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Preface

Dear readers!

Sixteen years ago the Department of Informatics, Faculty of Natural Sciences,
Constantine the Philosophy University in Nitra has decided to organize a conference
focusing on the application of ICT into the teaching of informatics subjects. The very first
years of the conference we were very careful about the number of participants. The
participants came mostly from departments of informatics from the universitidéisé Czech
and Slovak Republic, which was mainly connected to the considerable resentment of other
fields against the use of modern information technologies for the support of education at
their workplaces. In the first few years of the conference, cdl#dAl (Distance Education
in Applied Informatics), the influential community of informatics experts succeeded in
proving that supporting education using the tools provided by Internet has its substantiation
and a permanent place mainly in the distant foaiheducating the students. Departments
of informatics in Slovakia and Czech Republic started to use these tools and created
educational environments for their activity. At the Department of Informatics, FNS, CPU in
Nitra such a tool was the learning mamagent system LMS MOODLE, which has been
constantly used not only at our workplace, but also in the majority of European states.

Later, we extended the participation of experts from the surrounding states, mainly
from the Czech Republic, Poland, Slovehithuania, Latvia, Hungary and in the"iygar
we are going to welcome participants from Ukraine, Russia, Kazakhstan and other countries.
The conference and the university education have one thing in common and that is
utilization of services and toolsf dnternet, thus eliminating barriers for permanent
cooperation in this sphere.

The topics addressed and discussed at the conference are, at this time, of great
importance. Education is moving away from school desks to the virtual space of the Internet,
and educational institutions are looking for suitable virtual systems in order to support
distance learning. The ongoing conference is about to confirm the justification for the use
of learning management systems and their content for educational purpdsaslavels of
education institutions.

Another area of interest of the conference is the application of virtual systems
throughout the lives of people with the support of higheed networks in the field of 10T
technology. This issue is addressed at #hwel of education with an impact on the progress
of students working in unexpected conditions, such as distance education.

After finishing the 9 conference and based on the reviews and the feedback from the
participants of the conference we submitted tlmaitcomes of the event in the form of
proceedings from the conference into the database WoS Thomson Reuters for indexing
process. After a certain period we were pleasantly surprised by a message on positive
evaluation and the subsequent indexing of the ggedings in the WoS database. At the
conference we are ready to publish the accepted and reviewed contributions in the printed
form of impecable quality. We have asked the renowned publishing house Wolters Kluwer,
which has its representation in Praguer its realization. We believe that after rigorous
reviews and selection of those best contributions you will receive professional material from



the sphere of university instruction using modern information means of an exceptional
quality.

In conclusion, Wish all the readers of the outcomes of the conference coming from
professional practice, as well as all those interested in these issues on all levels of education
a quality experience and acquiring new knowledge in the given area.

In this form, | woul like to express my greatest gratitude to all members of the
programme committee, as well as to the members of the organizing committee for their
willingness and helpfulness in preparation and during the course of the DIVAI 2020
conference and editing ofhe final publication, which will be sent for indexing to the
¢tK2Yaz2y wSdziSNRQ 22{ RIGlIo6lraSe 2SS 6StAS@S
not only by the readers, but also by the evaluators from the Thomson Reuters publishing
house.

aAf by ¢dzNBt y7

Conference chair
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Gamification in the Education of Hotel Management
Pedagogy

Petra Poulova

Faculty ofinformatics and ManagementJniversityof Hradec KralovédradecKralove
CzechRepublic
petra.poulova@uhk.cz

Abstract

There is growing emphasis on teachers in passing knowledge and experience to students because
students expect more interaction and communication in the online world.. Currently, there are
manyschoolsand educational institutions around the world providing the opportunity to attend

part of the training courses using simulation ganfasssibilitiesof simulators will be described

in thisarticle.

Keywords

Application; blended learning:learning; educdbn; game; process; simulation; smart device.

INTRODUCTION

Simulation game is a technology that enables a user to interact with a simulated
environment. Simulation technologies create the illusion of the real world. It is a visual,
auditory, tactile or other experience creating a subjective impression of reality using
computer imaging equipment. Special augisual helmets, glasses, motion sensing, and
stimulating touch or other techniques evoking perception and sensation are utilized.

Simulators are a standard part of training for a variety of jobs, including military
strategic and tactical command operations, managerial decisiaking, or nuclear power
plant operation. The area where simulators are likely to have the most signifinpatt on
training is aviation, which has been using flight simulators for over 60 yE2gsrbo et al,
2006)

There is a rising emphasis on teachers in passing their knowledge and experience to
students to get students more engaged into the process ofcatian. Current students
expect more interaction and communication in the online world. (Oblinger, 2003)

The computer simulation is perceived as predominantly perceptual stimuli that allow
the user to manipulate the elements of the model world and creatersse of realism. These
simulations are now used in many industries, whether it's the business sector or the
activities of different organizations. (Han, 2017) Simulators offer a number of benefits and
are increasingly used, for example, in medical edocaand medical skills training that
require physical action.

DIVAI 2@0¢ The B" international scientific conference on Distance Learning in Applied Informatics. 15
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SIMULATION GAMES

Computer games and simulations are used at all levels of education. Most of the
educational games are trying to introduce students to new knowledge and helps them
acquire andmprove their skills and abilities. (Bouki, Mentzelopoulos & Protopsaltis, 2011).

Perkins (2007lefined the simulations as "imitating any real thing, state or process".
One of the first examples of simulation is building a chess game of soldiers in tthe six
century. (Harris, 1992)

Modern simulation has come a long way in the first half of the century, but there are
still numerous obstacles to its use in education. Costs of equipment, personnel and
programs were only recently overcome by extending largibotative simulation centers.
These partnerships support projects for enhancing multidisciplinary, interdisciplinary and
multimodal simulation training(Rosen, 2008)

In medical education, physical models of anatomy and disease were created long
before the advent of modern computers. The representation of medical symptoms in the
literature can be presented as a precursor to ftenhnical simulation. (Rosen, 2008)

The introduction of human patient simulation towards the end of the 20th century was
an imporant step in the development of the whole medicine. Innovations in flight
simulation, technology and plastics were the basic precursors of medical simulation.
Computers facilitated the mathematical description and design of virtual worlds.

Another possibity of using the simulation games is in the field of management. The
simulation should provide managerial experience in accounting, problem solving and
decision making.

Scope and possibilities of these specific applications will be demonstrated on akactic
examples.

USE OF THE SIMULATORS IN TEACHING DOCTORS

Many types of simulators are used in health care. There are, for example, seenario
driven simulators. These simulators are based on a branched algorithm that reacts to inputs
(entered requirements foexamination) and, according to a predetermined procedure, they
change the variables to output and displays the results of examinations. The disadvantage
of these procedures is the high demands on scenariecessing, which must be prepared
by experiencedloctors.6 Y 2 T MKuyh&rek, 2014)

Another example includes moddfiven simulators. These simulators operate on the
principle of mathematical and physiological models. The scenario consists in setting the
input data and the model variables.

Medical smulators with a robotized patient dummy are very close to reality. In their
case, the algorithm performs outputs (gives the results of the examination, controls the
parameters of the dummy detectable by visual or physical examination) according to the
entered inputs (requirements for examination or administration of appropriate drugs).

An example of such a simulator is METI BabySIM, which teaches practical resuscitation
skills. METI BabySIM is an advanced physiology simulator for advanced simulatiog trainin
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that has eyes that blink, variable pupil size, crying, tears and secretions from ears, eyes and
mouth, as well as the ability to buldentanel (Radu, Catalinf& Doru, 2018).

The results of the study suggest the use of the simulator significantly irdtehs
knowledge of neonatal resuscitation. A group of 500 professionals (323 nurses and 177
doctors) who completed the course showed a significant improvement (p <0.001) after
training. Neonatal resuscitation training significantly improved cognitive keage of all
health groups.

An Austrian joint arthroscopy study indicates that interest in simulator training is
increasing. This is primarily to avoid common mistakes and ensure patient safety.
(Dammerer et al, 2018)he aim of this study is to analydeetlearning curve of medical
students and orthopedic surgeons using the virtual knee arthroscopy simulator.

In recent years, there has been a dramatic increase in the use of anaesthesia simulators.
Computer simulators are currently used for teaching cosirsaging from basic instructions
of non-anaesthesiologists to more complicated anaesthesiology of crisis situations.

Another study conducted in Santa Monica, USA, observes the effectiveness of the
virtual reality simulator for phlebotomy training. Phlelbay, or blood collection, is one of
the most common medical procedures. So far, there have been no universal standards for
student education and performance evaluation. The absence of any standards can lead to
injuries and inaccurate results if the proeed is incorrectly performedScerbo et al, 2006)
The AccuTouch simulates a needle and allows students to experieacgesistance forces
associated with insefing the needle into the skin and vein.

USE OF THE SIMULATION GAMES IN HOTEL MANAGEMENT EDUOANT

As in many other areas, the simulators can also be used in the field of hotel
management education.

Cesin Hospitality - Simulation of hotel and restaurant management

The aim of simulation game is to improve the business skills of students in the hotel
business. It is used primarily by universities in tourism and hospitality programs.

The goal is to achieve success within teams. The game is focused on the management
of operating profit, net profit, return on assets and cash flows. The simulation irchdgor
hotel industry specific situations. The game develops participants' ability to identify,
analyse, and influence key operational processes that affect hotel and restaurant operations
in a competitive environment. (CESIM, 2018)

Virtual Business Hotel

Virtual Business Hotel is a game that allows students to take control of a complete
hotel. This simulation of hotel processes is focused mainly on modelling the internal
functioning of the hotel. The game includes price and revenue management, marketing,
customer service (reception), social media feedback, restaurant management, gastronomy,
cleaning and financial report&fiowledgematters, 2018).
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HOTSz hotel simulation

Another representative of the interactive game is the HOTS hotel simulation based on
the management of a large hotel. Players control a virtual environment reflecting the real
world. Performances in the hotel's Hots simulation can be targeted at different educational
goals, which include, for example: strategic management, finance, rinskgeanent, social
media, revenue management, and many others (Russel, 2017)

This hotel simulation is often used as part of management training and team training
activities. Companies use it as part of learning and development activities.
Hotel Giant

This gane specializes more in designing and simulating hotel environment, less in
complex hotel operation.

The architecture is fully up to the player. Users can really arrange everything from
common rooms, Internet cafes, bars, swimming pools to the detailedydesfi the room
equipment. After opening the hotel the player just follows the wishes and complaints of
guests and accommodates therdbrovsky 2002)

PROTUR HOTEL SIMULATOR
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hotel school and hotel staff.
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The following diagram schematically captures the frame algorithm simulator.

Gamesetting
Inputs of players

Distribution of the current demand in
selected markets to individual players

Acceptancef demand

Calculationof the performance of
individual players

Bvaluationof the game

Figure 1Frame algorithm

The simulator is prepared in two basic modes. In the case dinenmode, players
compete with each other on the market for current demand and players also control the
operating side of the hotel.
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Figure2: Start screen select a mode

In the offline mode, players do not compete with each other in the markets, evagy
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operational side, it is firmly assigned by the game manager. In this cagerpdecide only
in revenue management processes.
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Figure3: Setting the simulation parameters

The hotel process simulator uses the following technologies:
1 typescript
1 javascript
1 react
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1 component for the table in the frontend section
1 JSON for dateanipulation
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Figure4: Basic game screen

The current pilot version of the hotel process simulator allows the following activities:

i set the initial game parameters of the simulation

i start the simulation (game)

i time the simulation, i.e. counting the tinfer each game round
1

generate random bids a temporary solution before the demand distribution
model is implemented
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Figure5: Simulation process

CONCLUSION

Hotel simulators offer excellent tools that can be used in educational activities. The aim
is to provide students with a gentle and playful way technique enabling them understand
the basic principles and improve their decision making skills.

Currently there are on the market a large number of all kinds of games that relate to
the hotel industry. DeMepment of the game market constantly moves forward, it is
important to be able to accept and work with new information. Automated world forces us
to invent new innovations that ultimately make life easier for us.

Augmented reality has emerged as an impat concept in the hotel industry in re
cent years by enabling hotels and other related businesses to improve the physical
environment they sell or improve their cognition experience of the environment.
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Abstract

The article describes the design of a sensory network based on the Internet of Things (10T), which
will be able to monitor the emotional state of individual students, verify the functionality of the
proposed system, implement innovative methods in edusatiod adapt teaching materials
based on data obtained from the sensory network. New content and methodologies developing
students' analytical and creative thinking by streamlining teaching processes in applied
informatics will be later reflected in profg@enal practice through greater erudition. Research in
the field of education discusses and defines two important goals in terms of diversification of
higher education, the creation of a comprehensive sensory system in the field of 10T, which will
record and evaluate the emotional state of individual students and on the other system will be
able to adapt reatime teaching materials fothe monitored student. The expected result is a
streamlining of the teaching process, which will have an impact on tliestinan increasing

level of knowledge.

Keywords

0T, sensor, emotional state, physiological functions, HRV

INTRODUCTION

New requirements are placed on recent education system in terms of the amount and
diversity of knowledge, but also the speed of thdevelopment. Most people nowadays
have a high school diploma and universities are more fulfilled than ever. However, today's
demand for education is not just about quantitative growth, but above all about quality. The
quality of education can be ensurdtirough the diversification of disciplines and the
individualisation of education. Our thoughts are not about transformation classical
education into an interactive and hypermedia format level, but rather introduces the new
ways of acquiring knowledge abailding education.

Static information structures on the web, whose task is to provide information, are
becoming obsolete. New web systems are beginning to emerge, which are becoming more
and more complex. For the application of these systems, there im@easing need to
disseminate information from heterogeneous sources managed by these systems with
adaptation to the user or the environment in which the user is located. The aim is to present
personal data to the user as relevant as possible in a waysthts the user. Education has
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always been one of the most popular areas for adaptable hypermedia systems. Several
interesting methods and techniques of adaptive hypermedia systems were originally
developed for various educational systems. Several oétrey adaptive education systems
were inspired by intelligent learning systems and were created as an attempt to combine
intelligent learning systems and educational hypermedia. With the rapid development of
the Internet, electronic education systems hakklecome more and more popular. The
electronic education system takes care of the following functions: delivery of study
materials to students through the Internet, recording of learning progress and portfolios,
management of learning content, assessment atfter (S. Lee, Barker, & Kumar, 2011)

Adaptivity in the proposed -activities is an important element of personalization of
teaching, in which dominate two roles. The ralethe tutor, which is responsible for the
content and management of the createdaetivity and the role of the user, i.e. one who
enters education and goes through the educationgdreduct. The efforts of the authors
(Thompson, 2015¥ to point out the possibilities of creating and applyangser model. It
should meet the following criteria: it should be a hypertext or hypermedia system, and it
should be able to adapt the hypermedia to use.

The educational process gradually begins to focus on the personality of the student and
the teacher ats as a tutor. Hearning has become part of today's education also thanks to
the diverse use, from the presentation of digital content to teaching management systems,
the Learning Management System (LMS). Mass education in the classroom or with the help
of classical éearning is not able to respond to the individual needs of the student. Some
students are delayed and bored, on the other hand for some the pace is too fast and they
do not know everything. Other students are satisfied with the subject otatlon but may
not be satisfied with the teaching style of a particular teacher. Over time, these students
may become opposed to the teacher and the subjects they teach, resulting in often
worsened academic performance.

When acquiring new knowledge, itaslvisable to have precisely set educational goals.
However, the goals of the teaching process must be perceived on three levels, namely:
cognitive area (knowledge, skills and competences),

affective area (emotional area, attitudes and vabreentation),

A psychomotor area (motor skills and habits, movement skills, working with devices).

A
A

Personalization of education is a way for students to learn about their previous
knowledge, skills and learning styles. We consider a learning style to leoh aétudes
and behaviours that determine an individual's preferred way of learning.

The article aims to focus on the development of a complex sensory system and the
evaluation of the emotional state using the physiological functions of the user hiri$elf
article aims to use the obtained physiological data through -imwasive sensors as
background materials to determine and classify the emotional state of the user. Based on
the evaluated state, it will be possible to adapt the educational materigiécstudent.

RELATED WORKS

The Internet of Things is the latest and most improved concept in the field of IT. This is
a technological revolution that represents the future of computer technology. The Internet
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of Things can also be seen as a global netwlak enablesthe communicationbetween
people to each othemetween peopleand things and things to each othemhile providing

a unique identity for each object. The Internet of Things is talking about a world where
anything can connect and communicatean intelligent way better than ever beforé.i$
revolutionary that these physical information systems are now beginning to develop, and
some even work for the most part without human interventidtiadakam, Lake, Lake, Lake,

& Communications, 2015)

A closer look at the Internet of Things reveals two important pillars: "Internet" and
"Things", which require further clarification. Although any object capable of connecting to
the Internet appears to fall into the "Things"tegory, this notation is used to include a
more general group of entities, including intelligent devices, sensors, human beings, and any
other object aware of its context, anchn communicate with other entities and make it
available anytime and anywher&his means that objects must be accessible without any
time or space restrictionBuyya & Dastjerdi, 2016)

Initially, radio frequency identification (RFID) was the dominant technology in the
development of the Internet of Things, but with further technological advances, wireless
sensor networks (WSN) and Bluetoathabled devices have become a major trend in the
Internet of Things. Many other technologies and devices including barcodes, location
services, SoA, NFC, Wimax, ZigBee, cloud computing, etc. are also used to create a
comprehensive network of the Internet of Thinddehta, Sahni, & Khanna, 2018)

The Internet of Things is nowecoming an integral part of everyday liféhe
representation is present at every step, whether in the household or industry. Taking
advantage of IoT opens the door to a new world where many things can be handled much
more efficiently and easilfCoates, Hammoudeh, & Holmes, 2Q1jhough many devices
canconnect to a network, it is not possible to interconnect them or manage them remotely.

The aim is to connect all objects into one system to manage andneteri information in
reattime from anywhere and atany timeDs YST = | dzS30Ss | 28243 t SNB

The Internet of Things can include common devices that we use every day in tlee hom
to automate processes, devices that are built into cars and other means of transport,
medical devices and othéKummerfeld & Kay, 2017yhe very purpose of the Internet of
Things is to connect different types of objects with different intentions into one common
platform (KummerfeR s Yl &@X wnamtT [35LIST =T wlylaiayaksSs |
2012)

Using various IoT devices, it is possible to create sensory network that will be able
to measure the physiological functions thie user The aticle ains to point out common
loT devices (wearable) such as snvaristbands(Francisti & Balogh, 201&martwatches,
thermal cameras, web cameras, motion sensors and more. With the help of these devices,
it is possible to identify the physiological states of the users basedon the classification,
it is also possible to assign the respective emotional states to the individual physiological
functions.

According to a survey carried out by Feidakis, Daradoumis and Cé#bBeltakis,
51 NI R2dzYA &Z sginwhithdhe ¢ladssication of @metions based on basic models
is given,66 emotionscan be divided into two groups: ten basic emotions (anger,
expectation, distrust, fearhappiness, joy, love, sadness, surprise, trust) and 56 secondary
emotions.
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Most research uses variations of Russell's circulatory model of emotions (Figure 1),
which provides a distribution of basic emotions in tdinensional space in terms of
valence ad excitement. Such an approach makes it possible to define the desired emotion
and evaluate its intensity only by analysing the two dimens{Bussell & psychology, 1980)

Arousal
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<= Negative Neutral Positive m» Valence

Depressed Content

Bored Relaxed

3. Low-Arousal,
Negative-Valence

Tired Calm 4. Low-Arousal,
Positive-Valence

Low

\{

Figurel: Russell's circulatory model of emoti@Russell & psychology, 1980)

Using the model described above will clarify the classification and evaluation of
emotions, but there are still many problemslated to the evaluation of emotions, in
particular the choice of measurement methods and the evaluation of results, the choice of
hardware and software of measuremeresides the issue of recognizing and evaluating
emotions is complicated by an interdiplinary nature: emotion recognition and strength
assessment are the subjecof psychological sciences while measuring and evaluating
human body parameterarerelated to medical sciences and measurement technicplss
sensor data and solutions are tabject of mechatronics.

