them in
the ICT study group? This paper investigates this question and presents
a possible way to involve invisible potential IT talents into specialization
groups and talent management programs.
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2 Talent in the ICT world

Generally, talent management is divided into two main parts. Searching
for - and finding - potential talents and, after the recognition, their long-
term nurturing and development. The talent search is not so easy,
especially in the case of IT talents. Several tests help to identify talents
generally. Some tests focus on mathematical talent, some focus on
language talent, while others focus on musical or other creative talents.
The general idea is that mathematical talents can become IT talents if
they are interested in computer science. On the other hand, some IT
talents have difficulties with math.

Haiyan Su published his literature review regarding the concept and
measurable of information and communication talent. [1] He cited and
emphasised lonica-Ona’s integrated definition of technology talents,
which described it “as the expression of the superior endowment in
different areas of technical field, as the excellence, demonstrated by an
outstanding performance in this field or as a potential of excellence
demonstrated by the results in various forms of evaluation.” [2] If we
focus on IT talents, we use the digital competence definition of the EU
that contains a hierarchical system of skills and competencies. [3][4] One
of the conclusions of his literature review is that we know who the IT
talent is, however, we need newer and newer assessments and tests to
identify them.

We suppose IT talents possess high-level Digital Competences or at least
a part of them. The Digital Competences of the EU covers a wide band of
knowledge and skill and we can create groups within these competences.
Job descriptions of companies differentiate between 3 kinds of digital
competence:

o Application skills - it is a general requirement for employees

¢ IT Professional skills - it covers several digital competences like
Algorithmic thinking, Data modelling, Problem-solving, etc.

o Creative skills - For instance image processing, animation, design,
etc.

IT professional jobs - apart from coding - can be divided into several
parts, like system design, network management, operation (system
administration), security, etc. However, these parts of digital
competences require special knowledge and skills that are not in the
curriculum of secondary school, so we cannot use these competences
when we are searching for IT talents at secondary school.
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On the other hand, there are several national and international IT
competitions for pupils of secondary school. The thematic of these
competitions is similar to labour market expectations. Application
contests measure the application skills of pupils. Programming
competitions focus on algorithmic thinking, data modelling, and
problem-solving competences. There is a 3rd category of contests where
creative pupils compete their creative skills.

A reasonable conclusion is the limitation of IT talent searching for these
3 competences. However, application skills are needed by every pupil,
[5][6] while the genetic factor is emphasized in the case of creative skills,
besides the external factors. [7] Therefore, most IT-related talent
searching and talent management programs focus on programming
(coding) and algorithmic skill.

The major part of measuring giftedness or potential can be reduced to
measuring competences. There are several available tests and
assessments from simple multiple-choice assessments to modern
assessments using machine learning and artificial intelligence algorithm.
[8] Most of these tests assess adults’ skills or students' skills who study
at the IT faculty of the University. [6] According to Haiyan Su’s paper, the
rapid development of the IT sector has urged not only the change of
school education, but it requires newer and more precise tests and
assessments regarding digital competences. [1] Most papers regarding
talent search refer to Martinson’s triple rule: [9][10]

¢ The identification of the gifted is a long-term process

e To explore pupils’ skills several sources are needed (marks, tests,
con-tests, etc.)

¢ The non-intellectual factors are also important

Therefore, it is reasonable to create and test new tasks, tests, and
assessments that can be helping to identify potential IT talent at
secondary school. The objective of this paper is twofold. Expanding the
pool of available assessments that gives an additional test for supporting
talent search and extending the pool of pupils among whom we are
looking for talent. So our objective is to create and compose further tests
to measure the level of pupils’ competences regarding algorithmic skills
at secondary school.

3 Source of tasks

The target group is in years 8-9 (age group 14-15) who starts secondary
school or stands before admission. The pupils who are interested in
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computer science can participate in contests like ‘Bebras’. [11] Bebras
was founded by Dr. Valentina Dagiene Lithuanian professor and
nowadays it has developed into an international community. Bebras
promotes informatics and computational thinking among school pupils
of all ages. The tasks are interesting and require logical thinking rather
than programming skills, so it can be useful to addressing pupils who are
not interested in informatics. Bebras has collected a lot of interesting
tasks for its competition series. These are available on its website,
therefore it is a good source to select tasks for potential talent search.

The motto of Bebras is ‘International Challenge on Informatics and
Computational Thinking’ which refers to an important concept of
computer science. The concept of computational thinking is just as
difficult to define as the talent concept or most concepts regarding
information technology since it is one of the youngest science areas and
knowledge areas and its development is extremely rapid. [4] Instead of
an exact definition, I use Nardelli’s specification that builds on 3 pillars.
The algorithm, programming language, and an agent or machine that can
implement the received statements. It involves a significant group of
problem-solving skills and techniques that are important within digital
competences. Considering the specificities of the age group we need to
focus on the algorithm. Every pupil uses algorithms every day as they get
a dress in the morning or cross the road, etc. On the other hand,
algorithmization is not created by computer science. Guild masters or
employees of manufacture worked based on an algorithm. The 14-15
years old pupils have already met this concept and learned some simple
algorithms during math lessons. [4]

An additional source is the website of the CS Unplugged community. [12]
‘CS’ is the abbreviation of Computer Science, while ‘unplugged’ means
doing it without using a computer. The target group of CS unplugged is
the pupils of primary school so the tasks are very simple. The principle
of CS unplugged tasks is to teach pupils the basic concepts of CS and some
basic algorithms while they are playing. It is an introduction to
informatics that helps to found computational thinking. The necessary
devices are some paper and pencils, classmates, space to play, and a
teacher who leads the activities.
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There are 6 topics:
e Binary numbers
¢ Image representation
e Searching algorithm
e Error detection and correction
e Kidbots
¢ Sorting networks

The structure of each topic is similar. There is a short introduction with
a description and explanation. The detailed explanation of the topic
describes key questions, lesson activities extended with notes, and
teachers’ observation. If it is relevant, the mathematical links are also
available to the given topic. Finally, the website provides background
information, how the given topic helps to develop computational
thinking from the following point of view: Algorithmic thinking,
abstraction, decomposition, generalising and patterns, logic, and
evaluation. This detailed information helps teachers to clarify what they
must observe during classroom work. There is no significant difference
between ages 6-10 and ages 14-15 pupils’ activity when they are
working on these tasks. The solution requires thinking and
consideration while they are 'playing'. Of course, some tasks are too
simple for pupils of secondary school, but some of those are usable if we
change the text and background of the task. Binary numbers, searching
algorithms, error detection and correction, and kidbot topics are useful
for pupils ages 14-15.

The third source is the 1st round of the National Secondary School
Academic Competition (OKTV). This contest focusses on ages 17-18. The
tasks of 1st round don’t require a programming environment, they focus
on algorithmic thinking and logical thinking. Therefore, these tasks are
also usable for searching for informatics talent among pupils aged 14-15
at secondary school.

What all three sources have in common is that you don’t need a computer
to solve the tasks, so you can also involve those pupils who are still
avoiding the computer. In addition, these tasks are playful, so these can
show the joy in thinking about informatics problems, which is an
important objective of our educational goal. [13] While pupils think they
are playing, the teacher can observe them and if the standard deviation
of scores is significant, the teacher can notice potentially gifted pupils.
The observation is emphasized, the talent searching doesn’t work
properly if the pupil response only to a test.

157



XXXIV.DIDMATTECH 2021
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

4 Implementation

There is a clarified goal and there are a lot of usable tasks, we need to
find the proper environment for implementation. We need to consider
the best way to handle the assessment. Is it a competition or an
individual test?

Bebras and the National Secondary School Academic Competition are
individual contests where pupils must not cooperate with each other. CS
Unplugged tasks were developed for classroom work where pupils can
cooperate. The latter is more comfortable for pupils as it is less stressful
while the teacher can observe pupils' activity. On the other hand, pupils
like competition with their well-known classmates and the contest
motivates them in such a community.

The second key question regarding implementation is the ‘platform”:
which is better, paper-based, or computer-based assessment? The tasks
were developed for ‘unplugged’ usage (without a computer). The
evaluation of computer-based assessment is easier for teachers and
pupils also have the necessary skills at secondary school.

Timing is also a question. What is the best time to address pupils, when
can we involve the most pupils? When are they the most motivated?

To answer these questions, all cases should be tested on a classroom
trial. This paper presents only the first few pilots that should be
continued. The mentioned sources contain interesting tasks, but we need
some introductory as well as some thought-provoking tasks. The first
step was the selection of tasks and the first pilot was based on CS
unplugged ‘s source.

4.1 Binary numbers

The first group of tasks is binary numbers from CS unplugged source.
The binary numbers are part of the numeral systems topic. A few tasks
about general numeral systems help to put binary numbers in context.
While CS un-plugged focusses on pupils of primary school, our target
group is older, pupils aged 14-15. They can think about the problem of
overflow, which is also part of binary numbers as well as computational
thinking. Binary logic and binary arithmetic belong to math, however,
these are some of the important bases of Computer Science. The
recognition of binary numbers and the conversion between decimal and
binary numbers require and develop abstraction ability. The positional
system is also important as it prepares the concept and usage of pattern
matching, bitmap, etc. This topic reinforces pupils’ data modelling
competence.
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Task sequence - binary numbers

e (T1) What is the smallest base of the numeral system in which the
number 762 can be interpreted?

¢ (T2) What is the smallest base of the numeral system in which the
number 1233 can be interpreted?

¢ (T3) What is the smallest base of the numeral system in which the
number F2 can be interpreted?

e (T4) What is the smallest base of the numeral system in which the
number 101 can be interpreted?

¢ (T5) What's the next number after in the sequence 1, 2, 4, ... 7

e (T6) Which number in the decimal number system represents this
binary number?

8x 4x 2x 1x
1 0 0 1

¢ (T7) Which number in the decimal number system represents this
binary number?

|1 0 1 1

¢ (T8) How many stars are there on the cards?

* ¥ ¥ %
* % ¥

¢ (T9) Which number in the decimal number system is the binary
number 11017

¢ (T10) There are some more variations of these tasks...
e (T11) Whose cake is it?
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¢ (T12) How old is the child who got this cake?

COC00060000000000000N

¢ (T13) What is the result of addition if there are 8 place values in
binary?
01111111 +1

¢ (T14) What is the result of addition if there are 8 place values in
binary?
01010101 + 10101010

¢ (T15) What is the result of addition if there are 8 place values in
binary?
11111111 +1

4.2 Error detection and correction

The second group of tasks is close to binary numbers, but error detection
and correction is a standalone topic. These tasks require more attention,
however, the topic of the binary numbers helps pupils to be well
prepared for it. Some people think the computer never makes mistakes.
There are a lot of algorithms and technologies in Computer Science that
have founded this thought. Pupils must understand that there is a huge
difference between an intelligent implementer (like a pupil) and a
machine (like a computer) as an intelligent algorithm-executor. The
former checks and corrects mistakes while the latter only executes the
predefined steps. [4] These tasks allow insight into error-checking
algorithms, which supports computational thinking. They also require
data modelling, modelling the real world, and problem-solving
competences of pupils.
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¢ (T16) There are parity bits in the yellow bar (with the help of these
the sum of the bits in the given row and column will be even). Which

cell is wrong?

o

0

0

0

0

0

o

o

0

0

0

0

o

e (T17) There are parity bits in the yellow bar (with the help of these
the sum of the bits in the given row and column will be even). Which

cell is wrong?

e

]

1

1

1

1

1

1

1

1

0

1

[

1

1

¢ (T18) There are parity bits in the yellow bar (with the help of these
the sum of the bits in the given row and column will be even). Which

cell is wrong?
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4.3 Kidbot

The third group of tasks is kidbot, which focusses on algorithmization.
Most pupils have already gained knowledge about bots in primary school
and some of them have experience in robot programming. They know
some simple commands and statements and they have got practice in
task decomposition to steps. The kidbot tasks allow a limited number of
statements to achieve the goal so this helps to explore some of the
fundamental principles in programming. Kidbot tasks reinforce
algorithmic thinking and program solving competences.

Task sequence - kidbot: . ﬁg
¢ (T19) Take Shrek to Fiona in this table. H RCK »,_1’
You can use 2 kinds of commands: one T 1 1
step forward and one turn right (in right \ ‘ ‘
angle). Prepare the proper itinerary %———
that avoids barriers and dangers (non- ‘ |

blank cells).

¢ (T20) The further tasks are similar: the
pupils must find the route with the
fewest commands or with the fewest
turns right, etc.

4.4 Searching algorithms

The fourth group of tasks is searching algorithms. Searching for a specific
piece of data is the basis of many computing applications so we need
efficient algorithms for searching. [12] Searching in an unordered set,
searching in a sorted set, and searching for a special pattern. These tasks
help explore the nature of thinking of pupils. Is systematic thinking
recognizable? Systematic thinking and systematic task approaches are
important components of computational thinking. There are some
problems where the best way is the regular systematic attempt. [14]
Searching algorithm tasks require algorithmic thinking, data modelling,
and problem-solving competences of pupils.

Task sequence - searching algorithm:

o (T21) There are 15 books with the same cover in an unordered
sequence on a bookshelf. Please find Barry Burd’s Java book. Repeat
itatleast 5 times.

o (T22) There are 15 books with the same cover in a sorted sequence
on a bookshelf. Please find Barry Burd’s Java book. Repeat it at least
5 times.
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¢ (T23) Place 4 queens on a 4x4 chessboard so that no two of them
attack each other.

Table 1 summarizes the tasks by their properties. The main source is CS
un-plugged so the topics track its thematic. The topics were reduced to
those which are interesting for pupils at secondary school. The CS
unplugged tasks represent a standard level, meaning these are of
average difficulty. Some easier introductory tasks prepare pupils to the
resolution of standard-level tasks. The main goal is to identify potential
talents so the assessment should contain some thought-provoking tasks.
Kahoot is a well-known tool that is popular among pupils as well as
teachers. [15] Most pupils are motivated by competition meanwhile they
usually think it is only a game. If we clarify before the Kahoot-based test
that it is not testing, every pupil will be relieved. Kahoot uses a time limit
so the pupils must make a decision before the time expired. They can
select the right answer from 2-4 possible options. After each answer,
Kahoot displays the right answer so it educates pupils during the test. A
further benefit for a teacher is that Kahoot creates and fills the evaluation
table automatically. However, some tasks are not compatible with
Kahoot. The kidbot related tasks were planned as a parlour game where
one pupil gives the statements and the other one implements those. It is
useful when the pupil meets first time with program control at primary
school, though it isn’t necessary at secondary school. The pupils get a
printed paper with a chart and their task is to write the necessary
statements on the paper.

Tasks about algorithms required a third solution. A simple web
application randomly displays 15 books with the same cover and when
the pupil hovers a mouse over a book, the app displays the author and
title. Once they search in the unordered sequence, and then they search
in the sorted sequence. Whether they are looking for a book in a sorted
or an unsorted order sequence, pupils need to count the number of their
attempts. The searching should be repeated at least five times and the
average of the number of trials should be recorded. Five trials can be
enough to work out a systematic strategy for searching. In the case of this
task, the platform contains a web application and a paper.

The source of most tasks is CS unplugged. Some self-made tasks had to
be created for methodology reasons. However, these were influenced by
the referred sources. (CS unplugged, Bebras and OKTV)

The tasks had three different implementations. In the case of Kahoot, it
is not a question, it is a playful competition. The paper-based tasks can
be homework or standard classroom test. The algorithm-related tasks
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require more attention and more sophisticated implementation. The
recording of an average of searching steps and the description of the
recognized strategy is suitable for evaluation. The best way to discover
potential talent is if we can observe pupils’ work step by step. It requires
a special application or an individual face-to-face test.

5 Classroom pilots

The presented tasks were tested several times in the classroom, in the
first year of secondary school as well at the primary school final year.
The proper timing was important.

Generally, the classmates don’t know each other yet at the beginning of
secondary school and students are shy and want to introduce themselves
well. Most teachers make pupils do a test for diagnostics aims in the first
few weeks. They are motivated and they are not yet under pressure
during this period, so it is a good time to search for talent in IT.

The sample size doesn’t allow a detailed analysis; however, it reflects
some important details regarding tests as well as tasks. Based on this
feedback, the test needs to be improved. Of course, the improved task list
also should be tested and the results should be analysed after we have
reached the proper sample size.
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Table 1: Results at class 9
The first trial contained only 13 tasks in a different order. 12 of them
were identical to the presented task series, and there was only one
'external’ task that contained a conversion between numeral systems
(TX). It was a Kahoot contest. The pupils enjoyed it, but the result was
ambivalent.
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The result showed differences between pupils and it pointed out some
potential talents, who got over 10 scores. Their result in the school year
has confirmed this recognition. However, further pupils joined to elite
club based on their classroom work, who got only 7 scores, while the
average was 8.07. Some pupils said it was a difficult test because the
context was not clear. The scores by task chart pointed out which the
critical tasks are (the minimum points of the curve) and which the
easiest tasks are (the maximum points of the curve). It also emphasized
the pupils' learning, their quick correction where the curve is monotone
growing within a similar task’s section.

Scores by task (n=14)
15

10

T5 T11 T12 T8 T9 T10 TX T13 T14 T15 T16 T17 T18

Figure 1: Scores by task at class 9

Most pupils gave the right answer to task T16, which is the introductory
task of error detecting. Task T8 was also a simple calculation. Despite the
first tasks referring to binary numbers and Kahoot displaying the right
answer the cake with candles task was too difficult. (T3) The summation
of binary numbers on 8 bits were the further tasks with the fewest good
result. (T13-T15)

This assessment also was tested in some higher classes and the results
were similar. These tests also brought some pupils to the IT study group
with their high scores.
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Scores by task (n=42)

40
30
20
10 T - e

T5 T11 T12 T8 T9 T10 TX T13 T14 T15 T16 T17 T18

— O 10 11 Total

Figure 2: Scores by task at class 9-10-11 and total

Based on the results and the received feedbacks, the tasks and the order
of tasks were reorganized and this renewed task list was described in the
previous section. The tested task list was extended with several
introductory tasks in binary numbers topic. Before the hardest tasks
some preparatory tasks were inserted.

There is a central admission for a secondary school in Hungary. It is a
very important assessment for every pupil, it influences their future
study. So, they are very active and motivated at this period. Whether
during the preparation period at primary school or during the oral exam
at secondary school these tasks can be used to explore pupils’
competences. A class of pupils participated in the Kahoot contest and
some of them answered kidbot and searching algorithm questions as
homework. The renewed Kahoot provided a wider range of scores for
evaluation, which helped to explore more details within the target group.
The pupils over 10 scores can be potential talent. The details of their
results are also interesting. The best pupil learned from his mistake as
he gave the wrong answer to T11, but he gave the right answer to T12
(two similar tasks with cake and candles). He started the test with wrong
answers, however, after a short warming-up, he gave the highest number
of right answers. This ‘warm-up’ activity can be observed in each task
group in his case. There are some pupils who got 8-9 scores, however,
they gave the right answers to more difficult tasks. They also can be
involved in the IT study groups. Most pupils over 7 scores have a lack of
self-confidence: they were surprised when they noticed their result and
they received a strong confirmation regarding their promising digital
competences.
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The summary chart (Figure 3) presents the levels of difficulties by tasks.
The counting stars by the positional system was the simplest task again
(T8), while the introductory task preceding it by two was the most
difficult (T6). The learning activity during the test can be tracked better,
except for the cake with candles tasks. These tasks require more
introductory tasks for better preparation.

Scores by task (n=22)

20
15
10

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10T11T12T13T14T15T16T17T18

Figure 3: Scores by task at class 8

The paper-based tasks as homework were not so successful. Nine pupils
sent their solutions. The kidbot tasks were not clear for every pupil, T19
was solved by 7, while T20 was solved by 4 pupils. The received
solutions were correct and pupils prepared different solutions.

T21 and T22 searching algorithms tasks were done by every pupil. They
searched five times for a book in an unordered sequence and five times
in a sorted sequence and they recorded the number of attempts.

Pupil T21 | T22
B.S. 4 |22
Cs.B. 66 | 3

F.L. 6,4 | 4,2
Gy.M. 73 | 3,4
H.A. 8 | 32
H.E. 4 | 74
KK 28 | 24
R.L. 48 | 3,6
T.A. 6,6 | 52

Table 4: Average number of trials during searching
Some pupils described their strategy and there was only one pupil who
formulated an approximately binary search algorithm. There is another
pupil who needed more trial during the searching in the sorted sequence
than searching in the unordered sequence. Three pupils prepared a
solution for the four queens task (T23) and all of them were correct. They
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didn’t describe their strategy and the number of trials. To summarize,
there is not any information about the pupil’s way of thinking to reach
the solution.

There was an additional trial with the searching algorithm tasks during
the oral admission exam at secondary school. It was a good possibility to
observe pupils during their attempts. This observation confirmed that
most pupils in ages 14-15 cannot build the proper searching algorithm
themselves. The few who recognized the essential of the binary
searching algorithm can be potential IT talents. There were more pupils
who searched systematically in the unordered sequence. They have also
found a solution for the four queens task.

6 Conclusion

In this paper, we described some possible task sequences to identify
potential IT talents at secondary school. In line with our objectives, every
pupil was involved in these playful tests that help to explore their
thinking and existing skills. Some pupils were surprised as they faced
their good results, while their marks reflected that their digital
competences are not so good. The positive feedback about their
emerging computational thinking can build a good relationship between
them and IT. The encouragement helps to involve them in the IT
specialization group. The extended pool of pupils allows discovering
more potential IT talents. On the other hand, these task lists, as well as
CS unplugged tasks created to introduce ages 5-10 to the bases of
computer science are suitable for assessing pupils. Therefore, these
tasks can be an additional assessment that helps to identify IT talents.

The results of pilots pointed to some issues that should be solved, so we
consider it as a work in progress. In order to save the motivation of
pupils during the assessment, we need more introductory, preparatory
tasks before searching algorithms and before the more difficult binary
numbers tasks. Failure blocks motivation and pupils lose their interest
in computer science. Pupils need to have a sense of achievement, so the
result of the weakest pupil must be over 50%. On the other hand,
achieving 100% could be made more difficult; the best if it poses a
challenge for pupils. The presented tasks were not easy for anybody to
reach 100%. The weakest pupil reached only 22% at primary school and
30% at secondary school, so these tasks are suitable to investigate digital
competences of this age group.

Kahoot, as an online contest application is useful, but it could not meet
our expectations. It displays the right answer after each question,
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thereby it educates pupils during the test, which was an additional
important benefit. The time limit is an important feature, but the
evaluation of the quickness of answering encourages pupils to make
haste instead of think. The right answer is more important than the
response time. In addition, Kahoot cannot handle searching algorithm
tasks, so we need a special web application that can track and log pupils’
steps during the search.

Most of the tasks and the applied application are known and available,
and the current classroom trial presented a novel combination of well-
known methodologies and devices. Further benefits were provided by
pilots as these educated pupils during tests. This test is usable for finding
potential IT talent, and it is also a playful motivation tool to support the
education of computational thinking at secondary school.
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SYSTEM ELEMENTS IN SCIENTIFIC TERMINOLOGY

Jan STOFFA, Veronika STOFFOVA, SK

Abstract: The study deals with system elements in scientific and
technical terminology. It presents system elements as elements of terms
and terminological connections that reflect any of the systemic
relationships. Hierarchical relationships are presented as the main ones,
but other relationships are also taken into account: cause-outcome
relationship, whole-part relationship, opposite relationship, negative
relationship and quantitative relationships. In every terminological
system, there is a subset of terms that have the property of systemicity.
This means that the term itself reflects some of the systemic
relationships. In most cases, this is achieved using international or
national prefixes and prefixoids. The existence of these relations is
demonstrated by examples from several languages, mostly from the field
of ICT. The study points out the advantages of applying system elements
in educational processes.

Keywords: Scientific terminology, systemicity of terms, system
elements in terminology, systemicity in acquiring of terms in education

1 Introduction

The term terminology is used in two senses. The first of them is the name
of a scientific discipline that deals with the theory of terms formation. In
the second sense, terminology is understood as a set of terms of a certain
field of scientific or technical activity. Terms in this case are understood
as names of concepts/notions that serve in communication as their
equivalents. It is generally accepted that each department has the right
to create its own system of terms. In fact, no system of terms can be
created as independent. This is due to the existence of interdisciplinary
relationships. As a result, each term system overlaps in part with the
systems of other, especially basic and related disciplines.

The terminology of any field is not uniform. Inequality is manifested in
the fact that in each term system there are established terms and new
terms - neologisms, national language terms and terms taken from other
languages, terms accurate or less accurate, or even inaccurate, concise or
inaccurate, semantically transparent and non-transparent, reflecting
some from systemic relationships, or non-systemic ones.
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We consider the systemicity of terms as one of basic properties (Stoffa,
1996, 1999, 2000). The aim of the study is to point out a considerable
number of system elements, which can be used to directly express any of
the system relationships, or belonging to a specific subset of terms. Due
to the limited scope of the contribution, we present only a limited
number of examples.

Another goal is to point out the advantages of using system elements in
the learning of scientific and technical terminology in educational
processes, and also to some problems in their adoption.

2 The most frequently used system elements

Prefixes and suffixes as well as prefixoids and suffixoids can be
considered as the most frequent system elements in terminology (Stoffa,
2000; Stoffa - Stoffova, 2017).

Prefixes are groups of vowels that are added to a word base to modify
its meaning. Each language has a large number of prefixes. Some of these
prefixes are used in several languages in the same or slightly modified
form. Examples of such prefixes are the prefixes a-, an-, bi-, di-, de-. Such
prefixes are considered international. In addition, each language has a
large number of national prefixes. Examples of English prefixes are en-,
in-, under-.

Suffixes are similar elements of terms as prefixes, but they are added in
principle behind a word-forming basis and thus modify its meaning. The
existence of international and national suffixes is similar to that of
prefixes. Examples of international suffixes are -ent, -er, -ism, -ium, -or.
Examples of English national suffixes include -able, -ation, -ible, -ility, -
ity, -less, -ness.

Prefixoids are parts of compound words that are added to their
beginnings similar to prefixes and modify their meaning. Examples of
international prefixoids are audio-, tele-, video-. Examples of English
national prefixoids are half-, self-, short-.

Suffixoids are parts of compound words that are added behind a word-
forming basis similar to suffixes and modify their meaning. Examples of
international suffixoids are -duct, -gram, -meter. Examples of English
national suffixoids are -bearing, -proof.

3 System prefixes

System prefixes reflect one of the system relationships. There are
national equivalents to some international prefixes. The opposing
systemic relationship is reflected by the prefixes a- (aperiodic, apolar,
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aspherical), ab- (abnormal, abrupt, absence), an- (anaerobic, anomalous,
anorganic), i- (irrational, irrelevant, irreversible), im- (imbalance,
immaterial, immutability, impossible), in- (inability, inacessibility,
inaccuracy), non- (non-compressed, non-dimensional, non-linear, non-
metalic), un- (uncompensated, uncontaminated, uncontrolled), anti-
(anticorrosive, antiparticle, antimagnetic). The same applies to the pair
in- (inboard, indoor, input) and out- (outboard, outdoor, output) and to
the pairs large- (large-area, large-grained, large-scale) and small-
(small-bore, small- scale, small-volume), micro- (microclimate,
microinstruction,  microstructure) and macro- (macroclimate,
macroinstruction, macrostructure).

The hierarchical system relationship of co-ordination expresses the
prefix co- (co-author, coaxial, collaboration).

The system relationship of redundancy expresses the prefix over-
(overflow, overlapping, overload, overtime).

Repetition of activity is expressed by the prefix re- (reaction, recheck,
restructuring). In Czech and Slovak, there is znovu- its national
equivalent of re- (znovunastaveni/znovunastavenie,
znovuoZiveni/znovuoZivenie, znovupouZiti/znovupouZitie,
znovuzapojeni/znovuzapojenie).

4 System suffixes

System suffixes reflect one of the system relationships. There are
national equivalents to some international suffixes. The system suffix -
able expresses the potential of a phenomenon (extendable,
programmable, transformable, undoable, unworkable). Its national
equivalent in Czech is the suffix -elny (identifikovatelny, tavitelny,
volitelny)) and in Slovak the suffix -el'ny (roztaZitelny, zamenitelny,
zanedbatelny). English system suffix -ing expresses some of the
activities (keying, loading, pacing, typing).

5 System prefixoids

System suffixes reflect one of the system relationships. There are
national equivalents to some international prefixoids.

The hierarchical relationship of subordination is expressed by the
prefixoid sub- (subaddress, subgroup, subset, subtree).

The opposite relationship is expressed by a pair of prefixes im-
(implosion, import, importable) and ex- (explosion, export, exportable).
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The quantitative relation of individuality is expressed by the prefixoids
mono- (monochromatic, monolithic, monoprocessor) and uni- (unibus,
unicode, unipolar, unidirectional). There is a national equivalent jedno-
to them in Czech and Slovak (jednoclen, jednofdzovy, jednomocny).

The quantitative relationship of a large number is expressed by the
prefixoids multi- (multidigit, multifunction, multilevel, multimedia,
multiprogramming) and poly- (polyglot, polygon, polymer). To them exist
Czech national ekquivalent vice- (viceadresovy, vicedilny, vicemocny) and
in Slovak viac- (viacadresnd, viaccipovy, viackandlovy, viacstborovy,
viactiroviiovy), and also commmon equivalent mnoho- (mnohoclen,
mnohopdélovy, mnohostupriovy).

The prefixoid semi- (semiautomatic, semimetal, semiconductor) is
productive and common. It also has national equivalents: in English half-
(halfaxis, half-axle, half-life} and hemi- (hemicompact, hemigroup,
hemihydrate), in Czech and Slovak polo- (poloautomat, polodrahokam,
polokov), and in Slovak also pol- (polcas, polhodina, polkruh), in Polish
pot- (pétautomatyczny, potkolc, pétprodukt), in Hungarian fél-
(félhornyolds, félgomb, félkor).

The time relationship is expressed by the prefixoid post- (postcondition,
postprocessor, postscript).

The opposite relationship is also expressed by the pair pre- (pregradual,
prediction, preimpregnation, previous) and post- (postcondition,
postgradual, postprocessing, postprocessor).

A group of prefixoids expressing one of the specific relationships is very
numerous.

Examples are:

Prefixoid audio- expresses the relationship to sound (audiogram,
audiometers, audiovisual).

Prefixoid bio- expresses the relationship to the living (biochemistry,
biophysics, biotechnology).

Prefixoid info- expresses the relationship to information (infobases,
informant, informatics).

Prefixoid kryo- expresses the relationship to low temperatures (cryo-
metry, cryostat, cryogenics).

Prefixoid photo- expresses the relationship to light, resp. to photography
(photocell, photocopy, photodetector).

Prefixoid pseudo- expresses the relationship of iniquity, resp.
inaccuracies (pseudocode, pseudoinstruction, pseudo-operation).
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Prefixoid tele- expresses the relationship to  distance
(telecommunication, teleconferencing, telephone, teleprint).

Prefixoid thermo- expresses the relationship to heat (thermoplastic,
thermostat, thermoswitch).

Prefixoid video- expresses the relationship to the image (videodisc/
videodisk, video-tape, video-text).

The number of prefixoids expressing quantitative relationships is
extremely large. International prefixoids like the tetra-, penta-, hexa-
type have a high frequency. The national names of numerals, both
definite (fivefold, four-stroke, sexfoil) and indefinite (manifold, many-
sided, many-valued), are often used as prefixoids.

In English, the form of writing prefixoids with a hyphen predominates.
In other languages, the form without a hyphen predominates.

6 System suffixoids

International system suffixoids are highly prevalent in terminology.
Some national suffixoids are also used, e.g. -proof (alkaliproof, fireproof,
waterproof).

The international suffixoid -meter expresses the relationship to
measuring instruments (ammeter, voltmeter, wattmeter). There are
several national equivalents to this suffixoid, e.g. -mér (elektromér,
frekventomér, vodomér) and -metr (ampérmetr, wattmetr, volumetr) in
Czech, -metr (fotometr, termometr, wolumetr) and -mierz (amperomierz,
watomierz, woltomierz) in Polish, -mer (elektromer, frekventomer,
vodomer) in Slovak, and -méré (drammérd, voltmérd, wattmérd) in
Hungarian.

The international suffixoid -graph performs a similar function. It is used
to name devices that simultaneously measure and register the measured
result, e.g. anemograph, barograph, polarograph, thermograph. In
several languages it has the spelling form -graf.

7 Ambiguous system elements

Some system elements have a homonymous character, i.e. correspond to
more than one meaning. Most such elements have two meanings. For
example, the prefixoid un- in addition to a numerical relation can also
express a negative relationship (undesigned, undirected, unprotected).
Prefdixoid auto- is ambiguous. It can express the relationship to self-
activity (autocode, atocontrol, automated, autopilot), motoring (autocar,
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autocamp, automobile) or the subject to itself (autobiography, atodidact,
autograph).

The prefixoid inter- is also homonymous. It can reflect internationality
(intercontinental, international, internet), intermediate position
(intercycle, interchip, interlayer, interphase) or reciprocity (interaction,
interactivity, interchange).

8 Specific national system elements

Some system elements occur in only one language or in a small number
of languages. An example of such a system is the terminology of oxygen
compounds in Czech and Slovak. While some national systems express
the valency of elements using quantitative prefixoids, the Czech and
Slovak system uses suffixes:

-ny (oxid draselny), in English (potassium monoxide);

-naty (oxid indnaty), in English (indium monoxide);

-ity (oxid arzenity), in English (arsenic trioxide);

-icity (oxid kremicity), in English (silicon dioxide);

-i¢ny (oxid jodicny), in English (iodine pentoxide)

-ec¢ny (oxid fosfore¢ny), in English (phosporous pent(a)oxide);
-ovy (oxid chlorovy), in English (chlorine trioxide);

-isty (oxid chloristy), in English (chlorine heptoxide);

-i¢ely (oxid osmicely), in English (osmium tetr(a)oxide).

9 Importance and values of system elements in education and
problems in their acquisition

Based on the above, it can be stated that systemic elements are of great
importance in education, this is mainly for the following reasons:

e They facilitate the learning process because their meaning is
constant;

e They allow the creation of new terms and only the small number
of system elements are less productive;

e Many system elements are used in several languages in the same
or slightly different form, which facilitates international
communication;

e Knowledge of international systemic elements facilitates the
acquisition of foreign languages.

e Systemic elements occur in many neologisms and make it easier
to understand their meaning.
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When acquiring system elements, there are also some objective
problems that make their acquisition difficult. These are in particular:

=  Ambiguity, this is homonymy of several system elements;

= Factual equivalence of several system elements, this is.
their synonymy.

= The need to respect the usage of the relevant professional
community. E.g. in Czech and Slovak terminology, the
prefixoid supra- (superfluidity, superconductor,
superconductivity) is used instead of prefixoid super-.

=  Semantic opacity of several international system elements.
It is therefore necessary to explain their meaning at the
beginning of their acquisition.

10 Conclusion

System elements are an important part of many existing and emerging
terms. Many of them are international, which facilitates not only
communication between experts from different language areas but also
the acquisition of foreign languages. They are also very important in
education, but in this case special attention must be paid to the indicated
problems.
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SOFTWAROVE PROSTREDKY NA PODPORU ON-
LINE VZDELAVANI

Hana HYKSOVA, CZ; Veronika STOFFOVA, SK

Abstrakt, SK: Prispevok sa zaobera pouzivanim digitalnej techniky, on-
line technolégii ainteraktivneho edukacného softvéru na diStancéné
vzdeldvanie na zakladnych a strednych Skoldch. Predpokladom
efektivneho vyuZzivanie digitalnych technolégii na Skolach predpokladj,
Ze ucitelia maju pristup k potrebnym technickym zariadeniam a
technol6giam a maju dostato¢nu digitdlnu gramotnost a kompetencie na
ich vyuzivanie. To isté sa predpoklada na strane edukanta, ¢o sa tyka jeho
technického a technologického vybavenia a tiez jeho pouzivatel'skych
kompetencii a zru¢nosti v pouzivani digitalnych technolégii. Clanok
referuje aj o tom, ako zvladli ucitelia v CR a SR di$tan¢né vzdelavanie
pocas pandémie corona-virusu COVID-19.

KIicové slova: Edukacny softvér, digitidlna technika, on-line
technolégie, on-line vzdelavanie, distan¢né vzdelavanie.

Abstrakt, CZ: Prispévek se zabyva pouzivanim digitalni techniky, on-
line technologii a interaktivniho edukacniho softwaru na distan¢ni
vzdélavani na zakladnich a stfednich skolach. Predpokladem efektivniho
vyuzivani digitalnich technologii na Skolach predpoklada, Ze ucitelé maji
pristup k potfebnym technickym zarizenim a technologiim a maji
dostate¢nou digitalni gramotnost a kompetence na jejich vyuZzivani.
Totéz se predpoklada na strané edukanta, co se tycCe jeho technického a
technologického vybaveni a také jeho uZzivatelskych schopnosti a
dovednosti v pouZivani digitdlnich technologii. Clanek referuje i o tom,
jak zvladli ucitelé v CR a SR distanéni vzdélavani béhem pandemie
corona-viru COVID-19.

Klicova slova: Edukacni software, digitalni technika, on-line
technologie, online vzdélavani, distan¢ni vzdélavani.
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SOFTWARE RESOURCES TO SUPPORT ON-LINE
EDUCATION

Abstract: The paper deals with the use of digital technology, online
technology and interactive educational software for distance education
in primary and secondary schools. A prerequisite for the effective use of
digital technologies in schools presupposes that teachers have access to
the necessary technical equipment and technologies and have sufficient
digital literacy and competence to use them. The same is assumed on the
part of the educator in terms of his technical and technological
equipment as well as his user competencies and skills in the use of digital
technologies. The article also reports on how teachers in the Czech
Republic and the Slovak Republic managed distance learning during the
corona-virus pandemic COVID-19.

Keywords: Educational software, digital technology, online
technologies, online education, distance education.

1 Uvod

Efektivni  vyuzivani  digitdlnich  technologii je  bezpochyby
nezanedbatelnou podminkou jednak pro uskuteciiovani kvalitniho
vzdélavani, a jednak pro plynuly chod $koly, at’ uZ pfi administrativni
praci nebo pri komunikaci s verejnosti, zejména rodicovskou.

Vyvoj svéta zcela zretelné ukazuje, Ze vliv technologii na vyukovy proces
jiZ nelze opomijet a myslet si, Ze dobrému pedagogovi prosté staci, kdyz
své jinde ziskané odborné schopnosti v pripadé potreby prenese i na
vyuziti technologii. Mylna je i hodné rozsifena predstava, ktera vede
mnoho odpiirci technologii k domnéni, Ze nejlepsi pro vychovu déti je,
kdyz jsou do co nejvyssiho véku od technologii zcela izolovany.
Technologie ovliviiuji svét, mysleni lidi, vyukové cile i vzdélavaci
prostiedi. Lidstvo je vsituaci, kdy se bez technologii neobejde ani
v osobnim Zivoté, ani v Zivoté profesnim. Technologie je ovSem tieba
vyuzivat efektivné a kvalitné. Je tfeba vést Zaky v uZivani technologif tak,
aby jim pomohli v osobnim riistu a dosazeni Zivotnich cilt. Totéz se tyka
i zakl hendikepovanych.

V soucasné dobé je realizovana ,Strategie digitalniho vzdélavani®, ktera
je nazyvana digitalni gramotnosti. S timto prichazi i zména stavajicich
Ramcovych vzdélavacich programi i Standard ucitele.

Teprve pred nékolika lety zacaly v evropskych institucich snahy o
vytvoreni systematického popisu digitalnich dovednosti a kompetenci,
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kterymi by méli byt vybaveni ucitelé. Také bylo stale vice ziejmé, Ze ve
sblizujici se Evropé je nutné hovoiit i vtéto oblasti spolecnou
terminologii. Vysledkem téchto snah je ramec digitalnich kompetenci
pedagogi DigCompEdu. DigCompEdu je vystupem dlouhodobé
vyzkumné cinnosti Spole¢ného vyzkumného stiediska (Joint Research
Centre) Evropské komise.

Kvyuzivani digitidlni technologii uciteli i zaky k online vyuce bylo
v obdobi COVID-19. Vtomto obdobi doslo od 11. bfezna k iplnému
uzavteni $kol v celé Ceské republice. VSechny $koly Fesili online vyuku.
Kdané vyuce museli Zaci i ucCitelé vyuzit sva zatizeni - pocitace,
notebooky, tablety i mobilni telefony. U ucitel i zakd doslo v tomto
obdobi k vyraznému zlepsSeni v oblasti vyuzivani digitalnich technologii
ve vyuce. Timto krokem budou tifeba v budoucnu ve S$kolach vice
vyuzivana zakovska zarizeni (BYOD).

2 Online vyuka ve $kolach

Neobvykla situace pro ucitele i zaky nastala v Ceské republice v obdobi

COVID-19. 0d 11. brezna, kdy doSlo k uplnému zavieni vSech Skol.

VSechny skoly museli najednou fesit problém. Jakym zplisobem vyuku

resit? Jaké prostredky ktomu vyuzit? Jaké prostredi vyuzit? Jakym

zplsobem Zaky aktivné zapojit? Budou mit Zaci dostate¢né mnozstvi

techniky? Bude fungovat online vyuka na mobilnich telefonech,

tabletech, pocitac¢ich ¢i noteboocich? Tyto a podobné otazky si kladli

ucitelé i reditelé Skol. Kazda $kola si zvolila sviij postup, svoji strategii.

Z4dna rada & pomoc od Ministerstva Skolstvi, mladeze a télovychovy

Ceské republiky nebyla. Od zac¢atku dubna zacala Ceska $kolni inspekce

zjiStovat situaci na Skolach. Informace konline vyuce provadéla

telefonickym kontaktem feditele Skoly a poklddala mu nasledujici

otazky:

Jak se dari komunikace s uciteli, Zaky a jejich rodici?

Jaka je ve skole digitalni podpora distan¢ni vyuky?

Jak se inspirujete v metodach distan¢niho vzdélavani?

Jak spolupracuji ucitelé pri distanénim vzdélavani?

Jak se dari zapojovat Zaky do distan¢niho vzdélavani?

Jak vyuZzivaji ucitelé digitalni techniku?

Jaké formy podpory digitdlni techniky distanéniho vzdélavani

vyuzivate?

e Jak se dafi komunikace ucitelll se zaky? (jaké aplikace/platformy
vyuzivaji apod.)
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e Jak organizuji ucitelé obsah distan¢niho vzdélavani? (jaké on-line
zdroje vyuzivaji apod.)

e Jak ucitelé hodnoti vykony zakd pri distan¢nim vzdélavani?

Skoly o¢ekavaly od Ministerstva $kolstvi, mladeZe a télovychovy ¢i Ceské
Skolnf inspekce rady ¢i pomoc. Bylo to zcela obracené. Misto pomoci a
rad si Ceska $kolni inspekce zjitovala stav na $kolach a mapovala
situaci. Mozna ted’ na zakladé zkuSenosti $kol vyda Ministerstvo Skolstvi,
mladeZe a télovychovy prirucku s moznostmi, co skoly mohou v oblasti
online vyuky délat, které platformy mohou vyuzivat apod.

Vzhledem k tomu, Ze v dobé psani clanku jsme vysledky prizkumu skolni
inspekce neméli k dispozici, jsme udélali vlastni prizkum mezi uciteli
zakladnich a stfednich Skol. Rozeslali jsme nékolik elektronickych
dotaznikl s 12 otdzkami na zmapovani situace ve Skolnim vzdélavani
béhem pandemie. Vysledky prizkumu jsou v obou statech velmi
podobné.

BohuZel omezeny rozsah ¢lanku neumoziuje prizkum a jeho vysledky
analyzovat a podrobné statisticky vyhodnotit. Planujeme o vysledcich
prizkumu napsat samostatny ¢lanek do ¢asopisu CEJNTREP. V dal$im
jen popiSeme nékteré moznosti, které se v odpovédich nejCastéji
vyskytovaly.

3 MoZnosti on-line vyuky

Online vyuka probihala na riznych skolach v rtiznych platformach.
Ucitelé resSili vyuku a zaroven i testovani. Ve Skolach nejcastéji vyuzivali
a stale vyuzivaj:

e  Microsoft office 365 - Teams (vyuka) a Forms (testovani)

e Google - Google Classroom (vyuka) a EduPage (testovani)

e Zoom - vyuka.

4 Microsoft office 365 - Teams

Firma Microsoft nabizi vSem S$koldm office 365 zdarma. Pouze si ovéri,
7e $kola je v rejstiiku $kol. Skoly tuto nabidku hojné vyuzivaji. Stejné
tomu je i vnasi Skole. VSem ucitelim a zakim jsem zalozila ucty.
Roztridila je do skupin dle tiid. VSichni Zaci i ucitelé maji sviij pracovni
e-mail. Zdarma je Word, Excel, PowerPoint, coZ je velkd vyhoda pfi
vyuce, nebot vSichni zaci i ucCitel pracuji ve stejném a nejnovéjSim
prostiredi. OneDrive je ulozisté o velikosti 5TB. Nechybi ani Forms na
tvorbu kvizi ¢i testli. Nejdilezitéjsi soucasti pro online vyuku je Teams.
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V prostredi Teams si mohou ucitelé ¢i zaci vytvorit své tymy. VloZzi Cleny
tymy a mohou spolu komunikovat. Ke komunikaci mohou vyuzivat
pouze chat nebo se spoji pomoci hovoru.

Aplikace

R Outlook a

il word Bl el
@ rowerront  [H

B sharcpoint i Teams
Class Notebook K Sway
@ rorms B sprsvce

Obrazok 1: Aplikace Office 365

OneDrive

OneNote

6A_MF 3.B_Zéci

Obrazek 2. Teams - pracovni skupiny

Ucitel prostiednictvim kalendare naplanuje schizku. Tim se odesle
odkaz na danou schizku v$em ucastnikim, kteri se ke schiizce mohou
pripojit.

Ucitel mize schlizku nahravat. Tim vytvoli zdznam ze schizky, ktery
maji vSichni Zaci k dispozici. Je to obrovska vyhoda, nebot’ zaci, ktefi se
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dané vyuky nemohli ziiastnit, si mohou zdznam spustit. Zaci se tak
mohou v jednotlivych hodinach vracet k rizné problematice, které byla
feSena. Ucitel pri vyuce sdili svoji obrazovku, na které mize promitat
prezentaci, videa. Zaci se mohou prihlasit do diskuze, popt. se zeptat
»zvednutim ruky“. Je to novinka, ktera je velmi vyhodna. Na obrazovce se
u jména zaka objevi ruci¢ka a ucitel miize Zaka ,vyvolat”. Zaci se tak
neprekiikuji zaroven ¢i nevstupuji uciteli do vykladu.

4 Microsoft office 365 - Teams a SMART Notebook

Ve $kolach CR aj SR se vyuZivaji riizné interaktivni tabule. Jednou z nich
je i Smart Board s programem SMART Notebook. Propojenim mobilnich
telefonli, tablet, notebookii ¢i pocitaci zakt pfi online vyuce
s interaktivn{ tabulf a programem SMART Notebook je velmi efektivni.
Interaktivni tabuli mGzeme pouzit k vykladu dané latky, k procvicovani
pomoci riznych aktivit. Velkou vyhodou je, Ze si mizeme v pripravach
ulozit i odkazy na rzné internetové stranky, které potom nemusime
pracné dohledavat. Kjednotlivym tématiim se miZeme stale vracet.
Pokud vyuzivame pouze klasickou tabuli, tak vSe po hodiné smazeme a
pokud se chceme k ucivu vratit, musime jej znovu napsat. Samozrejmé
pfipravy, které si vytvarime pomoci tohoto programu, nejsou vidy
hotové béhem chvilky. Pokud vytvarime vyklad latky, vyuzivame rizné
grafy a tabulky, prace je to i na nékolik hodin. Ale tato prace se nam
okamzité vraci, pokud vyucujeme v paralelnich tridach. Ptipravy
mizeme snadno vyuZit i v dal$ich letech. Upravy jsou hotové uz béhem
chvilky. VyuZiti cloudovych aktivit SMART LAB zabere na piipravu jen
nékolik malo minut a efektivita v hodiné se obrovska. K procvi¢ovani
téchto cloudovych aktivit SMART LAB vyuZziviame bez problému rizna
zatizeni - pocitace, notebooky, tablety i mobilni telefony zakd. Na vSech
zatizeni najednou nam aktivity bez problémi funguji.
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Aktivita bezi,

hellosmart.com

1 odpojeny stugent

Odstrant vsechny studenty

ik

il AT
Obrazek 4. Pripojeni Zak
Vsechny tyto cloudové aktivity, které jsou oznac¢eny symbolem - ptipojit
zatizeni, Ize spustit na pocitaci, notebooku, tabletu ¢i mobilnim telefonu.
Kdanym aktivitim se Zaci pripojuji pomoci webové stranky
HELLOSMART.COM a ID ucitele, jak je vidét na obrazcich.
Ucitel vidi pripojena zakovska zatizeni. Uc¢itel Zaktm aktivitu spusti a
Zaci samostatné na svych zarizenich pracuji individualné, vlastnim
tempem. Po dokonceni cviceni maji okamzitou zpétnou vazbu o
spravnosti feSeni. Mezi tyto aktivity patfi:
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Vyplnit mezery - studenti pretahuji slova nebo ¢isla do prazdnych
mist. Tato aktivita u¢i dedukci, kompozici a pamét.

Otocit - karti¢ky — u¢i pamét a slovni zasobu.

Dejte k sobé! - vytvareni spravnych dvojic - aktivita parovani, ktera
vyucCuje korespondenci mezi jednotlivci a pamét. Tuto aktivitu
v hodinach ucitelé velmi vyuzivaji.

Serazeni - studenti sefazuji polozky v poradi a uci se tak o srovnani,
dedukci, posloupnosti a usporadani. Opét velmi casto vyuzivana
aktivita.

Super razeni - studenti tridi polozky do dvou kategorii. Tato aktivita
uci klasifikaci a sdruzovani do skupin. Velmi vyuzivana aktivita.

Kviz smonstry - postupovy kviz sotdzkami svybérem vice
moznosti odpoveédi a otdzkami spravné x Spatné. Studenti pracuji
v tymech na jednotlivych zarizenich. Velmi oblibena aktivita mezi
zaky. Tuto aktivitu lze provozovat na tabletech, mobilnich
telefonech ¢i poéitacich. Zaci jsou roztiidéni do skupin na zakladé
ndhodného vybéru pocitace. Kazdy zak odpovida svym tempem a
body za druZstvo se scitaji. Poté se odpovédi vyhodnoti, ukazeme si
spravné odpovédi a vysvétlime FeSeni.

Response 2 - studenti odpovidaji na otazky svice moZnostmi
odpovédi, otazky svybérem z vice mozZnosti, otazky typu
hlasovani/nazor, otazky s kratkou odpovédi a otazky s odpovédi
spravné x Spatné. Velmi vyhodna aktivita k testovani. Tuto aktivitu
mulzeme vyuZzit k anonymnim odpovédim k rychlému zopakovani
uciva. Tato aktivita se velmi ¢asto pouziva k testovani. Po skonceni
testu se zaklim objevi rychlé vyhodnoceni testu - na které otazky
odpovédél spravné, na které chybné, na které neodpovidal a
vyhodnoceni. VSechny tyto odpovédi jsou zaznamenany do tabulky,
kterou si ucitel uloZi. Testy jsou rychlé a okamZité opravené. Ucitel
pouze ulozi vysledky do pocitaCe. Tuto aktivitu mlZeme opét
provadét pomoci mobilnich telefont, pocitaci ¢i tabletd.

Zapojte se - studenti pouzivaji sva zatizeni k zasilani prispévkd nebo
obrazki. Brainstormingova aktivita urcena k vytvareni napadu.

Dnes se jiz samostatné interaktivni tabule nevyuziva. NeslouZi pouze
k vykladu uciva, ale vyuziva se hlavné spolu se Zakovskymi zarizenimi.
Na interaktivni tabuli mohli pracovat maximalné dva Zaci. DileZité je
zapojeni vSech zakl ve vyuce. Mobilni telefony ¢i tablety miize kazdy zak
vyuzivat samostatné. Pracovat mohou na jednotlivych aktivitich
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samostatné, vlastnim tempem. Zaci se uéi praci ve skupinach, kterou
budou potiebovat v kterémkoli zaméstnani - prace v tymech.

v.rv

Nejvice oblibena aktivita u zaki je Kviz s monstry neboli Priserkovy kviz.
ZAci jsou k dané aktivité prihlaseni. Uéitel & Zaci zvoli, do kolika skupin
budou rozrazeni. Kazdy zak resi své otazky individualné na svém
zafizeni a vysledné body se séitaji vdaném tymu. Zaci na svych
zatizenich vidi otazky, ucitel vidi tymy a jejich Gspésnost pii FeSeni, viz.
Obrazek 4.

Obrazek 5. Prostredi ucitele - kontrola

Po vyreseni vSech tkoll vSech zaki ucitel se zaky projde vSechny otazky
a ukoly a sdéli spravné reseni vCetné postupu.
PtiSerkovy kviz je u déti velmi oblibeny.
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Druhou velmi oblibenou aktivitou je testovani prostirednictvim
Response 2.

Zaci opét odpovidaji na otazky. Utitel na své obrazovce sleduje, jak
rychle zaci odpovidaji, kolik ukold maji jiz splnéno.

236 771

Aktivita bézi...

Pozastavit

STUDENT PRUBEH

TJomas O

Marek

Michal
MICHALURBANEC
katerina

arka Prochazkova

Obrazek 6. Prostiedi ucitele - Response 2

RS -

Obrazek 7. Prostiedi ucitele - Response 2 - kontrola
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Po dokonceni testu okamzité védi spravné odpovédi a ispésnost v testu.
Odpovédi na jednotlivé ukoly si hned po dokonceni testu ucitel prochazi
se zaky.

Tato aktivita je velmi oblibena i u ucitelli. Testy jsou hned opraveny,
vysledky mizeme ulozit ve formé tabulky.

1)-5.(-8) 2)16:(-4)

MICHAL 100% 20 0

0 B A
Marek 40% 8 12 0B A
Martin 20% 4 16 0 A A
Michal 25% 5 15 0A A
Tomas O 60% 12 8 0B A
Viki 90% 18 2 0B A
aneta, 95% 19 1 0 B A
katerina 100% 20 0 0B A
Sarka 100% 20 0 0B A
Primér tiidy 63% 700% 90%

Obrazek 8. Prostiredi ucitele - Response 2 - tabulka

4 Zavér

Zavérem mizeme zhodnotit, Ze pouzivini modernich on-line
vzdélavacich technologii v distan¢nim vyucovani béhem pandemie
potvrdilo jejich vyznam a uZzitecnost i na zvladnuti krizovych situaci.
Mnohé digitalni technologie, informac¢ni a komunikac¢ni systémy, které
ucitelé méli k dispozici a které nebyly vyuzivany, nyni ozily a jejich
uplatnéni se stalo nezbytnosti. Ucitelé, ktefi tyto nastroje pouzivali bez
problém, vzniklou situaci zvladli. Ti, ktefi to dosud ignorovali, byli
nuceni je vyuZivat - "ucili se za pochodu", "ucili se délanim / vyuZivanim".
Erudovani informatici, ktef{ tyto moznosti pouzivali i pfedtim a vytvareli
vlastni didaktické aplikace, na otazku: Bylo / je tento (on-line) zplisob
vyucovani pro Vas naro¢ny? Odpovédeéli vétSinou: "Ne, nebyl/neni".
Vétsina ale povaZzovala distan¢ni zplisob vyucovani za ¢asové narocny.
Ucitelé pripravu elektronickych ucebnich materiald, on-line ukol{, testl
a zkouseni oznatili za mimoradné naroc¢nou a zatézujici. Skoly, ucitelé a
ani Zaci nebyli ptripraveni na tento druh vyucovani. Na zakladé osobnich
zkuSenosti uciteli (respondentti prizkumu) lze fici, Ze chybéla
organizovanost a disciplina. Ucitelé precenovali situaci, zadavali mnoho
ukolli, ocekavali, Ze Zaci nebudou podvadét a budou se pribézné
pripravovat. Zaci si zase mysleli, Ze maji prazdniny, bylo ti‘eba je honit,
aby spolupracovali. Idealnim fteSenim by bylo, kdyby Skola méla
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vypracovany nejen plan jak v pripadé takové situace postupovat, ale aby
byla i vybavena potrebnymi technologiemi a aby jejich vyuzivani na
zvySeni efektivity vyucovani byla béznou kazdodenni zaleZitosti a
vnitini potfebou. Toto FeSeni vSak v dobé, kdy nas sireni viru COVID-19
pirekvapilo, nemél nikdo a kazdy se snazil esit toto po svém. Nejvice vsak
chybéla informacni gramotnost a potifebné digitalni kompetence u obou
stran - ucitelt i zaki/student.

Prispevok bol podporeny projektami IGA_PdF_2019_043 sndzvom
LAnalyza vybranych aktudlnych problémov vo vyuke informaticky
zameranych predmetov s akcentom na on-line technolégie”; KEGA
012TTU-4/2018: Interaktivne animacno-simulacné modely vo vzdeldvani
a KEGA 015TTU-4/2018 Interaktivita v elektronickych didaktickych
aplikdcidch.
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JAZYKOVA VYUKA V 3D MULTIUZIVATELSKEM
VIRTUALNIM PROSTREDI

Hana MARESOVA, Daniel ECLER, Miroslava MENSIKOVA, CZ

Abstract: Vyuka jazyki v online virtualnim prosttedi je v soucasnosti
jednou z nejprogresivnéjSich oblasti, protoze na rozdil od jinych
vzdélavacich oblasti pracuje predevsim s oblasti lidské komunikace,
kterd nutné nevyzaduje pritomnost studenta v tradi¢ni u¢ebné ani praci
se specifickymi u¢ebnimi pomtckami (jako je napt. vyuka fyziky apod.).
Piinosem jazykového vzdélavani ve virtudlnim prostredi je také
moznost nezavislého prostorového a casového kontaktu mezi ucicim se
a napt. rodilymi mluvéimi jazyka. Z pedagogického hlediska je vsak
nutné prozkoumat, zda je tento zplsob vyuky vhodnym vzdélavacim
nastrojem, zda nevede k hor$im vysledkim uceni nez prti pouziti
tradi¢nich vzdélavacich metod, a jaké jsou postoje samotnych studentt
k tomuto typu jazykového vzdélavani. V souvislosti s problémy ve
vyuCovacim procesu, které prinesla pandemie COVID-19 do vyuky
prakticky po celém svété v minulém roce se znasobil dliraz na potiebu
vyuzivat online vyuku a se stal velmi aktudlnim. Metody: Na zakladé toho
jsme realizovali srovnavaci vyzkum na Univerzité Palackého na vyuziti
3D virtualni vyuky ve vyuce matefského jazyka. Byla porovnana vyuka
3D virtualnim prosttedi a tradi¢ni vyuka materského jazyka (ptricemz
tradi¢ni metodou vyuky se rozumi vyuka ve tfidé s vyuzitim tabule, a
ucebnice, pracovnich sesitli, elektronickych ucebnic a digitalnich
prezentaci). Vysledky: Na zakladé vysledkd nasSeho vyzkumu bylo
zjisténo, Ze zejména v piipadé literarni slozky vyuky ceského jazyka
umoziuje vyuka s vyuzitim 3D vizualizace vyukovych objektli snazsi
zapamatovani (ovéreno naslednym didaktickym testem jak v
experimentalni, tak i v kontrolni skupiné), neZz v pripadé vyuky s
vyuzitim tradi¢nich vyukovych pomitcek (ucebnic).

Keywords: virtualni ucebna, 3D virtudlni realita, viceuzivatelské
virtualni prostiedi, online vyuka jazyka
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LANGUAGE LEARNING IN A 3D VIRTUAL ENVIRONMENT

Abstract: Language teaching in an online virtual environment is
currently one of the most progressive areas, because unlike other
educational areas, it works primarily with the area of human
communication, which does not necessarily require the presence of the
learner in a traditional classroom or work with specific teaching aids
(such as teaching physics, etc.). Language education in a virtual
environment also benefits from the possibility of spatial and temporal
contact between the learner and native speakers of the language. From a
pedagogical point of view, however, it is necessary to investigate
whether this way of teaching is a suitable educational tool, whether it
does not lead to worse learning results than using traditional
educational methods, and what are the attitudes of the learners
themselves towards this type of language education. In the context of the
problems in the learning process brought by the COVID-19 pandemic to
education virtually all over the world last year, the emphasis on the need
to use online learning has multiplied and become very topical. Methods:
Based on this, we have implemented a comparative research at Palacky
University on the use of 3D virtual education in teaching mother tongue.
3D virtual and traditional methods of teaching mother tongue were
compared (whereby traditional method of teaching is understood as
classroom teaching with use of blackboards, classical textbooks,
workbooks, electronic textbooks, and digital presentations). Results:
Based on the results of our research, it was found that especially in the
case of the literary component of Czech language teaching, teaching
using 3D visualization of educational objects allows easier memorization
(verified by a subsequent didactic test in both, experimental and control
groups) than in the case of teaching using traditional educational tools
(textbooks).

Keywords: virtual classrooms, 3D virtual reality, multiuser virtual
environment, online language teaching

1 Uvod

V soucasné dobé se sektor vzdélavani potyka v disledku celosvétové
pandemie Covid-19 s vyzvou k rychlému zarazovani online vzdélavacich
nastroji do vyuky, a to casto ve formé kompletniho prechodu na Cisté
online vyuku v souvislosti s nafizenymi hygienickymi omezenimi. Na
takto rychly organizacni krok nebyly vzdélavaci instituce vSech stupnt
Skol i instituce celoZivotniho vzdélavani dostate¢né ptipraveny, nékteré
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z nich se potykaji s problémy nedostatecnych digitdlnich kompetenci
ucCitelli ¢i neznalosti konkrétnich online vzdélavacich nastroji, které
mohou byt ve vyuce vyuzity tak, aby pro zaky a studenty predstavovaly
prinos. Kromé mnozstvi online komunikacnich nastroji (jako je ZOOM,
MS Teams, Skype ad.) prichazi na radu i rGzné Learning Management
Systémy ¢i prostiedi 3D virtudlni reality.

Jiz pted pfichodem pandemie existovala zejména v USA fada $kol, ktera
vyucovala své zaky v 3D multiuzivatelském virtudlnim prostredi (dale
jen ,3DM*) - napt. v rozsahlém projektu Quest Atlantis zaméreném na
déti mezi 9-15 lety bylo zapojeno vice nez 50 000 déti, do projektl Quest
Atlantis se zapojilo vice nez 22 zemi, v 3DM vybudovaném pomoci
technologie OpenSimulator v Atlanté je zapojeno 35 Skol s 38000 Zaky a
studenty, dale je to napt. projekt Harvardské univerzity The River City
Project urceny zakim 6. - 9. trid zdkladnich skol apod. K nejrozsahlejsim
3D virtualnim svétiim, do kterych jsou zapojeny miliony uZivatell po
celém Svete, patii zejména projekt Second Life
(https://secondlife.com/), Sansar (https://www.sansar.com/) nebo
svéty postavené na zminované technologii OpenSim, napt. Kitely
(https://www.kitely.com/). Nejrozsirenéjsim typem vzdélavani v téchto
virtualnich svétech je zejména vyuka jazykd a mnoho univerzit a dal$ich
vzdélavacich instituci pouziva tato 3DM jakoZto podporu pravé pro
vyuku jazyka.

2 Vyuka v 3D multiuzivatelském virtualnim prostiedi na
Univerzité Palackého v Olomouci

Na Univerzité Palackého v Olomouci pracujeme s vyukou v 3DM uZ vice
nez 10 let, pficemZ pro vyuku v prvnich letech jsme vyuZzivali volné
dostupnych vzdélavacich prostiedi v celosvétovém projektu Second Life.
Toto prostiedi vyuzivalo uz od 90. let minulého stoleti mnoZstvi
vzdélavacich instituci (univerzity, Skoly, narodni organizace, nonprofitni
vzdélavaci organizace, knihovny, muzea). Dnes zde nalezneme zde napf.
virtudlni verze vice nez 60 americkych vysokych skol (napt. Oakland
University, Ohio University, University of Plymouth, Coventry
University, Montana State University, University of Tennessee, Ball State
University, Missouri State University, Bradley University, ale také napft-.
pravnicka fakulta Harvard University (jejiz online kurzy, za které je
mozné ziskat skute¢né kredity, navstévuji také studenti z Ciny, JiZni
Koreje a dalsich zemi). V Ceském virtudlnim prostredi se zde (v tzv.
Ceskoslovenském mésté Bohemia) jiz predstavily nékteré fakulty
Ceskych vysokych Skol - Narodohospodaiska fakulta Vysoké Skoly
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ekonomické v Praze. Fakulta pedagogicka ZCU v Plzni, Fakulta socialnich
studii MU v Brné a Filozoficka a Pedagogicka fakulta UP v Olomouci.

V soucasné dobé se ale mnoho pilivodnich uzivatell Second Life presouva
do jinych virtualnich svétl. Vétsina téchto novych svétl (napt. OSGrid,
Avination, Metropolis, Kitely ad.) je postavena na stejném principu Open
Simulator, kde si ticastnici mohou sami vytvaret vlastni 3D obsah a
odpovidaji za ného, nejsou tedy zavisli na provozu a podminkach uziti do
té miry jako v Second Life. Hlavnim benefitem téchto svétt je jejich vétsi
dostupnost pro bézZného uzivatele a vice mista pro vlastni tvorbu i
uzivani. V Second Life jsou totiz z dlivodu nedostatku mista jednotlivé
regiony umistény i v nékolika urovnich nad sebou, v nékterych z
ostatnich svétl je mista mnohem vice a regiony mohou byt umistény v
jedné urovni. Vyznamnou se stava také otazka ceny, i kdyz i v SL jsou
ceny nepfili§ vysoké, je nutné za vlastni vytvorené objekty platit trvaly
poplatek. Také v ostatnich svétech je vSak nutné zaplatit za urcité sluzby.
Do jednoho zvysSe jmenovanych prostiedi (Kitely) se presunula i
Pedagogicka fakulta Univerzity Palackého a zacala v ném vytvaret své
vlastni 3D vyukové objekty, pfesné na miru potiebam a tématim vlastni

vyuky:

K této skutecnosti doslo predevsim z diivodu nedostatku mista v Second
Life pro ucely vyuky, ale také za Gcelem financ¢ni dspory. V Kitely se totiz,
na rozdil od Second Life, ve kterém se plati trvaly poplatek za region,
plati pouze za Cas v regionu straveny. Regiony, ve kterych praveé
neprobiha zadna aktivita, jsou vypnuté.
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3 Vyzkumné Seti‘eni v 3D multiuZivatelském virtualnim prostiedi

V Kitely jsme od roku 2017 do soucasnosti poté realizovali vyuku
predmétii Internet a multimédia ve vyuce ceského jazyka a Novd média a
kyberkultura. Vramci téchto predméti jsme se studenty rlznych
dvouoborovych kombinaci studijniho programu zaméreného na vyuku
Ceského jazyka na 2. stupni zdkladnich S$kol realizovali vyuku
jednotlivych slozek matetrského jazyka (mluvnice, literatury, slohové a
komunika¢ni vychovy) tak, abychom zjistili, pro kterou slozku jazykové
vyuky je toto prostfedi nejvhodnéjsi. Vramci této vyuky jsme pak
realizovali vyzkumné Setfeni metodou pedagogického experimentuy,
které mélo za ukol porovnat vyuku v 3DM Kitely s vyukou pomoci
tradi¢nich vyucovacich metod (vyklad ucitele, prace s ucebnici ci

/

Obrazek 2: Ukazka z 3D virtualniho vyukového prostiedi Pedagogické
fakulty UP pro jazykovou vyuku v Kitely

3.1 Metody vyzkumu

Vyzkumné Setieni bylo v pribéhu 4 let realizovano metodou smiSeného
vyzkumného designu zalozeného na kombinaci kvantitativniho a
kvalitativniho pristupu. Z hlediska kvantitativniho vyzkumu se jednalo
o komparaé¢ni analyzu vstupniho a vystupniho didaktického testu u
experimentalni skupiny vyucované v 3DM a kontrolni skupiny
vyucCované tradi¢nim zplisobem (vyklad ucitele s vyuzitim ucebnice). Z
hlediska kvalitativniho pristupu se jednalo o polostrukturované pisemné
dotazovani zjistujici postoje studentl experimentalni skupiny k vyuce v
3DM, zpracované metodou zakotvené teorie (Strauss a Corbinova,
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1999). Rozdélenim odpovédi podle kritérii bylo ziskano zprehlednéni
nazord studentti a dalo se snadnéji urcit, kde jsou silné a slabé stranky
vyuky ve virtudlnim prostfedi a odhalit, co by mohlo délat nejvétsi
problémy pfti jeho vyuziti v praxi. Polostrukturované dotazovani bylo
vzdy realizovano az po vSech probéhlych vyukovych jednotkach (tedy po
vyuce ve vSech slozkdch matetrského jazyka).

Vyuka v 3DM byla zrealizovana pro 3 zakladni slozky vyuky mateiského
jazyka - mluvnici, literaturu a slohovou a komunikac¢ni vychovu. Pro
kazdou tuto slozku byly vytvoreny 3D virtualni objekty pro vyucovana
témata a vytvoren vstupni a vystupni didakticky test, ktery byl identicky
pro experimentalni i kontrolni skupinu. Didakticky test byl vyhodnocen
statisticky podle predem stanovenych kritérii, byla ovérena validita a
reliabilita jednotlivych testl. Validita byla stanovena posouzenim
prisluSného experta, reliabilita byla ovérena prostiednictvim Kuderova-
Richardsonova koeficientu reliability a také metodou putleni pomoci
Spearmanova-Brownova vzorce (Chraska, 2007). Po prvni distribuci
testu pro oblast mluvnice byla vypocitana reliabilita didaktického testu
prostfednictvim Kuderova-Richardsonova koeficientu reliability.
Koeficient reliability mtize nabyvat hodnot od 0 (= naprosta neptresnost
a nespolehlivost testu) po 1 (= maximalni presnost a spolehlivost testu).
Pro ucely pedagogického zkoumani je nutné dosdhnout hodnoty alespon
hodnoty 0,8. (Chraska, 2007), po dosazeni hodnot jsme ziskali koeficient
rentability 0,803, test bylo tedy moZné povazovat za dostatecné
reliabilni pro testovani studenti. Pro srovnani ucinnosti obou
vyukovych pristupi byl dale pouzit Studentdv t-test, ktery ovéril, zda
jsou rozdily ve vysledcich statisticky vyznamné (Chraska, 2007).
Citlivost byla posuzovana na zakladé vysledki vypoctu koeficientu ULI.

3.2 Statistické vyhodnoceni dat

Vysledky testli za jednotlivé oblasti byly popsany pomoci primeérné
hodnoty, smérodatné odchylky (SD) a medidnu hodnot. Kromé
bodového skére bylo vypocitano také procento ispésnosti v testu, kdy
celkové hrubé skére bylo vztaZeno k maximdalné dosazitelnému
hrubému skére za danou oblast testovani. Celkova ispésnost v testu byla
pocitana jako souhrn vysledki v testu pred vyukou a po vyuce. K ovéreni
platnosti hypotéz byl pouzit statisticky software IBM SPSS Statistics
verze 22. Vysledky testd dosazené v kontrolni a experimentalni skupiné,
resp. vysledky dosazené ve skupiné muzi a Zen, byly porovnany pomoci
Mannova-Whitneyho U testu. Neparametricky test byl zvolen kvuli
nenormadlnf distribuci hodnot skére. Normalni distribuce byla ovéfovana
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pomoci Shapirova-Wilkova testu. VSechny testy byly délany na hladiné
signifikance 0,05.

3.3 Soubor respondentti

Vyzkumny soubor tvofil celkem 303 respondentti - 160 z nich se
zucastnilo virtualni vyuky, 143 teoretické vyuky. Soubor respondent
tvortili studenti ucitelstvi ¢eského jazyka a literatury na Katedre ¢eského
jazyka a literatury Univerzity Palackého v Olomouci. Primérny vék
respondenti Setfeni ¢inil 21,6 (+ 0,3) let. VSichni respondenti se
zucastnili kvantitativniho Setfeni prostfednictvim didaktickych testl
prred vyukou a po vyuce. Studenti zatfazeni do experimentalni skupiny,
kteri byli uc¢eni v 3DM, byli zaroven zarazeni do kvalitativniho vyzkumu
prostirednictvim polostrukturovaného dotazovani.

Ve vSech vyukovych jednotkach dostali respondenti stejné informace,
vSichni se ucastnili vyuky ve vsech trech slozkach mateiského jazyka,
vSichni byli prifazeni na zakladé predem definovanych a popsanych
kategorii ke konkrétni uzivatelské drovni pro praci sinformacnimi
technologiemi, priCemz tato kritéria byla nastavena dle mezinarodniho
konceptu standardizovanych pocitacovych dovednosti ECDL (ECDL,
1999). Celkem 48,1 % studentti dosahlo zakladni tirovné dle ECDL a 51,9
% urovné mirné pokrocilého uzivatele dle ECDL. Kategorie pokrocily
uzivatel nebyla ve vyzkumu zastoupena, jelikoZ by mohla prinést
kontaminaci leps$ich vysledki v disledku schopnosti téchto respondentt
1épe zvladat prostredi virtualni reality. V disledku toho byl ze skupiny
vytazen 1 respondent, ktery byl oznafen za pokrocilého uzivatele.
Zaroven jsme zachovali homogenitu experimentalni a kontrolni skupiny.

3.4 Vysledky

Pfi pedagogickém experimentu dosahla v rdmci celkového vykonu pri
realizaci vyucovacich jednotek lepsich vysledki kontrolni skupina, ktera
dosahla o 8,3 % lepsiho vysledku v didaktickém testu (celkovy primérny
vykon experimentalni skupiny €inil 43,8 %, u kontrolni skupiny 48,1 %,
p = 0,006) Pied vyukou byly v experimentalni i kontrolni skupiné
zjistény v oblasti mluvnice srovnatelné vysledky. Po vyuce doslo k
vyraznéjSimu zlepSeni oproti vysledkim pred vyukou u kontrolni
skupiny -o 18,7 %, u experimentaln{ skupiny doslo po vyuce ke zlepSeni
0 7,8 %. Tento rozdil byl statisticky vyznamny (p < 0,0001). V oblasti
literatury doSlo po vyuce u obou skupin ke stejnému primérnému
zlepSeni, u experimentalni skupiny to bylo zlepseni o 28,5 %, u skupiny
kontrolni bylo zlepSeni o 29,5 %. Rozdil mezi skupinami ve zlepSeni
vysledkil po vyuce nebyl signifikantni (p = 0,551). V oblasti slohu byly
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pred vyukou zjistény u obou skupin srovnatelné vysledky, po vyuce
doslo k vétsimu zlepSeni u kontrolni skupiny. ZlepSeni u kontrolni
skupiny bylo o 39,5 %, v experimentalni skupiné doslo po vyuce ke
zlepSeni 0 16,4 %. Tento rozdil byl statisticky vyznamny (p < 0,0001).

V ramci experimentu jsme rovnéz patrali po vlivu 3D vizualizace ucebni
latky pro lepsi zapamatovani pojmu a jevi. V ramci didaktickych testt
byly vybrany pro kazdou slozku vyuky matetrského jazyka 3 otazky,
kjejichz spravnému zodpovézeni mohla vyrazné napomoci 3D
vizualizace a prace stémito 3D objekty v3DM. U 2 otazek ztestu
mluvnice byl prokazan statisticky signifikantni rozdil (p = 0,022 ap =
0,010) vtom smyslu, Zze primeérny vysledek byl oproti naSemu
predpokladu lepsi u kontrolni skupiny ve srovnani s experimentalni
skupinou. U otazek z literatury byl zjiStén signifikantné lepsi vysledek (tj.
vy$si primérnd hodnota bodového skore) u experimentalni skupiny (p
=0,039). Dale zde byl prokazan signifikantni rozdil mezi experimentalni
a kontrolni skupinou ve vysledcich po vyuce u otazky ¢. 3a (p = 0,003) a
otazky €. 3b (p < 0,0001). U experimentalni skupiny byla prokazana vyssi
primérna hodnota bodového skdre, tj. lepsi vysledek nez u skupiny
kontrolni. U otazek ze slohové a komunikacni vychovy byl zjiStén u
otazky ¢. 3. signifikantné lepsi vysledek u kontrolni skupiny (p = 0,004).
V kvalitativni casti vyzkumného Setfeni  jsme v ramci
polostrukturovaného dotazovani respondentii experimentalni skupiny
zjistili, Ze Kknejvyznamnéj$im faktortim, které ovliviiuji pozitivni
hodnoceni vyuky v3DM ze strany respondentdi, je zejména oblast
motivace pro zapojeni do u¢ebniho procesu, pricemz 57,82 % reakci bylo
pozitivnich, nejc¢astéji z diivodu nové zkuSenosti ¢i zapojeni vicero
smyslu pti ziskdvani novych informaci, dale oblast socidlni interakce,
pricemz 55 % vysledkil bylo pozitivnich zejména ve smyslu podobnosti
s realnym mezilidskym kontaktem a moznosti vyuziti hlasového chatu
k prirozené mezilidské komunikaci. 68,13 % respondentd pak jako
pozitivni oznacilo také prijemny pocit perspektivy v 3DM, které
poskytuje nazornéjsi zpodobnéni konkrétniho uciva a rozsirené
mozZnosti oproti realité.

K nejvyznamnéj$im negativnim faktorim pak patrily zejména potize
s ovladanim avatara (54,38 %), nedostatek pocitu vlastni identity (52,71
%), zejména vdisledku pocitu umélosti a neprirozenosti svéta,
neztotoznéni se savatarem a virtudlnim prostiedim, nedostatecna
konsistentnost sredlnym svétem (51,25 %), zejména v dasledku
obtiznosti s ovladanim pohybu kamery, nerealné moznosti pohybu apod.
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4 Diskuze

Vysledky naSeho vyzkumného Setfeni =z didaktického hlediska
neprokazaly vyznamné vyss$i uUspésnost studentd experimentalni
skupiny. Divodem vSak mohla byt i novost prostredi 3DM, ve kterém se
pohybovali, tudiz Cast jejich pozornosti byla soustfedéna zejména na
schopnost ovladdat avatara, pohybovat se vprostfedi a také
prozkoumavat jednotlivé detaily prostredi. Zatimco v ptripadé kontrolni
skupiny, kterd byla u€ena tradi¢ni metodou, na kterou jsou po 1éta zvykli,
k tomuto mentalnimu rozptyleni nedochazelo. Proto by byl do budoucna
potfebny vyzkum zaméfeny na dlouhodobéjsi (napf. roc¢ni) vyuku
v 3DM, pfi niz by jiz studenti s jistotou zvladali pohyb v prostredi, aby
bylo mozné s jistotou vyloucit, Ze horsi vysledky nezptlisobuje prostiredi
samo, ale novost jeho pobytu vném a nutnost zaméfit cast své
pozornosti na ovladani pohybu v prostiedi.

V ptipadé literarni slozky vyuky matefského jazyka se jednoznacné
(statisticky signifikantné) potvrdila nase hypotéza, Ze vizualizace uciva
umocnénd manipulacis objekty v 3DM (experimentalni skupina) povede
k lepSimu zapamatovani jevl a pojm1, nezli v pripadég, Ze student pouze
pasivné sedi a poslouchd vyklad uditele (kontrolni skupina). Za hlavni
diivod povazujeme skutecnost, Ze pti vyuce literatury byli studenti v 3D
piitomni vSichni soucasné a pii manipulaci s 3D objekty se museli
vzajemné domlouvat na spolupraci, kdo a kam bude 3D objekty
presouvat. Ostatni sledovali tuto praci. V piipadé tradi¢ni vyuky byli
studenti pouze sezndmeni s tématem vyuky, tzn. zde se zapojovala pouze
jejich sluchova a vizualni slozka vnimani, nikoliv kinesteticka, pfrip.
emocionalni (vizualni zaZzitek pfi manipulaci s postavami, nutnost
domlouvat se na postupu apod.). Nicméné efekt pohybu s 3D objekty se
jiz neprojevil vpiipadé mluvnické vyuky, pfi niz dosahli lepsSich
vysledkd studenti kontrolni skupiny. Divodem mohl byt i fakt, Ze
vtomto pripadé byl zvolen pristup individudlni prace v prostredi,
studenti se na manipulaci s 3D objekty nemuseli domlouvat s ostatnimi,
pohybovali se volné po prostoru a neméli jasné stanovené, kdo a kdy
bude s objekty manipulovat.

Pfi vyzkumu i interpretaci uvedenych vysledkli vychazime
z predpokladu, Ze zapojenim vicero smyslovych vjeml a emocionalni
slozky dochazi k lepSimu zapamatovani poznatki. Podle Daleova (Dale,
1946) kuzele zkusSenosti by si mél jedinec zapamatovat az 90 % toho, co
déla (tedy uci se zkuSenosti). Do tohoto oddilu kuZele zkusenosti spada i
Ucast na virtualni vyuce v podobé virtualni simulace skutecnosti.
Podobné Kalhous a Obst (Kalhous a Obst, 2009) uvadéji, Ze ¢im vice
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smysli je do poznavani zapojeno, tim vice poznatkl by si mél ucici se
subjekt zapamatovat. To se nam potvrdilo ve vyuce literatury, nikoliv
vSak ve vyuce mluvnice ¢i slohu. Jednim z faktor, které zde mohou
pusobit, je jiz zmifovana novost virtualniho prostfedi a obtize pfii
pohybu v prostfedi u studentd se zadkladni trovni pocitacovych
dovednosti.

3DM vyuka je vhodné pro vyuku téch témat, ve kterych je mozné
simulovat realitu, a tudiZ propojit teoretické poznatky s praxi. Cim vice
se nazorna vyuka podoba realité, tim vétsi procento poznatki je student
schopen si zapamatovat, ale také je nasledné aplikovat, premyslet o nich
a zasazovat je do celkového kontextu, coz prehledné demonstruje Daletiv
Kuzel zkusSenosti (Dale, 1946).