MATERIAL AND METHODS

Emotion assessment methods can be divided into two main groups according to the
basic techniques used to recognize emotions: -kelling techniques based on self
assessment of emotions by completing variougstionnairesd L & 2 YdzNB dzZ ¢ NK{ A =
& Kuutti, 2007Wallbott & Scherer, 198%3nd machine evaluation techniques based on the
measurement of various parameters of the human body. Also, theedrequent cases of
the simultaneous use of several methods to increase the reliability of the obtained results.
Il OO2NRAY3I (2 NBASHNOK 068 {OKSNBNJ YR D2yl f(
the five main components of emotion (behaviourahtiencies, physiological responses,
motor expressions, cognitive assessment and subjective feelings), but only the first four can
be assessed automatically and can indicate information about the user's emotional state
during interaction without its interrption. Subjective feelings are usually assessed only
using seHassessment methodSchere, 2005)0 D2 y el f §Sa SG | f @ HAMTO
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Automatic recognition ofemotions is usually performed by measuring various
parameters of the human body or electrical impulses in the nervous system and analysing
their changes. The most popular techniques are electroencephalography, measurement of
skin resistance, blood pressyreeart rate, eye activity and motion analysis.

Heart rate variability (HRV)

HRV is a technique for assessing emotional state based on measuring heart rate
variability, which means fluctuations in rhythm owmetime. In contrast to the mean
deviation ofthe heart rate, which is expressed in the period of 60s, the HRV analysis
examines the fluctuation of the nuance in each cycle of the heart rhythm and its regularity
(Hsieh & Chin, 2011Heart rae variability is regulated by the synergistic action of two
branches of the autonomic nervous system, namely the sympathetic and parasympathetic
nervous systems. Heart rate is the net effect of parasympathetic nerves, which slow down
the heart rhythm, angdympathetic nerves, which speed it up. These changes are influenced
by emotions, stress and physical exerd¢Benezeth et al., 2018BesidesHRV depends on
age and gender, and other factors include physical and mental stress, smoking, alcohol,
coffee, overweight and blood pressure, as well as glucose levels, infectious agents and
depresson. Hereditary genes also significantly affect heart rate variability. Low HRV
indicates a state of relaxation, while increased HRV indicates a potential state of mental
stress or frustratior{Haag, Goronzy, Schaich, & Williams, 2004)

The classic technique for measuring HRV is the ECG, which measures the primary
electro-biological signal related to cardiac activity and provides the ability to defingrtiee
between heart rate pulses as a function of tifiésieh & Chin, 2011Jhe interval from the
ECG signal can be extracted using conventional peak detection techniques, which allow the
duration between each peak to be defined and form BIRV signal that expresses the
change irthe interval between peaks over time.

The common method of RiVanalysis usually includes analytical methods in the time
and frequency domaiHsieh & Chin, 2011The various studies based on analyses in one
or both domains are briefly summarized in a study by Mikuckas @léuclas et al., 2014)

The application of Rvto emotion recognition is complicated by the fact that HRV influences
other factors, and various signal filtering and function extraction techniques are
implemented to address this problem. There are approximyated different parameters

that can be extracted by HRV analysis. A detailed description of these parameters and their
relationship to the main emotions is given by the authatbu, Ji and Liu in the research
(Zhu, Ji, & Liu, 2019hhe most common technique uséal HRV analyses is to calculate the
power spectral density (PSD) of the sig(idikuckas et al., 2014PSD represents the
spectral power density of the time series as a function of frequency. Typical HRV
measurements obtained from frequency domain analysis are forces within frequency bands
and force ratios. The amount of energy contained in a frequency bande obtained by
integrating the PSD into the limits of the frequency ba(Mdg&uckas et al., 2014)

The main disadvantages of EG&ed HRYV are thgroperties of the ECG, in particular
the complexity of the sensors and the high requirements for the measurement procedure
to minimize the impact on the environment. An alternative to Hf2Ged HRV is
photoplethysmography (PPG). Photoplethysmographytéchnique for detecting changes
in the microvascular volume of blood in tissues. The principle of this technology is very
simple and requires only a light source and a photodetector. The light source illuminates the
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tissue and the photodetector measuresnall changes in transmitted or reflected light
(Figure 2) associated with changes in tissue perfudemezeth et al., 2018)

o \éi

LED Photodetector Photodetector
Figure2: Principles of PPG left reflection mode and right transmission niBdaezeth et al., 2018)

The PPG signal (Figure 3) consists of two main companents

A The static part of the signal depends on the structure of the tissue and the average
blood volume of the arterial and venous parts of the lacthanges very slowly
depending on the breathing,

A The dynamic part represents the changes in blood volume that occur between the
systolic and diastolic phases of the heart cy@l@mura, Maeda, Sekine, & Yoshida,
2014)

PPG signals, which are analogoudimee-domain voltage values, are analysed using

methods similar to those used for E®@&sed HRV analysis. The main difference between

PPG and ECliased analysis is signal filtering using kpgiss filters before defining peaks
and generating the HRV sign@PG can only be performed with one sensor attached to the

finger or with multiple sensors attached to the right and left earlop&iten, 2007)
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Figure3: Example ofhe PPG signdlTamura et al., 2014)
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There areseveralstudies that demonstrate the successful implementation of this
technique and demonstrate its advantages over an EXé¢hani, Mahdiani, Peltokangas, &
Vehkaoja, 2015)in research by AllefAllen, 2007)a comparison between the ECG signal
and the PPG signal is given (Figure 4), which demonstrates the strict relationships between
the two signals. The delay &PTp and PPTf in the PPG signal represents the time of
transition until the heart rate reaches the measurement point.

R wave
ECG
PTTp |
i _ Amplitude
PPG
- -
0 0.5 1 1.5 Time, s

Figure4: Comparison of signals from PPG and EE@endi et al., 2019)

Recently, there has been a growing interest in remote photopkatiygraphy (rPPG),
which can restore the cardiovascular pulse wave by measuring variations in backscattered
light at a distance, using only ambient light and inexpensive vision sy¢Banezeth et al.,

2018) Remote sensing makes it possible to significantly increase the level of human comfort
during the measurement process, but this reduties signalto-noise ratio and increases

the need for more advanced signal processing and analysis algorithms. In research by
Maritsch (Maritsch et al., 2019Machine learning algoritns have been implemented to
increase the accuracy of MRieasurements performed by smaratches The results of this
research prove that ML is a useful tool for analysing PPG measurement data and extracting
the required functions.

A brief overview ofesearch aimed at recognizing emotions using HRV is given in
Tablel.

Table 1: An overview of scientific research focused on the recognition and evaluation of emotions using
HRV (own design).

Methods

Bearing Emotions Hardware and software

This study aimed to
recognize emotions usin
EEG and peripheral signal

High / low valence anc
excitement

HRV, EEG, GSR, blc
pressure, breathing

Biosemi Active system
Il GSR senso
plethysmograph,
breathing tapgChanel,
AnsariAsl, & Pun,
2007)

Creating a
identification method
happiness and sadness

new

Happiness and sadness

HRV, skin

(SKT)

temperatur

SKT sensor, PPG sen;s
(Park, Kim, Hwang, ¢
Lee, 2013)
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This project aimed tq Happiness (excitement) HRV, skin temperatur¢ Custom PPG sensg

design a nofnvasive| sadness, relaxed (neutral] SKT, GSR temperature  sensofr
system that will be able tq and angry DS600 from Maxim
recogniz human emotions Dallas, custom GS
using intelligent sensors. sensor (Quazi,
Mukhopadhyay,
Suryadevara, & Huang
2012)
This article describes th{ Mental stress HRV, GSR, breathing Heart rate monitor
development of a (HRM) (Polar WearLin
wearable sensor platforn +; Polar Electro Inc.)
for monitoring mental respiratory Sensol|
stress. (SA9311M;  Though

Technology Ltd.), GS
sensor (E243; In Viv
Metric Systems Corp.)
EMG module (TDE20!
BioMedical
Instruments,Inc.XChoi,
Ahmed, & Gutierrez
Osuna, 2011)

This article examined th¢ High / low valence and HRV PPG sensofM. S. Lee
ability of PPG excitement et al., 2019)
recognize emotions.

This research proposes | Happiness / joy, angeil HRV, GSR, SKT, acti PPG sensor, GS

new framework  for| fear, disgust, sadness recognition sensor, SKT, fingerti
emotion recognition for temperature; EMG
computer prediction of gyroscopes and
human emotions using accelerometer for
wearable biosensors. activity  recognition,

Android smartphone
for data collection(M.
S. Lee et al., 2019)

It is clear from Table 1 that HRV is a relatively popular and powerful technique for
recognizing emotions. The results of the review that the situation in this area is at odds with
the situation with EEG or ECG, where researshecus on the full development of PPG and
rPPG techniques, including the development of new configurations, wearable PPG sensors,
improved signal analysis and measurement methods and research new areas of application.

The main advantage of PR@sed HRVies in the absence of a requirement for special
training on humans for measurement. Usually, it is enough to touch the active surface of
the sensor for a few seconds. The rPPG method provides the possibility -afontact
measurements. The cheap PPG devand its accessibility for all potential users are so
simple that even the touch screen of a regular smartphone can be used as a PPG sensor.
These features of methodology reveal the potential for its implementation in a wide range
of applications, espeaily in the field of humammachineloT interaction, as sensors of this
type can be easily installed in joysticks and other machine controllers and can be hidden
from the enduser.

In special cases where the number of emotions or their accuradgtettion requires
conditions, the HRV technique needs to be supplemented by other techniques such as ECG,
GSR and data fusion. This situation develops a high potential for the application of big data
analysis techniques.
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EXPERIMENT ANCRESULT

As there haveen a recent increase in interest in remote photoplethysmography (rPPG)
as already mentioned if(Benezeth et al., 2018)e compared smart wristband§rancisti &
Balogh, 2019)We also compared the individual wristbands with a reference device, which
was the BOSO T™2430 holster, which is commonly used in the medical environment.
Simultaneously wh the pressure holster, we also measured the heart rate using smart
wristbands at precisely set time intervals. Subsequently, we evaluated the measured data
from the holster and the individual wristbands and compared their accuracy based on
comparative fatistics. When measuring the heart rate, we used a holster (A&D BOSO T™M
2430), which recorded the pressure and heart rate, and we also used the following
wristbands:

Mi Band 2
Mi Band 3
Mi Smart Band 4
Fitbit Charge 3
Huawei band 3 pro
Samsung Galaxy &t
Watchking Smart T8s
Watchking Smart Q8s
The holster was set to record a pulse every 30 minutes. The exception was the night
mode from 10 pm to 7 am, when the holster recorded a pulse for each hour. Since the
holster also recorded data other than the Ipa, we first had to modify the file from

unnecessary data so that only information about the date, time and pulse remained in the
table, to which we also added a column with information about the person's activities.

> > > > > > D> D

During measuring the heart rate, weaaded the changes of the wristbands in the
table (Table 2) to remember the intervals putting a wristband on the wrist. According to that
schedule, the names obtained from the holster were comparable to the data obtained from
a particular wristband.

Table2 Time schedule for pulse measurement

| Wristhand Date | Start time | End time
Fitbit Charge 3 4.3.2020 15:00 18:20
\Huawei band 3 pro 4.3.2020 15:09 18:20
M1 Band 2 4.3.2020 18:20 20:40
| Watch smart Q8s 4.3.2020 20:40 23:53
Samsung galaxy fit e 4.3.2020 20:43 23:43
\Mi Band 3 4.3.2020 23:48 G:30
Watchking smart T8s 5.3.2020 0:1040) 5:00
(M1 Band 4 5.3.2020 530 16:00
Fithit Charge 3 3.3.2020 7.30 16:00

Examining (comparing), we found that among the smaistbandswith accurate heart
rate measurement we can include Fitbit and Mi Band 4
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Table 3 Comparison of measured data fribra holster, Fithit and Mi Band 4 bracelet

Fithit |Ali Band 4

Time (average)| {average) Holster | Activify

7:30 83 | 93 | 90 |breakfast

800 | &7 112 107 car driving

900 12 9% 96 work - administrative

9:30 TG a7 90 meeting

10:00 99 72 (7] meating

10:30 | 6 76 75 preapering for teaching
11:00 Q6 100 a5 active teaching - exercizes
11:30 | 73 75 76 active teaching - exercizes
12:00 g 74 a1 active teaching - exercizes
12:30 | 72 74 75 active teaching - exercizes
13:00 78 105 ae active teaching - lecture
13:30 74 | B3 B3 active teaching - lecturs
14:00 | 84 a0 85 | active teaching - lecture
14:30 B4 T4 76 active teaching - lecture
15:060 74 26 2R active teaching - exercizes
1600 67 77 a8 active teaching - exercizes

When we summarize all the results from the comparison of the Mi Band 4 wristband
with the holster, we can say that the measurement was more accurate than with the Fitbit
Charge 3 wristband (Table 3). It follows that the Mi Band 4 is the most accurate measuring
device of all the smart wristbands used in the experiment, which means that the measured
values between the holster and the Mi Band 4 wristband are related and tferehtces
between the values are not statistically significant.

We determined the statistical significance based on the percentage deviation between
the measured values of the pulses, which we calculated as follows:

0 sprnm UzZp mEOs
Where:
A Othe devidion is given in %,
A N is the value of the pulse measured using a wristband,

A His the pulse value measured with a holster.

Deviation values are recorded in absolute value to remove negative values if the pulse
values measured with the holster are smalleaththose measured with the wristband.

CONCLUSION

The reliability, accuracy and speed of evaluating emotions strongly depend not only on
the measurement method and sensor used but also on the signal processing and technique
used in the analysis. The chomfemeasurement methods and sensors is a complex process
in which a large number of questions are asked. Physiological parameters can be measured
in the same way as the physical principles of signal acquisition. The measurement of
technology concerning indidual sensors creates a huge number of choices. More attempts
have been made to classify emotions, sensors and universal selection algorithms. The first
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step is to select the measurement parameters and methods, while the second step is to
select the senss.

We assume that at the beginning of the method selection it is necessary to define
whether we are interested in a conscious or unconscious reaction, or maybe both methods
at the same time. The research, based on conscious answers is relatiaplg and does
not require any special hardware but requires a lot of attention when preparing
guestionnaires. On the contrary, the results of sathluation are not so reliable and there
is a possibility that a person will not correctly recognize histeans or provide inaccurate
answers to unpleasant questions. Methods based on unconscious responses usually provide
more reliable results, but require more measurement attempts and increase high hardware
requirements.

Methods based on unconscious reacsomprovide many possibilities. Because all
reactions in the human body are controlled by electrical signals generated in the central
nervous system, we can conclude that electrical parameters are the primary entities that
provide most accurate results, andeasuring norelectrical signals returns the human
body's response to an electrical signal. Measurement of electrical parameters has two
properties: it is possible to use methods based on direct (gatlerating) sensors when
measuring the signal covereg the central nervous system (EEG, ECG, HRV, EMG, EOG), or
measurements based on modulation, i.e. when changes in the human body modulate the
properties of the sensor (GSR).

By further research and by creating a comprehensive system for measuring
physiologcal states and subsequent classification of the emotional state, we want to
confirm the impact and influence of the emotional state on the teaching process. We
assume that we will be able to adapt the teaching materials, learning style and approach to
specific students according to their current emotional state. We assume that the adaptive
system will be more flexible and effective for students in acquiring new knowledge.
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Abstract

The results of PISA 2018 for Slovenia show a high level of funtitenaaly, science literacy and
mathematical literacy at the end of compulsory school. This result is shadowed by results, which
YSI &adzNB addzRSydaQ Sy2aAz2yltt O2yRAGAZ2Y Ay &a0K2
feel concerned. The circumstasceall for immediate engagement in searching teaching
methods for raising learning motivation among students. Intelligent serious games could be the

right answer if implemented psychologically grounded and focused on the learning outcomes.

The paper presés the results of part of the survey prepared in the frame of Green Energy Skills

for Youth, European project in which preferences for different kinds of computer games were
examined, and the preferences and attitudes for different attributes of the garhesdata were
da0dzZRASR FNBY (KS LISNRELISOGAGS 2F &addzRSyidaQ I3
games, if we want them to reach their educational goal, should be designed on the ground of
psychological knowledge and differently for different grewf players they should take in to

the account the preferences and attitudes of the population, the addressee of the gaming
situation.

Keywords

IntelligentSeriousGames LearningOutcomes{ (i dzR Brefdieic®@sMotivation

INTRODUCTION

Intelligent serious games are raising many hopes for education in following decades
(Flogie et all, 2020) They should be an answer of educational system to avoid the growing
number of students, which fell the school and teachers areginéarly 70% of igh school
dropouts in USA said, they were not motivated to work hard (Bridgeland, Bilulio & Morison,
2006). Intelligent serious games are namely built on learning principles, they provide
personalized learning opportunities, they offer more engagementfetearner, they teach
21% century skills and they provide an environment for authentic and relevant assessment
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(McClarty et all, 2012). Intelligent serious games provide opportunity for continued practice.
Important in this context for the player/learmes, that negative consequences are not
typically associated with failure. Even more: failure is a typical integral part of plagity

of learning (Gee, 2009; Klopfer, Osterweil & Salen, 2009).

Intelligent serious games provide a high level of motorator the player (Flogie et all,
HAHNO C¢CKAA Y2GAQ1IGA2y A& RNAOGSY FNRY LJX I &SN
interest to achieve the goal (Jalongo, 2007). An EU study on the sample of 500 teachers
confirmed, the motivation is significanttyreater when computer games are integrated into
the educational process (Joyce, Gerhard & Debry, 2009). Gaming gives in the context of
curricula of different school subjects an excellent opportunity for the formative assessment,
which is the process by Wik RF G | 62dzi &addzRSydaQ (yz2¢ftSR3
the subsequent instruction (Heritage, 2010). Intelligent serious games are often mentioned
as an important means for teachings2&entury skills because they can accommodate a
wide variety oflearning styles within a complex decision making context (Squire, 2006).

Intelligent serious games provide the opportunity for personalized learning, which can
belis of particular importance for students (Flogie et all, 2020). Games can be adapted based
ofy a0dzRSy(iaQ LINSFSNByOSad ! LILINBLINRIGS aol FF2
of levels. In traditional classroom settings, a student that does not master a concept, could
be left with the gap in their knowledge foundation. In contrast, diggfaimes inherently
force the player to master a concept in order to advance. Players are able to repeat the
same scenario until they master the concept (McClarty, 2012). Good designed intelligent
serious games are challenging but achievafiteey confrontstudents with tasks/challenges
that are matched to their skill level in order to maximize his/their engagement (Kiili, 2005).
CKA& Lizia AyidaSttAaSyd aSNR2dza IFitigSmiaryo G KS O
+@d320a1@eQa 12ySLIBSFYy ILINPERNOK REOEGRES RA&GI Y
developmental level as determined by independent problem solving and the level of
LR GSYGAlrf RS@St2LIYSyYy dzy RSNJ I RdzZf &G 3IdzA RI yOS
(Vygotsky, 2006, 86 in McClarity, 2012

The possibility of providing personalized learning opportunities in a way that the game
GarFAf2NBR SRzl GA2y (2 SyadaNBE GKFG SOSNE Lzl
2006, p. 24) makes intelligent serious games extremely interesting &etlucation of
students with special needs. Research focused on learning process of people with
impairments (mental or sensorial) had revealed that serious games are an excellent
didactical tool for reaching their educational goals.

This was a strategy bend the planning the project Green Energy Skills for Youth, an
European project focused in to the developing green lifestyle habits, green economy
awareness. One of the central questions before starting the defining the curriculum of the
games and creatgthe games, was to determine the playing preferences and computer
playing habits of the targeted young population, to avoid the early ISG educational gaming
solution, which often missed the aim of their production.
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METHODOLOGY

This paper reports on a plaof survey data, gathered at the beginning stages of the
project before the development of ISG. The presented part of the survey addresses
following questions:

1 Are there any age/gendesonditioned differences regarding like or dislike
educative computer gmes?

1 Are there any age/genderonditioned differences regarding the preference to
different types of computer games?

1 Are there any age/genderonditioned differences regarding the attributes of
the computer game?

Participants

The majority of the samples K2 8 SQ adzNBSea 6SNB SGFf dzZ G§SR
population between 15 and 18 (53.9%), followed by the population between 8 and 11
(26.4%). Only 19%.5 of the sample belonged to the age group between 12 and 14. Defining

the sample according to the gead 63.72% surveys were filled in by the girls and 37.28%
by boys.

Data analysis

Firstly, surveys were checked with the focus, whether a participant answered all the
guestions in a way, that his opinion/knowledge was expressed cleatlp@derstandable.
In this procedure 135 surveys were excluded. The remained 1521 surveys were
statistically analysed with SPSS 19.0. (SPSS)

RESULTS

Are there any age/gendezonditioned differences regarding like or dislike educative
computer games?
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Educative video games
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Figurel: Age distribution of like (yellow) or dislike (red) behaviours for educative video games.

Educational type of computer games is, according to results, liked by all ages,
particularly within the population between ages 15 and 17 and at the age 8 anditltheB
preference towerd the type of the computer game is strongly connected with the gender.
The results are persuasive: girs like (prefer) educational computer games and dislike the
action computer games. And boys like action computer games and do nut twebe
educated while they are playing on their computers.

Are there any age/gendesonditioned differences regarding the preference to
different types of computer games?

Ly &dz2NBSe OKAftRNBYyQaQ FyR @2dzy3 LISaLX SaQ
games were examined. The participant could choose from the following list of types of
computer game:

1 action,
adventure,
arcade,
educational,
family,
puzzle,

role-playing,

= =4 =4 4 -4 - -

-simulation,- strategy or
1 trivial.
A participant was instructed he could choose as many possibilities, he wished.

[ SGiQa KIFI@S | Of2aSNJ 221 |4 GKS NBadzZ da |
puzzle video games.
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Figure 2. Age distribution of like (yellow) or dislike (red) behagidmrpuzzle video games (left) and

According the results, young children tend to appreciation of puzzle computer games.
This appreciation is typical for the ages under 10. On the other side, young people at the
age of 13 and later refuse to play this typecomputer games. This dislike has clearly a
growing tendency between ages of 11 and 18 and reaches the top at the ages between 15
and 17.
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Figure 3: Age distribution of like or dislike behaviours for strategy video games

According the results, older ittiren/young people tend to appreciation of strategic
computer games. This appreciation is typical for the ages higher than 15. On the other side,
children at the age of 10 and younger children refuse to play this type of computer games.
This dislike cledy reaches the top at the age between 8 and 10.

The evaluation of the answers to the question about appreciation of other listed
computer video games and comparing the answers of children and young people of
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different ages shows, there are computer gamgsets, which are liked by young players of
Fye T3S 3INRdzZLIJd ¢KS NBadzZ a ada3asSad GKFG (KS
QSRAzOF A2yt QY 6St2y3a (2 GKAA& 3INERJzZLIP

Are there any age/gendesonditioned differences regarding the attributes of computer
game?

The survey also chequed what atributs are important in the process of decision whether
play or not t play the computer game.

Play or not to play
140
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20

8 9 10 11 12 13 14 15 16 17 18

Play Not play

CA3dzZNBE nY La RAFFAG DA G& AYLRNIFYyd FT2NJ @2dzNJ RS

Results show, that the diffildileé A& | &0GNRy3I LINBRAOG2NI F2NJ
FYR tSINYyAy3Id ¢KS KAIK @I fdzSa 2F Wyz2id G2 LI |
GKS 3IFYS Aa O2yRAGAZ2YSR GAGK A0aQ RAFTAOMZ®
(Vigotsky). The play must be chalanging and a good result reachable , when the player
engages all his potentials. This means, it must be demandidng enough and not to easy,
otherwise the player will judge it as dull and boring.

Are there any gebdr conditionedifferences regarding the preferences toward
differenttypes of video games? The Green Energy Skills for Yuth project survey chequed also
the gender conditioned differences in preferences for/while playing computer games. The
figures 5 and 6 show the geedconditioned preferences toward educational computer
video games and action computer video games.
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Preferences for action computer games
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Figure 5: Gender conditioned preferences for action computer games according to gender and for
educational computer games according to gender.

Preferences for educational computer games
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Figure 6: Gender conditioned preferences for educative computer video games.

Acording to the results the preference towerd the type of the computer game is
strongly connected with the gender. The results are persuasive: girs like (prefer) educational
compuer games and dislike the action computer games. And boys like action computer
games and do not want to be educated while they are playing on their computers.

DISCUSSION AND CONCLUSION

l OO2NRAYy3 (2 GKS DNBSY 9y SNH e tioF eadio be2 dzil K &
taken in to the account while designing intelligent serious games for learning green lifestyle
habits and green economy awareness on the base of knowledge about the green energy.
Intelligent serious games should be student centred and custeda Individual

DIVAI 2@0¢ The B" international scientific conference on Distance Learning in Applied Informatics. 43
ISBN97880-7598841-6 ISSN24647470(Print) ISSN24647489(Ontline)



aShi1lF Y2NRA3SE 1| 6 SNDS| BkerLilict YSNYySOFT .2NR& ! 6 SNDS
Serious Gages for Leaing in Informal Learning EnvironmentsPsychological View

customization is necessary to address the diversity within the target groups of learning
population. To achieve this this, following aspects should be considered when developing

the games. To arrange set of games that address differentpgrof beneficiaries and that

offer different levels of difficulty. Games should have different layers/levels based on
FOKAS@SYSyita (2 adGAYdZFiS (GKS dzAaASNBR® ¢KAA
NBEIIFINRAY3I AdGaQ OdzNNR Odz tomsgarent (clehe @sRle) kefvadd Y dza
mechanism. Learning outcomes are achieved through practice, through game playing.
Feedback should be provided at the end of the level/room/game to stimulate the user to

try again if needed.

If we want to reach the eduti@nal goal, intelligent serious games should be designed
differently for different groups of playerg they should take in to the account the
preferences and attitudes of the addressee of the playing situation.
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Abstract

The paper focuses on the students of primary school teaching from two countries: Slovakia and

the Czech Republic. Technologies penetrate the educational process at all levels. But how do
future teachers perceive them? A key issue is the attitude towandsd@tion in ICT students in
LINBAINF Rdzt §S GNIAYyAy3ad . aSR 2y | NBaSIkNOK F2O0¢
S OK2aS w23ISNEWY S5AFTFdzAA2Y 2F Lyy20F0A2y ¢
questionnaire (2000) and the Czech version fo@ Ny 2 OK2 @t 6Hnnm0 ¢ SNB dz
tool. It is not a standardized tool, but it has been used in several surveys and therefore it was
possible to compare it with earlier results of the questionnaire. The research sample consisted

of 365 respondent6l86 Czech students and 179 Slovak students). The distribution of students

into different adopter categories (Innovators, Early Adopters, Early Majority, Late Majority,
Laggars) is similar for both nationalities. Respondents from both countries also agrekld

level of agreement (in the most and least rated) items. We compared our results with the results

of similar researchesin one of the most relevant surveys of Zounek, Sebera (2005), we can also
observe an increase in innovators and a decliningbamof sceptics, which may indicate an

upward trend in acceptance of innovation with a focus on ICT in the-Simak context.

Keywords

Diffusion of innovation. Educational innovation. Pregraduate teacher training.

INTRODUCTION

The implementation ofinformation and communication technologies into the
educational process at all its levels (including kindergartens) has been under way for several
years. This is what the pregraduate teacher training is trying to respond to. It is not only
about using tebnology in teaching at university, but also about how to didactically and
effectively integrate information and communications technology in teaching itself in
primary and secondary schools. But how do future teachers perceive technologies?
Students usuall use ICT in their studies, in communication, etc. Do they perceive it as a
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natural part of teaching though? Will they be the innovators who will be using ICT? Will ICT
be understood as a common didactic tool?

I NBaSINOK &GdzRe Swldakning irStie claskrooms ok pfimadyafidt | 6

d4SO2yRINBE SRdzOF A2ya RA&AOdza&aSa GKS AYLI Oi
on cooperative learning methods in primary and secondary education. The research
methodology was based on the analysisaddher interviews from a representative sample

of schools, and the results show that teachers believe they have a

great potential to increase ICT activities for collaboration among students. (Garcia,
2014).

/ KN} a1+ wa O2YLIl NIqlrhe@éeptands HISICTNSD teackiers and pts)
development between 2004 and 2083 A YSR & ARSYyGATeAy3a (KS

2 N
2 7

a K

GKS dzaS 2F L/ ¢ Ay GKSAN 0SIFHOKSNWa 62N] 0S¢

guestionnaire with 16 assertions with whichethexpressed a level of agreement was used.
a¢KS SELISOGSR LRaAAGAOGS aKATHE G261 NRa Y2NB
and use of the Internet was found. It has also been shown that, according to the agreement
with individual assertions, schers can be divided into two different groups, one of which
rather accepts ICT and uses it in teaching more often, while the other one does not want to
implement ICT in teaching. The first group is more numerous and with 57% of the

respondents prevailsThe research also shows that teachers are divided into these two

Ay

INRdzZLIA F OO0O2NRAY3I (2 GKSANI LISNBR2YlFf L/ ¢ LINBFT

ICILS 2013 (International Computer and Information Literacy Study), which aims to
I Olj dzZA NB | y 2 ¢ f S R ArGhe laréabiaimplitdazdd ibférrdatioa fitekabyf(GIL),
also dealt with this issue. It is the first international comparative study monitoring the
readiness of pupils for life in information society, i.e. the capability to use computers to
search, create r&d share information for the successful functioning of the individual at
home, school, workplace and in society. At the international level, the study is coordinated
by the International Association for the Evaluation of Educational Achievement (IE49. In t
Czech Republic, it is implemented by the Czech School Inspectorate, which identifies the
differences in CIL results both between countries and between schools within individual
countries so that the observed differences can be related to the way ofgingveducation
in the area of CIL. Furthermore, the survey identifies the link between the success of pupils
and various aspects of educational systems, technological background of schools, family
background and individual characteristics of pupils. Hstetd group of pupils in the Czech
Republic were pupils of the 8th grade of primary schools and corresponding grades of
grammar schools with muliear attendance. The results show that Czech pupils are far
above the ICILS average in performing tasks. Weathers think about ICT is also
interesting for our research. For instance, 75% of teachers believe that the use of ICT in
G§SIFOKAYy3 gAff ftSFR G2 RSGSNA2NI GA2Yy 27
communication among pupils, and 46% of ¢kars think it leads to a deterioration in
numerous skills (ICILS, 2016).

Yuksel (2015) studied the categories of innovation adopters and the individual level of
innovation among prét SNIA OS (S OKSNE® nHn NBALRYRSYyl
guestionnaire was used as a research tool. The study revealed that the field of study and
gender of participants significantly changed their level of innovativeness. Most female
participants were Early Majority, while most male participants were Early Adepldre
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analysis showed that male participants were highly innovative in contrast to female
LI NIHAOALI yiad ¢KS aidzRe -shapedist@ridardSditribiution af = dzy €
adopter categories, the distribution in this study was positively skewed.

The results support the idea that peervice teachers, especially in some particular
fields of study, need to change their perception of innovation. Evidence also suggests that
w2 ASNAR Y Y2 R Sdecistbi process/saodi tie xaReyl into accounewlplanning
course objectives.

I ANHzaZ SiG ftd onHnmdpyd F20dZASR LINAYINRt& 2y
compulsory subject Information and Communication Technologies. At the same time, they
SEFYAYSR (S OKSNAY OJOASK2PFWASHPHFBATZRIAY Y IdANY
research tool. First grade teachers were the respondents. Their summary results are shown
in Table 2.

Zounek and Sebera (2005) examined the attitudes of students of teaching towards ICT
in education in order to determinehe individual rate of innovation. Their research was
0lFldSR 2y w23aSNRAWY S5AFFdAaAA2Yy 2F Lyy20FGA2Yy ¢
differences between students of two different faculties (or fields of study) and whether
gender differences in attitudesould be identified. The results of their research showed that
aGdzRSyia Ay GKS al YL S oSt2y3a YrAayfte (2 GKSE
C2NJ 2dzNJ NBaSkNOK:E (KS&aS NBadzZ §a | NBE &adaAdl of
Diffusion of Inmvation Theory, Sasaki (2018) analyzed the implementation processes for
new educational policies in Japan as midtteted and sensitive to the influences of
a0 1SK2ft RSNBRWY a20Al t tmi rdgBarchi i &iiich Yha @uthar i 4 | &
monitored theresults of three targeted curricular policy administrations (12802 and
2003H nMo U ® w2IASNEW GKS2NEB Aa SaLISOALFEEE | LILINE
tools to identify why and how quickly an innovation achieves (or fails to achieuggitsied
goals, including in the fields of education (e.g., Lee, Hsieh & Hsu, 2011) and educational
L2t A08 6SdadPr 5AYIFSERSNI 9 alyRSEftI HamMmOd
that innovation is accepted through communication over time &®&a dzf ¢ 2F adl { S|
values and beliefs is also relevant when the alignment of the three targeted variables, which
inevitably involve different types of stakeholders, was examined. Yet, despite its potential,
few studies have adopted this theory to exph y f 2y AA G dzRAY I f OKIl y3S:
language policies.

Our aim was to find out how future primary school teachers perceive ICT innovation.
We were interested in comparing students from two culturally close coungiee Czech
Republic and SlovakislVe set our objectives as follows:

91 Describe the perception of innovation from the perspective of Czech students.
91 Describe the perception of innovation from the perspective of Slovak students.

' Verify whether the obtained distributions correspondtoRbge W G & LJ2f 238 o6
on the Diffusion of Innovation Theory.

1 Perform comparisons with researches focused on the view or perception of
innovation.

Based on the objectives, the following questions were formulated:

1 What is the attitude of Czech students tmovation in ICT?
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1 What is the attitude of Slovak students to innovation in ICT?

We set the hypothesis:

H1: The attitude of Czech and Slovak students of primary school teaching towards
innovation in the area of information and communication technologies will not be different.

METHODS

Considering the research objectives and questions, quantitative desrgsedrch was
chosen, an exploratory research method was used, and a questionnaire was chosen as the
0l 320 NBaSINOK (SOKyAldzSd 2SS LINRPOSSRSR FTNRY
it is possible to identify the key factors affecting the unevereagd of innovation. It is about
the nature of innovation, communication and the dynamics of the process that is shaped by
the social framework. On the level of an individual who decides to accept or reject

innovation, we talk about the process.

Rogers chracterizes this process as a process of decreasing the uncertainty among the
potential innovation adopters (Rogers, 2003) and in his book further proposes attributes of
innovation that would fulfill the abowenentioned description of the diffusion of inmation
process (Sahin, 2006). Suitable attributes of innovation include relative advantage,
compatibility, complexity, trialability, and observability:

1 Relative Advantage, which Rogers defines as the degree to which an innovation
is perceived as being et than the original idea or object it supersedes,
whereas the higher the relative advantage of innovation, the faster it will be
adopted by individual members of a social system;

1 Compatibility, which Rogers defines as the degree to which an innovation i
perceived as consistent with the existing values, past experiences, and needs of
potential adopters, whereas the more compatible the innovation, the faster it
will be adopted by individual members of a social system;

1 Complexity, which Rogers defines th&e degree to which an innovation is
perceived as relatively difficult to understand and use, whereas the higher the
complexity of innovation, the slower it will be adopted by individual members
of a social system;

91 Trialability, which Rogers defines ag titegree to which an innovation may be
experimented with on a limited basis, or tested in a limited series, whereas the
higher the trialability of innovation, the faster it will be adopted by individual
members of a social system;

1 Observability, which Regs defines as the degree to which the results of an
innovation are visible to others, whereas the higher the observability of
innovation, the faster it will be adopted by individual members of a social
system (Rogers, 2003).

In addition to the first attibute of innovation, we can add that if teachers see that
technology has value in their instruction, then they will use it (McKenzie, 2001; Spotts,
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1999), regardless of whether the incentive to adopt it was internal or external. Regarding
the compatibilinz | 2 SNHzL) F RRa GKFG SFOK Ayy2@FiadAazy C
own teaching by influencing their opinions, beliefs and values.

In the relevant chapter of his book, Rogers argues that innovation offering more relative
advantage, compatibility, sinfipity, trialability, and observability will be adopted by
individual members of the social system faster, while he warns that the process of adopting
innovation, which offers clear improvements to the current situation, is difficult (Rogers,
2003). Howeve research has shown that the above mentioned attributes of innovation do
indeed increase the likelihood of adopting a new technology into teaching (Anderson, 1998;
Bennett, Bennett, 2003; Parisot, 1997).

Rogers defines the rate of adoption as the relatspeed with which an innovation is
adopted by individual members of a social system (Rogers, 2003), for instance the number
of individuals who adopted the innovation for a period of time can be measured as the rate
of adoption of the innovation (SahinP@6). The above mentioned perceived attributes of
an innovation are significant predictors of the rate of adoption (Sahin, 2006). The entire
innovationtdecision process involves five steps which typically follow each other in a time
ordered manner (Sahir2006), forming in terms of time an innovationdecision period that
represents the time it takes to complete the process (Rogers, 2003) divided into conceptual
stages of knowledge, persuasion, decision, implementation, and confirmation:

1 Knowledge occurs wimean individual learns about the existence of innovation
and acquires some knowledge of how innovation works.

1 Persuasion occurs when the individual has a positive or negative attitude
towards the innovation.

9 Decision occurs when the individual embarksaoseries of activities that lead
to the choice to adopt or reject the innovation.

Implementation occurs when an innovation is put into practice.

Confirmation occurs when the individual looks for support for his or her
innovation decision, however the dision can be reversed if the individual is
exposed to conflicting facts (Rogers, 2003).

Rogers (2003) defines a total of five categories of innovation adopters: innovators
(technology enthusiasts), early adopters (visionaries), early majority (pragse)atiate
majority (conservatives) a laggards (skeptics).

! /| TSOK @SNRBRAZ2Y 2F 1jdzSadA2yyFANS OYILyll |
contained a total of 55 questions was used for the research. We specifically worked with
data from the first part of theuestionnaire. This part focuses on finding groups of adopters
and consists of five pentads of claims, and respondents, using a scale from 1 to 5, expressed
the level of agreement or disagreement with individual claims. Each set of claims is
formulated to be as responsive and reflective as possible, so that the respondents can
SELINBaa (GKSANI gaASga | OO0O2NRAy3a (2 G(G(KS FA@0S 3
adopter, early majority, late majority, and laggard.