Vtomto pripadé lze ucinit zavér, Ze pokud probiha vyuka v 3DV, je
vhodnéjsi vyuzit metodu vzajemné spoluprace, nebot v pripadé, kdy
byla manipulace s 3D objekty fizena vyucujicim a studenti se museli
domluvit na postupu, jak a kam budou s objekty manipulovat, dosahli
nasledné lepsich vysledk, nez v pripadé, kdy byli ponechani pti feseni
sami sobé a v jejich praci pak mohlo dochazet k dil¢im problémim, o
kterych vyucujici ¢i ostatni studenti ani nevédéli. Doporucujeme tedy,
aby vyuka v3DM byla postavena zejména na fizené vyuce a
kolaborativnim pristupu, ponechani studenta samotného pti reSeni
ukold se v tomto pFipadé spise miji ucinkem.

Svou roli ve vysledcich mohla ale sehrat i uroven pocitacovych
dovednosti studentl a predchozi zkuSenosti v praci ve 3DM, ztoho
divodu doporuCujeme pro vyuku vtéchto prostiedich vénovat
dostatecny Cas proskoleni pro praci v tomto prostiedi, prip. zarazeni
nenaroc¢nych ukolid v tomto prostredi, a teprve poté, kdy se citi studenti
v pohybu v prostredi jisti, realizovat vlastn{ vyuku.

Z hlediska jazykové vyuky miZeme na zakladé nasSich vysledki vyzkumu
doporucit vyuziti zejména pro oblast literatury, kde 3DM najde uplatnéni
v tématech, ktera poskytuji moZnost dramatizace, zaZitkového uceni,
zapojeni a kooperaci skupiny. Pravé zazitkova pedagogika se snazi
ziskadvat nové poznatky prostrednictvim zpracovavani probihajicich
zazitkl pri rdzném stupni jejich uvédomeéni si prozivajicim (Plhakov3,
2003). Podobny nazor nalezneme i u Rihy (Riha, 2006), ktery
kolaborativni vzdélavani podporované pocitatem doporucuje jako
vhodny vzdélavaci nastroj pro ziskavani znalosti a zd{iraziiuje mimo jiné
také jeho vyuziti pri vzdélavani Gcastniki, ktefi jsou od sebe fyzicky
vzdaleni.
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Co se tyCe postoji studentd kvyuce v3DM, zhruba pres polovina
respondentd si toto prostiedi ztotozZiuje s pozitivnimi aspekty, coz
znamena, Ze témeér polovina vyhodnotila toto prostredi nékterym z vyse
uvedenych negativnim aspektim. K podobnym vysledkim dosel ve
svych vyzkumech Second Life napt. S. Hornik (Hornik, 2010), ktery
vramci realizace vyuky finanéntho managementu na University of
Central Florida provadél longitudinalni studii na zakladé analyzy dat a
zpétné vazby od studentd formou rozhovoru vletech 2007-2010.
Pracoval s rizné velkymi skupinami (200 aZ 800 studentti) a zjistil, Ze
pouze 1/3 studenti pracuje v 3DM proto, Ze se jim vyuka v tomto
prostredi libi, zbyvajici 2/3 se stavi k 3DM negativné, nebo v ném pracuji
pouze proto, Ze je to soucast ukolu, ktery jim byl v rdmci vyuky zadan.
Nicméné jeho analyza dat prokazala, zZe ¢im déle studenti v SL pracovali,
tim rostl jejich pocit, Ze je SL pro né efektivnim ucebnim nastrojem.
Vroce 2007, kdy Hornik zacal pouzivat SL pro vyuku, pouze 17,3 %
studentii uvadélo, Ze jim SL pomohl pochopit zakladni pojmy
z finan¢nfho ucletnictvi, zatimco vroce 2009, po systematické 3leté
vyuce, to bylo jiz 40,7 %.

5 Zaveér

3DM predstavuji vramci online vzdélavacich nastroji zajimavy
aktiviza¢ni prvek, znamenaji obohaceni vyukového procesu o aspekt
socialni interakce v online prostoru v pribéhu vyuky, vyjadieni aspekt
nonverbalni komunikace (proxemika, gestika apod.), umoznéni prvka
interaktivity ve smyslu manipulace s objekty a komunitni spolupréce,
umoznéni situacniho uceni simulaci realnych situaci a udalosti. V jistém
sméru také redefinuji dosavadni chapani principu nazornosti, nebot
umoznuji realizovat nazorné demonstrac¢ni metody (pokusy), které jsou
situacné zakotvené 3D virtualni simulaci reality. K jejich limitim patii
zejména casova narocnost ve smyslu piipravy vyuky a také nutnost
dobrych digitdlnich kompetenci jak ze strany ucitele, tak studenta.
Mohou v8ak pfi vhodném nasazeni do vyuky znamenat piinosny
aktivizacni a motivacni prvek slouZici k lepsimu zapamatovani zejm. ve
vyukovych tématech, pii kterych jsou vyuzivany prvky zazitkového
uceni, dramatizace, hrani roli a také kooperaci vyukové skupiny.

Tato prdce byla podporena grantem IGA_PdF_2021_037, Online vzdéldvaci
ndstroje a jazykovd vyuka. .
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AN ALTERNATIVE METHOD OF MODELLING
IRREVERSIBLE DEFORMATIONS
OF HYPERELASTIC MATERIALS

Rébert JERABEK, Ladislav ECSI, SK

Abstract: At present, multiplicative plasticity models are used to model
irreversible deformations of hyperelastic materials. The underlying the-
ory assumes that after plastic deformations, the body's intermediate
configuration consists of an assembly of isolated and locally stress-free
neighbourhoods, over which no plastic deformation gradient exists that
meets the conditions of compatibility. Consequently, the deformation
gradient is not integrable, and the body moves from its initial configura-
tion to its intermediate configuration without a plastic displacement
field. Such treatment of the body is neither mathematically nor physi-
cally justified, and the related material models can hardly be considered
continuum-based. In this paper, we show that the plastic flow rule causes
the incompatibility of the plastic deformation gradient. We have changed
the flow rule so that it is objective and meets the compatibility conditions
locally and have modified the models accordingly, critically analysing the
obtained results.

Keywords: nonlinear continuum theory for finite deformations of elas-
toplastic media, objective and thermodynamically consistent formula-
tion, multiplicative plasticity, hyperelastic materials, compatible flow
rule.

1 Introduction

Hyperelastic materials, such as natural and synthetic rubber, polymers,
vulcanized elastomers, plastics, biomaterials and many others, are non-
linear elastic materials. The characteristic feature of hyperelastic mate-
rials is that they can withstand large elastic strains without undergoing
irreversible deformations or being fractured. The materials are often
considered to be isotropic, and their constitutive equations are derived
from strain-energy density functions [1-3].
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The theory of multiplicative plasticity is used at present to model irre-
versible deformations in hyperelastic materials within the framework of
finite-strain elastoplasticity. The theory uses the multiplicative split of
the deformation gradient

F = FoF”, (1)

into an elastic F¢ andaplastic F” part. The theory assumes that af-
ter plastic deformation, a stress-free or locally unstressed intermediate
configuration of the deforming body consists of an assembly of isolated
local neighbourhoods, which cannot be reassembled together to get the
overall stress-free configuration. Consequently, the theory treats the in-
termediate configuration differently from the initial and current config-
urations [1, 2]. In the former case, it uses the theory of crystal plasticity,
while in the latter, it uses the continuum theory to describe the plastic
behaviour of the body. As a result, the theory assumes that the plastic
deformation gradient F” in the multiplicative split of the deformation
gradient is not integrable, and no plastic motion exists either that maps
each material particle from the plasticizing region of the body’s initial
configuration into the plasticizing region of the body’s intermediate con-
figuration [1].

Ecsi and Elesztés [4-6] presented the modified nonlinear continuum the-
ory for finite deformations of elastoplastic media. The theory preserves
the physics of elastoplastic deformations and provides a universal
framework for developing objective and thermodynamically consistent
material models. The theory was further improved when it was discov-
ered that not the stress-free intermediate configuration causes the in-
compatibility of the elastic and the plastic tensor factors in the multipli-
cative decomposition of the deformation gradient but the plastic flow
rule, which will be shown later.

The aim of this paper is to present an alternative method of modelling
irreversible deformations of hyperelastic materials. A modified plastic
flow rule has been proposed, which is objective and meets the compati-
bility conditions locally. The model is demonstrated in the numerical ex-
periment where uniaxial tensile testing of a rubberlike material using
the modified Mooney-Rivlin material model has been studied. In the pa-
per, a few early analysis results are presented and briefly discussed.
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2 An alternative method of modelling irreversible deformations of
hyperelastic materials

The proper kinematics of finite elastoplastic deformation on the condi-
tion that the body first undergoes plastic deformation and then elastic
deformation at its all constituents is depicted in Figure 1. However, the
contemporary theory of multiplicative plasticity assumes that the plastic
factor of the deformation gradient is incompatible [1, 2]. Therefore, the
tensor is not integrable, and no plastic motion exists either that maps
every material point from the plasticizing region of the initial volume
T into the corresponding region of the body’s intermediate volume
T when plastic deformations take place (Figure 1).

X=""®"(X, 1 — 5 .
7/ \ ‘0,00 fnlermc:('il'c_ue
i = .. configuration

/ t ) § 74
7 A
1 x=""®(X, 1)
i t=0 "\‘
Initial 0 50 \‘.’

configuration <],'(~‘[<

t>0 5
Q.80 Current
I"Fl' configuration

Xo X x,
Figure 1: The proper kinematics of finite elastoplastic deformation
The incompatible plastic flow rule is a severe problem because it causes
the body to move from its initial configuration into its intermediate con-
figuration without the plastic displacement field "u”’ (X, t) . Such behav-

iour is not justified physically; it violates the deformation kinematics and
affects both small strain and finite strain theories of plasticity.
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The sufficient and necessary condition of integrability can be expressed
by the Stokes’ theorem [7] in the form [8]
f AvdX =V aedX = [Ne(V, x A)-dS, = [NV, x(V,a)]-dS, =0, (2)
c °c S So
which implies

0A, éa
V,xA=0,0rV,xA=g, - "¢ Qe =5, - " e Qe =0,

ox, oxX; - ox,

(3)

as the conditions of compatibility. Here, A= A(X, t) = Voa(X, t) =
= 8a(X, t) /X is a second-order tensor field defined as a material gra-

dient of a vector field a(X, t) , 'C isaclosed curve, a perimeter of an

arbitrary simply connected area S, located on any cross-sectional

area of the body, created by cutting the body into half by an imaginary
cutting plane. N isthe outward surface unit normal vectorto S,.The
alternative forms of the Stokes’ theorem imply similar compatibility con-
ditions in all configurations of the body.

Ecsi et al. [8] have shown that the deformation gradient, its elastic part
and plastic part, and the displacement fields' respective gradients are in-
tegrable tensors. As a result, the assumption that the plastic deformation
gradient is an incompatible tensor, on which the whole theory of con-
temporary multiplicative plasticity models are based [1, 2], is neither
mathematically nor physically justified. However, the assertion is incor-
rect if one takes a deeper look at the plastic flow rule. At present, it is
expressed in the following form [2]

a7 =4 4
. (4)

Here, A isthe plastic multiplier, “P(T) the yield surface definition in
the Kirchhoff stress space t and 6‘1‘(1)/61: the yield surface nor-

mal. ‘d” denotes the symmetric spatial plastic strain rate tensor,
which is identical with the spatial gradient of the plastic velocity gradient

M =d W = sym(’L’” )+ant( fo”) since the plastic spin tensor is

zero ‘w” =0. It can be verified that the plastic flow rule defined by
Egn. (4), in general, does not meet the conditions of compatibility
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o(4-0%(r)/en)
o'X

i

il e, ®e, 20. (5)

igpl _ . .
V. x 'L =g,

Here, ‘X, wherei=1, 2, 3 are the corresponding Lagrangian coordi-
nates (Figure 1). Therefore, the plastic flow rule and not the stress-free
intermediate configuration causes the incompatibility of the elastic and
plastic tensor factors in the multiplicative decomposition and the defor-
mation gradient when plastic deformation occurs in the material.

2.1 The locally compatible plastic flow rule

The problem of the incompatible plastic flow rule can be fixed locally by
splitting the velocity field into elastic and plastic parts as

Ya=a 4+ = (17 (:k)_ "ot k- (Jl-l, (6)

and introducing the plastic flow rule in the following form

X )

oa” . 8%
— k

(7)

Here °k =const € (0, 1) is the plastic multiplier. The flow rule is reason-

able since, according to Newton's first law, the material particle does not
change the direction of its motion when the stress state reaches the yield
limit unless there is an extra ferce acting on the particle. Moreover, since
discrete optimization is used to calculate the multiplier in computational
plasticity, the fact that the multiplier value is constant is also acceptable,
although, in reality, it is a function of the particle's position vector.

2.2 The constitutive equation of the modified Mooney-Rivlin
material model
Considering the modified nonlinear continuum theory for finite defor-
mations of elastoplastic media [4-6] and the compatible plastic flow rule
above, while assuming the condition that the body first undergoes elastic
and then plastic deformations at its all constituents, the elastic part of
the deformation gradient can be expressed in the intermediate configu-
ration of the modelled body as
L0 pl
F (X, 1) =F(X, 1)~ [ 3

0

-dt. (8)
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The material gradient of the Lagrangian plastic displacement field ‘u”
can then be determined using implicit numerical time integration in the
following incremental form

a:H—I,U“pl an+l,0ﬁpx‘ au,Oupn' 6n+|,0l-l 6n,ﬂ“p1

= At- + =A%
X (8,4 1), 4 X X

(9)

Here, the left superscripts "' (¢). "(*) denote the variable () val-
ues at time steps n+1and n, respectively, corresponding to discrete
times "'/ and "f, where As=""'t—"¢ isthe time step size.

The strain-energy density function of the Mooney-Rivlin material model
uses the invariants of the elastic isochoric left Cauchy-Green defor-
mation tensor B{ while utilizes the multiplicative split of the elastic de-

formation gradient F into an isochoric part F. and a volumetric
part F¢ . The elastic isochoric left Cauchy-Green deformation tensor
then takes the form [2, 3]

iso iser ise

B, =F +F; )T = det(F* )? B, (10)

The strain-energy density function of the modified Mooney-Rivlin mate-
rial can then be expressed in the intermediate configuration as [2, 3]

g (1 o I;af, Jez) Co- (Ilw —3)+Co1 ,([;«-f _3)_,_%‘(‘](?1 _1)2 . (11)
where
() (), ()

L= (B;’u)—; [[ (B;{n)]l—f{(gi‘;) ﬂ (13)
and J° :det(F‘”) is the Jacobian of the elastic deformation. Here,

C, and C,,, are material parameters,and K =2/d is the bulk modu-
lus. The corresponding stress constitutive function as a Kirchhoff stress
measure then takes the following form [2, 3]
| el a@*d & T *e, &
= g {F') =2:(Cy+Cy 1) - dev[ B, |-

' 5 (14)

2
-2-C, -dev[ B }—-ﬂ (s -1)-L.
01 ( ) d ( )

iso
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ise

Here, dev[B"“ :| and dev[(Bf;D )2:| denote the deviatoric parts of ten-

sors BY and (B‘." )2, respectively.

iso iso

The constitutive equation can then be transformed into any configura-
tions and stress space using appropriate stress transformation. In the 2nd
Piola-Kirchhoff stress space, the constitutive equation takes the follow-
ing form:

g — (Fe[)_l.irs:/ _(Fef )‘7' - (15)

To take into account the material or internal damping, we have extended
the model by a viscous part

S _ Srz! + Sw’.\‘ _ (Fd )71 .ET('I .(Fﬁf )Jr + matC‘,'E,\ : *Eel , (16)
using the material elastic strain rate tensor "E [6, 9]
. 1 . T T .
*E«[ i |: Fef .F«J + Ff'l .Frzl }, 17
S L F) F () (a7

and the fourth-order material viscosity tensor "“C"™, whose definition
is similar to the fourth-order material elasticity tensor

matCYE = . G4 1L, (18)
wo__ BT e 0" E™
¢ 2 (140 * (1+0™)-(1-2-0™) (19)

Here G" istheviscousshearmodulus: A" isthe viscous first Lamé
constant; Tandl are the fourth- and second-order identity tensors.

The parameter E* stands for the viscous Young’s modulus and 0™
for the viscous Poisson’s ratio.

The final form of the constitutive equation of the modified hyperelastic-
plastic Mooney-Rivlin material model used in our finite element analyses
takes the following form in the Kirchhoff stress space corresponding to
the current configuration [5, 9]

T=FSF = F-[(F"[ ) (B ) e *E“I}FT. (20)

The Cauchy stress can then be expressed as ¢=1/J using the well-
known transformation, where J = det(F) is the Jacobian of the defor-

mation.
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2.3 The definition of the reference yield surface

A proper continuum theory of finite deformations of elastoplastic media
allows for the formulation of the material model in all stress spaces and
configurations of the body. As a result, the yield surface also has defini-
tions in all stress spaces, from which one has to be a reference [4]. In this
work, we have used the Von-Mises material model with isotropic hard-
ening in the Kirchhoff stress space to describe the plastic behaviour of
our material

y="o,(1)-"0,(e")<0. (21)

Here the equivalent Kirchhoff stress ‘o, (t) isdefined as

3 t
TO'E,‘](T):JE'ZTIZT; St=1— rgT)-l. (22)

O center h P
Figure 2: The yield stress versus uniaxial plastic strain curve
of the material

Since in the case of hyperplastic materials, the determination of the yield
stress versus uniaxial plastic strain curve of the material poses a prob-
lem, we assumed the curve to be a function of the accumulated plastic

strain e” in the following form (Figure 2)

2
r Y 2 ol . _ T T
G},(C )—JF 7(0!-8 *C@ﬂf@f’) N r= T) + Q,

) center +r
center = \Jr" — 1., a:T.

Here 'z, is the constant yield stress of the material, and 'Q is the

(23)

maximum hardening stress. In the numerical analysis, the material hard-
ening/softening is controlled by the accumulated plastic strain e .
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The parameter 5 denotes the maximum value of the accumulated
plastic strain at which the material loses its integrity, i.e. where the yield
stress reduces to zero. The other material parameters can easily be iden-
tified from Figure 2.

The accumulated plastic strain in our model has been determined by
time integration of the accumulated plastic strain rate

o = /%.df” d7 e =Ié”’ -dt, (24)
0

using the spatial plastic strain rate tensor in the form
. . N\T
df":l-“k- é_u_{ﬁj . (25)
2 ox  \6x

3 Numerical analysis and its results

In the numerical analysis plastic behaviour of a natural rubber specimen,
dimensions 0.0068 mx0.0014 mx0.03 m has been studied. The speci-
men was loaded in tension along its longitudinal axis using
v=0.02 ms™ prescribed axial velocity at the specimen moving end. The
moving end was also guided in the transverse direction while the speci-
men second end was fixed. Figure 3 depicts the spatially discretized body
of the specimen used in the finite element analysis. The specimen was
initially at rest. The analysis was run as dynamic until it failed to con-
verge using implicit time integrationanda 0.0005 s time stepsize. The
material properties of the rubber specimen are outlined in Table 1.

Table 1; The material properties
of the specimen

p, [ke-m] 1100
c, [Pa] 2 906.3
C, [Pa] 30 635.3
d [pa'] 6.0027632¢7
E™ [Pas] 1000
. ) 0™ [-] 0.49
dils:tl:E:tl;(zae?::ll sT;leecisrflaetriaLlllsyed = [Pd] 250 009
in the finite element analysis 0 [Pd] 30 000
5[] 2.0
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The following figures show a few selected results coming from the nu-
merical experiment. These are the axial displacement distribution over
the body, the accumulated plastic strain distribution and the von Mises
stress distribution as a Cauchy’s stress measure and the time history
curves of the same variables at selected nodes (N) of the element (E).

0.03
—0.025
&
= 0.02
L
£0.015
2
= 0.01
& 0.005 ———N29E79
.00296 .00888 .0148 .02072 02664
——— e T — 0
0 00592 01184 01776 02368 0 02040608 1 12 14
. . : Ti
Figure 4: Axial displacement . . .'mc <] .
distribution [m] at the end Figure 5: Axial displacement time-
of the analysis history curve at node N29E79
3.5 107
3H = N152E39
2.5
2
515
1
0.5
_366E-03 .001098 .001831 .002563 .003295
0 J32E03 001464 002197 002929 0 0204 Oj(’ 08 1 12 14
Time [s]
Figure 6: Accumulated plastic Figure 7: Accumulated plastic
strain distribution /-] at the end strain time-history curve at node
of the analysis N152E39
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5
255 10
& 2
215
2
=
g 05 N152E39
54907.7 103190 151472 199754 248036 7
30766.7 9 7 27331 175613 223895 Y
307667790487 12733 5613 22389 0 0204 0608 1 12 14
Figure 8: von Mises stress distri- Time [s]
bution [Pa] at the end Figure 9: von Mises stress time-
of the analysis history curve at node N152E39

As shown in Figures 4 and 5, the maximum axial displacement is 0.027 m
at the specimen moving end when the analysis ceased to convergence.
The corresponding maximum elongationis 90 %. The maximum accu-
mulated plastic strain, which is the measure of irreversible deformations
and controls the isotropic hardening, is approximately 0.33 % at the end
of the analysis. The von Mises stress increases at a higher rate in elastic
loading than in plastic lading until it decreases when the material softens
at the end of the analysis.

4 Conclusion

In this paper, there has been presented an alternative method of model-
ling irreversible deformations of hyperelastic materials. The related ma-
terial model uses a plastic flow rule that meets the compatibility condi-
tions locally and the objectivity requirements. The model was demon-
strated in a numerical experiment using the modified Mooney-Rivlin ma-
terial model, where tensile testing of a rubber-like specimen was stud-
ied. The analysis results are informative only. The proper verification of
the material model requires further numerical analyses and thorough
material testing.

This work has been supported by the Scientific Grant Agency of the Slovak re-

public VEGA under the Grant No. 1/0271/20 and by the Collegium Talentum
Programme of Hungary.
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THERMAL EXPANSION OF ILLITIC CLAY RADOBICA
Igor STUBNA, Toma$ HULAN, Jan ONDRUSKA, Anton TRNIK, SK

Abstract: Brick clay from a locality Radobica, Central Slovakia (39 % of
quartz, 46 % of illite, 12.5 % of Na-feldspar, and 2.5 % of unidentified
phase) was investigated for its possible reuse. The dilatometric
measurements of clay were performed during heating as well as at room
temperature on samples preheated at temperatures from 100 °Cto 1100
°C. At the lowest temperatures, only a small expansion was observed.
Dehydroxylation of illite (between 450 °C and 700 °C) was accompanied
by the expansion. The sample has a relatively high amount of quartz that
passes through the a — B transition which exhibited itself as a steep
expansion. Sintering and vitrification lead to the steep contraction. The
course of the dilatometric curve of the fired sample is linear up to 500 °C
with CLTE of 6.4 x 106 1/K. After it, a regular thermal expansion
continues. Partially fired samples showed that firing up to 500 °C almost
did not influence the dimensions of the sample.

Keywords: illitic clay; thermal expansion; sintering; ceramics

1 Introduction

Illitic clays are essential ingredients for building ceramics [1]. The
natural additive minerals in these clays are quartz and feldspar. Other
additives, e.g. carbonates, iron oxides, and sulfides are also often present.
In addition, clays usually contain some organic material. The structure
and properties of the ceramic product made from illitic clay are
consolidated during the firing, in which physical and chemical processes
occur in individual mineralogic phases [2, 3, 4] and between them, see
Table 1. The properties of the ceramic body largely depend on these
processes.

Table 1 - processes in illitic clay

Temperature (°C) | event references
20-300 the loss of the residues of the physically
bound water from pores
350 -400 removing of the interlayer water in illite | [5]
450-700 removing of the structurally bound | [6, 7]
water (dehydroxylation) in illite
around 573 o — [ transition of quartz
750 - 1100 sintering and vitrification [6,8,9,10]
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These processes are reflected in the changes of properties of the fired
samples including thermal expansion [6, 7]. When the clay contains
calcite, its decomposition is observed between 700 °C and 900 °C and
results in intensive contraction and mass loss. The influence of calcite on
the thermophysical properties of ceramics was studied in [8].

The high-temperature reactions, in which dehydroxylated
phyllosilicates change into spinel and mullite, cause intensive
contraction in the case of the kaolinitic mixtures. The same is valid for
illitic mixtures, where, in addition to that, intensive vitrification is
observed [5, 6, 9]. These high-temperature processes are irreversible,
therefore the contraction is preserved in the cooled samples.

Reversible transformation of quartz at ~573°C (Tab. 1) plays an
important role in mechanical strength and elastic properties due to the
creation of the microcracks if the firing temperature was high enough to
develop a glassy phase [11, 12].

The material investigated here is the clay from the locality Radobica,
Central Slovakia. The clay was exploited for brick manufacturing in the
past. Its re-exploiting can be attractive in a new ceramic mixture with a
fly-ash from a nearby coal combustion power plant. The goal of this
paper is to study the thermal expansion of this clay as a function of the
firing temperature.

2 Experimental

The clay for preparing the samples was excavated from a depth of more
than 1.2 m because at lower depths the samples contained a large
amount of organic mass and sample properties varied significantly. The
clay was ground and mixed with distilled water to obtain a plastic mass
with a water content of 25 mass%. Cylindrical samples with a diameter
of 11 mm were prepared with a laboratory extruder. After open-air free
drying, the samples contained ~2 mass% of the physically bound water.
Thermal expansion of the unfired samples was measured using the push-
rod horizontal dilatometer [13] from 20 °C to 1100 °C at the heating rate
of 5 °C/min

The dimensional changes of the samples fired at 100, 200,.., 1100 °C
without a dwelling at the highest temperature, were measured at room
temperature. The temperature of 1100 °C was chosen because it is the
presumptive highest firing temperature used in the industrial
production of clay bricks and tiles. A self-generated atmosphere was
used during the thermodilatometry and firing.
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3 Results and discussion

The XRD analysis was carried out at room temperature for Radobica clay
green and fired in our previous work [11]. The green clay contained 39
mass% of quartz, 46 mass% of illite, 12.5 mass% of Na-feldspar, and 2.5
mass% of unidentified phases. Taking into account that the color of the
fired samples was red, the unidentified minerals could be ferrous oxides
which are very often present in brick clays. After firing at 1000 °C, the
main crystalline phases were quartz (48 mass%), Na-feldspar (13
mass%), hematite (3 mass%), and amorphous phase (36 mas%).

The composition and microstructure of the clay change during heating.
In general, results of differential thermal analysis, thermogravimetry,
and thermodilatometry revealed the processes which take place in the
investigated clay [11]. The used temperature interval (20 °C to 1100 °C)
can be divided into three subintervals: 20 °C - 400 °C, in which a release
of the physically bound water and burning of the organic impurities take
place; 400 °C - 700 °C, in which dehydroxylation of clay minerals and a
— B transition of quartz take place; and 700 °C - 1100 °C, in which
sintering, vitrification, and high-temperature reactions take place.

The relative thermal expansion of the unfired sample during its heating
is shown in Fig. 1. At the lowest temperatures (20 °C - 100 °C) only a
small expansion was observed. This is a region in which a regular
thermal expansion and release of the physically bound water, which
causes a contraction, take place. Dehydroxylation of illite (between
450°C and 700 °C) is accompanied by expansion of the sample
dimensions [7,9, 10 |. The sample has a relatively high amount of quartz
that passes through the oo — B transition which proves itself as a steep
expansion. The result is the maximum of the linear thermal expansion
coefficient (CLTE) around 573 °C, Fig. 1. The next processes, sintering,
and vitrification lead to the steep contraction.
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Figure 1: Thermodilatometric curve (black line) and CLTE (gray line) of
the unfired sample during heating to 1100 °C at 5 °C/min

The relative expansion of the sample measured on the sample from the
previous firing is shown in Fig. 2. The course of the relationship is
approximately linear up to 500 °C with CLTE of 6.4x10-6 1/K. This value
is from the relatively large interval for clay building ceramics, e.g. 12x10-
61/K[14], (4 - 8)x10-°1/K[15], (10 -20)x10-¢ 1/K [16]. Samples with
a significant amount of quartz show a step in their thermodilatometric
curves around the a — B transition of quartz. After it, a regular thermal
expansion continues because no change in the structure, except
softening the sample above 800 °C, takes place. The pressing mechanical
force, which is necessary for the work of the push-rod dilatometer, bent
the thermodilatometric curve down above 900 °C. In fact, the sample
dimensions continue to expand [13].
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Figure 2: The relative expansion (black line) and CLTE (gray line) of the
clay fired at 1100 °C
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The relative expansion measured at room temperature after partial
firings is in Fig. 3. The firings up to 500 °C, i.e. up to the start of
dehydroxylation, almost did not influence sample dimensions. The
structure and microstructure are not impacted at such low
temperatures. Dehydroxylation causes an expansion [7, 9, 10] measured
during heating with the help of thermodilatometry. This expansion is
partially irreversible and was registered on the cooled samples. The
sintering, vitrification, and high-temperature reactions change the
microstructure of illitic clay substantially at temperatures above 800 °C.
At these temperatures, the contraction of samples was observed.

1.0

0.5

0.0

-0.5

Relative expansion / %

-2.0F

25 . . . .
0 200 400 600 800 1000 1200

Firing temperature / °C
Figure 3: Relative expansion of the clay sample after firing at different
temperatures

3 Conclusions

The clay from the Radobica deposit containing 39 mass% of quartz, 46
mass% of illite, 12.5 mass% of Na-feldspar, and 2.5 mass% of
unidentified phases was investigated with the help of dilatometry. The
release of the physically bound water, dehydroxylation of illite, sintering,
and vitrification are the main processes which take place during heating.
These processes influence the sample dimensions.

Unfired samples:

o At the lowest temperatures, only a small expansion is observed.
This is a region in which a regular thermal expansion and release
of the physically bound water, which causes a contraction, take
place.

e Dehydroxylation of illite (between 450 °C and 700 °C) is
accompanied by an expansion of the sample dimensions.
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o The sample has a relatively high amount of quartz that passes
through the a — P transition which proves itself as a steep
expansion.

e Sintering and vitrification lead to steep contraction.
Fired samples:

e The course of the dilatometric curve of the fired sample is
approximately linear up to 500 °C with CLTE 6.4 x 106 1/K.

e The samples had a significant amount of quartz which caused a
step in their thermodilatometric curves around the a — f8
transition of quartz. After it, a regular thermal expansion
continued because no change in the structure occurred, except for
the softening of the sample above 800 °C.

Partially fired samples:

e The firings up to 500 °C almost did not influence the dimensions
of the sample.

e Dehydroxylation causes an expansion. This expansion is partially
irreversible and was registered on the cooled samples.

e The sintering, vitrification, and high-temperature reactions
change the microstructure of illitic clay substantially at
temperatures above 800 °C. At these temperatures, the
contraction of samples was observed.

This work has been supported by the Scientific Grant Agency of the Slovak
republic VEGA under the Grant No. 1/0810/19 and the Grant No. 1/0425/19.
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VYUCBA CHEMIE ONLINE: MOZNOSTI
VZDELAVANIA ZIAKOV POCAS PANDEMIE
COVID-19

Melania FESZTEROVA, SK

Abstrakt: Statistiky odpadov poskytujti informacie o tom, ktoré odpady
znecCistuju zivotné prostredie, v akom mnozstve a kde, ale neuvadzaju,
Co cCloveka ztakéhoto prostredia ohrozuje a ako sa moézZe branit.
Prispevok prezentuje doleZitost a vyhody vzdelavania ziakov
zakladnych $kol v prirodovednom predmete (chémia) s pomocou e-
learningového kurzu pocas pandémie COVID-19. E-learningovy kurz
»~Modernizdcia vzdeldvania a interdisciplindrny pristup v kategdrii odpad
a odpadové hospoddrstvo“ je umiestneny na webovej stranke Univerzity
Konstantina Filozofa v Nitre. Pozostava z desiatich tém. Kazda téma
obsahuje metodicky list pre ucitel'a a pracovny list pre ziaka. Ako priklad
e-learningového kurzu sme vybrali tému s ndzvom ,Kam s odpadom z
elektrickych a elektronickych zariadeni a prec¢o?”. Pri alarmujicom
naraste mnozstva a druhov elektroodpadov je nevyhnutné plynulo
vzdelavat a vychovavat zZiakov k sledovaniu kontaminacie Zivotného
prostredia uvedenymi odpadmi atym aj kochrane zdravia. E-
learningové vzdelavanie ziakov 7. ro¢nika zakladnych $kol sleduje
environmentalne, didaktické a pozorovacie ciele. Zvolena téma kurzu
vyuziva predndasky a metoédy zazitkového ucenia na dosiahnutie
environmentalnych cielov. Nasledne metdda otdzok a odpovedi
a nesStruktirované pozorovanie boli zvolené tak, aby sa dosiahli d'alSie
ciele a ulohy. Nami prezentovana téma je zamerana na dodlezitost zberu
elektroodpadu, jeho separaciu, identifikaciu piktogramov a sposoby
klasifikacie latok, ktoré tvoria elektroodpad. E-learning je jednou
z foriem distan¢ného vzdeldvania. Uvedend vedomostna zakladia je
otvorena pre nové metddy a postupy. NavySe umoznuje neustale
pripdjanie aktudlnych materidlov, informadcii, platnych predpisov
a nariadeni.

Kl'i€ové slova: e-learning, diStan¢né vzdelavanie, elektroodpad, COVID-
19.
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TEACHING CHEMISTRY ONLINE: OPTIONS FOR
EDUCATING PUPILS DURING COVID-19

Abstract: Statistics of waste provide information on which wastes
pollute the environment, in what amounts and where, but do not say
what threatens a person from the environment and how they can defend
themselves. This paper presents the importance and benefits of primary
school pupils' education in the natural science discipline (chemistry)
with the help of the e-learning course during the COVID-19. E-learning
course "Modernization of Education and Interdisciplinary Approach in the
Category Waste and Waste Management" is located on the website of
Constantine the Philosopher University in Nitra. It consists of ten topics.
Each topic contains the methodological sheet for the teacher and the
worksheet for the pupil. As an example of an e-learning course, we chose
the topic "Where to with waste from electrical and electronic equipment
and why? ". With the alarming increase in the amount and type of
electrical waste, it is necessary to continuously educate and train pupils
to monitor the contamination of the environment with this waste and
thus to protect health. Therefore, the e-learning education of 7th-grade
primary school pupils pursues the environmental, didactic and
observation goals. The selected topic of the course uses lectures and
experiential learning methods to meet environmental goals.
Subsequently, the question-and-answer method and unstructured
observation have been chosen to meet other objectives and tasks. This
topic focuses on collecting electrical waste importance, its separation,
identification of pictograms, and ways to classify substances that form
electrical waste. E-learning is one of the forms of distance education. This
knowledge base is open to the implementation of new methods and
procedures. In addition, it allows the constant connection of current
materials, information, applicable rules and regulations.

Keywords: e-learning, distance education, electrowaste, COVID-19.

1 GvoD

Znalosti a inovacie, ako aj informacné a komunikacné technolégie (IKT)
mali vyrazny vplyv na mnohé hospodarske odvetvia, ako su
zdravotnictvo, financie a doprava [1 — 2]. A ako je to so vzdelavanim?
Prioritnym ciel'om pedagdégov na zakladnych Skolach je zvySenie kvality
a efektivnosti vzdelavania Skolopovinnej mladeZe [3 - 4]. Vyzvou pre
tuto oblast je pokracovat srozSirovanim pomocou novych foriem
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vzdelavania [2, 5]. Pedagdgovia na zakladnych Skolach zriedkavo
vyuzivaju e-learningové vzdelavanie ako edukacny prostriedok pocas
vychovno-vzdelavacieho procesu. Vo vacSine pripadov pritomnost
internetovych technoldgii vo vzdelavani sa obmedzuje na vyhl'adavanie
informacii a len zriedkavo aj na komunikaciu. Jednou z pri¢in méze byt
nedostatok e-learningovych kurzov v danej oblasti a absencia vedomosti
z problematiky vyuzitia e-learningu. Z uvedeného dévodu musime
zdOraznit, ze doleZita je nielen dostupnost informacii pomocou e-
learningovych kurzov, ale aj schopnost vyuzit nadobudnuté vedomosti
v praxi [6 - 8]. Formy vyuZivania e-learningovych kurzov su spojené s
tym, ¢i pouzivatel’ ma pocitacové zrucnosti.

V prispevku je prezentovany vyznam, ddlezitost a opodstatnenost
vzdelavania ziakov zakladnej Skoly v prirodovednych predmetoch
zameranych na environmentalnu oblast s pomocou e-learningového
kurzu E-learningovy kurz ,,Modernizdcia vzdeldvania a interdisciplindrny
pristup v kategorii odpad a odpadové hospoddrstvo“ je zamerany na
elektroodpady a ich chemické zloZenie z pohl'adu vychovnovzdelavacej
prace avo vztahu jeho aplikdcie do praxe. Vzdelavanie a odborna
priprava zamerané na zloZenie odpadov sui nastrojom systematického
formovania a rozvijania odbornych vedomosti a zru¢nosti Ziakov. Ako
ukazku z e-learningového kurzu sme vybrali tému 4 s ndzvom ,Kam s
odpadom z elektrickych a elektronickych zariadeni a pre¢o?“. Ulohou je:
overit vedomosti ziakov, ¢i vedia Co zaradujeme medzi odpad
z elektrickych a elektronickych zariadeni; vysvetlit Ziakom ako sa
separuje elektroodpad a uviest dévody na zaklade ktorych sa triedji;
zistit, ¢i ziaci vedia, ako sa s elektroodpadom manipuluje a ktoré
chemické latky obsahuje a moZnosti ich d'alSieho vyuZitia.

2 METODOLOGIA

Vybrana téma e-learningového kurzu s ndzvom ,Kam s odpadom z
elektrickych a elektronickych zariadeni a pre¢o? je zamerana na tému
elektroodpadov a ich triedenie [9]. Otazka znie preco prave vzdelavanie
v oblasti odpadov z elektrickych a elektronickych zariadeni a preco
formou e-learningu? Odpovedou su Stidie mnohych autorov, ktori
publikovali vysledky z oblasti vychovy a vzdelavania s podporou IKT [10
- 12]. Ako uvadzaju autori Larsen, Vincent-Lancrin (2006) vzdelanie je
predpoklad znalostnej ekonomiky: vyroba a vyuzivanie novych
vedomosti si vyZaduju viac vzdelanej populédcie a pracovnej sily [2].
Prave IKT su vel'mi silnym nastrojom na Sirenie vedomosti a informacii
a su zakladnym aspektom vzdelavacieho procesu [2, 4, 8]. Nasledne IKT
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prinasaju inovativne postupy. Vedecky vyskum v mnohych oblastiach
bol tieZ revoliciou v novych moznostiach, ktoré ponukaju IKT, vratane
digitalizacie informacii a novych moZnosti nahravania, simulacie a
spracovania udajov [13].

E-learningovy kurz sa nachiddza na webovej strdnke Univerzity
KonStantina Filozofa v Nitre na portali ,amos.ukf.sk” v prostredi LMS
Moodle. E-learningovy kurz tvori 10 tém. Vybrana 4. téma na
dosiahnutie environmentalnych cielov vyuZiva metédu prednasok
(vyklad, fotografie z prostredia) a zazitkového ucenia. Na dosiahnutie
d’alSich ciel'ov (didakticky ciel a ciel pozorovania) boli zvolené metédy
otazok a odpovedi aneStrukturalizovaného pozorovania. 4. téma e-
learningového kurzu je tvorend Metodickym listom pre ucitelov
a Pracovnym listom pre Ziakov.

Obsah Metodického listu pre ucitel'ov uvadza:

e dovody, preco je nutné odpad z elektrickych a elektronickych
zariadeni separovat’ osobitne;
e spoOsoby spravnej manipulacie s odpadom z elektrickych
a elektronickych zariadent;
e odpadové komodity, ktoré sa triedia asud sucastou v
elektrickych a elektronickych zariadeniach;
e moznosti separacie adalSieho vyuZitia chemickych latok
(prvkov, zlucenin), ktoré elektroodpad obsahuje.
Metodicky list pre ucitel'ov opisuje aj negativne vplyvy elektroodpadov na
prostredie a tym aj na zdravie populacie.
E-learningové vzdelavanie Ziakov 7. ro¢nika zakladnej $koly s pomocou
pracovného listu (Pracovny list pre Ziakov) sleduje environmentdlny,
didakticky a ciel’ pozorovania. V uvedenych cieloch sme sa zamerali na
ziakmi nadobudané vedomosti a rozvijané spdsobilosti a zrucnosti.
Z hl'adiska nadobtidanych vedomosti Ziak vie: poukdzat na déleZitost
zberu elektroodpadu; identifikovat’ piktogramy urcené pre oddeleny zber;
roztriedit’ ldtky, ktoré patria do elektroodpadu a uviest priklady
elektroodpadov. Pri orientacii na rozvijané spésobilosti a zrucnosti Ziak
vie: manipulovat's odpadmi; riesit' problémy stvisiace s elektroodpadom a
kriticky mysliet; aplikovat separdciu odpadov v praxi a navrhnit
alternativne postupy.
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3 VYSLEDKY

Vzhl'adom na proces vytvarania efektivneho systému vychovy
avzdelavania vuvedenej téme sa snazime o vyuZitie prierezovych
vztahov pri rieSeni vybranej problematiky a naslednu konsolidaciu a
prehlbovanie znalosti z prirodovednych predmetov [14], predovsetkym
z chémie [9]. Sledujeme vztah a zaujem Ziakov o tému zberu odpadu z
elektrickych a elektronickych zariadent.