The research group consisted 086l Czech students of 1st grade primary school
teaching and 179 Slovak students of the same study programme. There were 3 men in the
sample of Czech students and 2 men in the sample of Slovak students. Given these numbers,
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we did not consider gender diffenees in the view of innovation in ICT. The average age of
tested students from both countries was 22.4 years. The reliability of the research tool
NBfFdAy3a G2 ff A0GSYa -099NEBfefOtd DeKoverall interdal
consistency of theesearch tool.

RESULTS

Based on the score from each of the five claims, we obtained a distribution of
respondents from both groups in terms of their perception of ICT innovation. Early majority
(Slovak students 54%, Czech students 60%) clearly previaildwbth groups of the
NBalLl2yRSyidad ! OO2NRAY3I (2 w2aSNEWY (KS2NE
3).
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Figure 2: Distribution of Czech students
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Figure 3. Comparison of both groups of respondents

The results also indicate that a relatively large percentage are innovators, while a very
small percentage of students can be described as visionaries (early adopters) and skeptics
(laggards).

When compring the answers of Czech and Slovak students we found almost no
differences in answers. For testing the hypothesis H1, we chosea@metric tests of
Mann-Whitney and Kolmogore®mirnov due to the nature of the data (based on normality
tests¢ Omnibudest, Kurtosis test and Skewness test the data normality was not confirmed).
In both tests, p 0.05 (ManAWhitney test with p=0.384678, Kolmogor@®mirnov test
with p=0.884814). We can therefore state that the view of innovations in the field of
information and communication technologies is similar for Slovak students as for Czech
students (Table 1).

Tab. 1 Division of Slovak and Czech students into categories

Adopter categories Slovak students Czech students
Innovators 22 % 18 %

Early Adopters 5% 4%

Early Majority 54 % 60 %

Late Majority 10 % 12 %

Laggards 9% 6 %

The agreement of students of both nationalities was reflected in the most and least
rated items. Items with the highest score:

91 Before using any ICT application, | want to know if it is useful.
1 If my teacher encourages the use of ICT, | use it.

1 1 hope | will eventually be able to use at least the most useful and proven ICT
applications.

[tems with the lowest score:

1 1wish I neer had to use ICT applications.
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1 1 will be among the last to decide to use ICT.

1 1will only use ICT if | have to.

DISCUSSION

I O2YLI NRazy 2F 2dz2NJ NBaASFENOK gAGK &aAYAfLL
Innovation Theory is presented in Table 2. Tlestmelevant research (research carried out
with students) is from 2005 (Zounek, Sebera). Compared to our findings, we can observe an
increasing percentage of innovators and a decline in the number of laggards.

It is very interesting that the percentagé early adopters is almost unchanged.

Tab. 2 Relevant researches

. Zounek, .
Categories Kankaanrinta Rogers Sebera Yuksel Cirs et Czech Slovak
9 (2000) (2003) (2005) (2015) al.(2019)students students

Innovator 3 2.5 10 7.1 13.2 18 22
Early adopter

13 13.5 3 30.2 6.6 4 5
Early majority 5, 34 66 395  69.2 60 54
Late majority 34 20 21 88 12 10
Laggard 16 16 1 2.1 2.2 6 9

Yuksel (2015) also examined teachers in pregraduate teacher training, however, his
results were very different from our findings. It is possible that the fact that they were
students of five different fields of teaching (CEIT, Math, Chemistry, Histokisfidt?) and
that in the research sample 68.6% were female and 31.4% were male has played a significant
role here (Yuksel, 2015).

Our aim was to understand the view of Slovak and Czech students on innovations in the
field of information and communicationethnologies in the above mentioned context.
Based on the performed statistical analysis, we can state that the distribution of students
with respect to the acceptance of innovation in the given area is almost identical in the
Czech Republic and in SlovaHlia both countries, the educational system is very similar
(even historically) and testing was conducted at faculties of education, i.e. faculties with
comparable profiles, which is an important aspect. Our hypothesis, in which we did not
anticipate a diferent view of innovation between Czech and Slovak students, was confirmed
on the basis of the mentioned above. There are several factors which justify the absence of
a difference. It can be assumed that if students came from differently oriented schools,
different fields of study and countries, as Zounek, Sebera (2005) presented in their research,
the distribution of acceptance of innovation would most likely look different. In our further
research, we do not consider it relevant to study why we did mat @ifferences between
students in relation to the issues discussed, but rather to focus on the presented distribution
of acceptance of innovation.
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In the context of relevant researches (Table 2), we can observe in our results a trend of
increasing the amber of innovators and declining skeptics. The research sample consisted
of students with an average age of 22.5 (born in 22081). They can be labeled in several

ways¢cb S DSYSNI A2y o0¢tFLIAO200G mMpdpT O RAIAGI

digital language (Prensky, 2001) or even Generation Z (Howe, Strauss, 2008). Regardless of
their designation, young people are generally considered to be experts in digital technology,
they are characterized as wakperienced users of internet technologieeven from an

early age as often reported. Technological development in recent years has brought an
extreme amount of changes that a student/teacher needs to respond to. Items with the
highest score may also be related to thiefore using any ICT apgtion, | want to know if

AG Aa dz&AaSTFdzZ X AF Yé GSFOKSNJI SyO2dzN» 3Sa GKS

to use at least the most useful and proven ICT applicati®ugers (2003) classified
information adopters into 5 categories and thdistribution in the population in accordance
with the normal distribution. Therefore, at the other end of the curve, we will always find
skeptics who, with great presumption, rated the items hsvish | never had to use ICT
applications, | will be amanthe last to decide to use ICT, | will only use ICT if | have to.

So what should be the result of our research and analyses? Meaningful use of
technologies, their inclusion in creativity, innovation in pregraduate education,
teachermediated education mied not only at the pupil but also at the parent in the
educational use of ICT, for instance even in the after school time. It is a continuous
development of digital skills and activities that combine ICT and learning activities, activities

to improve teak SNE W O2YLISGSYyOS (2 dzaS RA J4choblf (SOK

education. Information and communication technologies are more often perceived as an
innovative and inevitable tool of education which supports social, language and cognitive
level as well as the literacy of young learners. Nowadays information and communication
technologies are not perceived as a set of risks at schools. It is discussed how to use these
innovations in a more lucrative and beneficial way in order to build literacy eofuture
a20ASGe 6. Sttaz2@gt s CSR2NJ 2 FyR {YIFL{ly20t 3
complement the acquired skills with a systematic approach and professional development
in order to increase the population of people who naturally move frekeptics to
innovators.
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Abstract

Distance learning is today's trend in education. Mosth& available solutions provide the
functionality of the system for teaching and testing. Playing a computer game as free time is also
booming. The interactive educational portal designed by us offers the possibility of learning
playfully in the right formof games. Therefore, it was necessary to design and implement a
module that allows it to create test questions that be available to students in the game. All
functionalities of the test module are available primarily for teachers and parents. These are th
user roles that make the most of the module's functionality. The main mission of the interactive
educational portal with the support of games is to provide new educational opportunities for
students of mostly lower grades in primary schools. The basicigdalso to provide a new
approach to education. Games are trendy nowadays, and through them, it is possible to
streamline the educational process. Children can play and learn at the same time. Such an
approach can minimize students' stress while mothgathem to achieve better results. To get
bonus points and new features in the game, it be necessary to answer the question added by the
teacher according to his needs. By using the interface of administration is possible to set the test
module accordingp the needs of the teacher. All test module data can be in a database stored,
with emphasis on permanently deleting tests and questions for which answers already exist. This
way, it ensures a complete history of students' responses, which is for theticthvaluation

of results required. This article presents a test module design that allows the teacher to create
guestions and tests that he can apply to the game world. This system, in addition to the primary
task of education, offers the ustracherthe opportunity to analyze test results in the form of
data mining algorithms. The presented proposal of this module of tests is prepared to connect
for this analytical module and data from evaluating pupils be analyzed.

Keywords

Education portal Digital games. Mdule of tests. System architecture

INTRODUCTION

The test module is a vital module of the Interactive learning portal for gathering
information for teachers and parents about pupils' knowledge. After deployment of them,
the portal becomes &ully-fledged tool for supporting pupils ‘education at primary schools
and for obtaining results on pupils' education. Each parent will be able to see the results of
their child and thus gain knowledge of which educational subject should give more attenti
to teaching. Teachers will be able to compare the results from the module of tests with the
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results in the classroom. In case of disagreement in the results, it is possible to identify the
causes of the difference in outcomes (e.g., stress at schaiil,dfconcentration due to
classmates, etc.). The module of tests is also a tool for repeating the chosen issue for pupils
from the comfort of home. An advantage is a playful form of education for the pupil and
motivation through the reward in the game. &leacher himself formulates questions with

an emphasis on the needs arising from the curriculum of the subject. It may also be an
advantage for the pupileacher that questions from other teachers can use in his test. The
sharing of whole tests among tdaers is also encouraged, which can make their work more
efficient and faster.

The primary mission of the interactive garmagpported education portal is to provide
new learning opportunities for mostly lowgrade pupils in primary schools. The basic idea
is also to offer a new approach to education. Games are trendy nowadays, and it is possible
to streamline the educational process. Children can play and learn at the same time. Such
an approach can minimize the stress of pupils and, at the same time, ateotikem to
achieve better results. Pupils to earn bonus points and new features in othe game, they will
be necessary to answer a question that the teacher has added according to his needs.

Developing of the interactive educational portal is partpsbject teaching at the
Faculty of Management and Informatics of the University of Zilina in Zilina. It builds on the
existing system of an educational portal with the support of gakestolnyet al., 2018)

The patal currently offers an administration environment for various user roles. Depending
on the account type of the user, several available functionalities are adapted. Suggested
user roles include pupil, teacher, parent, administrator, school administratalyst, and
demo. Currently is in educational portal implemented the user roles of the pupil, teacher,
administrator, and a unique user role with one user account. The remaining user roles can
be set up, but functionality is not available for such usecoaaots. By default, the
administrator has the right to perform all functions within the portal. Other roles have only
the necessary functionality available. For the pupil is an accessible game module, through
which he can educate. It currently has threenggs available to play. The administration
interface offers the pupil a preview of their profile. An overview of pupils is presently
available for teachers, with the option of editing pupil accounts. The demo role offer to view
the portal for anonymous ussr Through this role is the portal better promoted to the
public.

At present, the portal supports the administration of basic functionalities, such as
adding users with a given user role for the selected school, bulk importing user accounts,
managing usepermissions, an overview of users wihpported operatiorcreate, read,
update,delete, and so on. The current state of the port@nfound on the website of the
project(IVP FRI, 2020)

EDUCATIONAL PORTAL ARCHITECTURE

The portal is composed of four main modules, such as server application,
administration module, game module, and analytical modulbich is in the draft version.
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Server application

The server applicatiois createdin a Representational state transfarchitecturestyle
(RESTfYlIWeb APlprogrammedin .NET CORE technology. It provides all the necessary
functionalities and performall logical operations of the portal. You need to authenticate in
this module to work with the portal. The microservice architecture of this module is more
detailed described in the publicatiqiKostolny and Bohacik, 201%)s can be seen in Figure
1, the server part consists of several libraries. Each library represents a logical entity that
can ensure the modularity of the server part of the application.

Theadministration interface (API) is a library that contains the endpoints needed for
the portal administration interface. API includes the functionality associated with
authentication, user account creation, password change, logs, authority management, class
management, and so on.

The game module API contains endpoints for storing information about the start of a
new game, respectively, a new round in the game. It also provides storage and retrieval of
game results. The shared API contains a standard furattiprthat needed for all other
server part modules. It currently manages authentication and authorization logic, provides
exception management, and includes universal models for paging lists. The security of the
server part is supplied b§ySON Web Tokeathentication, which presents as an Internet
standard for creating access tokens based davaScript Object TechnologySON
technology (Jones, Bradley and Sakimura, 2015)

.NET CORE Angular
Administrative interface
AP Game module API Shared API < > Client app
library library library
Phaser 3
DB connector
library
v Maria DB Game module

==
Main database

Figure 1Architecture model of the portal before the plementation of the test module

A database connector is a library implemented How all API libraries to communicate
with a database. This library provides others with a database context and the necessary
objects that map to database tables.

Modul of administration

The administration interface provides the primary upartal interadion
communicates with the server part of the application. Executes requests to the server and
receives responses. These answers are in JSON format. The collected data is further
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displayed to the client in a mild form in the client application. The adtnatisn module

using the Angular 7 framework using the Nebular Ul library example of a home screen is in
Figure 2. The application administration module with an analytical layer better specified in
the paper.(Levashenket al., 2016)

Education portal

Aktualizécia pre dashboard Pridané nové hry !

Zmeny databazy

L W
mEw | mew

Figure 2Home screemf the administration interface.

Game module

This module is the basis for interaction with pupils. The game module communicates
with the server part and informs the administration module when the pupil started the
game or completed some rounds of the tournament. Each game can run through the
administration interface (dashboard) after successful login. The game module also
communicates with the administration module through services. These two modules
together form the secalled presentation layer. Closer we were dealing with the
development of te game module in the articlgostolny and Bohacik, 2017)

Requirements for the current system

The interactive educational portal is in a phase where itgrapared games for pupils
and the necessary administration for user accounts of various types. For education pupils
through the games, it will be required to create a mechanism whereby teachers will be able
to enter questions into the system, assign thesestions to the game and get results based
on the pupil's answers. Therefore, one of the critical requirements for an interactive learning
portal is the creation of a test module. The test module will offer teachers the opportunity
to create test questios. Each question has a set of attributes that determines its
classification. As it is a test module designed for pupils at primary schools, these attributes
will be the year, subject, subject of the issue, respectively question category. Next, it is
necessry to add functionality to share questions between teachers different schools. The
module must provide basic editing questions and filtering, respectively search the list of
items. The module will perform the deletion of questions based on whether atheot are
answers to that question. If there are no answers, the problem can remove from the
database. Otherwise, its status will be switched (moved to the "trash™) and will not be
available to teachers. Remove of question is not possible because thenatfon needed
in the statistical evaluation is not lost.
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The test module should be independent of the other modules. If we turn off this module
(e. g. for maintenance), children can continue playing, but testing will not be supported. The
module will beversatile and will, therefore, apply to a system other than the interactive
learning portal.

INTEGRATION OF THE MODULE TO THE PORTAL

The collection of requirements indicated the need to ensure the independence of the
test module. The design of the modulatdbase is to meet these requirements. This is
advantageous in terms of availability. If the primary database fails, the test module database
will continue to be available. Another advantage is a more natural exchange of database
types. If we need it in th future that it will be necessary to deploy a different kind of
database for the test module for some reason, this exchange can be made much easier and
faster than if only one central database existed. They arose during the study, two
architectural desigs as part of the module integration design. The first design work with
the idea ofclearly microservice architecture. In general, microservices (MS) is as the
architectural style that divides an application into a set of services that are highly
maintaimble and testable(Richardson, 2019)The test module would thus become
completely independent. For implementation, it would be necessary to createcalt
Gateway API (GA), which can help to aggregate queries from individual M&ulifalso
communicate with the presentation layer (client application, game module).

The advantage of the first desig(Figure 3)is to achieve absolute module
independence. The integration of this solution is a relatively big problem, as the effort is t
interfere as little as possible with the existing system. If we create a new layer of the server
part, it would be necessary to reauthenticate and redefine all endpoints at the highest level
and create new aggregated parameters to retrieve data from bo8s.

.NET CORE Angular

Gateway API
€
A
.NET CORE .NET CORE Client app
Administrative interface Game module API Shared API Test module API
library library library library
Phaser 3
DB connector DB connector
library library
>
Maria DB Maria DB Game module
[— [—
Main database Database for Test

Figure 3First aesign of architecture with GatewayPl.

The second design (Figurkid based on the idea ofeating a test module as a library.
The significant advantage is that in this case, it is possible to use services from other libraries
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because the functionality from other modules are contained in their libraries and exist in
one solution. There is also no need to interfere with the existing solution. The idés of
database for the test module is also easy to fulfill. It will hase#tabase connector (library

to connect) for connection.

Based on the analysis of the individual integration proposals, the second solution, which
is shown in Figuré.

.NET CORE Angular
Admlms"igle interface Game module API Shared API Test module API V > Client app
library library library library
Phaser 3
DB connector DB connector
library library <

A Y

\ Maria DB v MariaDB Game module
— —
Main database Database for Test

Figure 4: Second design of architecture

PROPOSAL FOR TESTING QUESTIONS

The main menu in the administration will display a link to the "Question List" page.
When you open the page, you'll see a list of test questions that are filterable and searchable.
This section will have two forms related to creating and editing a tesstique The way will
appear when you click the appropriate button. Form for creating a new test question that
contains the following fields: difficulty, subject, visibility level, category, picture, number of
points, questiorwording, answer type, and respee.

The difficulty is the selection of the year that defines the complexity of the question.
Visibility level is the visibility identifier of the problem for other portal users. The type
‘public' means that the issue will be available to every teacheéeacher and the user who
has access to view question logs. Questions with visibility type "for school" are visible among
the staff of the school. Type 'private’ means that no one can see the problem except the
author. The category is a closer specificatf the question. It can define e.g., whole
thematic subject. Functionality "Add a picture” can also add a picture to enter a question.
This checkbox will decide whether to display the image inputtfiélshctionality "Number
of points" its for evaluatiorof the problem. Questioiwording is the text input of the
guestion. With answer type can we select the answer type. The module requirements
indicate that there are three types of answers to the problem. Last ist response, which
depending on the kind of rg®nse you have selected, the corresponding text or text field is
displayed image response. The number of reactions can be dynamically changed as needed.
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Possibilities of creating tests

A test within this test module will be understood as a package of questhat has its
titte and description, author, and creation date. As shown in Figure 5, each issue has a
checkbox, which serves to mark questions. In this way, the Test will be constructed. The user
marks all the problems he wants to have in the Testfarally adds a title with a description.
After you click the Add Test button, it is automatically added to the testHagh Test can
be further associated with the game. If necessary, it will be possible to assign multiple tests
for each pupil. The ahgsis of the assignment showed the need to tackle classroom
management for teachers. It would be very inconvenient to make assignments for each
pupil separately. Categorizing pupils into classes will make it easier to assign a set of
guestions (Test) to elass and a game.

Two lists will be available for teachers as a games list and class list. When he selects one
item from each list, he or she will be given information about the assignment of the Test to
the game and class at each Test. If the Test hab@enh assigned to the combination, the
assign button will be available. Otherwise, the override button will be active. Each
assignment of the Test is identifiable by the Test, play, and class of the pupil.

The test status works the same as the questi@ils. It also has the same status values.
Maintaining test states is important because each student's response is tied to the Test. The
system allows answering the same question from different tests if necessary. Therefore, it
should be impossible to congikly delete the test record if there is a response. Each Test
will encourage sharing between other teachers and from different schools. The teacher who
creates the Test gets the opportunity to share the Test. If they do, the Test will be shown to
the teader in the test records. The teacher to whom the Test was not shared has the
opportunity to view the Test in detail but cannot edit it. However, it has all the questions in
the Test visible regardless of the visibility level. Such a test can be assighecttass and
the game as needed.

IMPLEMENTATION OF QUESTIONS RECORD

Questions can be filtered by selected attributes using the QuestionFilterComponent
component. Searching by tekiased queries using the NbSearchComponent part is also
supported. Each isg contains the information needed to identify it. The teacher can
prepare questions that: created by himself, created by another user, and marked as public,
created by another user, and marked their visibility within the same school as the current
teachea browsing the questions. This filtering is provided by the server part, which offers
the client applications the required data. The question list is provided through the
QuestionListComponent component. Each question in the file contains buttons théecan
used to call up the question mark, delete, or full view operation. The original proposal
foresaw displaying in a table, but for better clarity for the user, ultimately, "tabs" were
chosen to display questions (Figure 5).

The Test can be created in suclvay that in the question log, the teacher marks all the
problems he wants to have in the Test. Then choose the name and description of the Test.
By clicking Create Test, the user is redirected to the Test List where the added Test is visible.
Test sharig functionality is provided by the ShareDialogComponent component, which
includes ShareDialogContentComponent. The first component is displayed as a button, and
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when clicked, the second component is called to view a modal window in Figure 6. This
window lssts all teachers from all schools registered in the interactive portal. You can share
a test by selecting a teacher and clicking the Share button.

At the top of the Test Records page, the teacher is offered the option of selecting a
game and class. Aft@hoosing this data, a new button for assigning the Test to the game
will appear for each Test. When you click the Assign Test button, the Test is assigned. If the
Test is already assigned, a button for disabling the Test is displayed.

Please select game and class for adding test

GAME - CLASS -

Celkovy potet otézok v hre, z ktorjch sa néhodne vyberé: 0

List of tests

Search

(#12) Test z matematiky 1 u (#10) Test z matematiky 2 D ¢ (#7) Test z matematiky 1 (30.1.2020)

5 Number of shares: 1 5 Number of shares: 0 &% Shared test

Popis: Popis: Popis:
Test zameran na jednaduché séitavanie Test zamerany na priklady s textovymi odpovedam Slavné

Pocet otazok:

Celkor

Celkovy pocet zodpovedanych otézok: otézok:

eated: 31.03.2020 ucitel Created: 28.03.2020 ucitel Created: 20.03.2020 icitelnova2

— Shared test between Teachers |

Shared with:

X Fero vz

Jana Skvela (ucitelka)

TestMeno TestPriezvisko (ucitel) di
Zilinska univerzita v Ziline

Figure 6 Modal window for test sharing

Each Test has a detailed overview, which is provided by the TestltemComponent
component. This report is divided into four main sections. Necessary information contains
the name anddescription of the Test (Figure 7). Assign displays information about the
assignment of the Test to the game and class. Sharing shows the list of teachers the Test
which is shared. Test questions contain a list of subjects assigned to the Test. Yquacah ex
the detail for each item to see possible answers to the problem.

The described component contains buttons for editing and deleting the Test. When you
click to edit a Test, the TestltemEditComponent component is loaded, which similarly
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displays the data except that each part of the report is editable. Also, the elenasnthie
functionality of adding new questions.

The functionality of adding new questions is ensured by reusing the
QuestionListComponent component. This component can also be used when editing a test
dzi At AT AYy3a (GKS AyLddzi | G (hisatoidate & sedts tRug, thenzhe S & ¢
component displays all possible questions that can add to the current Test with filter and
search capability. Items that are already being used in the Test are not displayed. Adding
additional questions to the Tes done similarly to the Test.

Education portal

List of puplls

Questions Vel Overall rankings

\\\\\

Figure7: Example of class test evaluation

The pupil who starts the game automatically gets a unique ID with that launch. Based
on this ID, it is possible to find out on the sergile which the pupil started the game and
which game was started. The test module provides an endpoint for obtaining a random
guestion among all the problems in the associated Tests. A generator offers randomity with
even probability distribution. When submitting a question, it is essential torkmadnich
items have already been answered. Each question can only be answered once for each
student. The final result of the score pupil Test is shown in Figure 8: this data shows two
user type teachers and parents of the pupil.
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Evaluation of class - 1.A

Listof puplls

Overview results of student - (#155) Student TestA

Answered active questions ingame: 2/ 4 @

Overall rating @

¥ VI

Rating by game

Ziak TestA

List of tests in game MAT_game_01

Figure8: Example opupil scoreevaluation

CONCLUSION

15

The presented solution module of tests in this article will complement the interactive
education system with new functionality that can be implementegame modules and in
analytical modules. This set of modules will eatduthe results and detect possible
anomalies using heuristics or data mining algorithms. Modul of tests allows creating various
types of questions that can be applied for all kinds of educational subjects and combine
them into the resulting analysi$heteacher can assign to the selected game prepared test
or set of questions, where they will be shown either in the form of collection bonuses or a
game interruption At the same time, it is possible to share test questions between teacher
teachers, which aa help to improve the sharing of knowledge among teachers between
schools and to identify problematic learners or problems in pupil grasping more easily.
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Abstract

The main aim of the thesis is to present the results of a questionnaire survey focused on the
possibilities of implementation of a programmable robotic kit in education at elementary school.

The first part of the paper introduces robotic kits employedi@nentary schools in the Czech

Republic. The main part of the paper is devoted to the research aimed at mapping the forms and
methods of teaching robotics at elementary schools. The research also contains several
secondary objectived, dzOK | & a¥RBRBG POREBY@KSeE dzASR NRo2GAO |
G2 KIFG GSFOKAY 3 YFGSNALIE A& | NER recdbEnPSHNG BN tiie@  LIdzLJ
previous survey, which complements and expands with other results. This work provides an
overview of importat findings that were used as a basis for the creation of teaching materials.
Important findings include: students want to work in smaller groups of 2 to 3 students, they want

to work at their own pace according to the illustrated worksheet for at leasti2s.This paper

gives an overview of the important findings that were used as basis for the creation of teaching
materials. The final part of the paper presents created teaching materials, which contain a
methodical part designed for teachers and a wogkipart designed for pupils. All created

materials were verified in teaching atementaryschools.

Keywords

Robot. Robotic Construction Kit. Elementary School. Worksheet.

INTRODUCTION

Currently, the topics of programming and robotics are being includdetie standard
curriculum of elementary schoglsccording to the ISCED classification (International
Standard Classification of Education) it is Level 1 (Primary education) and Level 2 (Lower
secondary education)increasing emphasis is placed on supportthe development of
algorithmic thinking of pupils and understanding the principles on which the present highly
technical world is based.

Robotic construction kits are a suitable tool for teaching programming as well as for
building simple machines anttrgctures. They are also suitable for modelling and simulation
of real system® | dzot f 2 @& | & .IThevrdhdelotrébotie kitsar izarning robots is
becoming wider every year and schools can choose the best ones according to their
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requirements and pasbilities. The paper presents an overview of the most widespread
robotic kits used in schools in the Czech Republic.

Virmes research(Virmes, 2014)focuses on educational robotics, its description,
division, definition, and especially the influence on tkducational process in the
interaction with children. Research questions focus on observing the interaction of children
with educational robotics, they focus on the course of interaction, the type of interaction,
the way of working with educational robes and the effects of interaction. Lego
Mindstroms uses NXT as a robotic set in research, Topobo as a construction kit and the RUBI
robot from social robots. The last two named robotic kits are not useteimentaryschools
in the Czech Republic.

Lego Mndtroms uses the robotic kit in his research Shih (Shih, 2013). The topic of the
research is understanding the factors that influence teachers' intention to use Lego
Mindstroms robotic kits irlementaryschool. The study, usirige Technology Acceptance
Model, collected data from 1&lementaryschool teachers in Kaohsiung and Pingtung
counties in Taiwan. The SEM (Structural Equation Modeling) method was used to test the
KelLRiKSaSad {2Y&NNB| dzaSa GKS alyYS NRo62GAO
integration of robotics into education and examines thearieng of pupils' design skills
O0{2Y&@NNB1Z HAMpUOLD® ¢KS RS@GSt2LIVSYyd 2F RAIAGLH
elementaryschool is being investigated by Kvenild (Kvenild, 2017).

LegoMindstorms EV3

The construction kit Lego is very popular and widespread among children. Originally a
wooden kit that gained worldwide success after the start of plastic parts production. A wide
range of different plastic parts makes the Lego kit a suiteédwéfor building any model or
robot. As early as 1998, Lego introduced the RCX control unit, which made it possible to
create fullfeatured interactive robotic models. A newer type of Mindstorms NXT control
unit with a large graphic display and new tymgsensors was introduced in 2006. In 2013,
the latest version of Lego Mindstroms, the EV3, came with the latest NXT sensors. The basic
I/O elements include a touch sensor, an ultrasonic distance sensor, a color sensor, a
gyroscope and two types of motorg/e can also use sensors from other manufacturers that
extend the use of robotic kits in other fields, such as physics, chemistry and biology. Lego
offers other robotic kits designed for younger pupils, such as Lego WeDo 2.0 and Lego Spike.
Using Bluetodt technology, we can control robotic models using both tablets and
smartphones. This is another step to support today's generation of Homo Sapiens Digital, as
Prensky (2009) states in his article.

Fischertechnik

German plastic kit is similar to the Daniskgo kit.Theyoffer many sets and models,
some using interactive elements or designed for robotics and automation. There is a Mini
Bot set for lineup, as well as several sets of the ROBO TX version or a more modern ROBO
TXT version with a TXT controltbat has its own 2.4nch touch screen. A new feature of
Fischertechnik is a set of modern 3D printers. The supplied robot programming software is
ROBO Pro Software, which allows you to program the robot model using icons flowchart.

Merkur

Merkur is considred to be a traditional Czech brand in the production of metal
construction kits. Thanks to its construction parts, the kit allows to build any model, as
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proved by Otto Wichterle with his contact lens machine. Nowadays, thanks to the
connection of electdal components and microcontrollers, we can build any robotic model
and program it as needed. Merkur only offers sets of specific robotic models. Popular

Figurel: Construction robotic kits: Lego Mindstorms EV3, Merkur, VEX IQsuteEechnik (Coufe
2016, LEGO 2020, VEX IQ 2020)

robotic assemblies include ATMEL robotic mine or PICAXE robotic mine, the difference is
only in the sécted microcontroller and its programming. The robotic spider is built as a
black line robot. Other robotic sets include the Mini SUMO robot fordimao robots. In
several versions we can try robotic hand.

VEX 1Q

The VEX IQ construction kit uses plastic parts and is similar to Lego and
Fischertechnik. However, the construction parts of the kit larger and have a different
way of joining the construction of the assembled models. It is also possible to print some
pieces on 3D printers. The basic set also includes a remote control to control the robot.
Multiple motors and sensors can be connectedte control unit without port resolution.
For Lego Mindstorms EV3, it is necessary to differentiate between ports for motors and
sensors. The VEX IQ kit is followed by the VEX EDR kit, which uses a metal construction, a
more modern control unit, motors ahsensors. This kit is designed primarily for students at
high schools and universities.

RESEARCH

The presented research builds on and expands the research results from 2016
(Coufal,2016), whose main objective was to map forms and methodsludtics education
at selected schools in the Czech Republic. The main objective of the survey is the same and
is complemented by six stdibjectives:

w .FaSR 2y GKS RIFdlF 2060FAYSR FTNRBY (KS | dz8
robotics in one week.

wBased on the data obtained from the questionnaires, map out the types of classrooms
used for robotics education.

w . laSR 2y GKS RIdGF 200FrAySR FTNBY (GKS | dzS:
used in schools in the Czech Repubilic.

w . I & SR datyobtaindd Srom the questionnaires to map the interest in
participation in robotic competitions in the Czech Republic.
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w .lFaSR 2y GKS RIFGlF 200FAYSR FTNRBY (GKS | dz
various types of materials used in the teachingadfatics.
w .FaSR 2y GKS RFGF 2060GFAYSR FTNRY GKS | dZ

interest in robotics.

Based on the stated objectives, | have identified the research problem and research
guestions. The main objective is: What are the most comrfmms and methods of
teaching used in robotics teaching? Based on partial goals | created partial research
guestions.

The concept of research

With regard to the objectives of the research, it is determined as the most appropriate
research method with elenm@s of quantitative research, which is suitable for obtaining
information from a larger number of respondent¥he research is complemented by
gualitatively evaluated senstructured interviews with teachers, which clarify and
complement students' answers.

Research sample

When addressing the research respondents, a research sample was defined on the basis
of criteria that include: use of the robotic set in teaching, involvement of the respondent's
guestionnaire in education, type of school, involvement abatic competitions. When
collecting data in the questionnaire survey, selected institutions were contacted only in the
Czech Republic. In the case of data collection, two forms of the questionnaire were created,
the first in paper form and the second ireetronic form. The printed version of the
guestionnaire was created in MS Office Word and then distributed to selected institutions,
or sent as an-nail attachment. An electronic version of the questionnaire was created in
Google Forms. Research respontawere sent a link to an electronic form to complete the
guestionnaire. After sending the electronic link, the questionnaire was completed on
various devices, such as a computer, tablet and mobile phone.

Electronic collection of data from the questionreisurvey was advantageous
especially in the collection and summarization of obtained data for further processing. The
guestionnaires were sensitructured divided into four parts and contain a total of 31
guestions. The first part of the questionnaire méerested in the respondent, the second
part focuses on the actual robotics education experienced by the respondent. The third part
of the questionnaire isnterested inteaching robotics that the respondent would like to
have and prefersThe last part othe questionnaire survey is motivation competition for
respondents.The semistructured type of the questionnaire enables to obtain the field of
structured answers as well as answers to open questions. Based on the stated objectives, |
createdthe total of sevenindividual variables, to which | assigned specific questions from
the questionnaire form.

RESULTS OF THE RESEARCH

The results from the completed paper forms were added to the tables containing data
from the electronic version of the questionnair€he data were further processed into
tables or visualized using graphs. The answers to the-epeled questions were processed
into frequency tables or listed in the summary of answers. This research expands the

DIVAI 2@0¢ The B" international scientific conference on Distance Learning in Applied Informatics. 74
ISBN97880-7598841-6 ISSN24647470(Print) ISSN24647489(Ontline)



Petr Coufal
Construction Robotic Kits in Education at Elemetary School

number of answers obtained from the origingluestionnaire (Coufal, 2016), which
contained 148 answers from respondents. In the current survey, it was possible to expand
the number of respondents’ responses to a total of 378 and it was more focused on primary
schools. The results are compared in twerall summary as well as in the original and new
survey. The evaluation of the research part of the questionnaire survey is compiled into
groups according to the assigned research questions.

The first part of the questionnaire focuses on the answerhi® question, its gender,
ageand type of schools attended2.11% ofrespondents are men, the rest are women.
The age distribution of respondents corresponds to the distribution of respondents
according to the type of school attendedhis primary questianaire survey is focused on
mostly on elementary school pupiltierefore the distribution of respondents by tsgol
type is as follows: elementary school.83 %, high school 13.76 % and university 12.43 %.
In the case of the survey, the distribution ofspnses was as followstementaryschool
46.62%, high school 26.35 % and university 27.03 %. The results show a change in the
targeting of the questionnaire survey telementary school pupilsFor comparison, the
original data containing respondents framther types of schools are given.

Evaluation of the main research question: What are the most common forms and
methods of teaching used in robotics education? First, we will focus on the size of the group
in which pupils work with a robot kit. Approximayehalf of 54.76 % of pupils work in pairs,
24.87 % of pupils work in triplets, 14.81 % of pupils work independently, other pupils work
in large groups. The results of the previous survey are 58.11 % for pairs of pupils, 25.68 %
for threes and 0.68 % fondividuals. The last value is very interesting as it represents an
increase of 14.13 % of pupils working independently in robotics education. One of the main
reasons for this increase is the higher number of robotics kits in schools, which allows more
pupils to work independently.

Distribution of respondents according to the The size of a group of students working with
school attended robots

Figure2: Graphs Distribution of respondentsaording to the school attendeahd The size of a grot
of students working with robots
The answers to the questions focused on collective teaching and project teaching are

not completely relevant due to the frequent exact misunderstanding of these terms among
the respondents.Nevertheless, 76.72 % report that they have encountefezhtal
education and a lower number of pupils 62.43 % report teaching in the form of project
based learning. The previous survey shows similar values of 75.68 % for classroom teaching
and 60.81 % for projediased learning.

Then | found out the interest of students work in groups. And what is the preferred
size of the working groupPhe results of both surveys are similar when the vast majority of
respondents want to work in a group (93.92 % and 86.24 %). The size of groups that pupils
prefer most often consistsf 2 or 3 members (86.49 % and now 82.01 %). The proportion of
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pupils who prefer larger groups is 7.43 % and newly 4.32 %. Almostdleréers of pupils
welcomed and preferred the possibility to work at their own pace at 74.32TP&
assessment of pupifer their activity was determined by open questiof#st respondents
commented on the current evaluation method and then they had the opportunity to
comment on the preferred evaluation method. The most common answers include grades
or verbal evaluatioffior building a robotic model, for programming a robot or for completing

a task, as well asome form of aeward, such as candy. Pupils prefer evaluation for activity
in lessons, for effort and for work done, for the functionality of the built robot and fo
completing the task. There are a small numbeotbier answers: for tests, for knowledge or

for helping other pupils.

Tablel: Real and optimal teaching time

£ Real teaching time Optimal teaching time
E’ ZLT[?IG fl\rvs; Total resultg ;Tr?/e C;Zt‘ Total resultg
=) y Walor 378 y Walor 378
T 3 148 respondents 148 respondentq
2 £ |respondents | respondentg ]

1 58,11% 27,78% 6,88% 7,43%

2 41,89% 66,40% 28,57% 31,08%

3 0,00 % 5,82% 35,98% 22,97%

4 0,00 % 0,00% 8,20% 6,08%

5 0,00 % 0,00% 10,05% 14,19%

6+ 0,00 % 0,00% 10,32% 18,24%

The number of hours devoted to teaching robotics is found to be 1 to 2 hours per week.
However, pupils' preferences push this level higher and most oitant 2 to 3 hours per
week (54.05 % and now 58.99 %). In the answers we find groups of students who prefer
more hours of instruction, for example 5 hours and another group of students who prefer
more hours of robotics per week.

Another part of the questionnaire survey investigated in which classrooms are taught
robotics and what are the most used construction robotic kits in education. According to the
answers, robotics education is most oftearriedout in the classrooms of informatics 72.30
% and newly 66.93 %. Further, the lessons take place in regular classrbemsost used

Types of used robotic kits in teaching at schools

77,44
70,11

20 13,41 9,52 10,85

10 . 549 591
0

Fischertechnik

0

Lego Mindstorms Merkur VEX IQ

W The first survey was 148 respondents Total results of 378 respondents

Figure3: Types of usedobotic kits in teaching at schools
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robotic Kits include Lego Mindstorms 77.44 %, Fischertechnik 13.41 % and Merkur 5.49 %.
In the new survey the represtation is different: Lego Mindstorms 70.11 %, Fischertechnik
9.52 %, and VEX 1Q 10.85 %. At the time of the first questionnaire survey, the kit VEX 1Q was
not yet on the market.

In addition, the survey was focused on finding out how to program robatidets. And
also finding out pupils' interest in robotic competitions.

Another part of the investigation is devoted to the teaching materials used. Pupils most
often encounter the use of presentations and worksheets, or a combination of both (74.53
% and 895 %) in robotics education. However, pupils prefer to use worksheets and work
together with the teacher (81.08 % and newly 78.01 %). According to presentations, only
10.81 % and 4.23 % of pupils prefer teaching. Other parts of the questionnaire foaused o
the form of teaching materials and their distribution, difficulty and evaluation.

The last part of the questionnaire survey examined the interest of pupils in teaching
robotics. We choose the most common answers to open questidhgpils like to learn
robotics: building robots, playing with a kit, it's fun, competing, and doing their own
projects. Pupils do not like: little time to teach, programming in English, finding mistakes in
the program, difficult tasks. A significant part of pupils (78.38 % amdyn@0.21 %) would
like to have enough space to create their own projects in robotics education.