Vzhl'adom na rozvoj kompetencii a zrucnosti je nasim zamerom, aby
ziaci boli schopni: sprdvne manipulovat’ s odpadom z elektrickych a
elektronickych zariadeni; aplikovat' triedenie a zber elektroodpadu do
praxe; riesit’ problémy stvisiace s elektroodpadom a kriticky mysliet’
navrhntt model ako zniZit' mnoZstvo elektroodpadu (sitazZe zamerané na
ochranu Zivotného prostredia); navrhovat alternativne postupy
vsuvislosti s elektroodpadom. Doéraz je kladeny na prehlbovanie
vedomosti ako klicovu hnaciu silu, ktora uzko suvisi s hospodarskym
rozvojom, ale je tiez vyzvou pre sektor vzdeldvania [15]. Spravne
triedenie elektroodpadu je ddlezitym faktorom pri zniZovani mnozstva
vyuzivanych surovin prostrednictvom recykla¢nych programov a usilia
o implementaciu obehového hospodarstva [16 - 17].

3.1 Metodicky list pre ucitelov s témou “KAM S ODPADOM
Z ELEKTRICKYCH A ELEKTRONICKYCH ZARIADENi A PRECO?”

Metodicky list pre ucitelov obsahuje: ciele (nazov tematického celku,
ziakom nadobudané arozvijané vedomosti, poziadavky na vstupné
vedomosti a zrucnosti, rieSeny didakticky problém, vyucovacie metédy
aformy, pripravu uditela, pomécky adiagnostiku dosiahnutia
vzdelavacich ciel'ov); tlohy pre Ziakov; organizaciu prace a pomdcky;
niektoré informdcie pre ucitel'a tykajuce sa elektroodpadov.
Ulohy pre Ziakov:
1. Overit vedomosti Ziakov o odpadoch z elektrickych a
elektronickych zariadeni a ¢o k nim zarad'ujeme.
2. Vysvetlit Ziakom ako sa separuje elektroodpad a uviest dévody
na zaklade, ktorych sa separuje.
3. Zistit, ¢i ziaci vedia, ako sa s elektroodpadom spravne
manipuluje.
4. Preverit, i Ziaci poznaju, ktoré chemické latky moézu obsahovat
odpady z elektrickych a elektronickych zariadeni a preco su
nebezpecné pre Zivotné prostredie.
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5. Zorganizovat plagatovu vystavu prac ziakov s témou ,Kam s
odpadom z elektrickych a elektronickych zariadeni a preco?*.
6. Zmapovat v blizkosti Skoly (bydliska) zberné nadoby na pouzité
batérie.
7. Uviest spdsoby, ako by bolo mozZné zniZzovat mnoZstvo
elektroodpadu.
Organizacia prace je rozdelena do 3 etap a 4 ¢asovych tsekov. Obsahuje
motivaciu a rozdelenie dloh pocas vyucovacej hodiny, ¢innost mimo
povinnej vyucby a rieSenie problému po vyucovani.

V Casti ,Niektoré informdcie kulohdm“ st rozsirené informacie a
poznatky pre ucitelov kjednotlivym udlohdm. V4. téme tato cast
obsahuje spracované nasledovné oblasti:

Elektroodpad - odpad z elektrickych a elektronickych zariadent.

Chemické ldatky, ktoré sa nachddzaju vodpade z elektrickych a
elektronickych zariadeni.

Miesta zberu odpadu z elektrickych a elektronickych zariadent.

3.1.1 Elektroodpad - odpad z elektrickych a elektronickych zariadeni
Elektroodpad je odpad ako kazdy iny, ktorého sa chceme zbavit, mali by
sme sa ho zbavit alebo sa ho musime zbavit. Dévodov je niekol'ko: je
nefunkény, stary, nevyhovuje uZ nas$im poZiadavkdm. Patria sem
zariadenia, ktoré prestanud plnit svoju funkciu, stratia svoju Specificki
vlastnost urcenia a opotrebuju sa. Koncia svoj zivotny cyklus a stavaju
sa odpadom, v tomto pripade elektroodpadom.

Uloha pre Ziakov: Na tvrdd podlozku si Ziaci nakreslia tabulku. Do
pripravenej tabulky zaznacia, ktoré zariadenia po skonceni ich
funk¢nosti by zaradili do elektroodpadu a ktoré nie. Pomdckou pri praci
je Tabulka 1.

Tabul'ka 1: Co zarad'ujeme do odpadu z elektrickych a elektronickych
zariadeni a ¢o nie

Do elektroodpadu patria

Do elektroodpadu nepatria

-velké  domace  spotrebice
(chladnicky, televizory, pracky);
-vypoctova technika (pocitace,

notebooky); -komunalny odpad;
telekomunikacné zariadenia | -iny odpad (papier, sklo, plasty).
(telefény, mobilné telefony,

slichadla);

-triedené zlozky (papier, sklo,
plasty, kovy, viacvrstvové
kombinované materialy);

228



XXXIV.DIDMATTECH 2021
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

-osvetl'ovacie zariadenia
(ziarovky, ziarivky);

-malé domace spotrebice
(rychlovarné kanvice, holiace
strojceky, fény, elektrické zubné
kefky, zubné sprchy), vysavace,
hracky;

-zariadenia urcené na Sportové
a rekreacné ucely;

-pristroje  na monitorovanie
a kontrolu (kamery), zariadenia
na prehravanie zvuku alebo
obrazu (projektory), hudobné
zariadenia;

-tonery ztlaciarni, tlaciarne,
kopirky, monitory.

Pedag6g oboznami ziakov s nasledujicimi pojmami: elektroodpad,
nebezpecné ldtky, rizikové prvky, kyselina, recykldcia.

1.3.2 Chemické latky, ktoré sa nachadzaju v odpade z elektrickych
a elektronickych zariadeni

Elektroodpad je nebezpecny odpad, ktory obsahuje Siroké spektrum
réznych chemickych latok (prvkov, zlicenin) (Tabulka 2). Obsahuje
rizikové prvky (Pb, Sn, Hg) a iné chemické latky anorganického pévodu.
Tak isto moZe obsahovat aj organické chemické latky ako su napr.
freéony. Zuvedeného doévodu musi byt elektroodpad recyklovany
v Speciadlnych linkach, ktoré sd na ich recyklaciu upravené.

Uloha pre Ziakov: Ziaci pracujti v skupinach. Zapi$u si, ktoré chemické
latky (prvKy, zliceniny) s obsiahnuté v elektroodpadoch a ako a s nimi
spravne manipuluje. Uvedt dévody, preco su chemické latky nebezpecné
pre ZzZivotné prostredie atym aj pre zdravie Cloveka [18]. Diskutuju
oinformdacidch, ktoré s uvedené na obaloch elektrickych
a elektronickych zariadeni (piktogramy) a aky je ich vyznam.
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Tabul'ka 2: Nebezpec¢né chemické latky v elektroodpadoch

Ziarivka je zariadenie, nizkotlakovy vybojkovy zdroj svetla, napajany
elektrickou energiou. Pozostava zo sklenenej trubky, ktord je vo
vnutri pokrytd latkou luminoférom, Startéra avybojky (ortutova,
halogenidova, sodikova, xendénova). Svetlo v ziarivke vznika
ultrafialovym Zziarenim ortutového vyboja, ktory luminofér premeni
na svetlo.

Ziarovka je elektricky tepelny zdroj svetla, ktoré vznikne
rozzeravenim vlakna Ziarovky prechodom elektrického prudu. Toto
vlakno je ulozené v sklennej bubline, ktora je vyplnena vakuom alebo
nezluc¢ivym plynom (zmes argénu alebo kryptonu s dusikom). Spodnu
Cast ziarovky tvori objimka, najpouzivanejsia je zavitova, ktorou sa
ziarovka pripaja do zariadenia a teda do obvodu.

Ziarivky aj Ziarovky st zaradené medzi nebezpeény odpad.
Kazda ziarivka obsahuje pary Hg, ktoré su toxické nielen pre

Cloveka, ale aj pre Zivotné prostredie. Pri rozbiti Ziarivky Hg moze
unikat' do prostredia.

Televizory aniektoré mobilné telefony tiez obsahuju tenké
Ziarivkové trubice.

Preto je ddleZité davat pozor, aby sa takyto teleféon, resp. TV
prijimac nerozbil, aby nepraskol a aby sa Hg, ktora sa nachadza vo
vnutri nedostala do prostredia.

Batérie (velké aj malé prenosné) sa nesmu davat do zmesového
odpadu.

Zarad'ujeme ich medzi nebezpetné odpady, pretoZe obsahuju
toxické latky [19. Sicasne obsahuju latky, ktoré sa dajd recyklovat.

Autobatérie

Obsahujui H2SOs, ktora je Zieravina. Leptd adrdzdi pokozku,
dychacie organy a sliznicu, spésobuje tazké poleptanie. Obsahuju
aj Pb [19].
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E Pri ndkupe elektrozariadenia, na obale vyrobku (pribalovom

letaku) je vyobrazeny graficky znak oznacujuci elektrické

a elektronické zariadenie vratané Dbatérii, ziaroviek

a ziariviek uréené na oddeleny zber po ukonceni ich

funkcnosti. Tieto zariadenia patria medzi nebezpecné

odpady, preto sa nesmu vhadzovat do zbernych nadob, ale
odovzdavaju sa na zbernych dvoroch.

3.1.3 Miesta zberu odpadu z elektrickych a elektronickych
zariadeni

Elektroodpad sa zbiera na zbernom dvore anasledne sa odovzdava
firmam, ktoré maju autorizaciu a su urcené na spracovanie
elektroodpadu. Elektroodpad z domdcnosti je mozné odovzdat aj na
miestach ako: spatny zber v predajniach a na zbernych miestach (vel'mi
maly elektroodpad) vramci oddeleného zberu zloziek komunalneho
odpadu z domacnosti, vratane tych, ktoré obsahuju skodlivé latky, ktory
je organizovany v jednotlivych obciach.

Pedago6g vysvetli Ziakom €o sa rozumie pod pojmom ,elektroodpad
z domdcnosti“. Elektroodpad zdomdcnosti je odpad, ktory vznika
v domdacnostiach, na chatach, v zdhradach a v gardzach. Elektroodpad
vznikd aj vramci zamestnania. Tato komodita nepatri medzi bezné
druhy komundlneho odpadu, ktoré vznikaju denne. Nepatri ani do
zmesového komunalneho odpadu alebo objemného odpadu.

Pedago6g oboznami Ziakov s pojmami: skiddka elektroodpadov a zdroje
odpadov.

3.2 Pracovny list pre ziakov s témou ,Kam s odpadom
z elektrickych a elektronickych zariadeni a preco?”

Pracovny list pre Ziakov je tvoreny vSeobecnou Castou (motivacna)
a tlohami (A - D).

Ulohu Atvoria nasledovné poloZky: Preverenie vedomosti Ziakov
a priprava mapovych podkladov obce (okolia skoly, sidliska, bydliska);
spracovanie informacii z literarnych zdrojov (z publikacii, ¢asopisov,
zbornikov) o odpadoch z elektrickych a elektronickych zariadeni.

Ulohu B tvoria nasledovné polozky: Ziaci, resp. kazda skupina Ziakov si
na zaklade tabul'ky 1 pripravi vlastni tabulku Z1, do ktorej zaznatia,
ktoré zariadenia po skoceni ich funkénosti by zaradili do elektroodpadu
a ktoré nie. Do tabul'’ky Z1 si poznadia aj tie odpady, ktoré nepatria medzi
elektroodpady. Po vyplneni tabul’ky diskutuju so spoluziakmi v skupine

231



XXXIV.DIDMATTECH 2021
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

o elektroodpadoch. V ramci diskusie vymenuju vSetky dovody, preco

jednotlivé odpady patria/nepatria do elektroodpadov. Nasledne

preveria, aké maju vedomosti o d'alSom spracovani a vyuZiti odpadov z

elektrickych a elektronickych zariadeni.

Tabul'ka Z1: Co zarad'ujeme do odpadu z elektrickych a elektronickych
zariadeni a ¢o nie

Do elektroodpadu patria Do elektroodpadu nepatria

Ziaci z literarnych zdrojov spracuji informdacie o tom ako sa spravne
manipuluje s elektroodpadom.
Odpovedaju na otazku, ,Aké nebezpecné chemické latky (prvky, zliiceniny)
elektroodpady mézZu obsahovat?“. Svoje odpovede zapiSu do spoloc¢nej
tabul'ky Z2.
Tabul'ka Z2: Nebezpeéné chemické latky (prvky, zliceniny)
v elektroodpadoch

Ziarivky aj Ziarovky

Televizory a niektoré mobilné telefény

Batérie (vel'ké aj malé prenosné)

Autobatérie

Ziaci nasledne vyhl'adaji vo svojom okoli miesta, kde sa nachadzajt
nadoby na zber pouzitych batérii a poznacia si ich do pripravenych
mapovych podkladov obce (okolia 8koly, sidliska, bydliska).

Ulohu C tvoria nasledovné polozky: Ziaci informuji d’al$ie skupiny, ¢o
zistili v teréne ohl'adne elektroodpadov. Spolu vytvoria kompletnd mapu
obce s miestami, kde si1 umiestnené nadoby na zber pouzitych batérii.
Pripravia tabulku so zistenymi Udajmi o tom, ktoré elektroodpady
sasustreduju na zbernom dvore aco nepatri kelektroodpadom.
Navrhnt mozZnosti ako predchadzat vzniku elektroodpadov, resp. ako
zniZovat mnoZstvo elektroodpadov. Navrhy spiSu na velky plagat.
PoukdaZu na tie chemické latky nachadzajtce sa v elektroodpadoch, ktoré
negativne vplyvajui na zdravie populadcie a moZnosti ako predchadzat ich
hromadeniu.
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Zo ziskanych informacii Ziaci pripravia plagatovu vystavu s témou ,Kam
s odpadom z elektrickych a elektronickych zariadeni a preco?. Plagatovu
vystavu rozsiria o postupy spracovania a moznosti dalSieho vyuzitia
chemickych latok obsiahnutych v elektroodpadoch.

Prediskutuju najvhodnejSie umiestnenie nadoby na zber pouZitych
batérii v Skolskych priestoroch.

Ulohu D tvoria kontrolné otazky, na ktoré Ziaci odpovedajii v ramci
opakovania prebranej témy.

4 Zaver

Aktudlne informéacie o triedeni elektroodpadov ukazujd, ze tato
vzdelavacia ¢innost nie je v Skoldch uspokojiva. Preto je potrebné
zamerat dlhodobd pozornost nielen na zvySovanie teoretickych
vedomosti o elektroodpadoch, ale aj na ich dalsie moznosti vyuzitia,
prip. vyuZziteI'nosti chemickych latok, z ktorych su zlozené, alebo su ich
sucastou. Prezentovana téma e-learningového kurzu ,Kam s odpadom z
elektrickych a elektronickych zariadeni a preco?“ bola pripravena
s cielom osvojovania si novych poznatkov a s moznostou ich d’alSieho
vyuzitia v praxi. Takato znalostna zakladia je otvorena pre nové metédy
a postupy a v pripade e-learningového kurzu aj o moZnost plynulého
dopliiovania novych informacii a materialov. Uvedeny vyvoj si vyZaduje
aj nové pristupy ako zo strany pedagdgov tak aj Ziakov [12, 20 - 21].
V opisanej téme ,Kam s odpadom z elektrickych a elektronickych
zariadeni a preco?” sme zacielili nase usilie na zniZovanie mnozstva
odpadov z elektrickych a elektronickych zariadeni, ktoré vznikaju
v domdacnostiach ana Skoldch; na odstranenie negativnych vplyvov
elektroodpadov na okolie a na problémy s ich odbdranim v prostredi.
KaZdy z nés je povinny manipulovat' s elektroodpadom spdsobom, ktory
neohrozuje zdravie 'udi a neposkodzuje Zivotné prostredie. Orientovali
sme sa na zniZenie rizika suvisiaceho s ohrozenim zloziek Zivotného
prostredia (vody, ovzdus$ia, pody, horninového prostredia, rastlin
a zivocichov) a nepriaznivého vplyvu na krajinu.

Je ddlezité si uvedomit, Ze vytriedeny elektroodpad méZe byt v urcitych
vyrobnych procesoch surovinou. Spravne vytriedeny elektroodpad je
opdtovne spracovany a vyuzity. MdZe sa pouZit na vyrobu novych
vyrobkov. Prave triedenim s naslednou recyklaciou sa Setria prirodné
zdroje azasoby nerastnych surovin [18]. Pokial' ide ovychovu a
vzdelavanie zamerané na elektroodpad, existuje viacero moznosti ako
zaujat zZiakov a viest ich tak k ochrane nielen Zivotného prostredia, ale aj
vlastného zdravia. Je ddlezité, aby sme predovsetkym motivovali Ziakov
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k triedeniu elektroodpadov a vyuzitie IKT formou e-learningovych
kurzov ma ktomu vsSetky predpoklady. Riadme sa heslom: Dajme
odpadu novy Zivot!

Prdca vznikla s podporou Kultiirnej a vzdeldvacej grantovej agentiiry (KEGA)

MSVVaS$ SR na zdklade projektu ¢islo 015UKF-4/2022 a s podporou

Eurdpskeho spolocenstva v ramci projektu: ,,Vybudovanie vyskumného centra

AgroBioTech” (ITMS 26220220180).
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DZIALANIA NAUCZYCIELA A JEGO WIZERUNEK W
OCZACHUCZNIOW

Elzbieta Satata, Karolina Szczesna, PL

Streszczenie: Celem prezentowanych badan jest proba okreslenia jakie
dziatania nauczyciela sprawiajg, ze jest on odbierany pozytywnie przez
uczniéow. Podstawa empiryczng prezentowanych analiz sa badania
empiryczne przeprowadzone na grupie uczniéw klas wczesnoszkolnych.
Przedmiotem analiz sg opinie uczniéw na temat nauczyciela, jego dziatan
i posiadanych przez niego cech. Przedstawione wyniki pozwola na
ustalenie poprzez jakie dziatania nauczyciel moze sta¢ sie widziany
pozytywnie, a takze czego powinien sie wystrzega¢ w swojej pracy.
Stowa kluczowe: nauczyciel, uczniowie, wizerunek, dziatania.

TEACHER'S ACTIONS AND HIS IMAGE IN THE EYES OF
STUDENTS

Abstract: The aim of the presented research is to try to determine what
activities of the teacher make him / her perceived positively by students.
The empirical basis of the presented analyzes is empirical research
carried out on a group of early school students. The subject of the
analysis are students' opinions about the teacher, his activities and the
characteristics he possesses. The presented results will allow
determining through what activities the teacher can be perceived
positively, and what he should avoid in his work.

Keywords: teacher, pupils, image, activities.

1 WPROWADZENIE

Podczas pobytu dziecka w przedszkolu czesto nauczyciel staje sie
autorytetem, a zarazem najwazniejsza osoba w jego zyciu. Nasuwa sie
wiec pytanie czy nauczyciel zdaje sobie sprawe z tego jak ogromna rola
na nim spoczywa, czy jest $wiadomy jak szybko moze straci¢ ten
autorytet? Zawdd ten przez wieki uwazany byt za jeden z najbardziej
prestizowych. Niestety, by¢ moze przez rewolucje technologiczng, ktorej
nagly wzrost mozna zaobserwowa¢ w ostatnich dekadach, zawéd ten
powoli traci swoéj prestiz. Wedtug Zofii Zukowskiej - polskiej pedagog
[1]: ,nauczyciel to zawdd i powotanie, to zdolnosci wrodzone i
wyuczone, to odpowiedni zbidr cech osobowo$ci temperamentu, to
umiejetnos¢ poswiecania sie dla dobra innych os6b, to mito$¢ do dzieci”.
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Inng definicje nauczyciela ukazuja Zbigniew Kwiecinski i Bogustaw
Sliwierski [2], ktérzy nauczyciela traktujg jako ,towarzysza” podczas
rozwoju dziecka. Nauczyciel wedlug autorébw ma pomagac
podopiecznemu w rozwigzywaniu pojawiajacych sie na jego drodze
probleméw. Ma tez wptywaé na osobowo$¢ i umiejetnosci dziecka,
jednak nie jest gwarantem rozwoju zachowan jedynie pozytywnych u
wychowanka. Na ksztattowanie sie obrazu nauczyciela w oczach dziecka
niezaprzeczalnie wptywaja dziatania nauczyciela, jak r6wniez posiadane
przez niego cechy osobowosci czy kompetencje [3]. Zwtaszcza dzieci w
okresie przedszkolnym czy wczesnoszkolnym oceniaja nauczyciela
gtéwnie patrzac na jego wyglad, cechy oraz podejscie do dzieci. Dopiero
w starszych klasach szkoty podstawowej, czy szkole $redniej uczniowie
bardziej cenig posiadane przez nauczyciela kompetencje i sposéb
przekazu wiedzy. Celem publikacji jest okreslenie dziatan nauczyciela
sprawiajgcych, Ze jest on odbierany pozytywnie przez uczniow.

1.1 Funkcje i zadania nauczycieli

W zawodzie nauczyciela istotnym elementem sg wypetniane przez niego
funkcje czy zadania jakie powinien petni¢. Niewatpliwie sa one
wyznacznikiem wizerunku nauczyciela w oczach nie tylko dzieci, ale tez
ich rodzicéw oraz innych nauczycieli. Prébe wyliczenia funkcji
nauczyciela podejmuje Karolina Appelt [4]. Autorka wymienia
nastepujace funkcje jakie petni nauczyciel zaréwno przedszkola jak i
szkoty:

o funkcja dydaktyczna - jest zwigzana z przekazywaniem
podopiecznym wiedzy,

e funkcja wychowawcza - nauczyciel ma oprdcz nauczania takze
wychowywaé, czyli przekazywaé pewne uniwersalne wartosci,
ksztattowa¢ osobowo$¢ wychowanka,

e funkcja opiekuicza - wsparcie, zapewnienie uczniom
bezpieczenistwa, troska oraz zapewnienie warunkéw do
optymalnego rozwoju.

K. Appelt zaznacza, iz funkcje te powinny sie wzajemnie przenika¢, a
niewypetienie ktdrejkolwiek z powyzszych funkcji powoduje, zZe
efektywnos$¢ dziatan nauczyciela spada. Na szczeblu edukacji
przedszkolnej najwazniejsza role peini funkcja opiekunicza. Natomiast
dla dzieci starszych kluczowg jest funkcja dydaktyczna, gdyz uczniowie
ci nastawieni sg przede wszystkim na przekaz wiedzy ze strony
nauczyciela.

237



XXXIV.DIDMATTECH 2021
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

Omawiajgc funkcje, jakie petni nauczyciel w swojej pracy, warto takze
wspomnie¢ o zadaniach jakie na nim spoczywaja [5]. Stanowia one
razem z funkcjami istotny element pracy nauczyciela, a co za tym idzie
wptywaja na ksztattowanie sie wizerunku nauczyciela w oczach dzieci.
Jolanta Szempruch [6] zadaniami nauczyciela nazywa czynno$ci,
poprzez realizacje ktérych nauczyciel wypeinia okre$lone zatozenia.
Jako Kkluczowe zadanie nauczyciela badaczka wymienia nauczanie.
Natomiast kolejnymi, ale réwniez waznymi, zadaniami nauczyciela sa:

o formowanie umiejetnosci spotecznych,

e budzenie do samodoskonalenia,

e wyznaczanie Sciezki zyciowej podopiecznym,

e wspolpraca ze Srodowiskiem lokalnym,

e ustawiczne relacje miedzy nauczycielem, a rodzicami.
J. Szempruch oprécz powyzszych zadan nauczyciela, wskazuje kolejne,
nowe zadanie, ktére w ostatnich czasach wysuwa sie na pierwszy plan, a
mianowicie dziatania innowacyjne i kreatywne. Realizacja tego zadania
ma sprosta¢ wspotczesnie dynamicznie zmieniajgcej sie rzeczywistosci
edukacyjnej. Wypemienie tych wszystkich zadan sprawia, Ze nauczyciel
bedzie pozytywnie widziany przez innych oraz przyczyni sie do
sukcesow podopiecznych.
Sally Brown i Phil Race [7] za dwa gléwne zadania stawiane
nauczycielowi uwazaja okreslony spos6b nauczania oraz wychowanie
cztowieka do zycia w spoteczenstwie. Sposéb nauczania wigze sie z
profesjonalizmem. Nauczyciel powinien by¢ profesjonalista w swej
pracy, winien dziala¢ tak, by stale sie doskonali¢ [8]. Autorki
nadmieniajg, iz jako$¢ wykonywanych przez nauczyciela zadan zalezy w
znacznym stopniu od jego samooceny. S. Brown i P. Race stwierdzaja, Ze
WwyZsza samoocena przyczynia sie do wiekszych sukceséw edukacyjnych
uczniéw. Z kolei Caroline Gipps, Bet McCallum, Eleanore Hargreaves, [9]
za najwazniejsze zadanie nauczyciela we wspoétczesnym Swiecie
uwazaja umiejetno$¢ stawiania uczniowi pytan pobudzajacych go do
mys$lenia oraz zachecajacych do sprawdzenia swoich pomystéw. Pytania
te to m.in.: ,Co mdgtbys teraz zrobic¢?”, ,Co sie stanie jezeli zrobisz to w
taki spos6b?”. Zadanie to ma sprawi¢, ze uczen w przysztosci bedzie sam
poszukiwat rozwigzan, gdy napotka na swojej drodze jakie$ przeszkody,
stanie sie odwazny. Bedzie chetny do realizacji swoich planéw i marzen.
Na przestrzeni ostatnich latach prowadzonych byto wiele badan na
temat nauczyciela i jego opinii wsrdéd uczniéw. Jak sie okazuje nie ma
jednoznacznej odpowiedzi co robi¢, aby sta¢ sie wzorowym
nauczycielem, ktérego wszyscy uczniowie beda darzy¢ jednakowg
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sympatig i szacunkiem. Dzieje sie tak by¢ moze dlatego, ze wspotczesny
Swiat coraz szybciej sie rozwija, pojawiajg sie coraz to nowe wzorce, a
mtodziez czesto utozsamia sie z osobami, ktdre sg autorytetami na
portalach spoteczno$ciowych czy blogach.

Martyna Probachta i Karolina Stawinska [10] podejmuja prébe
zaprezentowania sylwetki wymarzonego nauczyciela powotujac sie na
wlasne badania przeprowadzone wsréd dzieci Kklas Il oraz VI. Autorki
dokonujgc analizy rysunkéw dzieci 8-letnich, przedstawiajacych
wymarzonego nauczyciela stwierdzaja, ze dobry nauczyciel jest zawsze
przedstawiany jako wesoty. Czesto dzieci zwracajg uwage czy nauczyciel
ma poczucie humoru i potrafi zartowac. Autorki pytajac dzieci
uczeszczajace do klasy VI, o ich wymarzonego nauczyciela ustyszaty, ze
ma on by¢ pogodny.

Anna Klim-Klimaszewska réwniez w swoich badaniach przedstawia
dziatania nauczyciela sprawiajgce, ze staje sie on lubiany przez uczniow
[11]. Autorka koncentruje sie na sze$ciolatkach. Dzieci te zwracaja
uwage na wyglad swojej pani. Przy ocenie biora tez pod uwage czy pani
jest,dobra”, cierpliwa oraz czy jest wesota i czesto sie $mieje.

Warto wiec sie zastanowi¢ co mozna nazwac obrazem czy wizerunkiem
nauczyciela. Stanistaw Korczynski [12] okreSla tak wszystkie
jednostronne poglady danej jednostki na temat nauczyciela, ktére
tworza sie mimo pewnej zmienno$ci zachowywania sie nauczyciela. Jak
twierdzi autor, wizerunek ten wyksztatca sie przez relacje panujace
w spoteczenstwie.

2 ZALOZENIA METODOLOGICZNE I CHARAKTERYSTYKA BADANE]
PROBY

Celem podjetych badan byto ustalenie co przyczynia sie do formowania
sie obrazu nauczyciela w oczach uczniéw. Priorytetem byto poznanie
jakie dziatania nauczyciela sprawiaja, Ze jest on lubiany przez uczniéw,
a takze wskazanie jakie czynniki wptywaja na ksztaltowanie sie
negatywnego obrazu nauczyciela w oczach dzieci. W badaniach
skupiono sie na grupie dzieci klas I-111, poniewaz dla tej grupy nauczyciel
odgrywa istotng role w procesie nauczania.

W zwiazku z powyzszym celem sformutowano nastepujgce pytania
badawcze:
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1. Jaki obraz nauczyciela funkcjonuje w oczach dzieci klas I-111?

2. Jakie dziatania nauczyciela wplywaja na jego pozytywny
wizerunek w oczach dzieci?

3. Czy wszystkie dzieci postrzegaja swojego nauczyciela
pozytywnie?

4. Czy aparycja nauczyciela wplywa na postrzeganie go przez
uczniow?

5. Czy osiagniecia w nauce dziecka przyczyniaja sie do tworzenia
pozytywnego obrazu nauczyciela?

6. Jakie cechy nauczyciela sg cenione przez uczniow?

Metoda badawcza, ktérg zastosowano w niniejszej pracy byta metoda
sondazu diagnostycznego. Metoda ta zobrazowatla jak postrzegany jest
nauczyciel przez dzieci klas I-1II oraz ukazata jakie dziatania nauczyciela
ksztattuja jego wizerunek. Analizie badawczej poddane zostaly
wypetnione przez ucznidw online kwestionariusze ankiety wtasnej
konstrukcji. Przeprowadzone badania miaty charakter ilosciowy. W
badaniach wzieto udziat 105 uczniéw, w tym 39 uczniéw Kklasy
pierwszej, 17 klasy drugiej oraz 49 klasy trzeciej szk6t podstawowych.
Do badan przystapili uczniowie Szkoty Podstawowej im. Kornela
Makuszynskiego w Natolinie, Publicznej Szkoty Podstawowej im.
Zotnierzy Armii Krajowej 72 Putku Piechoty w Mniszku oraz Publicznej
Szkoty Podstawowej im. Marii Konopnickiej w Mazowszanach. Do badan
przystapito 50 dziewczat oraz 55 chtopcow.

3 Badania wlasne

Pierwszy problemem badawczy dotyczyl tego jaki obraz nauczyciela
funkcjonuje w oczach dzieci klas I-11I. Dzieci odpowiadaty na pytanie czy
lubig swojego nauczyciela. Zadowalajace jest, ze az 99% badanych
stwierdza, ze swojego nauczyciela darzy sympatig. Tylko jeden z
uczniéw oznajmia, ze nie lubi swojego nauczyciela. Takie wypowiedzi
maja znaczacy wptyw na obraz nauczyciela jaki funkcjonuje w oczach
uczniow. Uczen, ktéry odpowiedziat, ze nie lubi swojego nauczyciela
miatl réwniez za zadanie wyjasni¢ co jest tego powodem. Oto co napisat:
»Pani krzyczy, mato sie u§miecha”.

Odpowiedzi na nastepne pytanie badawcze dotyczyly dziatan
nauczyciela sprawiajacych, Ze jest on lubiany przez uczniéw. Najpierw
zapytano jakie zachowania nauczyciela wplywajg na jego wizerunek w
oczach uczniow. Respondenci mieli wybra¢ dwa okre$lenia z czterech
podanych oraz dopisa¢ swoje propozycje.
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W ocenie dzieci klas wczesnoszkolnych ich nauczyciel jest najczesciej
pomocny - 95 wyboréw oraz wesoty - 93 wybory. Te wiasnie dziatania
przyczyniajg sie do tego, ze nauczyciel jest lubiany przez uczniow.
Zastanawiajacy jest fakt, ze az czworo badanych potwierdzito, ze ich
nauczyciel jest czasami krzykliwy. Dodatkowo dzieci zaznaczaty
odpowiedZ, Ze ich nauczyciel jest troskliwy, cierpliwy i wolno sie
denerwuje. Pocieszajacy jest fakt, ze okreslenia te sg pozytywne, a
pogodne usposobienie i dobry humor u nauczyciela sprawia, Ze jest on
dobrze oceniany przez uczniow.

Kolejny problem badawczy byl pytaniem najistotniejszym, gdyz miat
pokaza¢ jakie dzialania nauczyciela sprawiaja, Ze jest on darzony
sympatig przez podopiecznych. Badani uczniowie mieli do wybory kilka
odpowiedzi. Mogli zaznaczy¢ trzy odpowiedzi sposrdéd siedmiu oraz
napisac wtasne propozycje. Odpowiedzi przedstawia ponizszy wykres.

tadny wyglad M 5
wyrozumiato$¢ N 43
pomoc w réznych sytuacjach I 82
zyczliwo$¢ N 26
poczucie humoru I 49
pomystowo$¢ N 49
cierliwo$¢ NI 73

sprawiedliwo$¢ I 83

0 20 40 60 80 100

Wykres nr 1. Dziatania nauczyciela sprawiajace, Ze uczniowie go lubig
Zrédto: Badania wtasne

Dobre ttumaczenie (75 wyboréw) tresci niezrozumiatych okazato sie
dziataniem, ktore najbardziej przyczynia sie do tego, ze dzieci darza
sympatia swojego nauczyciela. Rdéwniez waznym poczynaniem
nauczyciela, ktére pomaga w zyskiwaniu sympatii u wychowankoéw jest
prowadzenie ciekawych lekcji - 74 glosy. Uczniowie Klas
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wczesnoszkolnych licznie wybrali tez pomoc nauczyciela gdy zachodzi
taka potrzeba (73 wybory) jako dziatanie wplywajace pozytywnie na
wizerunek nauczyciela. Sprawiedliwe ocenianie (44) stanowito
wszystkich zaznaczanych odpowiedzi jest wiec to tez kolejna czynnos¢,
ktéra wptywa na sympatie u wychowankéw. Po 22 razy badani
deklarowali, Ze poczucie humoru i czesty usmiech oraz zabieranie na
wycieczki i spacery réwniez skutkuje pozytywnym podejsciem do
nauczyciela. Jedno dziecko oznajmito, ze zyczliwo$¢ wzgledem dzieci
stanowi wiasnie dziatanie, ktére sprawia, ze uczniowie lubig
nauczyciela. Dziatania te sg wiec gtéwnymi wytycznymi do tego jak ma
postepowac nauczyciel wzgledem dzieci tak, aby by¢ przez nie lubianym.
Nauczyciele powinni wiec zwraca¢ uwage na swoje czyny oraz podejscie
do uczniéw, a wtedy prawdopodobnie stang sie lubiani, a moze nawet
zyskajg miano autorytetu.

Analizujac prowadzone dotychczas przez innych badaczy badania na
temat wizerunku nauczyciela mozna stwierdzi¢, ze wyglad nauczyciela
réwniez ma znaczenie w ocenie obrazu nauczyciela w oczach ucznidw.
W niniejszej pracy réwniez postawiono takie pytanie badawcze.
Respondentéw zapytano czy wyglad swojego nauczyciela ma wptyw na
jego postrzeganie. Okazalo sie, ze prawie 1/5 ankietowanych (20
uczniéw) sadzi, Ze aparycja nauczyciela wptywa na jego wizerunek.
Pozostate 4/5 badanych - 85 dzieci oznajmia, Ze wyglad nauczyciela nie
przyczynia sie na jego postrzeganie przez innych. Nasuwa sie wniosek,
ze nauczyciele powinni dba¢ o swéj wyglad i ubior, gdyz niektoére dzieci
zwracajg uwage na te elementy.

Réwniez czesto wysokie osiggniecia w nauce sprawiaja, ze nauczyciel
darzony jest wieksza sympatig. Z tym twierdzeniem tgczyt sie kolejny
problem badawczy. Zapytano wiec uczniéw jak oceniajg swoje
osiggniecia w nauce tak, aby zbada¢ czy wyniki w edukacji wptywaja na
wizerunek nauczyciela. 84,8 % ankietowanych (89) swoje osiaggniecia w
nauce ocenia jako dobre. 16 ucznidéw czyli 15,2 % uwaza, ze wyniki w
nauce uzyskuje $rednie. Zadne z dzieci nie sadzi, ze jego wyniki w nauce
sa zle. Prowadzone badania koresponduja z badaniami prowadzonymi
przez Bozene Zuk. Autorka [13] na podstawie prowadzonych badan
wsrod uczniow klas I-111 wylicza co sprawia, Ze nauczyciel jest dobrze
widziany przez uczniéw. Najwazniejszym czynnikiem okazalo sie
prowadzenie uczniow do sukceséw edukacyjnych oraz wysokie wyniki
uzyskiwane przez badanych. Wyniki przedstawione na diagramie
powinny wiec przyczynia¢ sie do postrzegania nauczyciela przez
uczniow Kklas I-1II pozytywnie.
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Ostatni problem badawczy dotyczyt cech najbardziej cenionych u
nauczyciela. Respondenci wybra¢ mogli pie¢ najbardziej pozadanych
cech oraz dopisa¢ wtasne propozycje. Odpowiedzi te miaty ukazac jakimi
cechami powinien odznacza¢ sie nauczyciel, aby byt postrzegany

pozytywnie.

troskliwo§¢ m——————— 45
wrazliwo§¢ mmmm 13
duza wiedza FEEEEEE——————— 57
fadny wyglad m= 5
wyrozumiato$¢ FEEEmmm————— 43
pomoc w réznych sytuacjach FEEE————————— 82
zyczliwo$¢ mmmmmmm—— 26
poczucie humoru FEEE—————— 49
pomystowo$¢ mmmmmm——— 49

cierliwo$¢ I 73

sprawiedliwo$¢ IEEEE———————— 83

0 20 40 60 80 100

WyKres nr 2. Najwazniejsze cechy u nauczyciela
Zrédto: Badania wtasne

Analizujagc  powyzszy wykres zauwazy¢ mozna zrdznicowanie
odpowiedzi. Cechy, ktoére sa najbardziej cenione u nauczyciela przez
dzieci to sprawiedliwo$¢ (83 odpowiedzi) i pomoc w réznych sytuacjach
(82 odpowiedzi). Kolejno badani wybierali cierpliwo$¢ (73 odpowiedzi).
Az 57 ucznidw uwaza, ze wiedza posiadana przez nauczyciela jest
istotna. Kluczowe dla ankietowanych cechy, ktéorymi powinien
odznacza¢ sie nauczyciel (powyzej 40 wyboréw) to pomystowos¢,
poczucie humoru, troskliwo$¢, a takze wyrozumiato$é. Mniej ceniong
cecha jest zyczliwo$¢ - 26 odpowiedzi. Cechg, ktéra jest najmniej
znaczgca w zawodzie nauczyciela okazat sie tadny wyglad (5 wyboréw).
Wyniki sa wiec podobne do tych przedstawionych przez innych badaczy
w poprzedniej czesci pracy. Takimi badaniami zajmowata sie tez m.in.
Matgorzata Gtoskowska-Sotdatow [14]. Autorka zaznaczata, podobnie
jak powyzszy wykres, Ze sprawiedliwo$¢ i wyrozumiato$¢ uczniowie u
nauczyciela cenig najbardzie;.
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Reasumujac stwierdzi¢ mozna, Ze aparycja nauczyciela ma znaczenie
tylko dla niewielkiej grupy uczniéw. Dla dzieci licza sie gtéwnie
posiadane cechy nauczyciela takie jak sprawiedliwo$¢, pomoc czy
cierpliwo$é. Cechy te sprawiaja, Ze nauczyciel staje sie pozytywnie
widziany przez uczniéw, a to przyczynia sie do catoSciowego
pozytywnego postrzegania nauczyciela.

4 ZAKONCZENIE

Podsumowujgc powyzsze rozwazania zawdd nauczyciela to nie tylko
powotanie, ale i wielki obowigzek oraz odpowiedzialno$¢. Nauczyciel ma
przede wszystkim nauczaé, ale réwniez wychowywaé. Nauczyciel
poprzez swoje dziatania ksztaltuje swdj wizerunek w oczach innych.
Kluczowe sa cechy posiadane przez nauczyciela, ktére wplywaja w
znacznym stopniu na proces nauczania-uczenia sie i jego efekty. Artykut
ten miat poméc ustali¢ jakie dziatania nauczyciela sprawiajg, ze jest on
mniej lub bardziej lubiany przez ucznidow.