TEACHING MATERIALS

Teaching materials are important for the implementation of programmable
construction robotic kits in education. The results of tdpgestionnaire survey show the
preferences of pupils in the form of teaching material. The most requested and at the same
time the most frequently used teaching material is the worksheet, which is intended for
work in a group. The size of the optimal grdop working with a robotic construction kit is
2 to 3 pupils. The time required to work with the worksheet should be a maximum of 2
lessons. The worksheet should contain clear pictures and illustrations to complete the tasks.
Tasks should be short, cleandhdivided into smaller units or tasks. The worksheet should
include pupils' selassessment. Teaching materials are designed for the most common used
and at the same time the most used robotic construction kit Lego Mindstorms in version
EV3.

Based on thesfindings, a set of teaching materials has been created that extends the
set of already created and validated teaching materials in the previous work (Coufal, 2016).
The teaching material contains a methodological part for teachers and a working part for
pupils. The structure of the methodological part of the teaching material is created
FOO2NRAYy3 (2 alztl1 O6HANNnoX HANoULI YIfK2dz
The methodological part of the teaching material intended for teachers contains iteach
objectives, which define the activities of pupils working with the teaching material. The
necessary aids necessary for the pupil's activity are listed below. The main part of the
methodological material is the teaching process with a worksheet. Theedtowe consists
of the following parts:

A prolog

A motivation
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mobilization of the previous knowledge system

A

A exposure to new knowledge
A fixation of new curriculum

A

practicing.

Prolog contains an introduction to the objectives and course of the lesson. The second
part of motivation serves to motivate pupils to work with the worksheet. The third part
identifies, mobilizes and reminds already know important knowledge that serves for further
work with the worksheet. In the part of exposition of new knowledge, we tiemaew
knowledge and skills to the pupils, which they then fix in the next part. A part of the exercise
is used to better and lonterm consolidate the acquired knowledge and skills.

In the conclusion of the methodological part of the teaching materistated how to
work with the assessment and s&¥aluation of pupils when working with the worksheet.
Most of the teaching material is a worksheet for the work of pupils with a robot kit. The
worksheet is divided into smaller parts, which contain indigidiasks that follow each
other. In the final part of the worksheet there is a part for pupils'-egtiluation. Worksheet
topics focus on working with robot movement, working with sensors, solving simple tasks
and solving competition tasks. Figuteshowsan example of selecteachingmaterial.

The verification of the created teaching materials took place at five elementary schools

v
/ oo
e

®0 B
OO ® .

©;0' 0!
eHel el
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AN Eifncaw. pekots

Figured: Demonstration of teachinguaterial for solving problems with competition models

of various types: a smalillage school without teaching with robotic kits, a larger village
school with its own robotic kits, a large city sctoedjuipped with or without robotic kits.
Teaching materials were verified both in regular classes and in leisure clubs at these.schools
They were modified based on the feedback from the lessons withcthated teaching
materialsé | dzot t 2 a1t HAamMpXE *202NYN|] HAMCDO

CONCLUSION

This article focuses on the robotic kits used in teachingla@tentaryschools in the
Czech Republic. Provides averview of the most commonly used kits. The main research
part consists of a questionnaire survey, which maps the forms and methods of teaching
robotics inelementaryschools and other subbjectives. The research builds on previous
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surveys, which compleemt and expand on further results. Based on finding out the form of
real teaching and based on the requirements of students, a set of teaching materials was
created for the use of robotic kits in teachingei#¢mentaryschools. The main findings are:

the most used robotic kit is Lego Mindstorms, normal teaching time is 2 hours, students
most often work in pairs, at the same time students want to work in smaller groups of 2 to
3 students, students want to work with a working illustrated sheet. The set citede
teaching materials intended for teachers and pupils was verified in teachielgmentary
schools.
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Abstract

Sustainability is a concept approached at national and international levehn@agions apply

the implications of sustainability to optimize their processes and operations. The company must
apply the directions of sustainable development to improve the air quality and the quality of life.
In this sense, education for sustainabilgyessential. This education must start from the first
level of learning. Sustainability education functions as a strong reason for teaching and learning
today. It can be defined as a transformative learning process, which equips students, teachers,
schods and informal educators with the knowledge and ways of thinking so that society can
achieve economic prosperity and quality of life. The learning modalities are different, but online
platforms are gaining the attractiveness of individuals. These pladcane accessible to all
individuals, and the learner can monitor their evolution and access them when available. This
paper presents the functionality of a platform for education on sustainable development (EDS).
This platform integrates two levels of l@img: basic and advanced packages. The platform is
available in several foreign languages. The following researches will focus on the efficiency of
the platform.

Keywords

Sustainability education, sustainability, educationlearning, online platform, sustainable
organization.

INTRODUCTION

Sustainability is an approach increasingly addressed. The current situation at global
level encourages efforts for sustainabilityis&inability presupposes that an enterprise has
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the capacity to secure its lortgrm resources and to anticipate its future needs, effectively
and equitably utilizing the resources within the organizational activities. This is a reference
definition, devdoped since 1987 by Norwegian Prime Minister Gro Harlem Brundtland in
the report entitled "Our Common Future", carried out by the World Commission for
Environment and Development, under the leadership of the United Nations. Sustainability
does not just mea ecology, but it also strikes a balance between the three responsibilities:
economic, social and environmental. These responsibilities are incorporated in most existing
definitions in the literature, where there are a number of concerns for social equidly
economic development. Sustainable development starts at the individual level. In this sense,
starting from the individual, the route for sustainable development is followettNBk I y 2 @&t
et al., 2016; Dolenc, 2015An important aspect in this regard 3 éncourage individuals to
consider significant futur@riented issues.

Sustainability education aims to train thinking and acting in ways that will protect the
future welkbeing of our peoplen(f dzg 36 SYA S |t ®X HamnT [ A00NBC
al., 2014) organizations and our planet. Sustainability education includes learning about:

environmental dimensiorwater, trees, land, ecosystems, energy, waste, urban living,
transport; actions we can take to prevent, reduce or change activitiesareharmful to
the environment.

social dimension the interactions between the natural environment and human
activities and their consequences, improving welfare, improving air quality, increasing the
level of individual development, reducing poverty.

economic dimensionr increasing the economic level, cost efficiency, improving the
level of globalization.

The paper is structure in two directions: the presentation of the competences for
sustainable development and the presentation of an online platform for education on
sustainable development. In the conclusions part, the paper presents the future research
directions.

COMPETENCES FOR EDUCATION ON SUSTAINABLE DEVELOPMENT

Global education for sustainability starts from the basic elements to the intercultural
education. General topics covered for sustainable education are present in Figure 1.
Development edud#on includes elements about developing the skills and abilities related
to sustainable developmenBg@logh et al., 2016; Biro, 2013juman right education includes
legislative measures related to human rights and its obligations. Education for peace and
conflict prevention refers to preventive actions for a healthy and conrfilex life.
Intercultural education emphasizes international cooperation. Global dimension follows at
global development directions (Cornelihite et al., 2010). Education for 2énship
involves the balanced action of people in everything they do.
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[ Education for Citizenship Development education ]
[ Global dimension Global education Human rights education ]
[ Intercultural education Education for peace and conflict prevention ]

Figure 1: Global education for EDS

The competences that an EDS educator must possess are shown in Figure 2.
Competence is the set of demonstrable characteristics and skills tbatsathe educator to
transmit EDS information to students. For sustainability education, these competences are
structured in four directions:

1 Learning to know

1 Learning to do

9 Learning to live together
9 Learning to be addresses

By evaluating each categomyf competencies that the educator must have, the
implications of the competences map presented in Figure 2 can be outlined.

The development of one's personal
attributes and ability to act with greater

/—l Learning to be addresses autonomy, judgement and personal
responsibility in
relation to ESD

The competences The knowledge held by the educator
for-educs - r—[ Lcurning to know regarding the society, at national and
or cducators international level,
in EDS
Learning to do Practical skills and action competence for EDS
£ P
g . ) The ability of the educator to accept
Learning to live together =4 : \
> 2 different types of learners.

Figure 2: Types of competences of the teacher

The main concepts that learners can develop through EDS include:

91 Sustainability the ability of individuals, groups and communities to meet their
needs and aspirations so as not to affect future generations' development.

Responsibility balanced involvement in all activities, including society.

Equity - respect for all life, natwe, economy, society, social justice,
intergenerational equity, finite resources, and balanced involvement.

1 Interdependence- biodiversity, community, interconnectivity, connection,
cultural diversity, democracy, globalization.
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1 Responsibility for actionmaking informed decisions, enterprise, resilience and
regeneration, capacity for real evaluation of organizations.

The following table presents the relationships between educatiohnN$/ I R2 @t
HamMpT Cf23AS Si

I &@mdl sustanalbifity.

| dzot t 2041 6=

Table 1: Relationship between education and sustainability

Dimension

Concept of EDS

Implication of

sustainability

Expected directionto b
learned

Social responsibility

We learn about how w

Elements related to th

Important

must learn activities t{ civil society elements  of
support society
society

Environmental We will learn about th{ Natural resource| The important element

responsibility environment, wast{ management an( of the environment ant
management, ai greenhouse gg the interacting factors.

quality management.
management,  limiting
natural resources

Economic We will learn abou| Balancing costs ar| Ability to evaluate

responsibility economics and co{ making investments investment anc
efficiency. more efficient. production costs.

Transportation We will learn abou| Responsibility for actio] The ability to decide o
transport, the types g - making the type of transport.
transport and the leve informed decisions
of pollution.

Fair trade We will learn abou| Equity and responsibilif The ability to decide o
trade and equitabl{ for action- making the type of fair trade.
methods of action| informed decisions
appropriate sale
behaviour.

Green production We will learn about th{ Responsibility for actio| Efficiency of the produc
life cyle and theg - making informe( life cycle.
implications of  th¢ decisions an
production processes. | production

management

TEACHSUS PLATFORM FOR ESD

Si
HAMHD

TeachSus is an innovative and interactive platform to educate students in the field of
sustainability. This solution for EDS was developed within the project "Teaching and

Educating for Sustainability". The platform is available for trainees from all wesirend

integrates current information. This platform was developed within the project together
with partners from different countries. TeachSUS platform includes:

1 identifying the level of learning of the learner in sustainability,

1 the learner's learnig according to the knowledge they have,

M a forum for discussions,
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1 a centre for sustainability.

The courses are oriented in two directions: technical and soft skills. For each category,
there are a series of courses. Figure 3 presents these elements.

Sustainability dimensions ]

Health & well being ]

Technical skills

Diversity and equals chances ]

Course

Climate change - mitigation and adaptation ]

Communication

Information transfer ]

Soft skills

Figure 3: TeachSUS platform

TeachSUS platform is dynamic and attractive, Figure 4. To address the levels of learners,
the platform is designed for beginner and advanced learners. The knowledge is different for
the two levels, and the EDS must be adaptethem. It integrates two categories of learning
according to the level of the individual:

9 the basic package

1 the advanced package.

& C  ® Notsecure | teachsus.projects.uvt.ro QU * &) 0 H

for :
sustainable

future ( )

st €urcpesn . « eaucacest zoencs = -

Navigation

Level up!

Course categories

BASIC Package (5) () @ @ © & :

ADVANCED Package (5) () @ @ = &

Figure 4: TeachSUS platform

To increase the attractiveness and to identify the level of the learner, a minigame is
used and a short basic question, Figure 5. Gamification accelerates experimental learning.
Gamification means learning about what goes well and what motivates leamegames.

One of the motivating elements of the games is that the player always wants to continue.
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The games create that fun thing that causes the trainee to play forever and ever. Perception
level and motivation are essential elements of gamification.

Let's play a game!

Figure 5: TeachSUS platfogh S Qa LX & | 3L YS

For each student there is an evolution of the performance and the preparation. Figure
6 shows the level reached for each student. The management of the learning level
contributes to the motivation of the stlents and to the improvement of the learning
results. Each trainee will be informed in real time about the courses taken and the levels
achieved.

& C  ® Notsecure | teachsus.projects.uvt.ro/blocks/progress/overview.php

3t Apps Imported From IE Conferinte Shopping Eng Proiecte

# Home @ Dashboard [ Events B MyCourses ghThiscourse [l Sustainability Centre

Overview of students

Role

First name /
Sumame

Monday. 3
Donetn Litana  Feoruary 2020, |

M

Lastincourse  Progress Bar Progress

rcea  Never

Hintya Andras
vascu Larisa
Licz Anton

Aondaiia
% Mihaela Muntean

Neamtu Minaela

2019, 116 PM

Figure 6: TeachSUS platfog@verview of students

Another feature of this platform is the SustainatyilCentre, Figure 7. This centre will
connect with a number of existing research units at the entity level. A series of researches
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will be carried out in collaboration with the industry in the field of sustainable development.
This centre integrates a ses of research with impact among researchers.
) & C  ©® Notsecure | teachsus.projects.uvt.ro/local/staticpage/view.php?page=center Q % E B 0 H

#2 Apps Imported From IE Conferinte Shopping Eng Projecte Other bookmarks

4 Larisa lvascu ™ ~

TeachSUS

# Home @ Dasnboard P Events @ MyCourses Il Sustainability Centre

85 > Sustainability Center

Sustainability Center Calendar

Figure 7: Sustainability Centre

Online learning presents a number of benefits for learners. These advantages include
flexibility, time efficiency, access to information when the learner has timigd information

andothersY 2 NRA ISt ! 6SNOSTZ HnamcT { iGNy ThspatformSi | f ¢
developed for EDS has the following advantages:

9 information about ESD in several different formats
i efficient method of providing informatio

i resources are available anywhere and anytime

1 Web-based learning promotes active and independent learning

9 through discussion boards and chats, you are able to interact with everyone
online

graphic learning helps increase motivation

the materials arevailable in several foreign languages

the graphics of the materials allow easy learning

displaying the bar for evolution helps motivate the students

the materials are complete, systemic and accessible

= =4 =4 -4 A -

confidentiality of individuals by creating persémecounts.

DISSCUSION AND CONCLUSIONS

Education for sustainability enables the acquisition of knowledge, skills, attitudes and
values necessary to shape a sustainable future. The objective of this platform is to increase
the level of education of the pmulation in the field of sustainability. The courses for
education target the main problems of sustainable development: climate change, disaster
risk reduction, waste management, energy from renewable sources, biodiversity, poverty
reduction and sustainablconsumption. TeachSUS platform meet sustainable development
objectives of Agenda 2030. Educators have strong competences in the field of sustainability
and teaching. By evaluating the presented solution, the following can be concluded:
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1 Sustainable devepment is an approach appreciated and implemented at
national and international level. The demand for information in this field is high.

The web address of the TeachSUS platform is http://teachsus.projects.uvt.ro/

The platform motivates and empowers studs to change their behaviour and

to take appropriate measures for sustainable development. Education for
sustainable development promotes skills such as critical thinking, imagining
future scenarios and making decisions collaboratively.

1 Education for susinable development requires major changes in the way
education is practiced today.

TeachSUS platform was developed for the two levels: basic and advanced skills.

The modules are developed in accordance with the main approaches to
sustainability.

The ®lution integrates technical and software skills for sustainability.

The functionality of the solution offers confidence, motivation and
involvement.

The Sustainability Centre aims to have national and international connections.

Concerns for sustainable development concern the evolution of the
environment and global demands. It takes into account the needs of the
individual, the organization and the clusters to grow healthy.

Future research will focus on updating sustainabilitipimation in line with global
requirements. The functionality of the platform will expand in different fields and areas of
action.
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Abstract

More and more users are using mobile devices and the Internet of Things. Especially for children
and young people, these teabingies are becoming increasingly popular. Many children prefer
mobile devices and use desktop computers less. Adult users also prefer to access the Internet and
communicate from their mobile devices than from desktop computers. The article aims to find
out how the use of mobile devices has changed in recent years and what time pupils and students
use mobile applications. The respondents' estimate was compared with the actual time of using
mobile devices during the day. This article describes the posgsstilitusing mobile applications

in teaching, especially in study courses dealing with programming and development of mobile
devices. The questionnaire survey focused on how students evaluate courses and how students
perceive the education of mobile appliion development. The observation method was also
used. The motivation and activity of the students during the case studies was monitored.
Research shows that mobile devices and mobile applications can serve as suitable learning tools.
Case studies condted with high school and university students describe the possibilities of
teaching mobile application development. These studies show opportunities in teaching the
development and use of mobile technologies. Results confirm more efficient teaching of
algorithmization and programming.

Keywords

Application, case study, development, education, mobile device, programming, questionnaire.

INTRODUCTION

Mobile technology is currently developing very rapidly and is involved in all aspects of
life. A largepart of the population uses devices such as smartphones, tablets, laptops,
convertible devices, smartwatches and readers. Mobile devices represent a breakthrough
in the use of computers and require a new approach. Greater emphasis is placed on the use
of doud services and data synchronisation with other devices. The use of mobile devices is
increasing RPachler, Cook, Bachmair, 201The number of Internet accesses from mobile
devices is higher than from the desktops. Mobile devices are especially pauatarg
children and young peopléBurianova, Turcani, Balogh, Mudrak, 2pi&hassiakos,
Radesky, Christakis, Moreno, Cross, 2016) (Radé&xtyumacher, Zuckerman, 2014)
(StatCounter, 2020
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The thesis aims to find out how and how often pupils and studaesésthe application
on mobile devices. A guestionnaire survey was used to find out, in which the respondents
mentioned the most frequently used mobile apps and the way of working with mobile
applications. The estimated time of respondents in using modyiplications was also
compared with real use. The aim was to find out if young people are aware of how much
time they spend using mobile apps. A hypothesis was established

H1: Pupils and students are not able to correctly estimate the time spent usingemob
applications.

Mobile applications are trendy among young people, and therefore it is appropriate to
use this interest to motivate them in teachinghe second hypothesis was verified using
case studies.

H2: The interest in mobile applications can beedisas motivation in teaching
programming.

METHODOLOGY

The use of mobile applications was investigated among primary and secondary school
pupils as well as among university students.

In 2004, 2013 and 2019, a questionnaire survey was conducted among studehe
bachelor's study program Applied Informatiésiother questionnaire survey was conducted
in two other groups of respondents. The first group consisted of 32 primary school pupils
and the second group consisted of 138 secondary school pupilgjuiBlséonnaires included
six questions that examined respondents’ age, time spent using mobile devices, types of
mobile devices used, popular mobile applications, and cloud services. The items were open
and closed. The questionnaires were anonymous, butstioelents placed their mark on
them. Fortyone respondents then monitored the reaime use of mobile applications for a
week. The reatime and estimated time were then compared using Eest.

Subsequently, case studies were performed. The influenaesiog mobile devices in
teaching programming was investigated. The first case study was conducted among 134
students of the bachelor's degree in Applied Informatics and high school pupils. During the
teaching, the motivation of pupils and students and picad skills acquired in education
were monitored.

Data were processed usingrest. The results were processed using MS Excel and the
statistical software Wizard for the Mac OS X operating system and the statistical software
Statistics VisualizerforiRa 6 / KN} a1 X HAnTOLO®

RESULTS

Results of the questionnaire survey

The first survey was conducted in 2004 among 63 bachelor students. The aim of the
survey was to find out how students use mobile devices. Most students used a laptop. Only
a minor part used dter mobile devices.
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A second survey was carried out at the end of 2013. It was attended by 113
undergraduate students. Of these, 66 were -futhe students, 57 were distance students.
The survey confirmed an increase in mobile usage. Among the studeatsast commonly
used mobile device was a laptop in addition to a mobile phone. 64% of respondents used
the notebook in 2004, 89% in 2013.