Zaprezentowane w niniejszym artykule dane nie pozwalajg na
uogolnienia, jednakze moga stanowi¢ podstawe dla poglebionych analiz
tego zjawiska na reprezentatywnej populacji. Mozna natomiast wysnu¢
wniosek dotyczace badanej grupy. W wyniku przeprowadzonych badan
okazato sie, Ze istnieje szereg czynnikéw sprawiajacych, ze nauczyciel
jest postrzegany raczej pozytywnie. Okazalo sie, Ze wizerunek
nauczyciela ksztattuja posiadane cechy, dziatania, ktére realizuje
podczas swojej pracy oraz poprzez podejscie do ucznia. Pomoc dzieciom
oraz wesote usposobienie nauczyciela sprawia, Ze jest on pozytywnie
postrzegany. Takze dobre ttumaczenie niezrozumiatych tresci okazato
sie dziataniem, ktére najbardziej przyczynia sie do tego, ze dzieci darza
sympatig swojego nauczyciela. Kolejnym dziataniem, ktére wptywa na
wizerunek nauczyciela w oczach podopiecznych jest prowadzenie
ciekawych lekcji. Wymienione dziatania, a takze posiadanie cech takich
jak sprawiedliwos$¢ i cierpliwo$¢ pomaga w ksztattowaniu pozytywnego
obrazu nauczyciela w oczach najmtodszych. Warto wiec uwaza¢ na to w
jaki sposéb podchodzi sie do ucznia oraz jago problemoéw, gdyz szybko
mozna straci¢ w oczach uczniéw. Zaprezentowana problematyka badan
nie jest wyczerpujaca, gdyz prawdopodobne jest, ze wynik badan
mogtby by¢ inny w zalezno$ci od liczebno$ci grupy badawczej oraz jej
wieku. Mozliwe, ze uczniowie klas starszych inaczej ocenili by swojego
nauczyciela. Warto nieustannie obserwowal czy postrzeganie
nauczyciela przez dzieci zmienia sie i jakie sg tego przyczyny.
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VYUZIVANIE INTERAKTIVNYCH DIDAKTICKYCH
APLIKACIi VO VYUCBE

I1diké PSENAKOVA, Milan STRBO, SK

Abstrakt: Tvorba interaktivnych uc¢ebnych materidlov a ich nasledné
vyuzivanie v pedagogickej praxi nie je jednoducha tiloha. Mnohf ucitelia
nevyuzivaju interaktivnu tabulu len preto, lebo je nedostatok
dostupnych interaktivnych vzdelavacich materidlov a oni nie st schopni
si vytvorit sami. V ramci projektu KEGA sme realizovali prieskum, ktory
mal za ulohu zmapovat situaciu v pouzivani interaktivnej tabule
avyuzivania interaktivnych didaktickych aplikacii vo vyucovacom
procese na zakladnych a strednych Skolach na Slovensku. V ¢lanku
prinaSame niektoré jeho vysledky.

KI'icové slova: interaktivita, uCebny material, interaktivna tabulsa,
dotaznik, prieskum

USE OF INTERACTIVE DIDACTIC APPLICATIONS IN
TEACHING

Abstract: The creation of interactive teaching materials and their
subsequent use in pedagogical practice is not an easy task. Many
teachers do not use the interactive whiteboard simply because there is a
lack of available interactive educational materials, and they are unable
to create them themselves. As part of the KEGA project, we conducted a
survey, which aimed to map the situation in the use of interactive
whiteboards and the use of interactive didactic applications in the
teaching process at primary and secondary schools in Slovakia. In this
article we present some of its results.

Keywords: interactivity, teaching materials, interactive whiteboard,
questionnaire, survey

1 Uvod

Tvorba interaktivnych ucebnych materidlov, didaktickych aplikacii a
vedomostnych testov aj napriek tomu, Ze na ich pripravu st pre
pedagégov k dispozicii rézne podporné programové baliky, nie je
jednoducha uloha. Mnohi ucitelia nevyuzivaja interaktivnu tabulu len
preto, lebo je nedostatok dostupnych interaktivnych vzdelavacich
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materidlov aoni nie su schopni vytvorit kvalitny, didakticky aj
metodicky spravny interaktivny material [1].

V ramci projektu KEGA ¢. 015TTU-4/2018, ktorého rieSenie bolo
naplanované na tri roky, ale vzhladom na vzniknuti pandemicku
situdciu vroku 2020 bol ukonceny az v roku 2021, sme realizovali
prieskum, ktory mal za udlohu zmapovat situdciu v pouzivani
interaktivnej tabule a vyuzivania interaktivnych didaktickych aplikacif
vo vyufovacom procese.

Nakolko vyuZivanie interaktivnych pomocok zavisi predovSetkym od
pedagdga, zamerali sme sa preto na ziskanie informdcii hlavne od
ucitel'ov zakladnych a strednych $kol na Slovensku.

2 Prieskum vyuZzivania interaktivnych didaktickych aplikacii

Prieskum bol realizovany v priebehu rokov 2018-2019. Zber tidajov sa
uskutocnil podla planu projektu v ramci Trnavského a Nitrianskeho
kraja, a vdaka kolektivu rieSitel'ov bol rozsireny aj v Zilinskom kraji
Slovenskej republiky.

2.1 Ciel' a zameranie prieskumu

Hlavnym cielom prieskumu bolo zistit sucasny stav vyuzivania
interaktivnych tabul' a interaktivnych (elektronickych) didaktickych
aplikacii na zakladnych a strednych skolach.

Zamerali sme sa aj na zistenie, z akych vyucovacich predmetov alebo
tematickych celkov uciva chybaju ucitelom vhodné interaktivne
materialy, ktoré by mohli vyuzivat vo vzdelavani. Tieto vysledky ndm
mali pomoOct’ pri vybere naplne vytvaranych interaktivnych materialov,
¢o bolo tieZ jednou z tloh projektu.

2.2 Metdda prieskumu - dotaznik

Na splnenie ciel'a prieskumu sme ako vyskumnui metédu zvolili dotaznik.
Dotaznik, ako vyskumny ndastroj, patri medzi najcastejSie pouZivané
vyskumné metddy. Pouziva sa predovsetkym v spolocenskych vedach na
hromadné a hlavne rychle zistovanie faktov, postojov, nazorov, hodnét,
preferencii, motivov, zaujmov, potrieb a iného.

Dotaznik bol vypracovany v elektronickej podobe, nakol'ko rozsirenie
pocitacov a modernych technolégii a celosvetovy pristup na internet,
ul'ahcuje a zjednoduSuje dostupnost respondentov. Okrem toho
dotaznik v elektronickej podobe je moZné posielat napriklad aj pomocou
e-mailu, ¢o je velkou vyhodou pre vyskumnika, pretoze mu Setri cas
a taktiez je vyhodou, Ze on samotny nemusi byt pritomny pri vypliani
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dotaznika. Elektronickd podoba dotaznika umoZnuje aj rychlejsie
alahsie vyhodnotit azhrnut jeho vysledky. V sucasnosti sa vacSina
dotaznikovych vyskumov realizuje prostrednictvom elektronickych
dotaznikov [2].

Dotaznik vytvoreny vramci projektu bol realizovany ako webovy
dotaznik. Podstatnou vyhodou webového dotaznika je, Ze je synchronny,
¢o znamend, Ze odpovede respondentov sa priamo prenasaju do
databazy, ktoru vytvoril vyskumnik. Webovy dotaznik méze vyplnit
kazdy, kto sa na webovu stranku dostane.

Za ucelom ziskania tidajov do nasho prieskumu bol dotaznik vytvoreny
prostrednictvom internetovej stranky https://docs.google.com/forms.
Odkaz na dotaznik bol rozposlany prostrednictvom e-mailov na
jednotlivé skoly, Co predstavovalo najjednoduchsi spésob ako zozbierat’
¢o najviac udajov, ale bol Sireny aj pomocou socidlnych sieti.

Dotaznik bol anonymny a obsahoval devéat otazok, pricom nie na vSetky
bolo povinné odpovedat. Obsahoval otvorené otazky s nutnostou
dopisat odpoved, zatvorené otdzky, ktoré mali vopred stanovené
alternativy odpovedi a polouzavreté, ktoré ponukali respondentovi
vybrat odpovede alebo/aj dopisat vlastnd odpoved'. Dotaznik obsahoval
aj priestor na pripadné pripomienky akomentdre zicastnenych
respondentov.

3 Vyhodnotenie odpovedi na otazky dotaznika

Dotaznik vyplnilo 148 respondentov, z ktorych sme vo vyhodnoteni
pouzili 110, nakol'’ko ostatné neobsahovali vSetky relevantné odpovede,
alebo boli vyplnené nezodpovedne. Vysledky elektronického dotaznika
nie su hodnotené podl'a veku ¢i pohlavia ucitel'ov.

Prvou otvorenou otazkou: ,Aka je VaSa aprobacia?“ sme zistovali
kombinaciu predmetov, ktoré zucastneni ucitelia Studovali. Otazka
nebola povinng, preto nie vSetci respondenti na nu odpovedali (Tabul'ka
1). Ako dobre vieme, nie na kaZzdom predmete sa da pracovat
s interaktivnou tabul'ou, aj ked’ vieme si predstavit, Ze aj teéria z telesnej
vychovy sa da vyucovat pomocou interaktivnych elektronickych
materialov, ale nie je to prave vhodny sposob vyucby telocviku na
zakladnych a strednych Skolach. Vysledok bol pre nas zaujimavy
v porovnani s vysledkami inych otazok dotaznika.

Nie je neznamym faktom, Ze pedagdgovia vo svojom vyucovacom
procese Casto nevyuzivaju skuto¢ny potencial interaktivnej tabule, alebo
ju pouZzivaju len ako premietacie platno [3]. Na otazku: ,VyuZivate na
Vami vyucovanych predmetoch interaktivhu tabulu (inak ako len
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premietacie pldtno)?”“ odpovedalo 82 % respondentov kladne, na zaklade
¢oho mo6Zeme konstatovat, Ze naSe Skolstvo sa modernizuje a ucitelia
skvalitiiuji spdsoby sprostredkovania ucebnej latky zZiakom.

Tabul'ka 1: Aprobacia pedagégov ztucastnenych prieskumu

Otdzka: Akd je vasa aprobdcia?

Odpoved’ Pocet Odpoved’ Pocet
Slovensky jazyk 7 Histoéria, dejepis 5
Cudzie jazyky 32 | NaboZenstvo, eticka vychova 2
Matematika 10 | Telesna vychova 3
Fyzika 5 | Hudobnd vychova 5
Informatika 26 | Vytvarnd vychova 1
Bioldgia 5 | Odborné predmety 7
Chémia 3 1. stupen zakladnej skoly 30
Geografia

Po kladnej odpovedi na predchadzajicu otazku sme chceli vediet: , Ak
dno, ako ¢asto?” Boli ponuknuté Styri mozné odpovede, pricom tri boli
uzavreté ajedna otvorend. Odpovede na otvorenu otazku sme opat
kategorizovali z d6vodu podobnosti odpovedi.

Na zaklade odpovedi sme mohli konstatovat, Ze interaktivnu tabulu
vyuzivaju ucitelia na svojich vyucovacich hodinach v dostatocnej miere.

AKko ¢asto pouzivaji pedagogovia interaktivnu tabul'u?

40 33
29
30 25
20
10 4
0 |
Kazda vyucovaciu  Takmer kazdu Jeden krat za Iba vynimocne

hodinu vyucovaciu hodinu tyzden

Graf 1: Pouzivanie interaktivnej tabule z ¢asového hl'adiska

Zaujimali nas aj dévody, preCo pedagogovia nevyuzivaju interaktivnu
tabul'u pocas vyucovania. Respondenti si mohli vyberat’ z ponuknutych
odpovedi alebo napisat vlastnii (Graf 2). Zial, z odpovedi vyplynulo aj to,
Ze na niektorych skolach je este stale nedostatok interaktivnych tabul’.
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Dovody nevyuzivania interaktivnej tabule

Technické problémy s
interaktivnou tabul'ou

Naroc¢nd priprava na vyucovanie NN 9

Neviem pouzivat interaktivnu
tabulu
Nemam zaujem pouzivat
interaktivnu tabul'u

Nevhodny predmet NG 4

I 5

I
. 2

Nedostatok u¢ebnych materidlov [ NN S

Nedostatok interaktivnych tabul
v $kole

—— 9

0 2 4 6 8 10

Graf 2: Problémy pri praci s interaktivnou tabul'ou

Na zdklade ziskanych tudajov z dotaznika sme zistili, Ze ti ktori
nevyuzivaju interaktivnu tabul'u (aj inak ako len premietacie platno) boli
prevazne ucitelia prvého stupia zakladnych $kol a ako dovod uviedli
zlozit pripravu ucebného materidlu na vyucovaciu hodinu. Problémy
tykajiuce sa tvorby ucebného materidlu a nedostatku vhodného
ucebného materidlu uvadzaju aj ucitelia humanitnych vied ako je
slovenského alebo cudzieho jazyka.

Na druhej strane z odpovedi respondentov na otazku ,VyuZivate vo
svojich predmetoch interaktivne didaktické aplikdcie?“ (Graf 3) mdZeme
konstatovat, Ze interaktivne didaktické aplikacie sa postupne dostavaju
do povedomia ucitel'ov a stavaju sa sicast'ou vyucovacieho procesu.
Zistovali sme aj to, konkrétne aké a zakych zdrojov vyuzivaju
interaktivne didaktické aplikacie ucitelia. Z odpovedi vyplyva (Graf 4), ze
vacSina ucitelov je odkdzand na pouzivanie aplikacii na webovych
strankach alebo na pouzivani komercéného softvéru zakidpeného Skolou.
Len malo ucitel'ov si interaktivne aplikacie vytvara. Je pravdepodobné,
Ze dbévodom mobZe byt samotnd ndarocnost pripravy a tvorby
interaktivnych didaktickych aplikacii. Respondenti nemuseli odpovedat
na tato otazku, v pripade odpovede si vSak mohli vybrat z viacerych
odpovedi. Na grafe 4 sme znazornili ich kombinacie.
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Vyuzivate vo svojich predmetoch interaktivne didaktické

aplikacie?
80% 69%
60%
40%
23%
0% |

mAno mNie ale poznam také  ® Nie, ani také nepoznam
Graf 3 : Vyuzivanie interaktivnych didaktickych aplikacif

Ak ano, o aké interaktivne aplikacie ide?

komer¢ny softvér zakupeny Skolou;
Vami vytvorené

I 13

komerény softvér zaktipeny skolou W 2

komer¢ny softvér zakupeny Skolou;

; . I
vol'ne dostupné na webe ¥
komer¢ny softvér zakupeny Skolou;
Loy SOVl ZAKUDEILY SEOTOL o
_volne dostupné na webe; Vami...
Skola nie je ochotna investovat’ do 1

interaktivnych aplikacii
vol'ne dostupné na webe [N 30

vol'ne dostupné na webe; Vami
vytvorené

. 10

0 20

Graf 4: Typy pouzivanych interaktivnych aplikacii

40

Na otazku: ,Zvysilo pouZzivanie interaktivnych aplikdcii atraktivitu Vasho
predmetu u Ziakov?“ az 83 % respondentov odpovedalo kladne, ¢o
potvrdzuje efektivitu vyuZivania interaktivnej didaktickej aplikacie
pocas vyucovania ajej pozitivny vplyv na atraktivitu predmetu
z pohl'adu Ziakov.
Odpovede na otdzku, ktora sa tykala vytvarania pedagégmi vlastnych
interaktivnych aplikacii alebo interaktivneho ucebného materialu nas
nepotesili, ale v podstate sa potvrdil nas predpoklad, pretoze len 35 %

252



XXXIV.DIDMATTECH 2021
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

pedagdgov odpovedalo kladne, zvySnych 65 % si eSte nevytvarali u¢ebny
material vhodny na pracu na interaktivnej tabuli.

Otazka, na zaklade ktorej sme chceli ziskat a zostavit zoznam
tematickych celkov, zktorych chyba interaktivny ucebny materidl,
nesplnila svoj ucel bezvyhradne. D6vodom bolo, Ze ucitelia vacsinou
neuvadzali tematicky celok uciva alebo konkrétnu tému, alebo uviedli
len predmet, v ktorom by uvitali takyto materidl. V odpovediach je
badatel'nd korelacia s predmetovou aprobaciou pedagoégov, ktori sa
zucastnili prieskumu. Je evidentné, Ze kazdy pedagdg uviedol nim
vyucovany predmet. Zaroven z odpovedi je viditel'né aj to, Ze v podstate
dostupné interaktivne aplikacie chybaja prakticky z kazdého predmetu,
v ktorych je ddlezita nazornost a precvicovanie.

4 VysledKky prieskumu

Uskuto¢nenym dotaznikovym prieskumom sme ziskali udaje, ktoré
vykazuju aktivne pouzivanie interaktivnych tabul' a interaktivnych
didaktickych aplikacii pedagégmi, pocas jednotlivych vyucovacich
hodin. Toto pozitivne zistenie poukazuje na aktivhu modernizaciu
Skolstva, Co sa tyka uspeSného zavadzania, ale hlavne vyuZzivania
informacno-komunikac¢nych technolégii vo vyucovacom procese.

Zistili sme, Ze ucitelia stale v niektorych pripadoch este pozoruju
nedostatocné vybavenie zakladnych $kol interaktivnymi pomdéckami, o
ma za nasledok neplnohodnotné vyuZivanie interaktivnej techniky.

Na zaklade odpovedi ucitel'ov sme zistili aj to, Ze nie kazda Skola kupuje
pre svojich pedagoégov aj interaktivny softvér k interaktivnej tabuli a nie
vSetci ucitelia si schopni vytvarat interaktivny didakticky material sami.
Vtychto pripadoch velkd vacSina ucitelov vyuZiva interaktivne
didaktické aplikacie, ktoré si vol'ne dostupné na internete.

Rovnako vysledky prieskumu ukazali, Ze ucitelia privitaju interaktivny
uCebny materidl ainteraktivne aplikdcie prakticky vkazdom
vyucovacom predmete.

5 Zaver

Technicka Groven vybavenia na naSich zdkladnych a strednych skolach
sa zlepSuje, preto si myslime, Ze je doleZité, aby sa technické prostriedky
a zariadenia spravne a v dostato¢nej miere vyuzivali. K tomu st potrebni
v prvom rade vhodne vzdelani pedagégovia, ktori s nimi vedia pracovat
a su dostato¢ne motivovani na ich vyuzivanie v pedagogickom procese.

Vysledky z dotaznika jednoznacne ukazujui, Ze ucitelia z praxe maju
zaujem o tvorbu interaktivnych elektronickych vzdelavacich materialov.
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Ak bududci pedagégovia uz pocas svojho Studia ziskaju vedomosti
z oblasti ako tvorit a vyuZzivat interaktivne ucebné materialy a osvoja si
zrucnosti prace s interaktivnou tabul'ou, stanud sa z nich plnohodnotni
ucitelia, ktori tieto nadobudnuté kompetencie budd vyuZzivat' vo svojej
praxi, ¢o je na$im ciel'om.

Cldnok vznikol na zdklade &iastkovych vysledkov projektu KEGA ¢ 015TTU-

4/2018, a za podpory projektu KEGA & 012TTU-4/2021 “Integrdcia
vyuzivania distancnych vyucbovych procesov a tvorby elektronickych
ucebnych materidlov do edukdcie budiicich pedagégov”.
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SUMMARY OF FOREIGN RESEARCH FOR THE USE OF
INTERACTIVE WHITEBOARDS (IWBS)

Milan STRBO, I1dik6 PSENAKOVA, SK

Abstract: Electronic interactive whiteboards are an effective way to
introduce electronic content and multimedia materials into the learning
process. It provides great opportunities to use the visibility of the
material, quick search for additional information (with direct access to
the Internet), creative approach to foreign language classes. There are
also various online whiteboards available for remote learning that allow
digital collaboration imitating the interactive whiteboard in the
classroom. The aim of this article was to provide an overview of foreign
research on the use of IWBs in the teaching process.

Keywords: Interactive whiteboards (IWBs), teaching process.

1 Introduction

Interactive whiteboards (IWBs) are being integrated into many
classrooms these days. Nowadays we can say that these Interactive
whiteboards are commonly used in a mass scale around the globe.
Common themes on whiteboards include effects on perception,
motivation, attention, behaviour, level of interaction between student,
teacher, and IWB, learning, pedagogy, and achievement. There is a sense
that this tool may offer considerable potential to enhance student
learning. Promoters of the tool provide case studies of the novelty and
support that can be achieved through the clever use of the tool. Early
evidence suggests that IWBs can have a positive effect on teaching and
learning, however, much of this evidence is not supported, or based on
case studies making it difficult to generalize. Many people, including
teachers, parents, experts, researchers, etc., also suggests that IWBs are
used to reinforce current didactic teaching practices, as teachers can
easily use them as a blackboard replacement on a global scale. Speaking
of use of IWBs, there is clearly a expectation of how will teachers,
students, parents and public react to this kind of tool. For more than 100
years of using basic chalk boards, and being used to this type of boards,
today we can meet with different opinions from many perspectives.
There are still people preferring chalk boards, with attitude that IWBs
have negative impact on education processes and students. We are
talking about students mainly from primary and high school where
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attitudes to using this kind of tool may vary. Although public and
representatives of education expect that IWBs may be beneficial, it’s not
always like that. We can expect positive or either negative responses
from different sides of view from now to upcoming years. Those
responses may help with further producing of IWBs and their
improvements to prevent future negative responses or even complete
elimination of them.

2 IWBs vs. Traditional blackboards in Education system

Interactive whiteboards are gradually replacing traditional blackboards
and whiteboards in classrooms all across the world. Their benefits are
efficient not just for students, but also for teachers. More teachers have
dropped the chalk to teach with a mouse, stylus, and a swipe of their
index finger on touch screens of whiteboards. With interactive
whiteboards, it has become possible to incorporate high-definition
images, video and graphics into lessons. This has made it easier for
difficult concepts to be explained to students in a visual manner, keeping
them more engaged in class sessions. Static chalkboards and paper-
based lessons don’t connect with students in the digital age [1]. Teachers
forced to rely on chalk to reach students are doomed to fail. Forcing
lessons into lectures or on chalkboards in the classroom will lead
students to tune out before the class starts. The multimedia stimuli
presented to students learning from an interactive whiteboard are on a
different level to those in a classroom relying on a traditional blackboard

2].

2.1 Presenting content and displaying student projects

With interactive whiteboards, student projects can be displayed on a big
screen for receiving and review by the class. This has a positive effect on
the psyche of the student body, creating a sense of community,
competition and engagement [1]. With traditional blackboards, a
separate arrangement for projection systems and projection screens
must be made to display information of this kind. Even with an overhead
projector it is hard to make a truly engaging atmosphere [3]. The
whiteboard shouldn’t replace teaching or lecture time in the classroom.
Instead, it should enhance the lesson and provide opportunities for
students to better engage with the information. The teacher has to
prepare additional materials that can be used with the smart technology
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before class starts - such as short videos, infographics, or problems the
students can work on using the whiteboard [4].

2.2 Improved collaboration and interaction among students

The best interactive whiteboard solutions, make collaboration among
classroom participants simpler than ever before. They allow
annotations, manipulation of content, surveys, connection through
smartphones and so much more. A traditional blackboard limits
collaboration as only one individual can realistically use the board
effectively at any given time [5]. It is also difficult to make annotations or
add new content without wiping off the old content. A blackboard or
static whiteboard can be a very good basic sketch pad, but without the
ability to share information, and really interact with the content, far from
reaching the IWB [6]. With the smartboard technology as the center of
the lesson, students can better collaborate in the classroom. The digital
technology unlocks the internet as they work, allowing students to
connect the lesson to technology they use every day [7].

2.3 Highlights of important information from the lesson

Smart technology can be used to highlight essential information as
students work through a lesson. Before the lesson begins, the sections
that will be covered during the class can be outlined. As each section
begins, we can break down the key topics, definitions, and critical data
for students on the whiteboard [7]. This can also include graphics and
videos in addition to text. This will help students not only with note
taking, but also to review future topics you will be covering [1].

2.4 Answering student questions

Engaging the students using the interactive whiteboard and questions
from the class. We can look up for additional information or data using
smart technologies. Question can be written on the whiteboard and then
the teacher can work through the answers with the students. Let them
see how the teacher answer the question or pull in additional data. When
the teacher is finished, the results of the questions can be saved and sent
to the student via an email for later reference [5].

For teachers and students, the interactive white board is a powerful
benefit to the classroom. It opens up the students to collaboration and
closer interaction to the lessons. For schools struggling to connect
students to classroom lessons, or keep students engaged, smart
technology like interactive whiteboards is an ideal solution. An
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interactive whiteboard in the classroom provides students with the
technology they know and understand. It enhances collaboration and
invites interaction with the lesson. Afterwards, students can see how the
technology they use connects to the lessons they learn in school.

2.5 How IWBs work

Every interactive whiteboard system requires three basic components:
a computer, projector and the interactive whiteboard. To use it, the
projector is connected to both the computer and IWB so that the
document or media opened on the computer is displayed for the
audience on the screen. In contrast to previous conventional computer
and projector setups, the user controls the IWB directly from the surface
of the screen either by using the special pens accompanied with the
board or with the touch of a finger. In this way, the user can interact with
the IWB so as to more readily engage the audience. While most [WBs
only allow for one input or finger/pen to be used at a time, the new
models recently released in 2012 can allow up to four users to
simultaneously select, write or draw on the board. In terms of ease of
use, interactive whiteboards are designed so that novice users, who are
familiar with computer software, can use it with minimal training. Then,
as experience grows, the user can utilize the related software, usually
offered by the manufacturer of the IWB to carry out more advanced and
flexible operations. Most IWB manufacturers also provide the user
access to an online community wherein complete lessons, ranging by
grade and subject can be searched and downloaded. Among those
lessons, some offer professionally designed content with sophisticated
multimedia and interactive capabilities that can be purchased from
publishers, magazines and other content providers.

2.6 Additional hardware

The majority of IWB manufacturers also develop supplementary
hardware to accompany IWB products. Some of the additional hardware
can be a Learner Response System or LRS. This device is an electronic
remote or clicker used by an audience as a means to directly respond to
a particular lesson or presentation. While the specific features of this tool
vary from model to model, most units contain a USB receiver that sets up
a radio frequency in the room with a range of approximately (30m) as
well as an LCD screen that allows the user to edit and change their
response. The types of responses that can be requested include true or
false, yes or no, numeric, opinion or word answers and complete
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mathematical or scientific equations. When an instructor or teacher
requests feedback, the audience enters their response on the clicker.
Once submission is complete the results are stored within the
accompanying software, which, the instructor can present on the
interactive whiteboard with each entry listed or anonymously.

3 Research 1: Teacher beliefs of the use of IWB

According to large-scale study [8], the researchers have studied nine
teachers from seven schools as part of this large-scale analysis. The
teachers were chosen on the basis that in national tests in 2005 their
classes had shown progress between the baseline and posttest
outcomes. This enabled the evaluators to observe classrooms where the
use of IWBs had become fully embedded in teaching and learning
through use for more than two years. Over the period of the evaluation,
the use of IWBs across the curriculum had increased [9]. A huge majority
of interviewed teachers felt they had adopted new teaching practices as
aresult of having an IWB. In the observed classrooms many teachers had
made radical changes to their lesson planning, creating or accessing their
own resources, and storing them in either personal or shared areas on
the school’s server. Research findings from classroom observations
showed that IWBs aid the teaching of difficult, abstract and complex
ideas, that the ambience of classrooms in which IWBs are used is more
cooperative and “sharing,” and that there are very positive effects on the
attention, attitude, and motivation of students in classes with IWBs [10].
Authors stressed how IWBs introduce more possibilities for positive
interactivity between the teacher and the learners, which is an essential
pedagogical component.

Teachers reported using the IWBs in approximately two-thirds of the
mathematics lessons in 2003 and nearly three-quarters of these lessons
in 2004. Overall, the interviewed teachers were extremely positive about
the impact of IWBs on their teaching and thought that using the IWBs in
lessons improved students’ motivation to learn. A consistent proportion
of teachers (85%) believed that IWBs would lead to improvements in
students’ attainment [8].

In another research which took place in Turkey, the teachers were given
questions about pros and cons of using IWB’s. The research consisted of
10 teachers from different branches. As a general evaluation, it is seen
that all of the teachers stated that technology is a sine qua non for the
education field [10]. In addition, all teachers think that smart boards will
attract students' attention thanks to the visuals. Teachers also think that
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the blackboard, which is an important part of the traditional classroom
environment, will be replaced by the smart board in the future [1]. Some
of the most frequent answers are that teachers find the smart board
seminars given to them very theoretical. Teachers who felt support at
this point stated that they should be given more help through seminars
in areas where they are inadequate. In addition, teachers want the
seminars to be practice-oriented.

Figure 1 Teachers'views on why they need a smart board

When Figure 1 is examined, it is seen that most of the teachers stated
that they need a smart board to keep up with the technology. On the
other hand, almost all teachers stated that smart boards increased the
visualization, and therefore, a useful material. Seven teachers stated that
the smart board would improve the quality of education and six teachers
would reduce their workload. In addition, it can be said that all teachers
think that smart boards will replace blackboards soon [10].

According to the research, the teachers indicated that smart board has a
potential to increase student success, but some teachers stated that the
smart boards were not enough to achieve success alone. As an important
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finding, some teachers believe that smart boards will increase student
interest and motivation [3]. In addition, seven teachers believe that this
material will increase student participation. All of the teachers stated
that technology is required in education as in every field. Some of the
teachers pointed out that education influences the technology, and that
the technology has been developing thanks to the education [11]. On the
other hand, some of the teachers stated that technology is needed for
effective teaching as well as updating the education system.

3.1 Summary of research 1

Based on the data acquired from several studies, it was observed that
nearly all of the teachers had positive opinions about smart boards. It is
pleasing that teachers have positive perspectives towards technological
materials. Teachers stated that the use of smart boards in classrooms
would increase the motivation of students and increase their
involvement and participation. Another result of the studies is that
teachers need support for the use of smart boards. On the other hand,
some teachers' comments about their colleagues show that the level of
technology use for elder teachers is low. Indeed, some studies have
shown that older teachers are resistant to technology. Sahin collected
data from 512 teachers, and according to the results, teachers have
partially agreed that the use of materials in classrooms will help
preventing the disciplinary problems and help facilitating classroom
management. Similarly, in this study, teachers think that the use of smart
boards in classrooms will ease classroom management. Finally, teachers'
opinions on the relationship between education and technology have
also provided some evidences about teachers' view on smart boards.
First of all, teachers' positive outlook on the use of technology in the
educational environment can be interpreted as an indicator of their
positive attitude and belief towards smart boards. Considering the effect
of teachers' beliefs on their teaching, it can be said that the results will
have positive effects on teaching activities.

3 Research 2: Observation of students

Students have been more curious, interested, and inspired as a result of
the widespread use of Interactive Whiteboards around the world. The
new modern age demands change, and in addition to conventional
schooling, they need digital materials and additional skills, since it is
often easier to obtain additional details related to a specific curriculum.
Students spend a lot of time using their computers or surfing the
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internet. If the teachers raise their interest in the topic instead of offering
them material which is boring and difficult to understand, the teachers
could search the topic on the internet and this way they can develop their
knowledge and make the lesson more enjoyable [12].

In study of the uptake of IWBs in a secondary school, Glover and Miller
[7] proposed that IWBs offered considerable benefits to learning. They
reported that students were more likely to engage in learning due to the
surprise element that was offered through the IWB, the large visual cues
offered through the IWB presentation format, and the quicker pace of
lessons. In exploring the impact of IWBs on students' thinking, Wall
(2005) reported that, among other things, students indicated that there
was considerable motivational effect of the [IWBs to the extent that [IWBs
could change students' perceptions of subject areas. Research has shown
that IWBs may offer potential links between learning styles of students
and the learning environment offered through the IWB format. In their
review of the literature on IWBs, a range of curriculum areas was
reported as having adopted the IWB as part of their pedagogy and links
to learning styles [7]. However, in another study it was reported that
some students did not like the openness of their responses as they were
available to public scrutiny and students felt threatened by that
openness and hence less likely to participate. However, other students
reported that the use of technology helped to create a community within
the classroom where they could expose their difficulties to the group and
seek the support of others in solving problems. It was also found that as
the number of hours of IWB exposure increases, students’ awareness of
the distinctiveness of IWB technology increases. The use of IWB as an
instructional tool has a beneficial effect on student engagement in
classroom lessons and led to improved student behaviour. Teachers and
students believe that IWB had a high impact on revitalizing the
classroom [5].

According to large-scale study, the observed lessons in USA containing
the IWB tool, contained more whole-class teaching and less group work.
The lessons involving IWBs had significantly more open questions,
answers from students, probes, evaluation, and general discussion. Most
of these differences were only observed after the IWBs had been in use
for a year. The IWB use also contributed to a faster pace in the lessons
(measured as increase in the total number of interactions between the
teacher and students in these classes). In terms of the impact on
students’ attainment, however, the IWBs appeared to have a negligible
effect. . Compared with other schools nationally, the students in the IWB
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pilot schools performed better on national tests in mathematics in 2003
[8].

The second large study of primary education in literacy, science, and
mathematics was conducted by. The study concerned 4,116 students
from Year 3 to Year 6 (aged between 7 and 11) in 172 classes in 97
primary schools, and 3,156 students in Years 1 and 2 (between 5 and 7
years old) in 160 classes in 96 primary schools, in 20 local authorities in
England. It was found that IWBs benefited averagely attaining students
and high-attaining students in that they made greater progress with
higher exposure to IWBs in mathematics, whereas IWBs had little effect
upon the progress in mathematics of low-attaining students. In
evaluating their findings, the researchers concluded that the use of an
IWB increases the level of children’s engagement with learning activities

[6].

5 Conclusion

Almost every effect of the IWBs on the lessons is considered positive.
Raising participation, drawing attention, providing enthusiasm, raising
the pace of the lesson, facilitating the lecture, motivating students,
visualizing the lesson, saving time, focusing students" attention are the
positive effects of IWBs on the lesson. Students’ ideas about the
interactive whiteboard are basically positive, they like using it,
discovering the opportunities it provides, it motivates them, and it has a
great influence on their interests.

In summary, the use of IWBs in the education process, has been generally
seen with positive attitudes and responses, prevailing amongst the
negative ones. But the most important goal in the interactive learning
environment is to retain students’ attention and help them understand
the material, making the material interesting and exciting for them so
that it will be their curiosity that forces them to acquire knowledge
instead of the burden of requirements in boring and unentertaining
environment.

This paper was prepared thanks to the KEGA ¢. 015TTU-4/2018, and also
KEGA ¢. 012TTU-4/2021 “ Integrdcia vyuZivania distancnych vyucbovych
procesov a tvorby elektronickych ucebnych materidlov do edukdcie budticich
pedagdégov ”
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DESIGN AND CREATION OF ELECTRONIC TEACHING
AID FOR EFFECTIVENESS AND ATTRACTIVENESS
OF EDUCATION INCREASING

Peter KOVACIK, SK

Abstract: The article analyses requirements of new methods of student
education at level of secondary school with professional electrical and
electronic focus. It describes creation of new teaching aid that incites
fantasy, concentration and motivation to create interesting things by self
competence of students oriented to electrical field of study. At the same
time it orientates students towards unconventional way of thinking and
non orthodox solutions. Teaching aid exploits digital form that is
attractive for young people with aspiration to focus attention of students
to studied professional knowledge..

Keywords: teaching aid, electronics, digitizing, quality of education.

1 Introduction

At present, a digitizing is applied at school accordingly. Standard
blackboard and chalk (standard teaching aids) were replaced by
interactive boards and data projectors. Thanks to present software of
computers, it is possible to join into one presentation: text, pictures,
different animations, video and sound that creates more interesting and
attractive material for students. Electronic aids replace some standard
aids in successive steps.

Student can’t see physically many actions at electrical engineering and
electronics. This is reason why it is very important so as students create
correct idea about behaviour of studied electronic components.
Designed electronic teaching aid is able to simulate characteristics of
electronic components and to display characteristics visually by display.
Taught topic is then more understandable at lesson, thanks to this
educational aid. On the base of object teaching, it is possible to visualise
characteristics of electronic component to student, to allow better
understanding and to help for knowledge using in practice.

The requirement of unconventional, attractive solution

Basic aim of designed teaching aid is to create such electronic instrument
that is able, at arbitrary part of its transfer characteristics, to change its
amplification - that means profile of volt - ampere characteristics. The
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purpose is to create such instrument that transforms input voltage to
output voltage by transfer characteristics created by author (Fig.1).

R v

Uin Uout +! c-
i* G1
- GND GND
-l- Uin
rs

Uout

Fig.1 Principle of designed electronic teaching aid

The instrument changes input signal to output signal by transfer
characteristics. Output signal is conveyed into measuring instrument V1
- imaging display. The instrument is possible to create by two principles:
analogue and digital. Each of principles has its advantages and
disadvantages.

Analogue principle is usually realized by computing amplifiers. Signal is
transferred from input to output nearly without time delay and without
massive distortion — what is the advantage. The disadvantage is relatively
complex and extensive scheme, limited number of points on transfer
characteristics where profile of characteristics is changed (Fig. 2).

\

Uout —

~
7

Uin

Fig.2 The principle of transfer characteristics profile design for teaching
aid
Digital teaching aid changes analogue input signal to digital. Digital
signal is changed by characteristics saved in memory of teaching aid to

adequate value. Obtained digital output value is consequently changed
to analogue form by digital analogue converter.

A digitizing has its disadvantages: Analogue signal has to be sampled.
Each sample has to have determined its corresponding numerical value
(quantization) by its analogue amplitude. Non linear distortion and time
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delay is originated by these processes and is corresponding to term of
separate activities (transfer of data between converter and
microprocessor, time of conversion at analogue-digital and digital-
analogue converter, time of microcontroller activity). The digital
teaching aid has big advantage on the other hand - transfer
characteristic is possible to create by requirement, without any
restrictions. A restriction by number of points on transfer characteristics
does not exist, as it is at analogue principle.

The decision of device creation resulted into digital principle, from point
of view of actual but mainly future trend. Dominant occasion was - non
limited possibilities of transfer characteristics profile creation by
principle shown in Fig.2. The teaching aid was designed in form of
modules to take lucidity for students (main transformer, power source,
analogue-digital and digital-analogue converter, microcontroller,
display) shown in Fig.3.

£ transformer
monitorin
- . 4
T REE A
< |
: =
final stage
= = memory

microcontroler

computing amplifier

analog circuit

digital circuit

power supply

Fig.3 Designed electronic instrument as teaching aid

The transfer characteristic is created by software to take general
purpose, as it was upper mentioned. Advantage is also possibility to use
software and program language used at lessons at school - students are
allowed to create transform characteristics by job or by their
requirements. Thereafter, students can verify product of their
knowledge and accuracy of their work by teaching aid. It faces towards
increasing of students creativity including accent to preciseness of their

268



XXXIV.DIDMATTECH 2021
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

activity based on natural competition. Examples of displays showing
software creation for teaching aid are in Fig.4.

TR
< tyzmay T 77+ Kmixnica pre kommikacin = maduion ¥Fesl pemssen ports USARE/USE
7+ - Wapisal Visdimir Visnsveky

: Wiool . elektronichy nastroj (€) 2019 Lipsey 3
 * Visdiair Visnovsky D mans susnatay
: o | wma oo uans
B Syyp—
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|

L[4 vounite xniemice
© frusan
15 || classes, sysvrirs, rorms, Grapnics, sertal, wmuste;
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Fig.4 Examples of displays - software creation for teaching aid

There is possibility to display other parameters, because values of
parameters are known from software exactly (Fig.5), in addition to
programmed characteristic imaging.
HEH :
MAFHTIE
A UYEEE HAFATIA

HAFATIE

Fig.5 Graphical imaging of transfer characteristics including possibilities to
display other parameters

Data, that is possible to display on small display screen of teaching aid
(Fig.6), is possible to use as a signal for bigger display systems.

Fig.6 Front panel of designed teaching aid including built-in display

269



XXXIV.DIDMATTECH 2021
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

The environment, that makes it possible to create characteristics more
quickly and comfortable, was created for simplification of student
activity and for approaching to equipment of higher programming
languages (Fig7).

Pouzitid mapa: Mapa A
Automatické prepinanie map

Prepnit mapu pri hornej hranici 4000 976V Mapa A ~ Spracuyj

Prepnut mapu pri spodnej hranici 96 976V Mapa A v Spracuj

Jednoduché grafy  Graf - skok Kreslienie grafu

A Rastici Spodné napdtie Hranica Horné napatie i 7 lava

10 2047 4085

4 Klesajuci  Spracuj e 7 prava

-10.19V -0.005V 10185V

Zlozenie grafu
Vstupné napatie: Os X Vystupné napatie: Os Y Operacia

0 0 Linedrne

-10.24V -10.24V

4095 Linedrne

10.235V SEE 10235V

Sinus 1/4
Sinus 1/2

Logaritmus 10

Logaritmus 2

Fig.7 Environment for comfortable design of characteristics

Designed teaching aid makes it possible to motivate students towards
activity at taught subject at which teaching aid is used. Its potentialities
are much larger and depend on creativity of educated students as well as
mastery of an educator. An educator should continuously to incite
fantasy and creativity of students during education of electronic and
informatics subjects.