The most significant difference between the survey results was seen in the use of
smartphones. While in 2004 only 8¥fostudents owned a smartphone, in 2013 it was 78%,
in 2019 it was 100%. In 2019, a survey was conducted among 52 students. There were 36
full - time students and 16 distance students. The number of mobile devices used increased
again.

The following grapliFigurel) compares the survey results between students in 2004
and 2019. As expected, all students currently use smartphofles.use of tablets and
laptops has increase&tudents no longer use PDA and Cell phone.

Use of mobile devices

100%

80%

60%

40%

S I

0% | - I I
& & §°& & & @q’@
@ & S

= 2004 m2019

Figurel: Comparison of research regiamong students in 2004 and 2019.

The graph in Figur2shows a comparison of the results of the questionnaire survey in
three groups of respondents. The first group were primary school pupils. The second group
consisted of high school pupils, and therthgroup consisted of university students. The
results show a comparison of the answers to the question: How often do you use gaming
apps on your mobile device? (1 = many times a day, 2 = once or twice a day, 3 = occasionally,
several times a week, 4 =ing very little, 5 = not using at all). The results confirm that
younger children mainly play mobile games. With age, the use of games on mobile devices
is declining. On the contrary, the use of mobile applications for social networks and
communication isncreasing (Kuhnel, Seiler, Honal, Ifenthaler, 2018).
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Figure2: Compare mobile usage.

One group of respondents was aged 13 to 19 years. The average age was 15.8 years and
median 16 years. Respondents said they use mobile devices on average 210 minutes per day
(Figure3).

Mobile usage (minutes)

450
400
350
300
250
200
150
100

50

Figure3: Estimate time spent using mobile devices.

Figure4 showsthat the most popular apps are Instagram, YouTube, Facebook and
Games. 68% of respondents use Instagram and consider it the most popular mobile app.
The results show that respondents mainly use mobile devices to consume content,
entertainment and communideéon. Few respondents use mobile applications to teach,
create and process data.

There is a difference in the use of mobile devices in different age categories. Younger
respondents in another survey that we conducted in 2018 had other popular apps. The
average age of respondents was 13.5 years. 60% of respondents have the most popular
gaming applications. 50% is YouTube as a favorite app. 55% as when using communication
applications (Messenger, Skype). 50% is a popular application for social netwogtsodta
Instagram) Kuhnel, Seiler, Honal, Ifenthaler, 2018
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Most popular mobile applications
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Figure4: Most popular mobile applications.

Results of the comparison of the use of mobile applications

Forty-one respondents in four study groups marked their questionnaires with their
brand. Subsequentlyin one week, they monitored the actual use of mobile applications.
Time measurement was performed either using system tools or with the help of the
QualityTime mobile app. Respondents' estimates were then compared with actual times.

The folbwing two charts show the results of ten pupils in the first tracked group. The
graphs show @omparison between real and expected usage times for mobile devices. In
the monitored group, the average difference between real and estimated mobile use times
was only two minutes. Similar results were also observed in the other controlled groups of
students. In 36% of the respondents, the difference was not significant between the
estimate and the realime of using mobile devices.

Comparison of the estimated and real time of use of mobile devices
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Figure5: Comparison of thestimated and real time of use of mobile devices.
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Figure6 shows how ten respondents often use mobile devices. Respondents on their
mobile devices watched which of mobile applications they use and how long. The survey
confirmed that young people use mobievices for a long time during the day. Often this
is at the expense of other activities.
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8.
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Figure6: Time to use mobile devices

Table 1 shows the results of thdest. The results show that at the significance level of
0.05, it is not possible to rejethe null hypothesis. Respondents’ estimates do not differ
significantly from the measured time3wenty respondents had reéime using mobile
devices higher than their estimate. On average, the time was 34 minutes longer. Twenty
one respondents, on thetber hand, estimated that they used mobile applications more
than they actually did. On average, the time was 25 minutes shorter.

Tablel: Thiscaption has to beentred

t-Test: Paired Two Sample for Means Real time Time estimation
Mean 205,7317073 202,0487805
Variance 10532,10122 11162,14756
Observations 41 41
Results
t Stat 0,596136366
P(T<=t) oneail 0,27722144
t Critical onetail 1,683851013
P(T<=t) twetall 0,554442881
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t Critical twotail 2,02107539

Teaching programming through mobile application development

Mobile devices can serve as a means of learning programming. Teaching programming
through mobile application development can strongly motivate pupils. This fact can be seen
in the growing interesof students in the subject Development of mobile applications and
topics of bachelor theses focused on mobile technologies. Programming teaching through
mobile application development can also be applied in high schools. Students are interested
in this ype of education and are able to create mobile applications. Mobile application
development courses were prepared for secondary school pupils. The course participants
were from different high schools and had different programming skills. Only four pagils h
a basic knowledge of objedriented programming, four pupils did not have programming
skills, and 11 participants only learned structured programming. None of the participants
had experience with iOS development or computers running Mac OS X. The aouesd
to show pupils procedures based on appropriate architecture, design patterns and
framework usage. These are the procedures currently used to develop applications in
practice. The course consisted of five meetings lasting three hours. Pupils weresiad
in mobile technology. Using examples of mobile application development, pupils naturally
learned about modern programming techniques (ZahidaParveen, Nazish, 2016).

Other case studies were conducted among students of the bachelor's degree in the
subject Mobile Application Development. The students were interested in this course, and
they were also active during the lessons.

As found in practical lessons and courses for high school pupils and university students,
learning programming through mobibgplication development has the following benefits:

1 Mobile application development is motivating for pupils because there is interest
in mobile application development courses.

i Students program practical applications. As a result, teachers can avoidéine of
widespread creation of ad hoc examples that have no practical use and serve only
to practice the topic. Instead, these examples demotivate pupils, and many
teachers resort to them because it is easier for them to create tasks.

1 Students will learn praatal examples of modern programming procedures. An
objectoriented approach is needed. Using appropriate methods, students will
acquire the right habits that they can apply in the development of desktop
applications.

1 The structure of today's mobile operaf systems requires developers to use
appropriate frameworks, design, and architectural patterns that are often used
only marginally in classical programming teaching.

1 Students learn a comprehensive view of application development and are not
limited to gandalone language constructions.

Teaching programming through mobile application development also has drawbacks such
as:

1 Developing mobile applications is more challenging for pupils than simple
console programs.
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1 Pupils need to leardevelopment tools that are often more complex and less
transparent for beginners. A specific part of education should be devoted to
familiarization with the development environment.

1 Specific development platforms and programming languages must be used. The
choice of programming languages is usually limited according to the particular
mobile platform.

1 Insufficient equipment in some schools prevents the expansion of teaching.

The case studies were conducted in seven study courses. A total of 134 pupils
andstudents from secondary schools and universities attended courses. At the end of each
session, pupils and students completed a questionnaire in which they rated the course. 81%
of respondents said they liked learning how to develop mobile apps. On the béret,
only 6% of respondents considered the development of mobile applications complex and
did not like the course.

What did you like about teaching mobile application development?

90%
80% 78% £5% 72%
70%
60%
50% 42%
40%
30%
20%
10%

0%

Creating practical | learned to use | learned how to creatdiked the practical use
applications for architectural and  graphical application  of programming
smatphones design patterns interface knowledge

Figure7: Evaluation of study courses.

Students can test their mobile applications on their mobile device or use a simulator
for iOS oan emulator for OS Android. A simulator or an emulator can be runparsonal
computer. Students can try using devices that are not physically available. The simulator
allows you to test the created application. Android Studio used development for Ahdroi
devices. The development environment can be used on computers running MS Windows,
Linux and macOS. Java was used as a programming language, which the students already
knew from previous programming courses. Developing for iOS devices is more complicated.
For the development of native applications, it is necessary to have computers with operating
system macOS. The second obstacle is that pupils have to learn the new Swift programming
language. Student observations and case study results show that Swifotigoo
complicated and challenging for studen@arg¢d, Espada, PelaycBustelo, Cueva Lovelle,
2015).

Mobile applications can serve as a suitable tool for learning programming. Case studies
and experiments have shown that children enjoy working witbbite applications. For
example, Scratch jr., Ozobot Bit, Programmer, Move The Turtle mobile apps can be used to
teach children. We also tried the Playground mobile app. The Playgrounds mobile app on
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the iPad proved to be suitable for teaching algorithmd ¢he Swift language. Children learn
in the form of a game in which children perform tasks and control a character who passes
through a changing flying island, collects gems, passes through portals and the like.

DISCUSSION

As expected, the results of tlsairvey confirm the increased use of mobile devices. Over
the last fifteen years, the regular use of mobile devices in everyday life and teaching has
improved. New devices such as smartphones, tablets, wearables and smartwatch have
appeared. Other devicesn the other hand, have disappeared among young people, such
as simple cell phones or PDAs.

They use these technologies during the day for a long time. The results show that
respondents mainly use mobile devices to consume content, entertainment and
communication. Few respondents use mobile applications to teach, create and process
data. Research results show that this depends on the age category of mobile \dsarger
respondents mainly used mobile games. This result was to be exp8aedagers prefe
communication and social networkSome respondents used mobile applications to help
them in their daily lives or at schodtor example, communication, information retrieval,
public transport and the likeStatistical results show that respondents angase of how
long they have been using mobile applications during the day.essential task of
educational institutions is to show that mobile devices and applications can be used not only
for entertainment but also for teaching, improving lifestyle, bet@mmunication and
practical daily activities.

Observations during the case studies confirmed the second hypothesis. Pupils'
motivation was higher than in standard programming lessons. The reason was not only the
interest in mobile applications but alsde fact that students programmed practical
applications that they could use in their mobile devices. In ordinary programming lessons,
programs are often created that cannot be used much in practice, and many children are
less motivated to do so. This sitian should be reflected in educational institutions. Instead
of theoretical programs focused mainly on mathematical programming tasks, it is more
appropriate to program mobile applications. Suitable tools for desktop and mobile devices
are available for lhlevels of education.

CONCLUSION

The results of the survey confirm that young people use modern digital technologies,
especially smartphones and tablets, to a large extéesearch results show that this
depends on the age category of mobile users. Mobevices play an increasingly important
role, including in the classroom. In the field of computer science and programming, mobile
devices can serve not only as a subject but also ragans of learning. Mobile learning
applications, manuals, referencaiges, electronic textbooks, tutorials or video lectures can
be used. Another possibility is to teach programming through mobile application
development. This approach has the advantage of increasing student motivation and the
urgency to use modern programing techniques, frameworks and role models. Students
create practical applications that are more appealing to them than examples aimed only at
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mastering necessary programming procedures, and students can acquire the right habits,
skills and knowledge relant to program developmentCase studies have shown that
mobile application development motivates pupils. They then learn to program and design
applications correctly.
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Abstract

With the development of new technologies, there is a growing demand for the implementation

of modern teaching methods in university education. An important part of education is the
training of future teachers. New technologies and modern teachiathods make study more
attractive and provide students with greater motivation to understand concepts. In our paper,

$S LINBaSyid aFdaAYSYGSR NBIfAGeeg (SOKyz2fz238 | &
education for future primary school teacleThe research carried out for students of the first

year of bachelor study at the Faculty of Education, Comenius University. We used constructivist
GKS2NRASAE 2F fSINYyAy3 o6& dzaAy3d GKS&S Gl dAaAYSyds
concepts. Taresearch findings confirmed that the students motivated by the new method, easily
acquired new knowledge, cooperated very well and their learning was constructive. However,
not all selected applications were eligible for the activity. Some applicatogs"AR Human
Anatomy" and "The Brain App") had simple and poorly elaborated graphics. However, all
students enjoyed the activity using the AR mobile apps and everyone agree to use the AR apps in
their future practice.

Keywords

Augmented reality. Mobilapplications. Biology education. Teacher training.

INTRODUCTION

With the development of new technologies, there is a growing demand for the
implementation of modern teaching methods in university education. An important part of
this education is preciselyreparing students for their future profession as teachers. New
technologies and modern teaching methods make study more attractive and provide
students with greater motivation to understand concepts. Information technology provides
us with many opportunies in the field of education; we will discuss one of them:
Augmented Reality (AR).

In the following study, we presenfAR technology as part of the use of mobile
technologies in the teaching of human biologRis the integration of virtual images into
the real world, so realitpugmentby virtual elementgGanguly, 2010)The integration of
such images arisdgy information and communication technologies (ICT) by mobile camera
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device (tablet or mobile phone with android). Teaching wkR mobile apps imore
effective and allows students to participate in the learning pro¢@égsima et al., 2011)n
study, wefocus onthe effectiveness of using the selected AR applicatiohsiuman
anatomyin teaching of students; preervice teachers for primary leveh the study, we
examineif demandinga subject (for examplehuman anatomy and physiolopys nore
understandable for students. We also examine if thermore motivating for them to learn
this challenging subject using AR technoldgigally we presenta students' opinions on the
use of mobile technologies and AR applications in university education.

METHODS

We conducted the researahith the group ofl4 students(4 men and 10 womemnf
the first year of the bachelor study in the teackteaining progranfor future teachers The
average age of the students was 21.29 years. Of these, 85.7% (12 out of 14) had biology at
secondary school, but only 28.6% (4 out of 14) were also graduated in bidlegealized
the pedagogical experiméin May 201%t Faculy of Education of the Comenius University
in Bratislava.

As part of the repetition of neurohumoral regulation of child growth and development,
we used AR applications to help students understand the issue. We used the applications
"Anatomy 4D(2019)","ARHuman Anatomy (2019)and "AR Human Atlas (2019)hat
depict individual organs within the human organism, thus providing an explanation of the
interrelationships of individual anatomic systems. We also used the applic&tlibesBrain
iExplore(2019)","The Brain Apg2019)"and 'Human Brain Augmented Reality (2019)",
that are focused on individual parts of the brain. It is for this detailed representation of the
brain that the applications in question may be helpful in teaching the neural regulation o
growth and developmentAt the same time, we chose a constructionist approach in
teaching, because constructionism, respectively constructionist theory of learning deals
with learning withdzy RS NE (0 | Y RA Y 3 06 { A2 EoRstiél it importartardie 2 > H 1 M
that the same students have absolved a frontal organizational form of lesson, as well as a
lesson with constructive concepts using mobile technology and AR applications.

Students had prénstalled the applications on their mobile phones asach group
received a card with a specific marker to show 4D models of human body offaas.
students, who were divided into four groups (two groups of three and two groups of four),
were given simple tasks and we watched how they would cooperate onaslesin the
course of the qualitative research, we wanted to see the effect of the AR applications on the
learning, taking into consideration the constructivists approach. Using these applications on
the mobile phone, students could use augmented redatfitystudy the anatomy of neural
and endocrine systems that appeared in three dimensions. The students worked with neural
and endocrine systems to understand neurohumoral regulation of growth and development
during the lesson of "somatic child developmenthe task of the students was to identify
the body structures in AR applications, which are involved in the growth and development
of the child and then describe this functicdBtudents had 90 minutes to complete the task.

We recorded the students' access the curriculum in the videos. From the video
recordings, we identified individual categories and subcategories according to the terms and
activities that students used in the lesson. The coding results ar&alsle 1.We
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supplementedthe qualitative tyg of research by a quantitative evaluation using an
electronic questionnaire consisting of 13 questions. The first two questions contained age
and gender of students. The other two questions included data on the completion of biology

at secondary schoolWe used & closed questionsfour semiclosed and threempen.We

used &mi-closed questions to justify the studentsioice, open question® give students
an idea ofhow to work with mobile technologies and AR applications, as well as their real
interest in the form of teaching. Students completed the questionnaire after completing the

lesson.

RESULTS

We summarized the results of the open coding research in the following table 1:

¢-oftS my |/

- §S3A2NASa 27

aldzRSyiGaQ

CATEGORY

SUBCATEGORY

EXPRESHNS AND ACTIVITIES

1. Influence of mobile
AR technologyn
understanding of
anatomical terms and
relationships

1. dentification of brain
parts in 4D space

"This is telencephalon”; "We have a left a
right hemispheres”; "I saw a spinal co
down"; "This is about the frontal lobe"
"Cerebellum is down"; "It's a pons or
mesencephalon”; "There should be a sn
cerebellum inside"; "We see the brain, but v
don't see its parts”

2. Easily distinguish thg
central and peripheral
parts of the nervous
system in the 4D space

"The brain is not the entire nervous system'
"This is such a line and it's like a spinal co
"We got inside and there were nhervoy
impulses"; "Here we see the peripheral nerv
and the central nervous system"

3. Distinguishing the
nervous system from
other organ systems it
the 4D space

G¢CKS ySNI2dza ae&aiasy
they blood vessels? Probably yes"; "I dqg
know if it's a spinal cord because it does
look like a spine”; "Here we have the skeletq
not the nervous system"; "There should be
pituitary gland that contains growtt
hormone"; "Here is the thyroid secretin
thyroxine that affects metabolism an
growth"

4. Discovering unknowr
objects or concepts 0
the nervous system in 4]
space

"This is some pecial formation”; "Is that g
slug?"; "What is théBroca's are@d", "How do
you say it in Slovak?"; "l never heard this ter

2. Mutual learning
among students
constructivist approach

1. Mutual learning helps
to understand terms and
relations

d ¢ K S N#rvousisystem around the brai
Isn't that spinal cord? Now my classmate tq
YS AG 6F+a | ALAYI €

is marked red. Aren't they blood vessel
Probably yes"; "It is the same? You see, it's
same, only here you can switch it; "Nd'm

going to zoom in on the object for you to see
better"

2. Students support eac
other

G2 KFEd KIFILIWSYSRK L R
¢T b[SGUa GNB (GKAADH

let's try others"; "Can't you move the pictur
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of brain?"; "Look, if you do it this way, you c
see it"
3. They do not "Go to your eavn group”; "Do | have to knov
collaborate with each what's inside?"; "What should | write here?"
other
3. Manipulation 1. Improving| "You know, when we open it, it's gone”; "It
activities manipulation ability with| the same, only here you can switithy "We'll
the help of AR TurnltOver"; "Now | switched to AR mode 3|
technology got inside"; "Turn on VR"
2. Enthusiasm for AR "Well, it's something new"; "He's prett
technology handsome"; "Wow, we got into space"; "Th
brain is so weird, it probably doesn't ha
SYSNH&bhT a¢KAA A& |
end our expedition to the brain."
3. Disinterest of mobilg "I can't do it at all"; "I can't see it"; "I know
AR technology with my thumb, but | can't do it here"; "Ugh
gKIGUa GKI GKbT lah peéple
in applications? They look like they came ¢
2T o0l aac¢

A

The categories from table 1 referred wonstructivisti S OKAy 3 FyR (G(KS
manipulation activitiesConstructivistteaching takes place through didactically considered
but conceptudly open teaching activities, and through discourse (controlled argumentation,
handling facts) in the form of individual as well as group exploration (learning groups),
thanks to which common knowledge and understanding is established

The students correagtl identified the nervous and hormonal systems involved in the
growth and development of the child. In the 4D space of augmented reality applications,
they could easily distinguish the different parts of the nervous system and distinguish them
from other omgan systems. Within each system, they identified endocrine glands whose
hormones contribute to growth and development (Table 1, Category 1, Subcategory 1, 2, 3,
and 4). They used applications that offer an illustration of the individual anatomical systems
of the human body, so they understand their connection and function. In applications for
brain anatomy, students were able to distinguish its parts, but few of them could describe
function of brain. Through the transcription of the vide®cordings and strctured
observations, we found that the students frequently helped each other. In most cases, they
used the plural form when they talked to each other, which nehat the students did not
consider their tasks to be individuahes(Table 1, Category 2ulcategories 1 and 2A
positive finding is quite clear cooperation between students. During the clasiseg,
explored together, they determined interconnectioasd helped each other understand
anatomical concepts and their functionhe environment supporting constructivist
approact@ A Ay AFTAOlIyife KStLISR KS aiddRRSyida Ay (K
the help ofthis approach was efficient.