Effectiveness of education depends on active interest of students on
topic under study. Effectiveness is directly dependent on intensity of
recognition, observation, reflection and possibility to verify studied topic
practically. Suggested electronic teaching aid makes it possible what was
mentioned above and leads students to the high activity at all
educational activities - students have to know content of studied topic
to have ability, by their knowledge, to design and to realize volt ampere
characteristics of particular component or electronic circle. Presented
technique is attractive for students in term of possibility to demonstrate
their knowledge and skills practically. Such approach incite to students
to practical activity and interaction as well as good competition.
Mentioned behaviour is important for their future practice.
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Conclusion

The article describes design of teaching aid that uses digital concept of
characteristics creation, for example of electronic components. Teaching
aid forms possibilities to apply inventive potential of students during
educational process and to obtain professional knowledge at school or
after-school activity. Teaching aid provides possibility to study deeply
and to evolve knowledge at studied sphere of electronics and
informatics.
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MATEMATICKE APLIKACNE ULOHY V ODBORNE]
PRIPRAVE STUDENTOV SLOVENSKE]
POLNOHOSPODARSKE] UNIVERZITY V NITRE

Dana ORSZAGHOVA, SK

Abstrakt: Ciele matematického vzdeldvania v ekonomickych a
technickych Studijnych programoch na Slovenskej pol'nohospodarske;j
univerzite v Nitre si stanovené tak, aby Studenti vedeli matematické
metody pouzit v rieSeni aplika¢nych uloh. Hlavnym cielom ¢lanku je
prezentovat ukazky udloh, v ktorych sa matematicky postup pouziva na
rieSenie uloh v aplikacnom kontexte profesijného uplatnenia
absolventov a analyzovat’ ispe$nost’ $tudentov v rie$eni tloh. Udaje na
analyzu boli ziskané zo semindrnych prac, priebeznych a skuSkovych
testov z matematiky v 1. roCniku bakalarskeho stupna Studia. Na
vyhodnotenie dat boli pouzité metédy matematickej Statistiky. RieSenim
aplikacnych tuloh na prednaskach a cviceniach ziskaju S$tudenti
predstavu o pouziti matematickych metéd a vyzname ich $tidia, ¢im sa
zlepSia aj podmienky na spravne pochopenie teoretického zdkladu
matematiky.

KIacové slova: vzdelavanie, vjucba matematiky, aplikacné ulohy.

MATHEMATICAL APPLIED TASKS IN THE PROFESSIONAL
TRAINING OF STUDENTS OF THE SLOVAK UNIVERSITY OF
AGRICULTURE IN NITRA

Abstract: The goals of mathematical education in economic and
technical study programs at the Slovak University of Agriculture in Nitra
are set so that students know how to use mathematical methods in
solving application problems. The main goal of the article is to present
examples of problems in which mathematical procedures are used to
solve tasks in the application context of the professional field of
graduates and to analyse the success of students in solving applied
problems. Data for analysis were obtained from seminar projects, mid-
term tests and exam tests in mathematics in the 1st study year of
bachelor's degree. Mathematical statistics methods were used to
evaluate the data. By solving application examples in lectures and
exercises, students gain an idea of the possibility of using mathematical
methods and the importance of their study, which will improve the
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conditions for a proper understanding of the theoretical basis of
mathematics.

Keywords: education, mathematics teaching, applied tasks.

1 Uvod

Studenti na Fakulte ekonomiky a manazmentu (FEM) Slovenskej
pol'nohospodarskej univerzity (SPU) v Nitre ziskavajui matematické
vedomosti z povinnych a volitelnych predmetov, pricom matematické a
Statistické metddy sa pouzivaju vo vyucbe odbornych predmetov v
aplikovanej podobe. Diskusia o vyzname a cieloch matematického
vzdeldvania reflektuje na poziadavku kvality vysokoSkolského
vzdelavania. Je spojend s novymi trendmi uplatnenia nastrojov IT v
procese vzdelavania a v réznych oblastiach praktického Zivota, ¢o suvisi
aj s uplatnenim absolventov univerzity v ich buducej profesii.

Kvalitné vzdelavanie vyzaduje erudovanych ucitel'ov, preto ich priprava
musi obsahovat metodologicky zdklad a nasledne praktickd tucast vo
vzdelavacom procese, kde sa prejavia poziadavky na uplatnenie roznych
didaktickych  aspektov  vyuCovania [1]. Didaktické aspekty
implementacie IKT do vyuCovania matematiky zahffiaju aj vzajomnu
interakciu medzi pocitacom a pouzivatel'om, ktord umoznuje pracovat
samostatne a ponuika moznosti pre hladanie suvislosti a postupov
rieSenia ulohy [9].

Informacné technolégie su prostriedkom pre distancnu formu Studia,
kde je doraz zamerany na samostatné stidium [10]. Moderné nastroje
informacnych technoldgii vytvaraji podmienky pre zmeny v edukacnom
procese a mnohé vyskumné Stidie sa zaoberajii moZnostami zvysenia
efektivnosti procesu ucenia a u¢enia sa pomocou technolégii [4], [11].

V aplika¢nych tlohach zameranych na ekonémiu sd zdkladom Studia
teoretické metddy, ktoré rieSia finan¢né rozhodovanie, proces
minimalizacie ndkladov, maximalizaciu zisku, rozpoctové analyzy,
optimalizaciu spotreby, modelovanie a prognézy. Matematické metddy
a vypocty su obsiahnuté aj v ramci predmetov zameranych na stadium
arieSenie uloh zfinancnej apoistnej matematiky [3]. Pouzitie
matematickych programov, online kalkula¢iek a interaktivnych
nastrojov je sti¢astou vyucovania predmetov na vysokych skolach [5].

V prispevku sme sa sustredili na uspeSnost Studentov v rieseni
aplika¢nych tuloh v téme diferencidlny pocet funkcie sjednou redlnou
premennou a dvoma realnymi premennymi a vysledné hodnotenie na
skaskach z povinnych matematickych predmetov.
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2 Studijné zdroje k predmetom Matematika IA a Matematika IB

V ekonomickych studijnych programoch na bakalarskom stupni Studia
na Fakulte ekonomiky a manazmentu st zaradené v prvom roc¢niku dva
povinné predmety: Matematika IA a Matematika IB. V Tabulke 1 su
sumarizované informadcie o rozsahu hodin vyucby a studijny priemer za
cely ro¢nik v akademickom roku 2020/2021.

Tabul'ka 1: Povinné predmety v 1. rocniku bakalarskeho studia na FEM

Predmet Semester Rozsah Studijny

2020/2021 prednaska/cvicenie priemer
Matematika IA zimny 2/2 2,51
Matematika IB letny 3/2 1,78

Uvedené povinné predmety garantuje a vyucuje Katedra matematiky,
ktord pripravila aj aktudlnu Studijnu literatiru v podobe tlacenych
ucebnic, ktoré obsahuju Studijnud latku z matematiky pre vSetky fakulty
SPU [6], [7]- K hlavnhym témam vyucovania matematiky patria
diferencidlny aintegralny pocet, linearna algebra atvod do
pravdepodobnosti. Okrem teoretického zdkladu k preberanym
matematickym metédam obsahuju uc¢ebnice tlohy, ktoré Studenti riesia
v testoch na skuske z matematiky.

Mnohé zmeny v metédach aformach vyucby matematiky boli
podnietené rozvojom novych nastrojov IT, ktoré umoznuji diStan¢né
vzdelavanie v novej podobe. Uplatiiovanie e-learningu on-line a off-line
poskytlo mozZnosti na prednasky a cviCenia vo virtudlnom priestore
s priamou Ucastou pedagdgov a Studentov, alebo vo forme videa so
spatnou vazbou prostrednictvom udloh a individualnych projektov.

Nastroje IT st neocenitel'nou pomockou pri si¢asnom trende zniZovania
vymery hodin matematiky. To spdsobuje, Ze pedagdgovia nemaju
dostatok vyucovacieho ¢asu na vysvetlenie teoretického zakladu, na
ktory nadvazuju aplikacie. Od Studentov sa vyzaduje vysoka aktivita
v samostatnom Stddiu matematiky, ktoré je podporené cielene
vytvorenymi elektronickymi Studijnymi materialmi, aby neprichadzalo
k formalnemu ziskavaniu vedomosti. Okrem tlacenych vzdelavacich
zdrojov maju Studenti SPU v Nitre pristup k Studijnym materidlom v
elektronickej verzii v prostredi LMS MOODLE [2]:

-k predmetu Matematika IA kurz , Cvienia z matematiky ZS*,
- kpredmetu Matematika IB kurz ,Cvi¢enia z matematiky LS*.
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Na Obrazku 1 a Obrazku 2 st uvedené ukazky zoznamu prednasSok
z uvedenych kurzov. Prednasky st doplnené stiborom vzorovych prikladov
a zadani tloh na samostatné stadium.

™ Prednaska & 1: Funkcie - tivod

/P Prednaska €. 2a: Funkcie - cyklometrické

% Prednstka & 2b: Limity - dved, typy limit

™ Prednatka & 3: Limity - asymptoty grafu

. Prednatka ¢ 4 - Derivécia - tvod

% Prednatka & 5 - Derivécia - vlastnosti, pricbeh funkcie
’

", Prednaska ¢. 6 - Priebeh funkcie (priklad)

Priklady - derivicia a viastnosti funkcie

[# ) .
W, Pr.1- monoténnost a lokilne extrémy funkcie

" . 3 3 - -
W, Pr.2 - monecténnost a lokalne extrémy funkcie

[ - . . .
W. Pr.6a7 - vlastnosti a priebeh funkcie

Prednatka £. 7 - Derivacia - aplikacie v ekendmii
Prednatka £. 8 -- Funkeia z = fx,y) - €ast'1
Prednatka €. 9 -- Funkeia f{x,y) - €ast’2

Prednagka €. 10 -- Funkcia f(x,y) - €ast’ 3

Obrazok 1: Obsah prednasok v kurze ,Cvic¢enia z matematiky ZS*

K preberanym témam Studenti povinne odovzdali v elektronickej podobe
subory vypracovanych tloh, ktoré boli zakladom hodnotenia ziskanych
vedomosti pocas semestra v roku 2020/2021. Pedagdgovia z Katedry
matematiky pripravili k typovym uloham prezentacie v PowerPointe, ktoré
obsahovali podrobny postup s komentarom k rieSeniu tlohy. Do preberanej
latky boli zaradené aj aplikacné ulohy, ktoré prezentuji konkrétne pouzitie
matematickych metdd. V zimnom semestri prvého ro¢nika prebieha proces
adaptacie Studentov na vysokoskolské $tdium, preto je potrebné aktivovat
motivaciu Studentov zo strednych $kol do Stiidia exaktnej matematiky.
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= (1.} Prednagka L5 - Meurcity integral - dved a substitdcie
= (2a) Prednaika L5 - Meurdity integrdl - per partes
G (3a) Prednaska L5 - MI: Rozklad na parcialne zlombky
= (3b) Prednagka L5 - Neurfity integral - gonfunkeie
= (3c) Prednaska L5: Aplikacie neurciteho integralu v ekondmii
= (4.) Prednagka LS - Uréity integral a aplikacie
= (5} Prednaska - LS FEM - Linedrna algebra - vektory
G (6) Prednaska LS FEM :Linearna algebra - MATICE
= Prednaska c. 7 -- matice + determinanty
] SAMOSTATNE tvidium - determinant matice
= Prednaska c. 8 -- det + sustavy GEM
- Prednaska c. 9 -- sustavy (cast 2}
s (10) Prednaska - FEM L5 -- Pravdepodobnost 1. éast’ --
G (11) Prednaska - LS FEM -- Pravdepodobnoest 2, Cast’--

Obrazok 2: Obsah prednasok v kurze ,Cvic¢enia z matematiky LS

V roku 2020 sme uskutocnili dotaznikovy prieskum, v ktorom bola
otazka: Pripajate sa na niektoré elektronické aplikacie z matematiky?

a) 4no, na pocitaci, b) ano, na mobile, c) nepripajam sa.

arc
OMobil
B Nepripajam sa

Obrazok 3: Odpovede o pripajani sa na matematické aplikacie
Zdroj: [8]
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Odpovede Studentov v grafickej podobe st na Obrazku 3. Z odpovedi
vyplyva, Ze na ziskavanie vedomosti z matematiky pouzivaju Studenti aj
dostupné elektronické matematické aplikacie. Respondenti mohli
oznacit viac odpovedi, pricom vidime, Ze prevlada pripajanie na pocitaci.

3 Analyza Studijnych vysledkov z matematiky

3.1 Ukazky aplika¢nych uloh z diferencialneho poctu v predmete
Matematika IA

Riesenim aplikac¢nych tuloh ziskaju Studenti predstavu, ako a kde mozu
uplatnit vedomosti z matematiky.
Priklad 1:
Mame zistit' rozmery obdiznikového dvora s ¢o najvaé$im obsahom, ak
na jeho ohradenie mame 60 m pletiva a vieme, Ze jednu stranu ohrady
tvori stena budovy.
Priklad 2:
Firma CBA analyzou nédkladov zistila, Ze pri produkcii x hektolitrov (hl)
oleja ma celkovy zisk vyjadreny vztahom

CZ(x) = —36,7x% + 1466x — 1000.
Sdcasna uroven produkcie je x = 10 hl oleja na den. Pomocou derivacie
mame zistit, ¢i je ekonomicky vyhodné zvysit produkciu oleja.
Priklad 3:

Funkcia celkovych nakladov ma vyjadrenie
3

x
CN(x) = T —x2+ 1000,

kde x je aroven produkcie v tisickach. Zistite, pre aku Groven produkcie
budu celkové naklady minimalne a velkost ndkladov uved'te.

Priklad 4:
Funkcia celkového prijmu pre urcity produkt je
R(X) = 100x - x2,
kde x oznacuje pocet predanych kusov. Aky je marginalny prijem pri
predaji 40 kusov? Vysledky interpretujte.
Priklad 5:

Producent vyraba jeden produkt pre odberatel'ov dvoch druhov. Pre
odberatel'ov 1. druhu vyraba x jednotiek produktu a odberatelia platia
cenu 50 — 5x dolarov za produkt. Pre odberatel'ov 2. druhu produkuje y
jednotiek produktu a tito odberatelia platia cenu 100 — 10y dolarov za
produkt. Producentove ndklady na vyrobenie (x + y) kusov produktu
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st 90 + 20(x + y) dolarov. Aby producent dosiahol maximalny zisk,
kol'ko produktov ma vyrobit pre jednotlivych odberatel'ov?
Priklad 6:
Mesacnu produkciu firmy mézZeme vyjadrit nasledovnou funkciou:

Q=100 -K —K*+150-L— 0,51
kde premennd K znamend vyrobny faktor kapital, premennd L znamena
vyrobny faktor praca. Firma zamestnava L pracovnikov za 400
penaznych jednotiek (p.j.) na denl a prenajima si stroje K za 200 p.j. na
den. Cena P, za ktoru svoj produkt predava, je 20 p.j. za jednotku.
Vypocitajme, aki kombinaciu vyrobnych faktorov L a K by mala firma
pouzit, aby dosiahla za danych podmienok maximalny zisk.

3.1 Uspesnost v rie$eni tloh a znamKy na skiiske z matematiky

V akademickom roku 2020/2021 bol realizovany didakticky prieskum v
1. ro¢niku na FEM SPU. Vyskumnu vzorku tvorila skupina 36 Studentov
v externej forme Stidia a hodnotili sme nasledovné 4 typy uloh:

U1: Zistit' lokdlne maximum funkcie y = f(x)
U2: Zistit lokdlne minimum funkcie y = f(x)
U3: Vypocitat lokalne extrémy funkcie z = f(x, y)
U4: Vypocitat viazane extrémy funkcie z = f(x, y)

40
35
30
25
20
15
10
5
0
U1 u2 u3 ua

m86-100% m71-85% m55-70%

Obrazok 4: Analyza aplikac¢nych tloh z diferencialneho poctu

Uspesnost’ $tudentov v rieSeni aplikaénych tloh sme zoradili do troch
kategdrii: 86 - 100 %, 71 - 85 % a 55 - 70 % (Obrazok 4). Z analyzy dloh
vidime, Ze lepSiu uspesnost dosahuju Studenti v rieSeni tloh U1 a U2,
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ktoré obsahuju funkciu s jednou realnou premennou. V tlohach U3 a U4
mala skiimana funkcia dve redlne premenné, kde je potrebny vypocet
parcialnych derivacii funkcie. Tento celok ja zaradeny na konci semestra
pred skudskou, preto vyzaduje Casovy manazment od Studentov, aby
vramci pripravy na skdsku ziskali potrebné teoretické znalosti a
praktické vypoctové zrucnosti. Z komunikacie so Studentmi vieme, Ze
ako prvotny Studijny materidl pouzivaju vlastné poznamky
z matematickych prednasok a cviceni.

Analyza znamok na skuske z predmetov Matematika [A a Matematika IB
v roku 2020/2021 (Obrazok 5) ukazala, Ze vo vyskumnej vzorke viac
Studentov dosiahlo na skuSke hodnotenie A vletnom semestri
v predmete Matematika IB. Priemerna znamka na skuske z predmetu
Matematika IA bola 1,85 a z predmetu Matematika IB 1,61. Tento stav
potvrdzuje adaptacnu fazu Studentov v zimnom semestri, kedy Studenti
v prvom (zimnom) semestri dosahujd na skuske horsie vysledky nez
vdruhom (lethom semestri). Realizovany parovy z-test nepreukazal
vyznamné rozdiely medzi znamkami z predmetov na skuske.
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Obrazok 5: Studijné vysledky v matematickych predmetoch

4 Zaver

Vysokoskolské vzdelavanie prebiehalo v akademickom roku 2020/2021
v distancnej podobe zdodovodu pandémie koronavirusu. Digitalne
kompetencie boli potrebné na strane pedagoégov pri inovacii
vzdeldvania, implementacii on-line eduka¢nych nastrojov a pri tvorbe
elektronickych Studijnych materidlov na podporu samostatného stadia.
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V prispevku sme analyzovali dspesnost Studentov 1. ro¢nika FEM SPU
v Nitre v externej forme Stddia v rieSeni aplikacnych tuloh z
diferencialneho poctu, kde Studenti preukazali potrebné vedomosti. Na
zaklade  skaSkovych  vysledkov  z matematickych  predmetov
konstatujeme, Ze aj pocas diStancného vzdeldvania Studenti aktivne
ziskavali matematické vedomosti. Digitalne prostriedky vedeli Studenti
pouzivat pocas on-line vyucby, aj pocas testovania na skuskach.
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A PANDEMIA IDEJE ALATT ALKALMAZOTT E-TESZT
MEGBIZHATOSAGANAK VIZSGALATA

Gabriella PAPP, HU

Abstract: A COVID-19 pandémia sokban valtoztatta meg a matematika
oktatast is. A tanar szdmdara az egyik nehézség a hallgaték tudasanak
objektiv és megbizhaté felmérése az online oktatds soran. A
matematikdban jellemzéen a nyitott feladatokbol all6 feladatlapokat
preferaljak a didkok tuddsanak szummativ értékeléséhez. Bar az e-
tesztek oktatasi alkalmazasa mar jelen volt, a tdvoktatas bevezetésével
valt a matematikaban is még inkabb aktualissd. A tanarok altal
aktudlisan alkalmazott tudasszintmér6 e-teszteket kozben nem
vizsgaljak a josagmutatok (objektivitas, érvényesség, megbizhatdsag)
szempontjabdl. A cikkben a II. R&koczi Ferenc Karpataljai Magyar
Féiskola matematika oktatdsanak e-tesztekkel valé tudasmérését, és
annak megbizhat6sagat vizsgalom. A kutatas célja az altalam készitett
Osszefoglald e-teszt statisztikai kiértékelése, megbizhat6saganak
vizsgalata és annak bemutatasa.

Keywords: tavoktatids, matematika oktatas, e-teszt, megbizhatdsag,
Bloom-taxondémia.

EXAMINING THE RELIABILITY OF THE E-TEST USED
DURING A PANDEMIC

Abstract: The COVID-19 pandemic also changed mathematics education
a lot. One of the difficulties for the teacher is the objective and reliable
assessment of students’ knowledge in online education. In mathematics,
open-ended worksheets are typically preferred for summative
assessment of students’ knowledge. Although the educational
application of e-tests was already present, with the introduction of
distance learning it became even more relevant in mathematics.
Meanwhile, the e-tests currently used by teachers are not examined in
terms of goodness indicators (objectivity, validity, reliability). In this
article I study the knowledge measurement with e-tests of the
mathematics education at the Ferenc Rakoczi II Transcarpathian
Hungarian College of Higher Education from its reliability. The aim of the
research is to present the statistical evaluation of the summary e-test I
prepared and examine its reliability.
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Keywords: distance learning, mathematics education, e-test, reliability,
Bloom-taxonomy.

1 Bevezetés

A Covid-19 pandémia miatt a 2020/21-es tanévben is sziikség volt az
online oktatas bevezetésére. Tanarként az objektiv értékelésre
torekszem. A tavoktatasban a szamonkérést és a tudasszint szummativ
értékelését videohivasok és e-tesztek segitségével oldottam meg. Igy
mertlt fel az a probléma, hogy hogyan kell helyesen létrehozni a
tudasszintméré  teszteket. A  tovabbiakban  bemutatom a
tesztkészitéshez  sziikséges fontosabb  tudnivalékat, melyeket
tanulmanyoztam és felhaszndltam a  kutatdsomhoz és
onellenérzésemhez.

1.1 Tavoktatas és e-teszt

Fontos megérteni, mit jelent a ,tavoktatas”. Mivel a technolégia fejlédik,
a tavoktatas definici6ja folyamatosan valtozik [5]. Saykili 6sszegyjtotte
a tavoktatas meghatarozasanak f6 elemeit a Keegan szerint:

e a tanar és a tanul6 elkiilonitése, mely megkiilonbozteti a személyes
el6adasoktol;

e egy oktatdsi szervezet hatdsa, amely megkilonbozteti a
magantanulastol;

o technikai médiumok hasznalata, altaldban nyomtatott, a tanar és a
tanulé Osszefogasara és a tanfolyam oktatdsi tartalmanak
hordozasara;

e kétiranyu kommunikacié biztositdsa annak érdekében, hogy a
hallgaté profitdlhasson a parbeszédbdl, vagy akar
kezdeményezhesse azt;

e alkalmi taldlkozdék lehet&sége didaktikai és szocializacids célokra
egyarant;

o részvétel az iparosodott oktatasi formaban [15].
Burns szerint a tavoktatds egy tervezett tanuldsi tapasztalat vagy
oktatdsi modszer, amelyet az oktaté és a tanuld(k) kvazi-allandé
elvalasztasa jellemez. Az ilyen variacié magaban foglalja az alkalmazott
média vagy technolégia tipusait (nyomtatott, radié, szamitégép); a
tanulas jellegét (workshop, szeminarium, a hagyomdanyos tanterem
kiegészitése, a tAmogatas szintje); intézményi keretek; targyalt témak; és
az interaktivitas tAmogatasanak szintje (személyes, online, kevert, nincs)

[3]-
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A nyilt és tavoktatast tervezését és lebonyolitasat megkisérld és fejlesztd
személyek gyakorlata, filozéfiaja és kultaraja befolyasolja [15]. A
tavoktatas egyik leggyorsabban fejl6dé modja a webalapu vagy online
tanulas (virtudlis tanuldsnak vagy e-tanuldsnak is nevezik). Val6jaban a
vildg szamos pontjan az online tanulds megegyezik a tavoktatassal. Az
online tanulas lehetdségei a kovetkezékben rejlé képességen alapulnak:

e Nyomtatott, audio, vizualis és vided alapu tartalmat atfogd
tobbcsatornas utasitasok kézbesitése

o Biztositson tobbféle formatumot a széveges, audié és video-alapu
valés idejli kommunikacidhoz és az egyiittmiikodéshez tarsakkal
szerte a vilagon

e A ,barmikor, barhol” tanulast kinalja, feltéve, hogy a tanulék
hozzaférnek az internethez [3].

Az online tanulads tudasszint ellen6rzésének egyik lehetGsége az e-
tesztek létrehozasa és alkalmazasa. Tesztnek nevezziik azokat a
sztenderdizalt eljarasokat, melyek segitenek egy adott viselkedés
leirasaban vagy mérésében, hogy eredményeképpen a személyekhez
vagy eseményekhez el6re meghatarozott moédon kategéridkat, vagy
pontszamokat rendeljiink [8].

Korenova szerint kettésen definidlhatjuk az ,e-teszt” kifejezést: 1.
Sziikebb értelemben az e-teszt egy elektronikusan vezérelt didaktikai
teszt, amelynek lehetdsége van a multimédias elemek gazdagitasara. 2.
Tagabb értelemben az e-teszt egy elektronikus interaktiv anyag, amely
kérdésrendszeren alapul és valaszokat keres, amelyek nemcsak
mérésre, hanem az oktatasi célok elérésére is létrejonnek (ezaltal az
innovativ tanitdsi moédszerek eszkozeként szolgalhat). Az e-teszt
segitségével nemcsak a hallgaték tudasat tudjuk meghatarozni, hanem
ezekkel az Uj digitalis eszkozokkel névelhetjiik a hallgaték motivaciojat,
felhasznalhatjuk O6ket ismétlés, gyakorlas, ellendrzott felfedezési
modszerek sordan. Az e-teszt a hallgatok szempontjabol nagyon vonzo,
mert a digitalis vilag nagyon kozel all hozzajuk [9].

A digitélis technol6gidk alkalmazésaval az oktatdsban, a tavoktatdsban
és az e-tesztekben szamos szerz6 publikaciéja foglalkozik (b6vebben [7],
[10], [11], [12], [13], [16], [19], [20]).

1.2 Megbizhat6sag és Cronbach-alfa

A mérés kozponti szerepet jatszik a mindségi tanuldi értékelés
kialakitdsdban, még egy osztidlytermi tervezésii vagy nem

szabvanyositott értékelési eszkoz esetében is [4]. A tesztelések
tobbségében hasznalt tesztek altaldban teljesitménytesztek, amelyek
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esetén az egyes itemekre adott valasz lehet helyes (korrekt), illetve
helytelen (inkorrekt). Az ilyen itemeket, valtozokat dichotéom
(kétértéki) valtozoknak nevezziik [8]. Az automatikus e-teszt értékelés
és szervezés egyik legfontosabb prioritasa az er6forrasok megtakaritasa
[18].

A mindség értékelése soran elengedhetetlen a megbizhatésag és az
érvényesség megbeszélése. A megbizhat6sag az, hogy az eszkoz milyen
mértékben kovetkezetesen méri az egyén vagy a csoport képességeit [4].
A megbizhatésagra hatassal van a mérések szama és a vizsgalt csoport
heterogenitasa is. [8]. Az érvényesség az, hogy az eszkéz milyen
mértékben méri azt, amit mérni kivan. A klasszikus tesztelmélet nagyon
egyszerl modszert kinal a teszt érvényességének és megbizhatésaganak
meghatarozasara [4].

Cronbach 1951-ben javasolt egy alfa-t, ami egyenl6 az dsszes lehetséges
tesztfelezéskor kapott egyiitthatok dtlagaval [8]. A Cronbach alfa a mérés
vagy tesztelemek megbizhatésdganak vagy belsé konzisztencidjanak
értékelésére szolgdl. Mas szavakkal, barmely adott mérés
megbizhatésaga arra utal, hogy ez mennyire kovetkezetes mértéke egy
fogalomnak, és Cronbach alfaja az egyik médja annak, hogy megmérje
ennek a konzisztencianak az erejét [6].

Panayides bemutatja az egyenletet: « = ﬁ (1 - Z"/—:‘) [14], €))]
ahol n az itemek szamat, V: a teljes pontszamok varianciajat, Vi pedig az
elem pontszamainak szérasat jeloli [14].

Az eredményiil kapott @ megbizhatésagi egytitthat6 0 és 1 kozott mozog.
Bar a ,j0” a egyiitthaté eldallitasara vonatkozé szabvanyok teljesen
onkényesek, és fiiggenek a kérdéses skala elméleti ismereteit6], sok
modszertanos 0,65 és 0,8 kozdtt javasolja a minimalis a egyiitthatot
(vagy sok esetben magasabbat); A 0,5-nél kisebb a egyiitthatdk altalaban
elfogadhatatlanok [6]. Ha az itemek szdma kevés, vagy az atlagos
korrelaci6 alacsony, akkor alacsony lesz a Cronbach-féle alfa értéke is. A
magas Cronbach-féle alfa sem jelenti azt, hogy a teszt itemjei egy
dimenziét mérnek [8].

Az e-Learning kornyezetekkel torténdé vizsga garantdlja a
megbizhatésagot, az objektiv értékelést és az azonos vizsgakritériumok
alkalmazasat minden vizsgaz6 szamara. Az e-tesztek segitségével a
tanarok a klasszikus vizsgaformahoz képest sokkal tobb teriileten
ellendrizhetik az ismereteket és készségeket. A tanuldk raadasul sokkal
gyorsabban lathatjdk eredményeiket és a tanulas elérehaladasat, mint a
klasszikus vizsgaid6hoz sziikséges id6 [18].
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1.2 Bloom taxondmia

A konkrét e-tesztben szerepld tesztkérdések és feladatok kiillonbozo
elvek és szabalyok alapjan valaszthaték meg. A kiilonboz6 szerzok
szakirodalomban kifejtett véleménye nagyon ellentmondasos. Egyes
szerzOk ugy vélik, hogy a teszteket a tipusuknak megfeleléen kell
megvalasztani (a megfelel§ osztdlyozas szerint), masok pedig ugy
gondoljak, hogy tartalmuk (beleértve a tantargyhoz valé viszonyukat)
és/vagy a tanulasi folyamat kognitiv célkitlizései alapjan kell 6ket
valasztani [18].

A Bloom taxonémidja a kiilonbozd célok és készségek egy osztalyozasa,
amelyeket az oktatok tanitvanyaik szamara kitliznek (tanulasi célok). A
rendszert 1956-ban javasolta Benjamin Bloom, a Chicagéi Egyetem
oktatasi pszichologusa [17]. Kognitiv pszicholégusok, tantervelméleti és
oktatoi kutatok, valamint tesztelési és értékelési szakemberek csoportja
2001-ben Bloom taxondémidjanak feliilvizsgalatat publikédlta ,A
Taxonomy for Teaching, Learning, and Assessment” cimmel [2]. Az
1. 4bran a taxondmia igy megalkotott kétdimenzids tablazatat mutatja.

A kognitiv folyamat dimenziéja
1. 2. 3. 4. 5. 6.
Emlékezni | Megérteni | Alkalmazni | Elemezni | Ertékelni | Létrehozni

A tudas
dimenzidja

A.
Térgyi tudas
B.

Fogalmi
tudas

C.
Eljarasi tudas
D.

Metakognitiv
tudas

1. dbra: Taxondmia tablazat [1]
Ez a 6 szint felhasznalhat6 az 6ra tanulasi céljainak, tanulsagainak és
értékelésének strukturalasara:
e Emlékezés: A relevans ismeretek el6hivasa, felismerése és felidézése
a hosszl tAvlii memoriabol.
o Megértés: A jelentés konstrudlasa szobeli, irott és grafikus

tizenetekbdl értelmezés, példamutatas, osztalyozas, dsszefoglalas,
kovetkeztetés, 6sszehasonlitds és magyarazat utjan.

o Alkalmazas: Végrehajtasi folyamat elvégzése.
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o Elemzés: Az anyag felosztdsa alkot6 részekre, annak meghatarozasa,
hogy az alkatrészek hogyan viszonyulnak egymashoz és egy altalanos
struktirahoz vagy célhoz differencidlds, rendszerezés és
hozzarendelés révén.

e Ertékelés: Kritériumok és standardok alapjan itéletek meghozasa
ellendrzés és kritikak utjan.

o Létrehozas: Az elemek Osszerakasa egy koherens vagy funkcionalis
egész kialakitasahoz; az elemek 0j mintava vagy struktirava torténd
atszervezése generalas, tervezés vagy gyartas utjan [17].

A feliilvizsgalt taxonémidban a tudas ennek a hat kognitiv folyamatnak
az alapja, de szerz6i kiilon taxondmiat hoztak 1étre a megismerésben
hasznalt tudastipusokrdl:

e Targyi tudas
o A terminolégia ismerete
o Specidlis részletek és elemek ismerete

Fogalmi tudas

o Osztalyozasok és kategoriadk ismerete

o Alapelvek és altalanositasok ismerete

o Elméletek, modellek és struktirak ismerete

o Eljarasi tudas

o Tantargy-specifikus készségek és algoritmusok ismerete
o Tantargy-specifikus technikak és médszerek ismerete

oA megfelel6 eljarasok alkalmazdsdnak meghatarozasahoz
szilikséges kritériumok ismerete

Metakognitiv tudas
o Stratégiai tudas

o Tudas a kognitiv feladatokrdl, beleértve a megfelel kontextusbeli
és feltételes ismereteket

o Onismeret [2].

2 Modszerek

A covid-19 miatt bevezetett tavoktatas folyaman tobb tesztet is készitettem
a 2020/21-es tanévben. Eleinte még nem vettem figyelembe a
tesztelméletet, majd hidnyat érezve utanajartam, és egyre inkabb préobaltam
megfeleld tudsasszintmérdket 1étrehozni.

Egy pilot kutatast végeztem a II. Rakéczi Ferenc Karpataljai Magyar
Féiskola Matematika és Informatika szakos hallgat6i kozott. A 8 f6bdl
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allé csoport tobb tesztet is irt 2021 tavaszan, melyeket kiilonbozo
feliileteken hoztam létre. A tovabbiakban a 20 itembdl allé vizsgatesztet
vizsgalatdt mutatom be, melynek nyitott és zart feladatait a Bloom
taxondmidra tdmaszkodva hoztam létre. A taxondémiak és az itemek
eloszlasat a 2. dbra mutatja.

Bloqm . Darab [temtipusok Darab
taxon6mia

B1 5 Egyszeres valasztas 6
B2 2 Tobbszoros valasztas 1
B3 2 Igaz/Hamis 4
C1 4 Parositas 5
C2 2 Numerikus 2
C3 5 Szovegbevitel 2

Osszesen 20 Osszesen 20

2. abra: Taxondmiak és itemtipusok

A teszt szerkesztésére az Online Test Pad [21] feliiletet alkalmaztam.
Tobb szempont miatt esett a valasztadsom erre a platformra: itt taldltam
meg az Aaltalam keresett legtobb itemtipust egyszerli szerkesztési
feltilettel; Osszetett bedllitasi lehetdségek a kitolt6k korlatozasaira
tekintve; regisztracié és csoport létrehozasa nélkiil is ki lehet osztani a
tesztet egy link megosztasaval (sziikség szerint csoport létrehozas is
lehetséges a feliileten); a szerkesztd letdltheti pdf formatumban;
szamitogép és mobiltelefon alkalmazasaval egyarant konnyen kit6lthetd
online formaban a link megnyitasat kovetden.

A teszt kitoltésére 30 perc allt a hallgaték rendelkezésére, mikdzben
videdhivasban voltak velem. A vide6hivas soran figyelni tudtam arra,
hogy a sajat tudasukon kiviil ne alkalmazzanak segitséget. Az elméleti
tudnival6ok mellett gyakorlati feladatok megoldasara is sziikség volt.

3 Az eredmények elemzése

A summativ teszten minden hallgaténak sikeriilt elérni a kotelez6
minimumot, az 50 %-os teljesitést. A legjobb eredmény 95 %-os lett. A
helyes megoldasok terjedelme a hallgatékra tekintve 7,5. A teszt
hatékonysaganak pontosabb elemzése érdekében a beérkezett 8
eredményt 2 osztalyba soroltam a teljesitett atlag folotti (G1) és alatti
(G2) csoportba. A 3. 4abra mutatja, melyik (Q1, Q2, .., Q20) kérdések
mutatnak figyelemremélté eredményeket.
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Csoporteredmények feladatonként
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3. abra: A két csoport atlageredményei feladatonként

Tekintsiik el6szor a Q6 és Q17 feladatokat, melyek esetében a G2
csoportbdl tobb helyes valasz érkezett. A Q6-0s kérdés Bloom taxondémia
alapjan egy C3-as (eljarasi tudas + alkalmazni tudas), nyitott kérdés volt,
egy fiiggvény hatarértékének meghatarozasaval. Kizartam a valasztas
lehetdségét, 6nalld szamitast volt sziikséges elvégezni, igy az atlag folotti
hallgat6ktol volt elvarhato6 a jobb eredmény. A Q17-es feladat esetében
B1l-es (fogalmi tudas + emlékezni) igaz-hamis tipusu item megoldasat
kellett megadni. Itt a helytelen és helyes megoldasok esetén is
felmeriilnek mindkét csoportban az emlékezés mellett a bizonytalansag
és a nem emlékezés lehetdségei, amelyek miatt a latott eredmények
szlilettek.

A Q10, Q11, Q12 és Q19 kérdésekre mindkét csoport Osszes tagja
helyesen valaszolt. Ezek a kérdések Bloom B1 és C1 szintli parositas,
szovegbevitel, igaz/hamis és egy valasztas tipust itemek volta. A kutatas
hibajanak is tekinthetd, hogy ezeknél az itemeknél alapismeretekre
kellett visszaemlékezni, bar nagy figyelemmel voltam azirant, hogy csak
egyértelm tudassal lehessen helyes valaszt adni.

Statisztikailag a legnehezebbek a Q3, Q8 és Q13 kérdések voltak,
melyeknél a csoportok ugy adtak helyes vagy helytelen valaszt, hogy
kozben az eredmények csoportnak megfelelé szinten maradtak, vagy
egyforman rosszul teljesitettek. Mindharom item gyakorlati feladatot
tartalmazott, C3 feleletvalaszt6 tipusd. A Q3 kérdésben egy fliggvény
értelmezési tartomanyanak meghatarozdsa volt a feladat, melyhez
ismerni és alkalmazni kellett a tort nevezdjében 1évé gyokos kifejezés
kritériumat. A gyok alatt all6 masodfoku egyenlet konnyen megoldhaté
volt Viete formula segitségével.

Mindkét csoport szamara legnehezebb itemnek bizonyult a Q8 kérdés,
melyet a 4. dbra mutat be. A csoportokbdl egy-egy helyes valasz érkezett
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arra a kérdésre, melyben fiiggvény folytonossagat vagy szakadasat
kellett meghatarozni.

8 L]
J,Z{
Vizsgalja meg az f( r) = *_figgvény folytonossagat
T x

O Azf(__,-‘_] fuggveny folytonos

O A f[ a) fuggvénynek megsziintethetd szakadasa van
O Az f[ __,-‘_) fuggvénynek ugrasa van

O Az f( ._,-‘_] fuggvenynek masodfaju szakadasa van

4. abra: A két csoport atlageredményei feladatonként

Ebben az esetben azt feltételezem, hogy a rossz szamitasok mellett
id6hiany miatt a hallgaték inkdbb csak tippeltek, gy valasztottak egyet
a felsoroltak kozil. Ezt a kovetkeztetést az eldtte 1évé kérdésre adott
valaszok miatt vontam le. Mivel a Q7 kérdésben az itt felsorolt
valaszokhoz hozza Kkellett parositani a meghatarozashoz sziikséges
képleteket. A G1 csoportban mindenki, mig a G2-ben csak 1 hallgaté
parositott helyesen, a tobbiek csak a kérdés felét tudtdk megoldani.
Mindezek ellenére is a G2 csoportban nem az a hallgaté adott helyes
valaszt a Q8-ra, aki a Q7-re is.

A Q13 kérdés esetében nagyobb volta 2 csoport kozotti eltérés. Miga G1
csoportbdl 1 ember rontotta el a valaszt, addig a G2-b6l 1 személy tudta
helyesen megvalaszolni. A feladatban az adott fliggvény primitivjét
kellett megjeldlni. A helyes valaszhoz sziikséges volt ismerni a primitiv
fliggvény fogalmat és a trigonometrikus fliggvények primitivjét. Rossz
valasz jelolésére volt lehetdsége annak a hallgaténak, aki keveri a
fliggvény primitivje és derivaltja fogalmakat.

Meglepben sokan elhibaztdk a kérdéseket mindkét csoportban. Ez
szamomra azt engedi feltételezni, hogy ezekben az esetekben a
feleltvalaszto tipus teret engedett a pontatlan munkanak, vagy a
szamitasok és gondolkodas nélkili téves valasztasnak.

A kordbban nem emlitett kérdések a két csoport kozott varhatéd
kiilonbséget mutatnak, ami azt engedi feltételezni, hogy jo a
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megbizhatdsaguk és jol mérnek. Ezek kozott vegyesen oszlanak el az
itemek tipusai és a Bloom taxon6mia szintjeinek megfelel6 kérdések.

A feladatok elemzésének ellenére statisztikai elemzés szempontjabol
nem mondhat6 megbizhat6 e-tesztnek a vizsgalt feladatsor, mivel a 0,15
értékl Cronbach-alfa tal alacsony, igy az elfogadhatatlan kategoériaba
esik.

4 Osszegzés

Az elemzés végén latva az eredményeimet, azt a kdvetkeztetést vonom
le, hogy bar a legjobb kezdet, ha elmélytiliink az elméleti tudnivalékban
miel6tt gyakorlatban kiprébaljuk, de nem kell megallni, ha els6 préobara
nem jelennek meg a vart eredmények.

A kutatds egyik céljat sikeriilt teljesiteni, a Bloom taxondmiat
felhasznalva konnyebb volt objektiv e-tesztet 1étrehozni. Az objektivitas
megOrzésében segitett, hogy online platformon lett 1étrehozva, és a
rendszer maga javitotta. Validitasa még fiigg a megbizhatdsagatol, amit
figyelembe véve a kapott eredményeket még nem tudom biztosan
megallapitani.

A 2. dbra arra enged kovetkeztetni, hogy inkdbb megbizhat6 a vizsgalt e-
teszt és eredménye. Ellentétben a Cronbach alfa alacsony értékével. Ez
kialakulhatott az alacsony atlagos korrelacié vagy a kis 1étszamu
mintavétel miatt. Ennek tisztdzdsa érdekében célszerli lenne
megismételni a kutatast, lehetdség szerint nagyobb létszamu
csoportban, mivel a tobb elemii mintaval pontosabb szamitasokat lehet
elvégezni. Amennyiben ismétlés utan hasonlé eredményre jutok,
megallapithatom, hogy val6ban nem megbizhat6 ez az e-teszt.

Osszességében a kutatds nem lett teljesen eredményes, igy tovabbi
kutatasokat kivan.
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SZAMITOGEPPEL SEGITETT SZAMONKERES A
NUMERIKUS MODSZEREK OKTATASBAN

Gabor FABIAN, HU

Absztrakt: A jelenkori informatika oktatasban egyre nagyobb szerepet
kapnak az oktatéi munkat segit6 programozasi nyelvek,
programkonyvtarak, szoftverek. Bar a programozasi és technoldgiai
ismeretek elsajatitasat célzo targyak oktatasaban és szamonkérésében
ezen eszk6zok mar évek oOta jelen vannak, az elméleti ismeretek
gyarapitasaért felelés matematika kozpontd targyak esetében
jelentdségiik sokszor méltatlanul alulértékelt. Elmélyiilt matematikai
ismeretek atadasa talan még a jelen digitalis vilagban sem képzelhetd el
papir alapu oktatads és szamonkérés nélkiil, ugyanakkor az évfolyamok
évrdl évre novekvo létszama miatt a tradiciondlis zarthelyi dolgozatok
Osszeallitadsa és javitdsa nagy feladat elé allitja az oktatékat. Jelen
tanulmanyban ismertetiink néhany eszkozt, melyek lehetdséget
nyudjtanak algoritmikusan megoldhaté matematikai példak el6allitasara,
szamonkérésére és automatikus értékelésére. Attekintjiik, hogy az
E6tvos Lorand Tudomanyegyetem Informatika Karan oktatott
Numerikus médszerek targy szamonkérési mddszerei hogyan valtoztak
a 2020-ban kényszeriliségb6l bevezetett online oktatds soran. Arra
keressiik majd a valaszt, hogy szamonkérhet6-e megnyugtatd
részletességgel egy matematika alapui targy online médon.
Osszehasonlitjuk egymassal a papir alapti és az online kviz alapd
feladatokat, valamint megvizsgaljuk a hallgatésag véleményét és
eredményeit az 4j szamonkérési formaval kapcsolatban.

Kulcsszavak: numerikus médszerek, szamitégéppel segitett oktatas

COMPUTER AIDED ASSESSMENTS IN
TEACHING NUMERICAL METHODS

Abstract: Programming languages, libraries, and software that help the
work of teachers play an increasingly important role in today's IT
education. Although these tools have been present for years in the
teaching and tests of programming courses, their importance in the case
of mathematics-based courses is often inevitably underestimated. The
transfer of in-depth mathematical knowledge may not be feasible even
in today’s digital world without paper-based education and assessments.
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However, due to the yearly increasing number of students, designing and
correcting in-class tests poses a major challenge for educators. In this
paper, we present some tools that allow the generation and automatic
evaluation of algorithmically solvable mathematical exercises. We
overview how the methods of assessments changed last year in the case
of Numerical Methods courses taught at Faculty of Informatics of E6tvos
Lorand University. We will look for the answer to whether a
mathematics-based subject can be tested in satisfying details online. We
compare paper-based and online quiz-based tests and examine the
opinions and results of students regarding the new form of assessment.

Keywords: numerical methods, computer-aided teaching

1 Bevezetés

2020 marciusanak elején Magyarorszagon a COVID-19 vilagjarvany
miatt bezartak az egyetemek, az oktatads ezutdn csak tavoktatas
formajaban valdsulhatott meg [1]. A budapesti Eo6tvés Lorand
Tudomanyegyetem a marcius 12-23. kozotti idészakot tiizte ki az online
oktatasra torténd atallasra [2]. Az Informatikai Kar Numerikus Analizis
Tanszékén oktatott targyak esetében is aranylag zokkenémentesen
megtortént az atallas, és ennek korai mivolta miatt mar az els6 zarthelyi
dolgozatokat is online médon kellett lebonyolitanunk. Az Informatikai
Karon oktatott kurzusok egy részében mar évekkel ezel6tt
megkezd6dott a Canvas LMS rendszer hasznalata [3], aztan a
tavoktatasra valé valtas hatasara sok olyan kurzus oktatéja is a rendszer
lehetdségeinek igénybevétele mellett dontott, aki korabban egyaltalan
nem hasznalta azt. [gy tortént ez a Numerikus Analizis Tanszéken, ahol a
matematika kozpontu targyak tulsilya miatt sokaknak feleslegesnek
tlint a Canvas haszndlata, hiszen a legtdbb kurzus oktatdsa és
szamonkérése is papir alapti. Rdadasul sokan rendelkeznek olyan Excel-
tablazatokkal, melyek segitik a kovetelmények ellenérzését és a hallgatéi
eredmények értékelését, ezek a funkciék a Canvas-ben pedig csak
részlegesen hasznalhatok.

A matematika kdzponti targyak esetében nehezen megkérddjelezhet6 a
papir alapu oktatds és szamonkérés fontossaga, hiszen sok feladatnal
nem feltétlentl a végeredmény, hanem az ennek meghatarozasahoz
sziikséges egymasra épiillé6 1épések megértése és végrehajtasanak
képessége az, ami igazan érdekli az oktatét. A Numerikus Analizis
Tanszék Aaltal oktatott nagylétszamu kurzusok szadmonkéréseinek
egységessége  érdekében sok esetben  évfolyamzarthelyiket
alkalmazunk, melyek esetenként 300-400 hallgatot is érinthetnek. A
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zarthelyit 0sszeallité oktatonak ekkor érdemes arra torekednie, hogy a
feladat megoldasaban a hallgatéonak ne legyen tulzott szabadsaga, hiszen
a sokféle megoldasi lehet6ség sokféle értékelésilehetdséget kivan, amely
az egységesség fenntartdsat jocskan megneheziti. Emiatt a feladatok
sokszor algoritmikusan megoldhaték, ebbdl kovetkezéen azok
Osszeallitasat és kiértékelését is tobbé-kevésbé algoritmikussa lehetne
tenni.

A kovetkezbkben attekintjiik, hogy hogyan valtoztattuk meg az ELTE-IK
programtervez6 informatikus képzésén a Numerikus modszerek
gyakorlatok zarthelyi dolgozatait. A 2. fejezetben roviden 6sszefoglaljuk
a korabbi, papir alapu szamonkéréssel kapcsolatos problémakat, a 3.
fejezetben attekintjiikk, mely eszkdzok voltak segitségiinkre feladatok
tervezésénél. A 4. fejezetben egy minta feladaton keresztil vizsgaljuk
meg, hogy milyen mddon valtozott a szamonkérés, mikor azt online
kornyezetbe helyeztiik, tovabba, hogyan hasznalhatdék a 3. fejezetben
targyalt eszkozok feladatok megoldasanak automatikus generalasara. Az
5. fejezetben attekintjiik, milyenek lettek a 2019-es évfolyam
eredményei, tovabba, hogy a hallgatok miként vélekedtek az 1j
szamonkérési formarol. Végiil oOsszegezziikk a tapasztalatainkat, és
levonjuk a lehetséges kovetkeztetéseket.

2 Motivacio

A papir alapd szamonkérések javitasa nagyon eréforrasigényes. Az
ELTE-IK-n oktatott Numerikus moédszerek gyakorlatok létszama
altalaban 20 f6, de nem szokatlan a 30 f6t szamlal6 gyakorlati csoport
sem. Egy tanarsegéd vagy adjunktus, aki csak gyakorlatokat tart, egy
félévben akar 5-6 gyakorlati csoportot is vezethet. Emiatt egy oktatonak
egyetlen zarthelyi id6szakban akar 120 dolgozatot kell kijavitania, ami
darabonként atlagosan 10 perccel szamolva akar 20 6rdig is eltarthat.
Nem csoda, hogy olykor nem sikertl a gyakorlatvezet6knek egy héten
beliil kijavitani a zarthelyiket, hiszen a javitas mellett a szokasos kutatasi
és oktatasi tevékenységet is végezniiik kell.

A papir alapti szdmonkéréshez altaldban papir alapd javitasi és
pontozasi Utmutatd tartozik, amely tobb szempontbél is problémas.
Egyfeldl, a feladatok megoldasat ekkor a zarthelyit 6sszeallité oktatd
altalaban szamitégép hasznalata nélkil késziti el, mely magaban rejti a
hibazas lehet6ségét. Persze az efféle hibak el6fordulasanak
valoszinlisége csokkenthetd, ha a megoldast készité oktaté kollégai
atnézik a minta megoldasokat, vagy szamitégéppel ellendrzik a
szamitasokat. A masik probléma a papir alapu javitékulccsal, hogy sok
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esetben az algoritmikusan megoldhato6 feladatoknak is tobb elfogadhaté
megoldasa létezik, melyek mindegyikét - szamitogépes segitség nélkiil -
kidolgozni roppant idéigényes feladat volna. Példaképp gondoljuk meg,
hogy egy végtelen sok megoldassal rendelkezd linearis egyenletrendszer
megoldasa miképpen torténik. Sok helyen - igy az ELTE Informatikai
Karan tartott linedris algebrai alapozé kurzuson is [4] - a Gauss—
Jordan-eliminacié algoritmusat olyan mddon targyaljak, hogy az egyes
sormiiveleteket megel6z6en a hallgaté valaszthatja ki az ugynevezett
generald elemeket. Természetesen a kiilonbozo6 kivalasztasi stratégiak
kiilonb6z6 matrixsorozatokat eredményeznek, masok lesznek az
egyenletrendszer kotott és a szabad valtozoi, a javité tanarnak pedig
rendelkeznie kellene az 6sszes lehetséges megoldassal.

3 Felhasznalt eszk6zok

Az aldbbiakban attekintjik, hogy milyen eszkozokkel segitettiik a 2020.
és 2021. évi online szamonkéréseket. A zarthelyi dolgozatokat Canvas-
kviz formajaban irta a hallgatdsag, a feladatok tervezésénél pedig nagy

7 7

segitségilinkre voltak a késébbiekben részletezend6 Python kdnyvtarak.

3.1 Canvas-kvizek

A Canvas rendszerben a kvizkérdések tipusa meglehetdsen limitalt. A
munkank soran hasznosnak talalt kérdéstipusok a kovetkezdk voltak.

e Igaz/hamis: igaz és hamis lehet6ség valaszthaté.

o Feleletvalasztds: a megadott valaszlehet&ségek koziil pontosan
egy valaszthato.

e Behelyettesitds: egy szovegdobozba tetszéleges karakterlanc
irhato, kiértékeléskor az elére megadott helyes sztringekkel
keriil 6sszevetésre a szovegdobozba irt szoveg.

e Tobbszords behelyettesitos: tobb, kiillonb6z6 behelyettesitds
szovegdoboz egyazon kérdésben.

e Numerikus valasz: egy szovegdobozba numerikus érték irhaté
(el6jellel, tizedesponttal), kiértékeléskor a megadott érték
numerikusan, elére definidlt hibahatar mellett Kkertiil
0sszevetésre az elvart megolddassal.

o Képlet alapi kérdés: hasonlé a numerikus valaszhoz, itt
azonban a helyes numerikus értéket az oktatd explicit médon
nem adja meg, az egy egyszerli képleten Kkeresztiil kertiil
kiszdmitasra. A képletbe a feladat szovegezésében definialt
valtozék értékei keriilnek, melyek hallgatérél hallgatora
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valtozhatnak. A valtozok értékei pszeudovéletlen modon eldre

legeneralhatok.
A Canvas-rendszer most felsorolt lehetdségeivel valtozatos kvizek
allithatdék 0Ossze, azonban a szimbolikus matematikai szamitisok
szamonkérését talzottan nem konnyitik meg. A tizedestortekkel
végzett numerikus miveletek sok esetben nagyon hasznosak,
viszont az absztrakcids képesség néveléséhez nagyon fontos volna
szimbolikus szadmitidsokat végezni. A komolyabb levezetések,
bizonyitasok megértéséhez nélkiilozhetetlen, hogy a hallgaték jol
tudjanak szamolni szimbo6lumokkal, legyen szé akar gyokos
kifejezésekrol vagy nevezetes konstansokrol. Ezek szamonkérése a
fentiek szerint csak a szoveg alapu behelyettesitds feladatokon
keresztiil torténhetne, viszont mar a legegyszer(ibb kifejezések
esetében is lényegében elképzelhetetlen, hogy a hallgaték altal
bevitt formuldkat szoveg alapon ellendrizni lehessen. Ezen
nehézségek miatt Ggy dontottiink, hogy a lehetd legtobb feladat
esetében kozonséges tort vagy egész szam alakban kérjik a
megoldast. A kozonséges tortek bevitele mar nem kinalt akkora
szabadsagot, mint a szimbdlumokat tartalmazé formulaké, azonban
itt is torédnink kellett azzal az eshetéséggel, hogy a hallgat6 a
megoldas (helyes) kiszamitasa utdn elmulasztotta egyszertisiteni a
tortet.
A numerikus és képlet alapu kérdések is nagyon hasznosak egy-egy
feladatban. A hasznalatukat neheziti, hogy mindkét kérdéstipus
esetén egy kvizkérdéshez egyetlen valaszt tudunk rendelni, pedig
szerencsésebb volna, ha tobbet is lehetne. Osszefoglalva tehat, jo
lehet&ségeket kinal a Canvas-rendszer, de sok mindent meg kellene
valtoztatni ahhoz, hogy egy matematika koézponta kurzus
szamonkérését kell6en ki tudja szolgalni.

3.2 Python a feladat tervezésben

Egy szokvanyosnak mondhaté Numerikus moédszerek kurzus
feladatainak megoldasahoz a hallgatéknak birtokaban kell lenni a
fontosabb linearis algebrai ismereteknek, és az analizis (kalkulus)
megfelel§ technikdit is ismerniiik kell. Amennyiben az oktaté
szamitogéppel szeretné segiteni a feladatok tervezését és kiértékelését,
olyan nyelvet célszer(i valasztania, amelyben az alapveté matematikai
operaciokon kivil a kalkulus és a linearis algebra fontosabb miiveletei is
rendelkezésre allnak. A mi valasztasunk a Python-ra esett, mely
ingyenessége és széleskorli tAmogatottsaga miatt a hallgatéink kérében
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is népszeri. A legfontosabb konyvtarak, amelyeket hasznaltunk a
NumPy [5], a SciPy [6], a MatPlotLib [7] és a SymPy [8], melyek évek 6ta
nagymértékben segitik a zarthelyi dolgozatok feladatainak tervezését és
megoldasainak el6allitasat. A legfontosabb vektor és matrixmiiveletek a
NumPy és a SciPy linedris algebrai alcsomagjaiban elérhet6k, ezekkel
f6ként numerikus ellendrzéseket szoktunk végezni. Sok esetben akar egy
abra is elegend6 ahhoz, hogy eldontsiik, a kit(izott feladatnak van-e
megoldasa, a fiiggvények abrazolasahoz a MatPlotLib PyPlot alcsomagjat
szoktuk hasznalni. Oktat6i munkank soran kiemelked6en hasznosnak
talaltuk a SymPy csomagot, amely nem csupan szimbolikus aritmetikai
szamitasok elvégzésére alkalmazhato, de pontos, szimbolikus linearis
algebrai szamitasok is végezhet6k a csomag segitségével, tovabba
figgvények derivaldsa és (egyes esetekben) integraldsa is lehetséges.
Mindezek mellett a SymPy képes LaTeX-kddot generalni az egyes Python
altal értelmezhet6 Kkifejezésekbdl, ezért rovid id6 alatt akar jegyzet
mindségli feladatmegoldasokat tudtunk létrehozni. A megoldasok
generaldsa tehat sok tipusfeladat esetében automatikusan tortént, a
feladatot tervezd oktaté csupan néhany el6feltétel teljesiilésének
biztositasaval segitette a megoldasok létrejottét.

4 Egy minta feladat

Tekintsiink egy szokvanyos feladatot. A kovetkezd példa egy nemlinearis
egyenlet megolddsdnak megkeresését célozza fixpont iteracié
hasznalataval [9, 10]. Az iteraciés modszer alakjat a feladatban rogzitjik,
a hallgaténak csak a konvergenciat kell igazolni, illetve a hibabecslést
ért6 modon hasznalnia.
Az f(x) :=x%—2x+5 =0 nemlinedris egyenlet [0,1] intervallumbeli
megolddsdnak meghatdrozdsdra az aldbbi fixpont iterdciét haszndljuk:
xp +2

T
Bizonyitsuk, hogy az iterdcié konvergens! Hany lépést kell tenniink a 1073
pontossdg eléréséhez?
A feladat megoldasat a kovetkez6 modon varjuk. Az iteracié
konvergenciajahoz a kovetkezdket kell megmutatni.

X1 = @) =

i) Az x3—5x+2=0 egyenletnek van gyoke a [0,1]
intervallumon.

ii) A ¢ fiiggvény a [0,1] intervallumot 6nmagara képezi.

iii) A ¢' derivaltfiiggvény abszolit maximuma a [0,1]

intervallumon kisebb, mint 1, azaz
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q:= xrg[g}lc]kp ™| <1,

ahol g az uigynevezett kontrakcios egyiitthato.

Ezutin a kivant 1073 pontossag eléréséhez sziikséges lépésszam
meghatarozhaté a

gk (b—a) <1073
egyenlStlenség (egész érték(i) k-ra valé megoldasaval. Altalaban a
zarthelyi feladatokban a folytonos f fliggvény valoban jelet valt a kijel6lt
intervallumon, tovdbba ¢ és ¢’ monoton fluggvények, ezért a
konvergencia igazolasahoz sziikséges feltételek konnyen ellendrizhetdk.

4.1 Papir alapu értékelés

A fenti minta példa tokéletesen megfelel az ELTE-IK programtervezd
informatikus képzésén jelenleg oktatott (2018-as tanrend szerinti)
Numerikus moédszerek 2. zarthelyi dolgozat egy feladatanak. A papir
alapt zarthelyik esetében a minta feladat megoldasat tollal, papirra irva
kérjiik. Egy 50 pontos zarthelyi esetén egy ehhez hasonl6 feladatra
kozelit6leg 10 pontot adunk. A kovetkezo tablazatban megtekinthet6 egy
javasolt, redlis értékelési utmutatd, amelyben az lathato, hogy a feladat
megoldasaért adhaté 10 pont hogyan oszlik meg az egyes részfeladatok
kozott.

Részfeladat Pont

a gyok 1étezésének igazolasa 2

annak belatasa, hogy ¢ 6nmagara képezi a kijelolt intervallumot

@' kiszamitasa

2
1
kontrakcids egytitthaté meghatarozasa 2
1

hibabecslés felirasa

az elvart pontossaghoz sziikséges 1épésszam meghatarozasa 2

Fontos kiemelni, hogy - ahogyan az a feladat szovegezésében is
olvashaté - a részfeladatok a papir alapu zarthelyi esetében a fenti
részletességgel nincsenek feltiintetve. Ez esetben a hallgaténak tudnia
kell, hogy melyek azok a 1épések, amelyeket el kell végeznie, hogy a
feladat altal megfogalmazott kérdésre érdemi valaszt tudjon adni.

4.2 Kviz alapi szamonkérés

A 2019/20-as tanév tavaszi félévének esti tagozatos Numerikus
modszerek kurzusaban mar online kviz alapu volt a szamonkérés. Egy, a
fentihez hasonlé példat a Canvas-ben rendelkezésre all6 eszkdzokkel
nem tudunk szdmonkérni szem el6tt tartva az automatikus javitas
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lehetéségét és igényét. Ezért ugy dontottiink, hogy az egyes
részszamitasok eredményeire kérdeziink ra. Az alabbi tablazatban
megtekinthetd, hogy egy ehhez hasonl6 feladat esetében milyen jellegii
kvizkérdésekkel tudtuk nagyjabdl ugyanazokat a szamolasokat
végrehajtatni a dolgozatot {ré hallgatékkal. A tdblazatban szerepel még,
hogy az egyes részfeladatok a Canvas-ben milyen tipust kérdésként
jelentek meg, tovabba, hogy milyen alakban vartuk a megoldast.

Feladat Tipus Bemenet Pont

Létezik-e fixpontjaa ¢(x) = XST” Igaz/hamis Igaz/hamis 1

fuggvénynek a [0,1] intervallumon?

Létezik-e gyoke az f(x) = x> — 5x + 2 Igaz/hamis Igaz/hamis 1
fuggvénynek a [0,1] intervallumon?
Legyen ¢(x) = ¥*2 Hatérozza meg a Tobbszor(fos” ) "Ket’
. 5o . behelyettesités | kozonséges 2
¢([0,1]) intervallum végpontjait! tort
x3+2 .

Legyen ¢(x) = —— Hatdrozza meg a

SO\ o, Behelyettesités | Kozonséges 2
0] (5) értékét! tort

. X342 L .

Hatirozza meg a ¢(x) = - fliggvény
kontrakciés  egyiitthatéjat  a[0,1] | Behelyettesitds | Kozonseéges 2
intervallumon! tort
Hény 1épést Kkell tenniink a [0,1]
intervallumon az Xpe1 = @(xg)
konvergens iteraciéval a 10~3 pontossag Numerikus Egész szam 2

eléréséhez, ha tudjuk, hogy ¢ az
intervallumon kontrakci6 a gq =§

kontrakcids egytitthatéval?

Lathaté, hogy az egyes részfeladatok, és az azokra adhaté pontok
lényegében valtozatlanok maradtak, mindéssze annyi valtozas tortént,
hogy a kvizt kitolt6 hallgaténak nem feltétleniil kell tudnia, hogy melyek
azok a lépések, amelyek elvezetnek a megoldashoz, hiszen a kviz
végigvezeti azokon. A kompetencidk, amelyek sziikségesek a
részfeladatok megoldasahoz pontosan ugyanazok, mint amelyek a papir
alapt megoldashoz sziikségesek voltak.

A pontos, papiron torténé szamolas el6térbe helyezése miatt sok esetben
egész szamként vagy kozonséges tortként vartuk a végeredményt. Az
els6, 2020-as online szdmonkérés alkalmaval sokan rossz formatumban
adtak meg a megoldasaikat (pl. k6zonséges tort alak helyett tizedestort
alakban), ezért 2021-t61 a kovetkez6khoz hasonld figyelmeztetd
abrakkal emlékeztettiik a hallgatokat a helyes formatum megtartisara.

301



XXXIV.DIDMATTECH 2021
EOTVOS LORAND UNIVERSITY (ELTE) FACULTY OF INFORMATICS

) ] fl‘ju a kontrakeids egyiitthatot kdzdnséges tort alakban a szovegdoboz-

bal Csak a numerikus karakter haszndlja, valamint a / és a —

G szimbélumokat. Ne haszniljon székozoket! Egyszeriisitse a tortet, egész
. | szdm esetén ne haszndlja a / jelet!

L Irja a beesiilt minimalis lépésszamot egész szam alakban a szévegdoboz-
21 f ba!l Csak a numerikus karaktercket haszndlja, valamint a — jelet, ha

sziikséges. Ne hasznaljon szokoziket!

4.3 Automatikus megoldas

A minta példdhoz hasonlé feladatok megoldasanak automatikus
generaldsdhoz a SymPy csomagot hasznaltuk. A kovetkezd Python
kédrészletben azt illusztraltuk, hogy a fenti feladat megoldasa milyen

7”7

egyszerten el6allithaté SymPy fliggvények segitségével. Az egyszeriiség
kedvéért azzal a feltételezéssel éltiink, hogy ¢ és ¢’ monoton
fiiggvények.

from sympy import *
x=symbols('x")

# Fixpont-iterdcids feladat automatikus megolddsa,
# feltételezve, hogy phi és phi' monoton fliggvények.

def fixedpoint(f,phi,a,b,d):
# Bolzano-tétel => ha a folytonos f fiiggvény jelet vdlt
# az [a,b]-n, akkor van gybke az intervallum belsejében.
f_a,f b=f.subs(x,a),f.subs(x,b)
if f_a*f_b<e:
# phi(fa,b]) kiszdmitdsa:
phi_a,phi_b=phi.subs(x,a),phi.subs(x,b)
A,B=min(phi_a,phi_b),max(phi_a,phi_b)
# Igaz-e, hogy phi : [a,b] -> [a,b] tipusd?
if a<=A and B<=b:
# A derivdlt, phi' kiszdmitdsa:
dphi=phi.diff(x)
# A kontrakcids egyiitthato kiszdmitdsa:
q=max(abs(dphi.subs(x,a)),abs(dphi.subs(x,b)))
# Igaz-e, hogy phi kontrakcic?
if g<1:
# Ha mindhdarom feltétel teljesil, az iterdcio
# konvergens. A Rivdnt pontossdghoz sziikséges lépésszdm:
k=ceiling((log((b-a)*18**d) / log(1/q)))
print(k)

Fax**3-5%x+2

phi=(x**3+2)/5

a,b,d=0,1,3

fixedpoint(f,phi,a,b,3)
A fenti kédot kénnyen alkalmassa tehetjiik LaTeX-kod generalasara a
megfeleld szoveges kimenetek elhelyezésével. Jelen kod médositasaval
generaltuk az alabbi LaTeX kimenetet.
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\begin{enumerate}[i)]
N\item $F(0)=2% és $fM\lefr(1\right)=-2%, ezért az $T(x)=xA{3} - 5 x + 2§
flggvénynek a Bolzano-tétel miatt van gyske a(z) $\lefr[ 0, 1 \rightl$
intervallumon.
Nitem $\varphi\left( \left[ 0, 1 \right] \right) = \left[ \frac{2}{5},
\frac{3}{5} \right] \subset \left[ 0, 1 \rightl$, vagyis $\varphil a(z)
$\left[ 0, 1 \right]$ intervallumot énmagara képezi.
Vitem $imax \leftiy{\frac{3 xA{2}}{5}~~ | ~~ x \in\left[ 0, 1 “right]
\right\} = \frac{3}{5} =: q, $ ezért $\varphi$ kontrakcio a kijelslt
intervallumon, $q=\frac{3}{5}% kontrakcids egyiitthatdval.
\end{enumerate}

a fentiek alapjan az $x_{k+1} = ‘wvarphi(x_k)$ iterdcié valéban konvergens.

A hibabecslés:

V[ \Teft| x_k - xA% \pight| \leq \left(\frac{3}{5}\right)Ak \cdot \left( 1 -
0 \right). \]

Tovabba, mivel

V[ \eft(\frac{3}{5\right)ak \cdot 1 \leq 10A{-3} ~~ ‘Longleftrightarrow ~~
\frac{\1n\left( 1 \cdot 10A{3} \right)}{\In\left(\frac{5}{3}\right)} \leq k
~~ \Longleftrightarrow ~~ k \geq 14, \]

ezért legalabb 14 1épést kell tenniink a $10A{-3}§ pontossdg eléréséhez.

A fenti LaTeX-kod (a megfelel6 kornyezetbe helyezve) forditas utan a
kovetkez6 kimenetet eredményezi.

i) f(0) 245 f(1) 2, ezért az f(x) % — 5r + 2 fiigevénynek a
Bolzano-tétel miatt van gydke a(z) [0, 1] intervallumon.

i) ¢([0,1]) = [é—} C [0,1], vagyis ¢ a(z) [0,1] intervallumot tnmagdra

képezi.
iii) nmx{:’ff | we [(_l.l]} = f =i q. ezért  kontrakeid a kijelolt interval-
lumon, ¢ = ¢ kontrakeids egyiitthatoval.

A fentiek alapjdn az rp.1 = @(ry) iterdcié valéban konvergens. A hi-

babecslés:
3y
liy ‘r'*|§(:> (1-0).
5

3\F ‘ In (1-10%)
(_3) 1107 = ni - ]SL‘ e k> 14,
il In (—;)

ezért legalibb 14 1épést kell tenniink a 107* pontossdg eléréséhez

Tovabba. mivel

Ezzel tehat a feladat megoldasa olvashat6, azonnal kozzétehetd, az
oktatd részérdl tovabbi munkat nem igényel, legfeljebb az el6feltételek
teljesiilésének ellendrzését.

5 Osszefoglalas

A Kkovetkez6kben 0Osszefoglaljuk a 2019/20-as tanévben szerzett
tapasztalatainkat az online kviz alapt zarthelyik bevezetése kapcsan. Az
esti tagozatos évfolyam tehat a 4.2 fejezetben bemutatott szamonkérési
formaval taldlkozott, mig az évfolyam nappali tagozatos hallgatéi a 4.1
részben targyalt szokdsos papir alapu zarthelyi dolgozatot irtdk meg. A
kovetkez6 alfejezetben dsszevetjiik a két évfolyamzarthelyi eredményét.
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Az (j tipusi szamonkérés bevezetésekor fontosnak talaltuk kikérni a
hallgatésag véleményét, ezért az estisek 2020-as 1. zarthelyi
dolgozatanak utols6 feladataban harom aspektusban mindsitettiik az Gj
szamonkérési format. A véleményezés eredménye szintén a kovetkezo
alfejezetben talalhato.

5.1 Eredmények és fogadtatas

Esti tagozaton 62 hallgatébdl 12 nem firt, ezzel szemben nappali
tagozaton 48 hallgatdobol mindenki megirta az elsé zarthelyit. Mindkét
esetben 50 pontos volt a dolgozat. Az eredményekrdl késziilt statisztika
megtekinthetd a kovetkez tablazatban.

2019/20 esti tagozat 2019/20 nappali tagozat
(online szamonkérés) (papir alapti szamonkérés)

Atlag 30,9 36,0

Szoéras 9,3 7,9

Minimum 15,0 21,0

Alsé kvartilis 214 31,3

Median 32,5 37,0

Fels6 kvartilis 38,1 43,0

Maximum 48,0 46,0

Lathat6, hogy a nappalis dolgozatok jobban sikeriiltek, azonban eddigi
tapasztalataink alapjan ez a tendencia altaldnos. Valésziniileg ez annak
koszonhet6, hogy az esti tagozatos hallgaték nagy része az egyetemi
képzés mellett dolgozik, mig a nappalisok tilnyomé tobbsége kizardlag
az egyetemi tanulmdanyaira koncentral. Ha azonban csak a szdmokat
tekintjiik, a 30 pont feletti 4tlag és median, valamint a 20 pont feletti alsé
kvartilis - amely az elégséges ponthatara felett van - elfogadhato, realis
eloszlasrol arulkodik.

Az estis hallgaték hiarom kérdésre valaszolhattak a zarthelyi kviz
beadasa el6tt. Ezek a dolgozat nehézségére, a megoldasra fordithato
id6ére, valamint a kérdések atfogé mivoltara vonatkoztak. Minden
kérdésre 1 és 10 kozotti pontot lehetett adni. A zarthelyit 31 hallgato
véleményezte, az ezek alapjan késziilt statisztika megtekinthetd a
kovetkez6 tablazatban.
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Kérdés Atlag | Széras
Mennyire talalta nehéznek a zarthelyit? 6,3 1,5
Mennyire taldlta elegendének a zarthelyi 7,5 2,8

megirasara fordithat6 id6t?

Mennyire mérte atfogdan a zarthelyi az els6 zh- 9,0 1,1
hoz sziikséges tuddsanyagot?

A fentiek alapjan a hallgaték kozepesen nehéznek és Kkifejezetten
atfogonak talaltak a zarthelyit, a kitoltésre fordithat6 id6t viszont tobben
kevésnek talaltak.

Mindent dsszevetve az elsd online zarthelyi dolgozat sikeres volt, a 2. és
a javité zarthelyiket, valamint a gyakorlati jegy utévizsgat is ugyanigy
bonyolitottuk. A 2020/21-es évfolyamban is ezt a szdmonkérési médot
alkalmaztuk, és folyamatosan tdreksziink javitani annak szinvonalat.

5.2 Osszegzés, tovabbi célok

Mar a masodik tanévben alkalmaztuk sikeresen a teljesen online Canvas-
kviz alapti szamonkérést a Numerikus mddszerek oktatasban. Eddigi
tapasztalataink alapjan hissziik, hogy lehetséges olyan szinvonalasan és
széleskorien szadmonkérni matematika alapi targyakban szerzett
ismereteket szamitégépes tesztekkel, mint papir alapon. Mindazonaltal
megjegyezzik, hogy jelen tanulmany nem kivan a papir alapa oktatas
ellen érvelni. Nagyon fontos része a matematika oktatdsnak a papiron
torténé szamolas, levezetés, azonban fejlett szadmitogépes eszkozokkel
elérhet6 a feladatok generalasa, és a hallgat6k iranyitasa, hogy 6k maguk
lehet6leg szamitégépes segitség nélkiil oldjadk meg a kijeldlt
részfeladatokat.

A Canvas LMS sajnos nem alkalmas a matematikai képletek kezelésére,
ezért az Uj szamonkérési mdédban a hallgaték munkaja irdnyitott, nem
feltétlentl kell tudniuk, mely 1épések vezetik 6ket a megoldashoz, hiszen
az ahhoz vezetd it mar magaban a tesztben jelen van. Ez kétség kiviil egy,
a késdbbiekben kikiiszobolendd probléma. Viszont a Kkifejezetten
szimbolikus matematikai jellegli dolgozatok {ratdsahoz egy 4j, a Canvas-
t61 kiilonb6z6 rendszerre volna sziikség, amely a szoveges bemeneteknél
lényegesen bonyolultabb képletek értelmezésére és 6sszehasonlitasara
is képes. Az efféle rendszer azonban - jelen tanulmany szerzéjének
ismeretei szerint - még varat magara.
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VYSKUM TEORETICKYCH VEDOMOSTI A
PSYCHOMOTORICKYCH ZRUCNOSTI ZIAKOV V
TECHNICKOM VZDELAVANI

Lubomir ZACOK, Ladislav RUDOLF, SK, CZ

Abstract:

Vedecka Studia je zamerana na rieSenie vyskumu korelacie teoretickych
vedomosti a psychomotorickych zrucnosti pri rieSeni technickych
problémovych dloh vnizSom strednom vzdelavani. V technickych
predmetoch v zakladnej Skole sa Ziaci oboznamuju nielen s teoretickymi
informaciami, ale doéraz sa kladie najmid na osvojenie si zrucnosti
v psychomotorickej oblasti. Cielom vedeckej Stidie je charakterizovat
psychomotorické zrucnosti. Vdruhej casti Stiddie uvadzame navrh
praktickych problémovych uloh pre Ziakov 7. rocnika na nizSom strednom
vzdeldvani. Nasledne sme realizovali pedagogicky vyskum zamerany na
zistenie nielen urovne nadobudnutych zruc¢nosti u edukantov v kognitivne;j
a psychomotorickej oblasti vzdelavania, ale i vplyv teoretickych vedomosti
na osvojovanie praktickych zru¢nosti zZiakmi 7. ro¢nika zakladnej skoly.

Keywords: technika, zrucnosti, ziak, vedomosti, zakladna $kola

RESEARCH OF THEORETICAL KNOWLEDGE AND
PSYCHOMOTOR SKILLS OF PUPILS IN TECHNICAL

EDUCATION

Abstract:

The scientific study is focused on solving research on the correlation of
theoretical knowledge and psychomotor skills in solving technical problem
problems in lower secondary education. In technical subjects in primary
school, students are not only acquainted with theoretical information, but
the emphasis is mainly on the acquisition of skills in the psychomotor field.
The aim of the scientific study is to characterize psychomotor skills. In the
second part of the study, we present a proposal of practical problem tasks
for 7th grade students in lower secondary education. Subsequently, we
carried out pedagogical research aimed at finding out not only the level of
acquired skills of educators in the cognitive and psychomotor education, but
also the influence of theoretical knowledge on the acquisition of practical
skills by pupils in the 7th grade of primary school.

Keywords: technique, skills, pupil, knowledge, elementary school
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1 Introduction

Potreby slovenského priemyslu si dnes vyzaduju vybornu technicku
urovenl a pripravenost pracovnikov rieSit kazdodenné technické
problémy v praxi. Zakladné a nasledne postupné zdokonal'ované
technické poznatky by si mali Ziaci osvojit na niZSom a vy$Som strednom
stupni vzdelavania. V minulosti i v sdcasnosti viaceri autori
problematiku technického vzdeldvania skumali. Zistili, Ze technické
vzdeldvanie je nadalej odsivané na okraj zdujmu v sucasnej Skole.
Kompetentné organy velmi Casto menili samotny obsah technického
vzdelavania a Casovd doticiu vyucCovania, a to najmd na nizSom
strednom vzdelavani (Pavelka a kol,, 2019). Zisteny stav problematiky
technického vzdelavania ma taktieZ negativny dopad na uroven
osvojenia si teoretickych a praktickych poznatkov potrebnych pre
uspesné rieSenie technickych problémov v praxi.

Je potrebné naucit' ziakov vnimat technické ulohy a problémy spojené
s modernou informacnou spolo¢nostou, vytvorit im kladny vztah
k technike ako sucast profesionalnej vychovy. Vyucovanie predmetu
technika sa prevazne realizuje v $kolskych dieliiach. Vyucba v Skolskych
dielnach sa vyznacuje tym, Ze sa Ziaci ucia aplikovat nadobudnuté
teoretické poznatky pri praktickych ¢innostiach. Ziaci spoznavaju
aoboznamuju sa s technickymi materidlmi, pracovnymi nastrojmi
anaradim. Skamaji vlastnosti technickych materiadlov, z ktorych
zhotovuju uzitkové a darcekové predmety, vyrobky. Timova praca
atvorivost sud dolezitymi faktormi pre uspesSné rieSenie praktickych
technickych dloh. Najma faktory tvorivosti je potrebné rozvijat u Ziakov
pri rieSeni praktickych technickych dloh. Treba ucit Ziakov pohotovo
a l'ahko vytvarat nacrty roznych technickych uZzitkovych a darcekovych
vyrobkov. Ziaci by mali byt schopni vytvarat réznorodé riesenia tej istej
problémovej ulohy. Schopnost Ziakov rozpoznat problémy, zmenit
vyznam a pouZzitie vyrobku, vypracovat detaily rieSenia a navrhovat
a zhotovovat neobvyklé vyrobky sd predpokladom dspeSného rieSenia
nielen typickych Skolskych uloh, ale i problémovych technickych dloh
s vyuzitim praktickych zrucnosti.

1.1 Vedomosti a zrucnosti v technickom vzdelavani

V technickom vzdelavani velky vyznam majt praktické zrucnosti. Aby
ziak dokazal disponovat co najlepSie praktickymi zrucnostami pri
rieSeni roznych praktickych uloh, potrebuje najprv nadobudnut kvalitné
teoretické poznatky (vedomosti). M6zeme povedat, Ze tedria ma vplyv
na nadobudnutie spravnych praktickych zrucnosti. Ak si Ziak osvoji na
primeranej drovni kvalitné poznatky (vedomosti) a praktické zru¢nosti,
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bude sa l'ahSie orientovat pri rieSeni narocnejSich technickych a
praktickych problémovych uloh.
Zvladnutie teérie a praxe a ich vzajomné prepojenie garantuje aj mozné
uspesSné rieSenie narocnejSich problémovych technickych uloh.
ZruCnosti v predmete technika mozno nadobudat v réznych formach
vyuCovania. A to najmd pri rucnych pracach, pri konStruovani
a experimentovani a pod. Nadobudnuté teoretické vedomosti v praxi st
vo vicSej miere nepostacujice. Pre uplatnenie sa na trhu prace je
potrebné poznat a verifikovat vztah tedrie k praxi ajej zakonitosti.
Vyucovanie predmetu technika slizi k rozvoju schopnosti a zru¢nosti
Ziakov, ktoré su potrebné v ich d'alSom Zivote, pre ich budice povolanie.
Funkcia praktického ucenia sa posilnuje skiisenostami ziakov. Pracovné
¢innosti a ich rozvoj su dolezité nielen pre budice povolania ziakov, ich
uplatnenie sa v praxi, ale taktiez sa stdvaju motivacnym c¢initelom
(stimulom) k u¢eniu sa a pokracovaniu v stidiu na strednej odbornej
$kole. Ziak vtechnickom vzdeldvani nadobuda praktické zruénosti
v jednotlivych drovniach ucenia. Najprv je ziak pripraveny psychicky
afyzicky vykonavat wurciti Ccinnost. Nasledne opakuje cinnosti
demonstrované ucitelom. Ziak samostatne vykondva mechanické
¢innosti podl'a pokynov ucitel'a. Dalej rychlo a l'ahko vykonava menej
komplexné cinnosti. Nasleduje droven ucenia charakteristickd uz
vykondvanim automatickych komplexnych zlozitych Cinnosti.
A v neposlednom rade nasleduje samostatné automatické vykonavanie
Cinnosti ziakmi a aplikovanie osvojenych sp6sobov ¢innosti v novych,
neznamych a problémovych situaciach. Ak tieto Urovne ucenia Ziak
zvladne uz v zikladnej Skole, méZeme povedat, Ze je pripraveny na
d’alSie vzdelavanie v sucasnej Skole.
2 Navrh problémovych praktickych uloh pre Ziakov niZsieho
stredného vzdelavania v predmete technika
Viaceri uznavani pedagoégovia uz v minulosti odporucali taky priebeh
vyucovania, pri ktorom je viac aktivny ziak ako ucitel. V dneSnych
Skolach (zakladnych aj strednych) su rozSirené novsie koncepcie
vyuCovania. Vradmci nich mdbZeme v technickych aodbornych
predmetoch zadavat Ziakom rozne praktické problémové udlohy. Ide
o ulohy, ktoré st zamerané na nespecificky transfer podl'a Niemierkovej
taxonémie vzdelavacich cielov (Niemierko, 1979). Uvadzame nami
navrhnuté praktické problémové ulohy pre predmet technika, ktoré
rieSili ziaci 7. ro¢nika zakladnych $kol. Nasledne boli ziskané udaje
analyzované v ramci pedagogického vyskumu.
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Problémovd uloha ¢. 1:

Vesiak z kovu je urceny na pripevnenie na stenu a nasledne sa bude
vyuzivat na veSanie bundy a pod. Najprv navrhni technicky nacrt alebo
technicky vykres veSiaka. Na zhotovenie veSiaka bude pouzity ocel'ovy
plech s hrubkou 2 mm. Medzi zdkladné pracovné operacie potrebné na
zhotovenie tohto vyrobku patri meranie a obrysovanie, vitanie, rezanie,
pilovanie a ohybanie.

Vystup problémovej tilohy ¢. 1:

Podl'a Niemierkovej taxondmie ciel'ov, zaradime problémovu situéciu ¢.
1 do dloh vyZadujucich neSpecificky transfer. Tato situacia si vyZaduje
aplikovat ziskané vedomosti pri rieSeni praktickej problémovej tlohy.
KedZe ucitel' vysvetlil a prezentoval Ziakom teoretické informacie
z oblasti ru¢ného spracovania kovovych materialov.

Takymto sposobom sme postupne navrhli d’alsie Styri problémové
ulohy, ktoré detailne sme popisali a zrealizovali vystupy.

3 Pedagogicky vyskum

Cielom pedagogického vyskumu je zistit, ako dokazu Ziaci 7. ro¢nika
aplikovat’ nadobudnuté teoretické vedomosti pri rieSeni praktickych
problémovych uloh, resp. ako vedomosti ovplyviiuji vykony ziakov
v psychomotorickej oblasti vzdelavania.

3.1 Vymedzenie vyskumného problému

Nas vyskumny problém Specifikujeme ako rela¢ny vyskumny problém:
Aky je vplyv teoretickych vedomosti na rieSenie technickych
problémovych tuloh uziakov v niZSom strednom vzdelavani? Takto
formulovanym vyskumnym problémom smerujeme k zistovaniu vztahu
medzi skimanymi javmi (nadobudnuté teoretické vedomosti
v predmete technika) a zistujeme, aky je ich vplyv na efektivne rieSenie
technickych problémovych tloh. Ide o vysvetlovanie vztahu
kognitivnymi procesmi a psychomotorickymi zru¢nostami pri rieSeni
problémovych tdloh v irovni ucenia Specificky a nespecificky transfer
podl'a Niemierkovej taxon6mie vzdelavacich ciel'ov. Po metodologickej
stranke sa orientujeme na realizovanie kvantitativneho vyskumu, kde
vztah medzi danymi javmi zistujeme prostrednictvom vyskumnych
metod a nastrojov.

3.2 Ciel, ulohy a hypotézy vyskumu
Hlavnym cielom vyskumu bolo zistit, aké vykony dosahuju Ziaci po
nadobudnuti teoretickych poznatkov pri rieSeni praktickych
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problémovych tloh v jednotlivych krajoch v SR. Dal$im ¢iastkovym
cielom bolo zistit, ¢i existuju rozdiely vo vykonoch Ziakov pri rieseni
praktickych problémovych tloh v ramci Styroch krajov v SR. Predmetom
vyskumu boli zrucnosti, vykony Zziakov v psychomotorickej oblasti
vzdeldvania v zavislosti na predchadzajucich vedomostiach v
zakladnych skolach vo vybranych regiénoch SR. Vyskum bol realizovany
v obdobi september 2019 - jin 2020.

Na zdklade formulovaného vyskumného problému a ciel'a vyskumu sme
zadefinovali hlavné hypotézy. Stanovené hypotézy sme testovali na
hladine vyznamnosti o = 0,05 (95%).

Hi: Predpokladame, Ze ziaci, ktori dosiahnu skére vo vedomostnom
didaktickom teste, dosiahnu i rovnaké skdre pri rieSeni praktickych
problémovych tloh. Medzi dosiahnutym skére Ziakov vo vedomostnom
didaktickom teste a dosiahnutym skoére v praktickom teste nebude
Statisticky vyznamny rozdiel.

Hz: Predpokladdme, Ze vysledky dosiahnuté Ziakmi zo Zilinského,
Presovského, Banskobystrického a Nitrianskeho kraja pri rieSeni
praktickych problémovych tiloh budi rovnaké.

S cielom operacionaliziacie premennych v hlavnych hypotézach aich
nasledné potvrdenie alebo zamietnutie, sme stanovili nasledujice
pracovné hypotézy:

Hz,1: Ziaci Zilinského kraja dosiahnu pri rieseni praktickych problémovych
uloh vyssi vykon v porovnani so Ziakmi Presovského kraja.

Hz.2: Ziaci Zilinského kraja dosiahnu pri rieSeni praktickych problémovych
uloh vys$si vykon v porovnani so Ziakmi Banskobystrického kraja.

Ha.3: Ziaci Zilinského kraja dosiahnu pri rieseni praktickych problémovych

uloh vyssi vykon v porovnani so Ziakmi Nitrianskeho kraja.

Hz.4: Ziaci Banskobystrického kraja dosiahnu pri rieSeni praktickych
problémovych tiloh vyssi vykon v porovnani so Ziakmi Presovského kraja.

Hzs: Ziaci Banskobystrického kraja dosiahnu pri rieSeni praktickych
problémovych uloh vys$si vykon v porovnani so Ziakmi Nitrianskeho kraja.

Hs: Ziaci Presovského kraja dosiahnu pri rieseni praktickych
problémovych tlloh vyssi vykon v porovnani so Ziakmi Nitrianskeho kraja.
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3.3 Vyskumné meto6dy

Vyskumna metdda je sihrnny nazov pre subor postupov, pomocou
ktorych sa ziskavaju data v teréne. V naSom pripade sme na zber udajov
potrebnych pre verifikovanie hypotéz pouzili vedomostny didakticky
test, ktory uvadzame v prilohe B. Didakticky test sme navrhli
neStandardizovany a pri jeho tvorbe sme postupovali podl'a Tureka (
1997). Dalej sme navrhli praktické problémové tlohy aich riesenie
Ziakmi sme zaznamenavali do pozorovacich harkov, kde sme kazdej
spravnej odpovedi pridel'ovali potrebné skore. Pri spracovani ziskanych
udajov a pri ich interpretacii sme zvolili metddy matematickej Statistiky.
Verifikdciu stanovenych hypotéz sme realizovali na zaklade vypoctu
testovacej Statistiky a vypocitania p hodnoty. Ak je vypocitand p hodnota
mensSia ako hladina vyznamnosti (v naSom pripade 95 %), tak nulova
hypotéza sa zamietne. Rozdiel zisteny vo vyskumnej vzorke je Statisticky
vyznamny. Ak p hodnota je rovna alebo vacsia ako stanovena hladina
vyznamnosti, tak nulova hypotéza sa nezamietame (Chajdiak, 2003). Pre
Statisticka verifikdciu stanovenych hypotéz sme uplatnili zakladna
popisnu Statistiku, meranie Statistickej zavislosti, a neparametricky test
(Kruskal-Wallisov test). Koeficient korelacie meria Statistickd linearnu
zavislost medzi hodnotami premennych X a Y (Chajdiak, 2003). V naSom
pripade meriame Statisticki zavislost medzi vedomostami
a zru¢nostami. Kladné hodnoty koeficientu korelacie svedcia o priame;j
zavislosti a zaporné hodnoty o nepriamej zavislosti.

3.4 Vyber a charakteristika vyskumnej vzorky

Vyskum bol realizovany v priebehu Skolského roka 2019/2020 v 10
zakladnych Skolach v Slovenskej republike. 2 zdkladné Skoly boli zo
Zilinského kraja, 3 zakladné $koly boli z Banskobystrického kraja, 3
zakladné Skoly boli z PreSovského kraja, 2 zakladné S$koly boli
z Nitrianskeho kraja. Vyber vyskumnej vzorky podliehal zdmernému
vyberu. Na zaklade dostupnych moznosti a vzhladom na efektivnost
a ekonomickost vyskumu sme vybrali Ziakov 7. ro¢nika zakladnych Skal.
Chraska (2007) uvadza, Ze rozsah vyberu poctu respondentov je moZzné
empiricky odhadnuit na zaklade urcenia jeho minimdalnej a maximalnej
hodnoty podl'a vztahov:

l’lmin:O,l\/ﬁ a nmax:\/ﬁ

kde n je celkovy pocet prvkov zdkladného siboru. V naSom pripade mal
podl'a Statistickej roéenky zakladny subor k 15. 9. 2018 rozsah n =
41 046 Ziakov 7. ro¢nika ZS. Podl'a vyssie uvedenych vztahov by mal byt
interval nasho vyberového suboru vrozsahu od 20 do 203 Ziakov.
Vyberovy stibor v naSom vyskume tvorilo n = 120 Ziakov 7. ro¢nika
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zakladnych $kdl. Zo Zilinského a Nitrianskeho kraja bolo zahrnutych vo
vyskumnej vzorke po 30 zZiakov (spolu 60 Ziakov), z Banskobystrického
a Presovského kraja bolo zahrnutych po 30 ziakov (spolu 60 Ziakov).

3.5 Vysledky vyskumu

Tabul'ka 1 Porovnanie vykonov Ziakov v kognitivnej a

psychomotorickej oblasti

Variables Tedria Prax
Valid data 120 120
Missing data 0 0

Sum 1950 1939
Mean 16,25 16,158333
Variance 6,054622 4,537745
Standard deviation 2,460614 2,130198
Variance coefficient 0,151422 0,131833
Standard error of mean 0,224622 0,19446
Upper 95% CL of mean 16,694775 16,543383
Lower 95% CL of mean 15,805225 15,773284
Geometric mean 16,05497 16,005857
Skewness -0,256164 -0,742019
Kurtosis 2,751176 3,107922
Maximum 22 19

Upper quartile 18 18

Median 16 16

Lower quartile 14 15
Interquartile range 4 3
Minimum 10 10

Range 12 9

Centile 95 20 19

Centile 5 12 12

Zo zakladnej Statistiky vidiet (Tabulka 1, Graf 1), Ze vykony Zziakov
v kognitivnej oblasti (vedomostny didakticky test) a psychomotorickej
oblasti (riesenie praktickych problémovych uloh) boli dosiahnuté na
pribliZne rovnakej Urovni. Pri rieSeni praktickych problémovych tloh
ani jeden Ziak nedosiahol maximalne skére 19 bodov. Ci existuje
Statistickd zavislost medzi vedomostami a zru¢nostami sme skimali
pomocou regresnej korela¢nej analyzy.
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Tabul'ka 2 Jednoducha linearna regresia
Equation: Prax = 0,526371 Teéria + 7,604811
Standard Error of slope = 0,063272
95% CI for population value of slope = 0,401074 to 0,651667
Correlation coefficient (r) = 0,608016 (r2 = 0,369684)
95% CI for r (Fisher's z transformed) = 0,481219 to 0,709892
t with 118 DF = 8,319108
Two sided P < 0,0001
Power (for 5% significance) > 99.99%
Correlation coefficient is significantly different from zero

Box & whisker plot from udaje na statisticke spracovanie

Teéria < J

Prax } L 2 %

T T T T T T
10 12 14 16 18 20 22
min < LQ < median > UQ > max, fences (1.5 & 3.0 IQR)

Graf 1 Porovnanie teoretickych vedomosti so zru¢nostami

Na testovanie zavislosti medzi vysledkami vo vedomostnom
didaktickom teste a v praktickych problémovych tlohdch sme pouZili
regresnt korelaénii analyzu. Ziaci mohli dosiahnut’ maximalne skére 22
bodov vo vedomostnom didaktickom teste ipri rieSeni praktickych
problémovych tuloh. Na zaklade tabulky 6 mdézeme konstatovat, Ze
korelacny koeficient bol vypocitany 0,608, Co predstavuje strednu
pozitivnu zavislost medzi vysledkami Ziakov ZS vo vedomostnom teste
a rieSeniami praktickych problémovych tloh.
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Pozitivna znamena, Ze vysSiemu skoére z vedomostného didaktického
testu zodpoveda i vysSie skore zriesenia praktickych problémovych
uloh. Na zaklade p-hodnoty 0,0001 povazujeme korelacny koeficient za
Statisticky vyznamny na hladine vyznamnosti 0,05 (95 %). Hypotézu H1
zamietame. M6Zeme povedat, Ze v 60,8 % pripadov je vykon Ziakov
v kognitivnej oblasti vzdeldvania pozitivne ovplyviiovany vykonom
ziakov v psychomotorickej oblasti vzdelavania, a teda plati, Ze
teoretickym vedomostiam ziakov odpovedaju aj ich praktické zrucnosti.
Preukazali sme, Ze medzi vysledkami Ziakov ZS vo vedomostnom
didaktickom teste a v praktickych problémovych tlohach je statisticky
vyznamna linedrna zavislost. Ziaci, ktori ziskali dobré vysledky v
teoretickom teste, ziskali dobré vysledky aj pri rieSeni praktickych
problémovych tloh. Dalej nas zaujimalo, aké vykony Ziaci dosahujt pri
rieSeni praktickych problémovych uloh v predmete technika vo
vybranych regiénoch Slovenska. Verifikovali sme hypotézu Hi. Spravnym
rieSenim praktickych uloh ziak mohol ziskat maximalne 22 bodov
hrubého skdre (hs) pri rieSeni 22 ¢iastkovych praktickych tdloh. Z
popisnej Statistiky (Tabulka 2) je zrejmé, Ze Zziaci zvladli ucivo na
nadpriemernej drovni. Vypocitany aritmeticky priemer a smerodajna
odchylka u Ziakov zo Zilinského, Pre$ovského, Banskobystrického
a Nitrianskeho kraja boli vypocitané na intervale spol'ahlivosti: dolny
interval -95%, horny interval +95%. Z priemeru ziskaného z nameranej
vyskumnej vzorky vyvodzujeme informaciu, Ze vypocitany aritmeticky
priemer u Ziakov zo Zilinského kraja je z intervalu spol'ahlivosti merania
od 15,74 po 17,40, u ziakov PreSovského kraja z intervalu spol'ahlivosti
merania od 14,99 po 16,74, u ziakov Banskobystrického kraja z intervalu
spol'ahlivosti merania od 15,19 po 16,75 a u Ziakov Nitrianskeho kraja
z intervalu spol'ahlivosti merania 15,38 po 16,75. MoZeme povedat, Ze
Ziaci vyrieSili praktické problémové tlohy pribliZne na rovnakej drovni.
Najlepsi priemer dosiahli Ziaci zo Zilinského kraja. Variaéné rozpitie
u ziakov Zilinského kraja je uréené minimalnou hodnotou 10
a maximalnou 19, u Ziakov PreSovského kraja je urcené minimalnou
hodnotou 10, maximalnou 18, u Ziakov Banskobystrického kraja je
urc¢ené minimalnou hodnotou 11 a maximalnou hodnotou 19, a u Ziakov
Nitrianskeho kraja je variacné rozpatie ur¢ené minimalnou hodnotou 12
a maximalnou hodnotou 19.
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Median uZiakov Zilinského kraja bol vypoéitany 18, u Zziakov
PreSovského kraja 16, u Ziakov Banskobystrického kraja 16 a u ziakov
Nitrianskeho kraja 16. CiZe polovica Ziakov Zilinského kraja dosiahla
vykon pri rie$eni praktickych problémovych tloh (PPU) < 18 bodov
adruhd polovica ziakov dosiahla vykon pri rieSeni praktickych
problémovych tloh (PPU) = 18 bodov, taktieZ jedna polovica Ziakov z
PreSovského, Banskobystrického a Nitrianskeho kraja dosiahla vykon
pri rie$eni praktickych problémovych tloh (PPU) < 16bodov a druha
polovica Ziakov dosiahla vykon pri rieseni PPU > 16 bodov. Taktiez
z popisnej Statistiky mozZeme tvrdit, Ze koeficient Spicatosti nie je rovny
nule apreto konStatujeme, Ze rozdelenie hodndt je viac Spicatym
(nesymetrickym), ako je normalne rozdelenie hodnét.

Z grafu 2 je mozné taktiez vidiet, Ze dosiahnuté vysledky u ziakov zo
vSetkych Styroch krajov sa lisia. Z grafu 2 je vidiet, Ze stredna hodnota
stiboru u Ziakov Zilinského kraja je rovna 28, u ziakov Pre$ovského kraja
je rovna 16 a u ziakov Banskobystrického a Nitrianskeho kraja je rovna
16. Median je prostredna hodnota, ktora delf prislusny rad hodnét na dve
priblizne rovnaké polovice. V pripade symetrického rozdelenia hodnot
je median zhodny s priemerom. Vnasom pripade sme zistili, Ze
vypocitany aritmeticky priemer a medidn nie st zhodné. Odchylky
medianu od priemeru sme namerali ve'mi malé, a to u vSetkych Ziakov
zo vSetkych krajov. Kvartilové rozpatie reprezentuje oblast’ strednych
50 percent hodnédt premennych, t. j. u Ziakov Zilinského kraja od 13 do
19, u ziakov Presovského kraja od 10 do 18, u Ziakov Banskobystrického
kraja od 12 do 19 a nakoniec u Ziakov Nitrianskeho kraja od 13 do 18.
Kvartilové rozpatie predstavuje rozdiel medzi tretim a prvym kvartilom
(75.a 25. percentilom). Kvartilové rozpatie ma vyznam pri urcovani tzv.
vybocujicich hodnét (outliers). V naSom pripade sme zistili, Ze okrem
stiboru  Ziakov zo Zilinského aPre$ovského kraja je v
d’alsich vyskumnych stboroch malo vybocujiucich hodnét mimo
intervalu (kvartilového rozpatia).
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Tabul'’ka 2 Popisna (zakladna) Statistika

Variables ZA PO BB NR
Valid data 30 30 30 30
Missing data 0 0 0 0
Sum 497 476 479 482
Mean 16,57 15,87 15,97 16,07
Variance 4,94 5,50 4,38 3,37
Standard deviation 2,22 2,34 2,09 1,84
Variance coefficient 0,13 0,15 0,13 0,11
Standard error of mean 0,41 0,43 0,38 0,34
Upper 95% CL of mean 17,40 16,74 16,75 16,75
Lower 95% CL of mean 15,74 14,99 15,19 15,38
Geometric mean 16,40 15,68 15,83 15,96
Skewness -1,05 -1,01 -0,30 -0,24
Kurtosis 3,49 3,42 2,47 2,06
Maximum 19 18 19 19
Upper quartile 18 18 18 18
Median 18 16 16 16
Lower quartile 15 15 15 15
Interquartile range 3 3 3 3
Minimum 10 10 11 12
Range 9 8 8 7
Centile 95 19 18 19 18
Centile 5 13 10 12 13

Tabul'’ka 3 Kruskal-Wallisov test

Variables: ZA, PO, BB, NR

Groups = 4
df=3
Total observations = 120

T=2,077314
P=0,5565
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P=0,527

Adjusted for ties:

T =2,225042

Tabul'’ka 4 Kruskal-Wallisov test: vSetky porovnania

Critical q (range) = 3,63316

ZA vs. PO

not significant

(]-1,95048| > 3,63316)

P=0,5124

ZA vs. BB

not significant

(1-1,506391| > 3,63316)

P=0,7108

ZA vs.NR

not significant

(]-1,725646| > 3,63316)

P=0,614

PO vs. BB

not significant

(10,085939] > 3,63316)

P >0,9999

PO vs. NR

not significant

(10,108066] > 3,63316)

P=0,614

BB vs. NR not significant
(10,107133] > 3,63316) P=0,9998
Box & whisker plot from udaje na statisticke spracovanie
2 P X +—]

- ]

NR e —

» ]

« —
5 1

10 11 12

15 16 17 pt

9

min < LQ < median & mean(x) > UQ > max, fences (1.5 & 3.0 IQR)

Graf 2 Median, kvartilové a variacné rozpéatie premennych
z rieSenia praktickych dloh u Ziakov 7. ro¢nika
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Normal plot from udaje na statisticke spracovanie
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Graf 3 Vyhodnotenie normality ndhodnych chyb - graf normality

Observed (PO)

rezidui vo vyskumnom subore (ZA kraj)
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Graf 4 Vyhodnotenie normality ndhodnych chyb - graf normality

rezidui vo vyskumnom sibore (PO kraj)
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Normal plot from udaje na statisticke spracovanie
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Graf 5 Vyhodnotenie normality ndahodnych chyb - graf normality
rezidui vo vyskumnom subore (BB kraj)
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Graf 6 Vyhodnotenie normality nahodnych chyb - graf normality
rezidui vo vyskumnom subore (NR kraj)
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Reziduum je rozdiel medzi skuto¢nou a odhadnutou hodnotou. V naSom
pripade maju rezidua normalne rozdelenie (Graf 3 az Graf 6), lebo graf
normality rezidui vytvoril priamku, resp. podoba normalnych
pravdepodobnostnych grafov je prijatelnd. Aj na zdklade splnenej
poziadavky (rozptyly medzi vyskumnymi sibormi sa nerovnajti) sme sa
rozhodli pouZit neparametricky test. Na zaklade zistenych skutocnosti
sme sa rozhodli pouZit neparametricky Kruskal-Wallisov test (Tabulka 8, 9).
Hypotézu Ha zamietame, ak H >y?; . o .1). Pre hladinu vyznamnosti o, = 0,05
je oblast zamietnutia uréena hodnotou kvantilu %21 - o (k-1 = X %0.05) = 3,63316.
To znamenad, Ze hodnota testovacej Statistiky sa nenachddza v oblasti
zamietnutia hypotézy H.. Zistili sme, Ze vypocitana p hodnota je prilis velka
hodnota, to znamena, Ze hypotéza Hzsa potvrdila na hladine vyznamnosti
a= 0,05 (95 %). Dalej sme este zistovali, ¢i existuju Statisticky
vyznamné rozdiely aj medzi jednotlivymi krajmi. Z toho vyplyva zaver,
Ze vykony, ktoré dosiahli ziaci z jednotlivych krajov, nie su Statisticky
rozdielne. Vypocitana p hodnota je prilis vel'ka a teda hypotézu Hz nielen
potvrdzujeme, ale zdverom modzZeme konstatovat, Ze hypotézy Hz.1a Hz.6
neboli potvrdené. Ako dokladuju vysledky nasho vyskumu, Ze rozdiely
medzi Ziakmi z jednotlivych krajov st z popisne;j Statistiky rozdielne, no
d’al$im skiimanim zistujeme, Ze medzi vykonmi Ziakov z jednotlivych
krajov neexistuju Statisticky vyznamné rozdiely.

4 Diskusia a odporucania

Pedagogickym vyskumom sme zistili, Ze Ziaci 7. ro¢nika ZS v jednotlivych
samospravnych krajoch nadobudli priblizne rovnaké teoretické
poznatky, no pri rieSeni technickych problémovych tloh vykazuji len
mensSie nedostatky. Navrhujeme, aby sa vacsi déraz kladol na zadavanie
arieSenie technickych problémovych tloh priamo v eduka¢nom procese
v predmete technika v nizSom strednom vzdeldvani. Tato pozornost
treba venovat uz skor, a to vtechnickom vzdeldvani deti a Ziakov na
predprimarnom a primarnom stupni vzdeldvania. Problematike
nadobiidania zruénosti u Ziakov v psychomotorickej oblasti sa dlhodobo
venuju viaceri odbornici. Profesor Jan Bajto§ publikoval niekolko
vedeckych studii vdanej oblasti. Nielen rozpracoval taxondmiu
vzdelavacich cielov v psychomotorickej oblasti, ale aj detailne
rozpracoval aanalyzoval kritérid hodnotenia vykonov zZiakov
v psychomotorickej oblasti. Tato oblast’ vyskumu v odborovej didaktike
je dodlezita. Rozvijanie a formovanie psychomotorickych zru¢nosti patri
do vSeobecného vzdelavania. V zahranici sa danej problematike venovali
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Flitner (1990) a Hurrelmann (1998). Psychomotorické zru¢nosti mozno
nadobudat v rozli¢nych formach vyucovania. V predmete technika st to:
rucné opracovanie technickych materialov, experimentilna Cinnost
(skimanie zakladnych vlastnosti technickych materidlov) a pod.
Vyucovanie predmetu technika slizi k rozvoju schopnosti a zru¢nosti
ziakov, ktoré su potrebné pre réznorodé cinnosti v ich d'alSom Zivote,
pripadne pre ich budtce povolanie. Délezitu tilohu zohravaju teoretické
vedomosti, ktoré moézu velmi vyznamne vplyvat na vykony Zziakov
v psychomotorickej oblasti. Edukatori by mali na vykony edukantov
poOsobit priaznivo. Podporovat edukantov pri osvojovani vedomosti
azrucnosti samostatnym hladanim, skiimanim a experimentovanim.
Doélezité je viac sa zamerat na urovein osvojenia zrucnosti, vyuzivat
teoretické vedomosti v praktickych c¢innostiach, pracovnd zrucnost.
Ucitel musi dbat na to, aby ziak nadobudnuté teoretické vedomosti vedel
aplikovat do praxe, dbat na uroven odbornych zrucnosti, tak, aby jeho
pracovna zrucnost bola hodnd uplatnenia na trhu prace. Preto je
dolezité, aby ucitel spravne hodnotil a kontroloval pripravenost Ziaka na
vyucovanie, kvalitu a rozsah intelektudlnych sposobilosti a navykov,
motorickych zrucnosti, osvojené vedomosti a zrucnosti, aktivitu,
teoretické vedomosti. Ucitel by sa mal zamerat na to, aby Ziaci v
priebehu vyucovania boli informovani o tom, ¢o sa od nich o¢akava, inak
sa ich iniciativa k ufeniu bude zniZovat. Pri hodnoteni
psychomotorickych zru¢nosti v zavislosti od povahy vyucovacieho
procesu je treba mat na pamiti aj vhodny vyber drovne taxon6mie.
Problémové ulohy je dobre zamerat na vSetky udrovne ucenia
v psychomotorickej oblasti vzdeldvania. V sticasnej $kole vel'ky vyznam
maju ulohy zamerané na vysSie urovne ucenia podla Simpsonovej
taxondémie vzdeldvacich cielov. D6lezité s trovne ucenia, adaptacia
¢innosti a tvoriva ¢innost. Zo zistenych a spracovanych tdajov v rdmci
rieSenia danej problematiky odportucame:

e Navrhovat a vytvarat kvalitné ucebné texty ziakov tak, aby mali
¢o najvacsi vplyv na dosahovanie vykonov v psychomotorickej
oblasti vzdelavania, pri rieSeni typickych iproblémovych
Skolskych uloh.

e  Pri rieSeni praktickych tloh preniest aktivitu na Ziakov, ucitel
by mal vystupovat ako pomocnik a konzultant.

e Aplikovat do edukacného procesu ¢o najviac aktivizujicich
metod, ktoré by pomohli Ziakom rozvijat technické myslenie
a tvorivost.
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Riesenu problematiku nepovazujeme za uzavretu. Existuje priestor na
detailnejSie preskimanie vztahov vedomosti a zru¢nosti vo vyucovani
technickych odbornych predmetov.

Vedecka stidia bola vypracovand s podporou projektu VEGA 1/1047/19
pod ndzvom Vyskum miery koreldcie medzi vedomostami a zrucnostami
riesit' technické problémy v odbornom a technickom vzdeldvant.
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STUDENTS' ATTITUDES TO THE USE
OF MS TEAMS/G-MEET IN UNIVERSITY
MATHEMATICS TEACHING

Maria MISUTOVA, Martin MISUT SK

Abstract: Due to the COVID-19 pandemic, it was necessary to move
teaching to virtual space. The forms and methods of teaching used in full-
time teaching have mostly been transferred to online teaching. However,
this approach has been the cause of many problems, which have often
resulted in a reduction in the quality and effectiveness of education.
Therefore, we have started working on a project whose main goal was to
develop and validate innovative online teaching models. A prerequisite
for success in designing a model is, in addition to its effectiveness, its
acceptance by students. The paper, therefore, describes students'
attitudes to online education through applications as the starting point
in new teaching methods design.

The presented research had two primary goals. The first goal was to find
out students' attitudes to the exercises realized through the MS
Tea/Google Meet application. Students' attitudes towards online
teaching were identified by the students' activity within the subject
Mathematics 1. By students activities were also identified the students’
opinions on the usability and applicability of the acquired knowledge.
Another goal of the research was to find out whether gender influences
students' perceptions of online teaching. At the same time, we wanted to
verify the results of previous research on a larger group of respondents.
They predicted the influence of gender on students' attitudes to online
teaching. The obtained results indicate that students' attitude to
online exercises and full-time exercises is the same - positive in the
whole group of respondents. In addition, the prediction of previous
research that gender influences students' attitudes to online
exercises have been confirmed. Women prefer face to face
exercises, while men prefer online exercises.

Keywords: MS TEAMS, G-Meet, e-assessment, attitude, mathematics,
digital technologies, online education.
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1. Introduction

In the last two years, educational institutions have faced a considerable
challenge of shifting teaching from classrooms to online. However, if the
forms and methods used in face-to-face teaching are also used in
distance teaching, their effectiveness may be lost [1]. Therefore, it is
necessary to develop innovative models of online teaching [2]. Our
project aims to design, verify, and implement innovative online teaching
models of mathematics and computer science subjects, emphasizing
increasing educational outcomes. The focus is on the student who is to
become aflexible, creative graduate/engineer with critical thinking, able
to solve problems, constantly learn and work in a team. The target group
consists of students of the Faculty of Materials Technology SUT, and the
Faculty of Economic Informatics of the EU.

Project solving has led to finding out students' attitudes to online
education by identifying the required learning outcomes to designing a
model of online teaching using digital technologies and emphasizing
cross-cutting  competencies.  Project results will  include
recommendations on how to teach effectively online as well as e-
learning courses. This paper describes the results of the first part of the
research project.

Exercises are an essential part of an effective learning process [3].
Recently, due to the Covid 19 pandemic, the role of MS TEAMS/Google
Meet technologies in teaching have increased. Many education
professionals and education experts are currently solving how to ensure
teaching in higher education to maintain the quality of education.
Acceptability is a required quality for reliable online education [4].
However, it still seems necessary to examine what students think and
feel in this type of education.

The growing number of reports on online forms of training courses is not
surprising given the potential benefits of this approach. These include
(compared to traditional methods of education) cost and time savings
due to access any location; space to provide feedback that can have
pedagogical benefits; increasing the level of student activity due to the
relative novelty and attractiveness of this approach; increased flexibility,
such as allowing students to submit assignments at a distance without
having to come to the school's headquarters [5]. Some studies have tried
to measure attitudes and perceptions of online learning methods, e.g. the
authors in [6] proposed a model that predicts students' attitudes to
online education. However, there is a clear need for further studies to
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examine students' attitudes, perceptions and preferences concerning
online learning methods.

Numerous research studies have shown that the use of digital
technologies helps to improve the educational process [3, 7-12].

2. Research goals and methodology

The research had two main objectives. The first goal was to find out
students' attitudes to the exercises realized through the MS TEAMS /
Google Meet application. Students' attitudes to online education were
identified by students' activity in the subject and students' views on
preference, applicability in the study of other subjects, the amount and
usefulness of acquired knowledge and skills. Another goal of the
research was to find out whether gender affects students' perception of
online education. Based on the above objectives, we have defined the
following research questions:

e What is the semantic profile of face-to-face exercises and
exercises through the MS TEAMS / Google Meet application
regarding selected factors in the whole group of respondents?

e What is the semantic profile of face-to-face and MS TEAMS /
Google Meet exercises for the men and women?

We used a questionnaire based on Likert scales to answer the research
questions. Attitudes towards the subjects were measured using several
5-point scales in terms of selected factors. A value of 1 corresponded to
a negative attitude, and a value of 5 on a 5-point scale corresponded to a
positive attitude. Based on the completed questionnaire, we created a
semantic profile of exercises from the subject Mathematics 1 regarding
factors: Preference, Applicability in the study, the Volume of acquired
knowledge and Usefulness.

Preference was expressed by whether students were satisfied with more
exercises through MS TEAMS / GOOGLE MEET or face-to-face exercises.
Applicability expresses the recommendation of students to use online
exercises in further study. The Volume of knowledge expresses the
student's opinion on whether they will learn more in online exercises
than in face-to-face exercises. Usefulness is expressed by whether
students consider the exercises through the MS TEAMS / GOOGLE MEET
application more beneficial than face-to-face exercises.

The group of respondents consisted of 185 first-year students of the
bachelor's study programs: Industrial Management, Quality Production,
Personnel Policy in Industrial Plant, Integrated Safety, Production
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Technologies, Materials Engineering, Production Technologies nad
Production Management, Production Devices and Systems. At the end of
the semester, we asked students to fill out an anonymous e-
questionnaire. The return rate of the questionnaire was 51%. The
questionnaire was completed and submitted by 95 students. Of these,
25% were women, and 75% were men.

T-test using SPSS was used for statistical verification.
3. Research results and discussion

3.1. Results for the whole group of respondents

The overall results showed (Fig.1) that students' attitude to online
exercises and face-to-face exercises is the same in the whole group of
respondents. Although the mean value assigned to online exercises in
three of the four factors (Preference, Applicability, Usefulness) (Mp =
3.83, Ma = 3.76, My = 3.96), it was higher than the mean value assigned
to face-to-face exercises (Mp = 3.65, Ma = 3.54, My = 3.66) the difference
was not statistically significant in either factor. (p = 0.406,p = 0.319,p =
0.088) The value of p is always> 0.05. Surprisingly, compared to previous
research, the "Volume of knowledge" factor had a higher average value
for face-to-face exercises. (M = 3.75) as for online exercises. (M = 3.51)
However, the difference was not statistically significant. Students
expressed that they will acquire the same amount of knowledge in face-
to-face exercises as in online exercises. (p = 0.213) We used Paired
Sample T-test using SPSS for verification.

The average values of all four factors used to determine students’
attitudes to teaching through MS TEAMS / G-Meet are higher than value
three on the Likert scale, which represents a positive attitude (a value of
three represents a neutral attitude and a value less than three an attitude
negative). Based on the above, it can be stated that students have a
positive attitude to online exercises.
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Figure 6 Semantic profile of training in the whole respondents group

3.2. Results for a group of men and women

The situation is different in students' attitudes to the exercises
conducted through MS TEAMS / GMEET in a group of men. (Fig.2) The
average value assigned to the Applicability factor for online exercises (M
= 3.9) was higher than the average value assigned to this factor for face
to face exercises (M = 3.35). The difference was statistically significant
(p=0.027, p <0.05). Men recommend online exercises to use more in the
next study than face to face exercises. Online exercises are also
considered more useful (M = 3.89) than face-to-face exercises (M = 3.49).
The difference in the average values assigned to the Usefulness factor
was also statistically significant (p = 0.046). Although men assigned a
higher mean value to the Preference factor of online exercises (M = 3.87)
than to the face-to-face exercise (M = 3.46), the difference in values was
not statistically significant (p = 0.098, p> 0.05). In the male group as well
as in the whole group, a higher mean value was assigned to the Volume
of knowledge factor of the face to face exercise (M = 3.58), compared to
this factor of online exercise. (M = 3.49). However, the difference was not
statistically significant. (p = 0.709) We used Paired Sample T-test using
SPSS for verification.

Based on the above, it can be stated that both forms of exercise are
equally suitable for men, and the Volume of acquired knowledge is
independent of the form of exercises. Men stated that the Volume of
acquired knowledge in online exercises is the same as in face-to-face
exercises.
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Figure 7 Semantic profile of training in the group of Men

As shown in Figures 1 and 2, the semantic profile of online exercises and
face-to-face exercises in a group of men is visually similar to the semantic
profile of the entire group of respondents. In the group of women, the
semantic profile differs (see Fig. 3). Women assigned higher values to
three of the four factors (Preference, Applicability, Volume of
knowledge) face to face exercises (Mp = 4.21, Ma = 4.08, Mv = 4.25)
compared to online exercises. . (Mp = 3.71, Ma = 3.3, My = 3.54) However,
in neither case was the difference statistically significant. (p = 0.252,p =
0.107, p = 0.064) We used a Paired Sample T-test using SPSS for
verification. In the Usefulness factor, the assigned average values even
matched to 2 decimal places. (Muoniine = Muface = 4,17) Based on the above,
it can be stated that women have the same attitude to online exercises
and face to face exercises.

Women
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Figure 8 Semantic profile of training in the group of women
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We used the Independent Sample T-test to compare the mean values in
the group of men and women assigned to each factor online and face to
face exercises.

As can be seen from Figure 4, men assigned a higher value (M = 3.87) to
the Preference factor for online exercises than women (M = 3.71) and the
difference in mean values was statistically significant (p = 0.046). Figure
5 shows that the same factor Preference for face to face exercise was
assigned a higher value by women (M = 4.21) than men (M = 3.46). The
difference in average values was again statistically significant (p =
0.014). Based on these results, it can be stated that women prefer face to
face exercises, while men prefer exercises online. We got a similar result
in the Applicability factor for online exercises. Men assigned a higher
value to the factor (M = 3.9) than women (M = 3.3). The difference in
average values was statistically significant (p = 0.043).

The factors Usefulness and Volume of knowledge were assigned a higher
average value of women (Mu = 4.17, Mv = 3.54) for online exercises
compared to men (Mu = 3.89, Mv = 3.49), but the difference was not
statistically significant (p = 0.986, p = 0.401). women also assigned a
higher average value to these factors (Usefulness and Volume of
knowledge) (Mu = 4.17, Mv = 4.25) compared to men (Mu = 3.49, Mv =
3.58) for face-to-face exercises, but the difference was not statistically
significant (p = 0.882, p = 0.287). Both men and women expressed the
same positive attitude to the usefulness of both forms of exercise and the
Volume of knowledge acquired in both forms of exercise.

Online training
Preference

.. 3,87
3

» > Applicability —#—Men
3,3 39 Women

Usefulnessi ¢
4,17 3,89, %

3,49

Volume of3’54
knowledge

Figure 9 Semantic profile of online training in a group of men and women
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The results of the research confirmed the prediction of previous
research [13] that gender influences students' attitudes to online
exercises.

The obtained results showed that the attitude of students to online
exercises is positive. As many as 72% of students agreed with the
statement, "Online exercises suit me, as can be seen from Fig. 6, which
contains students' answers to one of the items of the questionnaire. Only
21% of students expressed a negative attitude, and only 7% of students
have a neutral attitude to online exercises.

Face to face training

Preference

Usefulness > Applicability ~=#—Men
417 4,08 —m—Women
4,25
Volume of
knowledge
Figure 10 Semantic profile of face to face training in a group of men and
women

Online training suit me.

| disagree

rather | disagree

| don't know
| rather agree 36%
| agree 36%

0% 5% 10% 15% 20% 25% 30% 35% 40%

Figure 11 Students' answer to one of the items of the questionnaire
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4 Conclusion
The presented research revealed three significant findings:

e In the whole group of respondents, students' attitudes to online
exercises and face-to-face exercises are the same. Although the average
value assigned to online exercises in three of the four factors
(Preference, Applicability, Usefulness) was higher than the average
value assigned to face-to-face exercises, the difference was not
statistically significant in either factor. However, the obtained results
showed that students have a positive attitude towards online exercises.

¢ Men recommend using the online exercises more in the subsequent
study than face-to-face exercises. They also find online exercises more
useful. The difference between the average values assigned to this
factor was statistically significant. Women assigned higher values to
three of the four factors (Preference, Applicability, Volume of
knowledge) face-to-face exercises compared to online exercises.
However, in neither case was the difference statistically significant.
Women have the same attitude to online exercises as to face to face
exercises.

 After comparing the attitudes of men and women, it was shown that
men assigned a higher value to the Preference for Online Exercise
factor than women, and the difference in mean values was statistically
significant. Women assigned a higher value than men to the same factor
Preference for face to face exercises. The difference in mean values was
again statistically significant. Women prefer face-to-face exercises
compared to men, while men prefer online exercises.

The results showed that both men and women expressed a positive
attitude to the usefulness of both forms of exercise and the Volume of
knowledge acquired in both forms of exercise. In addition, the results of
the research confirmed the prediction of previous research [13] that
gender affects students' attitudes to online exercises. As presented in
this article, the obtained results were used in the design of a model for
online teaching of mathematics and computer science subjects.
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