Another category that we set up was the category of manipulation activities (Table 3,
Category 1 ath 2). Students enjoyed manipulation activities with AR applications. They often
used expressive expressions that confirm a great interest in this type of education. With the
help of new technology, students improved the manipulation skills and the coadparat
prevailed in their communication. They admitted that this way of teaching is new and
extremely entertaining.
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Some students showed disinterest in this type of teaching (Table 1, Category 3,
Subcategory 3), which was probably due to the choice of sorpécagions that students
were not interested or the work with these applications was not easy. For these students,
we noticed signs of poor cooperation with other classmates. During the observation,

however, we noticed few terms and expressions for poaparation (Table 1, Category 2,

and Subcategory 3).
¢tKS addzRSylta

ARSYUATASR

a!'yridzye

nsEe

Iy R

most interesting applications among the applications they could work with during the lesson
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able to access the information with one click. The application was clear and the features
were easy to understand. In addition to the nervous system, this app offers a view of all
organ systems. Othieapplications are specialized only for a certaimtjgd the body. e
student says: "This application was easy to work with, there was no problem with it and

individual body parts could be approached. You could choose which body parts to display
and whid did not". The students state two reasons for the easiestkweith "The Brain

iExplore™: 1the app is easy to load and 2. Thegve the opportunity to see detailed parts

of the brain. They liked the features the app offered and they considered théusp@wo

students described theHuman Brair Augmented Reality" as an interesting application. As

a reason they reported good graphics of app. Students did not like "AR Human Anatomy"
and "The Brain App". This may Ibecauseboth applications had simplend poorly
elaborated graphics, making it more difficult to distinguish internal organ parts in these

apps.

Table 2: Results of answers to the question "Which application is the easiest for work?"

N %
The Brain App 2 14,3
Human Brairg AugmentedReality 2 14,3
AR Human Atlas 2 14,3
Anatomy 4D 4 28,6
The Brain iExplore 4 28,6
Summary 14 100

Table 3: Results of answers to the question "Which application was most interesting to you?"

N %
Human Brairg Augmented Reality 2 14,3
AR Humaritlas 2 14,3
Anatomy 4D 6 42,9
The Brain iExplore 4 28,6
Summary 14 100

We also asked which method students would choose to learn human anatomy. The
most suitable form of teaching human anatomy was the applications of augmented reality

(57.1%)Only 14.3% of students chose theagiomical atlas in book forr{Table 4)
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Table 4Results of answers to the question "Which method would you use to learn human anatomy?"

N %
Book of human anatomy 2 14,3
3D models 4 28,6
Applications of AR 8 57,1
Summary 14 100

£t aGdRSydGa fA1SR (KBSSHOMAIGNSNRG 8 (dzAIKYST G K
was something new for them. They could have learned in other ways. They were actively
involved in teaching. They were not only passive recipients of knowledge. They learned in
the form of play, as one student says, "I penally learn more by this form of teaching".
They had the opportunity to see the individual organs of the human body from a 4D
perspective As one student says, "It is always better if | can even see something than | only
hear it." This answer is intereésyj because students can see pictures, tables and diagrams
even when interpreting the curriculum in powerpoint form. This may be due to the static
presentation of images using this method. The second reason may be the fact that if you
engage students in aactivity, they consider it a game and do rfeel that they are actually
learning new things.

We used these applications to understand the neurohumoral regulation of clavaigr
and development. e students were to identify the individual parts in thB 4pace and
determine their function. We were wondering which topic of somatic growth and
development the students would like to learn through this teaching method. Some students
reported directly the nervous system, which is the most complex of these bgslgms.
What the students lacked in these applications was to depict all parts of the nervous system
simultaneously and separately. As one student says, "The application could have a list of
individual parts and would display on the human body exactygért | choose from the
list". Students chose the prenatal development of the child as the second topic. They would
like to see gradual changes in the 4D space, the various phases of the prenatal period and
fetal development, what the fetus looks like ahdw it gradually changes.

All students admitted that they did not know the augmented reality applications before
the lesson of "Somatic Child Development". Nevertheless, everyone &grese the AR
apps in their future practice. In particular, they stdtéhat they could actively involve pupils
in the teaching process. They assume that applications could be interesting and fun for
pupils. By using this form of teaching, pupils could be more motivated to deepen their
relationship with the subject.

Studentshad notes to the internet connection. All applications were dependent on wifi
internet connection, which was not satisfactory in the classroom where the educaasn
GF1Ay3 LXFTOS® {2YS LI AOlI GA2Yya Rinke, the2(i 62N
students suggested that applications would be accessible on iOS. Thedargen allows
better recognition of the structures. According to students, it wouldapgropriate if the
school had better materialechnical provision. These forms of teachireglize without
problems, because students are interested in this form of teaching.
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DISCUSSION

Ubiquitous learning is now becoming a trend. There are many people from various
fields speaking about opportunities for learning via ubiquitous means; in the \amdn
education, and in the home (Lee et al., 2012). The simplicity and mobility of the mobile
device allows for more effective learning and retainment of knowledge (BalBgh®anu,
2010). With use of the AR mobile application features, students dhmeilableto enhance
their learning environments and improve their ability to retain informati@ur findings
confirm most of the students have recognized the mobile technology hehpad to repeat
the lesson and helped them understand the anatomy. A¢ game, theenvironment
supporting constructivist approach significantly helped the students in thweirk and
a0dzRSy a0 YdzidzZ f GSIFOKAYy3a 6AGK (GKSnokaft LI 2F
selected AR apps were eligible for the activity. Th&ksfuy 1 & A RSY G RBESRYR! y I
G¢KS . NIAY A9ELIX 2NB¢ |a GKS &AYLX Sthei | YR
applications they could work with during the lesson. Some applications had sangle
poorly elaborated graphics, making it more difficultdstinguish internal organ paris
these apps (e.g. "AR Human Anatomy" and "The Brain App").

The issue of introducing AR technologies into the teaching process is the taateofl
and technical provision of the university. During our research, we kaperienced wii
internet connection problems, which have sometimes made it diffitmlioad the AR
applications reducing the effectiveness of using tablets andajlications in biology. In
generalresearchers in educational technology agree tharemotivation studies of AR as
a learning method are needed (Lee et al., 2012; Fuchsokar&nova, 2019; Korenova et
al., 2019).

¢KS dz&aS 2F G(KAA (SOKyz2fz23e& O2dzZ R o0ad OSNE
nurturing their ability tobecome passionately involved in their own learning procébs.
lw FLIIX AOIFGAZ2Y 2F Fyld2Ye o6ftA1S athéBin . NI Ay
learning human anatomy using enhanced materials which stimulate their intareshelp
them to retain nformation longer. Based on the study results, we encouragger
education institutions to adopt and implement the AR application as a teachingardng
tool consider imperative in enabling effective and positive learning for the future.

CONCLUSION

In the present study we summarize information to use of augmented reality in
education of human biology for university students, which students can use not only to
improve their knowledge of the issue, but also in their future teaching pradfieexplore
how augmented reality technology can contribute to a better understanding of the child's
somatic development and how this form of education can increase students' interest in the
subject. We also examined students' views on the use of augmeetddy technology in
biology education. The findings of the research confirmed a higher understanding of the
content, better cooperation, as well as increased interest and motivation of students.
Education with augmented reality applications was inteirggfor students. Although most
of them have not yet encountered this type of education, they all agreed that they would
accept this type of teaching in the future. The disadvantage of using augmented reality
applications is their connection to the Intem®ue to the lower material and technological
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provision of the faculty, work with augmented reality technologies can be more complex
and complicated. Despite minor shortcomings in the use of applications, we consider
augmented reality technology to be alitable method of biology education, and we
recommend incorporating it into the education process as a complementary method to
classical education methods.
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Abstract

The papeis aimed at using the social networking site Instagram for educational purposes. This
easyto-use social networking site can make instruction more interesting for students. It can
AL N)] + addzRSyidQa AyaSNBaid Ay | (G2LAO0O | a GKSe
the content and then publicly present it. The paper presdmsrésults of research aimed at
different ways of using Instagram for educational purposes, focusing on different target groups.
Moreover, profiles aimed at educational content and educatalated hashtags are also being
analyzed. Based on acquired infation, teaching models aimed at incorporating Instagram
into both formal and informal education were designed, focusing on microlearning as one of the
ways to effectively use not only this popular social networking site but also digital technology
that the majority of students use every ddye effectiveness of the teaching models introduced

in the paper needs to be further analyzed in the future.

Keywords

Instagram Social NetworkMicrolearning Teaching ModelsGenerationZ.

INTRODUCTION

For thegeneration of pupils and students entering the school system, social networking
sites are an integral part of their everyday lives. The following are some of the terms used
to define this generation, which is now being educated in our education systener&em
Z, Generation MNlultitasking), Generation lir{ternet). Despite the different terms, this
generation can be characterized as connected, using communication and media technology
such as the Internet, instant messaging, MP3 players, cellular phran&®uTube. The
previous generation (Generation Y) is different from the current one in that its members
lived before the advent of digital technology. The current generation does not know what
life was like before digital technology. The majority of aleitdgrew up with a cellular phone
in their hand. For these children, the Internet is the primary source of information and
O2YYdzyAOFGA2y® ¢KS F2ff2gAy3a GlofS RSY2yal
characteristics.
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Table 1: Generation ZUse ofTechnology

More than half of Generation Z is online mog
than 10 hours a day. This, among other thin
affects how they acquire information and for
their opinions.

Media  Kix https://mediakix.com/blog/the
generationz-statisticsyou-should
know//#gs.5mus5h

73%of Gen Zers user their internetconnected
devices for instant messaging and chatting.

IBM
https://www.ibm.com/downloads/cas/9PPL5YC

60%o0f Gen Zerswill not use an app or websit
that takes too long to load.

IBM
https://www.ibm.com/downloads/cas/9PPL5YC

41% of Gen Zers say tha Instagram is their
preferred social media platform.

The Center for Generational Kineti
https://genhg.com/5waysgenz-usessociat
mediathat-will-surpriseyou/

video every day.

71% Gen £rs watches more than 3 hours d :

Media Kix https://mediakix.com/blog/the
generationz-statisticsyou-should

know//#gs.5mus5h Msion Critical
https://www.visioncritical.com/blog/generation
Z-statistics

Forbes
https://lwww.forbes.com/sites/rachelarthur/201
6/03/16/generationz/#1c¢5216c02909

GenZSNR Q | G ( Sg/sedndsy & L

The aforementioned statistics prove that Ge®iZ will not give up digital technology
easily. However, this does not necessarily have to be negative. It can help modernize the
education process and make it more effective, assuming that digital techn@dagsed to
motivate students to learn or to make learning more th@#icient. The fact that students
will be able to use the same technology they use in their everyday lives can also help
motivate them.

However, the teacher must not be afraid to try atehrn new things. Aside from
technology that is already becoming incorporated in the education process, tools that were
not primarily designed for these purposesocial networks and mediacan also be used.
Besides YouTube, which is often used as arcaiion platform by students, Instagram
should also be considered. The following graph proves that Instagram is one of the most
popular social media platforms.

35%
30%
25%
20%
15%
10%

5%

0%

Figure 1: Popularity of Social Networks with GearZ

The growing popularity of this socialingg 2 NJ] Ol dzZ3K{ GKS | dzii K2 NA ¢
them want to examine its effectiveness when used for educational purposes. The main
guestion is whether or not the negatives (the dangers of electronic communication; a
shortening of attention span) outweigh theositives (making the education process more
effective and interesting) (Rosen, 2011).
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INSTAGRAM AND EDUCATION

Social networks are often considered to be one of the tools for applying the theory of

connectivism. Since Instagram allows users to share atilyited amount of educational

content, it appears to be less appropriate than other networks that allow users to share
links, longer texts or videos. On closer inspection, however, Instagram offers a number of

functions that could be effectively usedeéducation.

There are various studies that examine Instagizesed instruction (thematically

diverse), focusing on different target groups. The authors analyzed some of them, with the

results being presented in the following table.

Table 2: Summary of prewus researches

Erarsian (2019)

A questionnaire survey conducted on 2]
university students. Students consider Instagr;
to be an appropriate tool for sharing materials aj
an excellent motivational tool. Based on both tl
a0dzRSy G aQ I ya ¢oSayhkdagogich
experiment, Instagram appears to be a useful ti
for (English) language learning.

tAfln SG Ffd® OHAMYD

The authors try to determine whether or n(
education is discussed on Instagram, focusing
gamification. Content uploaded to Instagra
(including its purpose) can be examined this wi

Gonual (2019)

This researclis aimed atproving that Instagrar
couR 0SS dzaSR G2 lFaasSaa
foreign language (mainly English), based on tf
activity on Instagrang how and with whom they
communicate and whether or not they creal
international content (including hashtags).

Yodhianta a Nuryantini (2@)

The authors used Instagram when assigning tg
to students (future teachers), trying to help the
improve their language skills.

Courneya a Cox (2020) In this study, Instagram was used as a channe
sharing the drawings of medicirgudents that
were supposed to help other students (visy
learning).

Manca (2020) The study focuses on little explored social me

and their potential use in education. What i
interesting (considering the title of our paper)
that the majority of Intagramrelated studies are
being conducted in the Middle East and Asia.

Al-Garawi (2016)

A survey conducted on 151 English stude
proved that Instagram helps improve readir
writing and listening skills, as well as vocabulal

Handayani (2016)

Theauthors explore Instagrarhased educationa
activities, defining a number of activities fq
language learning.

The aforementioned studies prove that Instagram could become more than just as a

channel for delivering educational content. They also prové ihes suitable for various
target groups, including highly specialized ones (e.g. medicine students).
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Selected educational profiles

If we are to explore the possible use of Instagram for educational purposes, we also
need to explore studies on existinglucational profiles (the table below contains some
examples).

Name of Instagram profile | Number of Number of | Description
Instagram posts | followers
EWA.ENGLISH 1235 18 Using simple infographics, Engli

grammar is presented to user
There are alsgposts that require
feedback (leaving a comment und

the post).

INENGLISHWITHLOVE 117 103 Suitable for advanced learners, th
profile is aimed at improving Englis
skills.

VOCORDS 821 482 This profile is aimed at corre(

pronunciation (audioposts). Then
there are the secalled feedback
posts that require the viewers ti
comment on the post or answe
questions.

NATGEO 219 131 A source of information for Englis
speakerg; cultural and geographice
content (contains pictures). Usel
who do nd speak English ca
improve their language skills.
WARHISTORY 1063 723 A profile aimed at war history. Unde
each authentic picture, map ¢
drawing, there is a captiol
describing the situation, wa
technology or personality.
HANSONSANATOMY 763 505 A doctor using original drawings ar
sketches to explain anatomy. TH
author provides a link that allows hi
followers to download his lectures.
INSTRUCTOR_HTML 36 41 A profile suitable for those
interested in HTML 5. The us
learns how to use various hashtag
includingtheir activityandhow they
will look on the web.

Considering the number of posts and followers, the aforementioned educational
Instagram profiles prove that this social networking site is often (and successfully) used for
educational purposes. Based on the nature of the profiles, it can be said thagtast is
mainly used for informal learning. The following part of the paper explores the possibilities
of using Instagram in both formal and néormal education.

#educationhashtag analysis (analyzing hashtagsed content)

In order to be able to determa whether or not Instagram is suitable for sharing
educational content, the authors decided to analyze the haskthgcation This hashtag is
used when posting educatierelated content. The authors used tltsplaypurposes.com
tool to analyze the hashtag.hrough this tool, the authors learned that the hashtag has

DIVAI 2@0¢ The B" international scientific conference on Distance Learning in Applied Informatics. 114
ISBN97880-7598841-6 ISSN24647470(Print) ISSN24647489(Ontline)



Tomas Javorcik
Ways of Using Social Networking Site Instagram For Educational Purposes

been used in 17,333,925 posts. The hashtag is most used in the following countries: The
United States, Poland and the United Kingdom, followed by the aforementioned eastern
countries (India, Indeesia, etc.). Most users who use the hashtag in their posts come from
Warsaw, London and Dubai. When a user used the hashtag education, they often used the
following hashtags as well: motivation, love, science, school, chemistry, passion,
onlineeducation ad learning. The hashtag is used most by users between the ages of 25
and 44. Users between the ages of 13 and 24 do not use it as much. The hashtag education
is used most by women (56.51% of users).

The above statistics and presented profiles show thaicadional content is already
being shared on Instagram. It can be assumed, however, that it is used for informal learning.
The following part focuses on how to use Instagram in formal andfolonal education.

The authors designed a number of models thaginh be used in instruction.

MODELS FOR USING INSTAGRAM IN INSTRUCTION

Based on the presented studies, Instagram profiles, Instagram functions and
characteristics of Instagram posts and hashtags, the authors designed the following models
for using this saal network in both formal and neformal education.

The basic criterion for distinguishing the models from one another is the source of the
published content. There are three:

Y| Teacher
§ Student

1 Third party (someone other than the teacher or the student)

In a perfect scenario, all the above sources of educational content can influence one
another (as can be seen in the following picture).

Figure 2: Providing and receiving educational content on Instagram

Teacher the content creator (1,4)
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The teacher is the traditional content creator in the education process, and Instagram
provides a number of ways to present content to their students.

1. Feed posts

Feed posts allow the teacher to present pictures, schemes, short video (with sound or
a simpk animation) or drawings to their students. They can also include a caption. This way,
the teacher can share pictures taken in class or provide additional information on the
current topic. Students can provide feedback either by leaving a comment undgogie
or ask the teacher a question (to which, however, other students can respond as well).

2. InstaStories to activate students

InstaStories are a fast way to share tifimaited interactive content. This feature allows
the teacher to create open endedddback questions (students provide a verbal evaluation
of instructiong they are required to give a fullentence answer to the question; the student
can ask the teacher a question), quizzes, polls or a group chat.

Student the content creator (influencg (student the influencer) (2,5)

Instagram could easily become a place to create homework, group projects or
practical exercises.

1. Photo tagging

The following is an idea for an English vocabulary activity: the student can post a picture
(related to the curent topic) with English hashtags (Instagram limits users to 30 hashtags
per post). The student can either post a picture of their choice, or each student is assigned
the same picture. The teacher then checks if the students used hashtags withretgiesl
vocabulary. Students can also compare the number of likegamification element.

2. Using the same hashtag

The teacher gives the students an assignment to post a-@&éted picture (or other
content) on Instagram, using a unique hashtag. The hashefus the students (and the
teacher) to keep track of who posted which picture. The teacher can then comment on the
pictures or discuss them with the students in class.

3. Student as the teacher

Instagram enables student networking, allowing students to loekp another. Through
shared content, any student can inspire not only their classmates, but also students they do
not even know.

Using third party content (3,6)

Both the teacher and the students can use third party content on Instagram. The
teacher can usé as inspiration (as it might help them discover new teaching methods) or
even use some posts in class.

As far as students are concerned, such content is suitable for older students who can
use it to expand their knowledge of a particular topic or forgmmal development.

All the presented models allow teachers to work with gifted students as well as students
with learning disabilities by using private messages or sharing content only with selected
students.
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CONCLUSION

The current generation is often tidized for spending too much time online. In both
formal and norAformal education, the role of the teacher should be progressive rather than
regressive. They should help their students use online tools in a useful way, making online
technology much morehian fun (and a waste of time&) making it a useful tool for solving
all kinds of problems. Social networks can serve as an example. The majority of teachers
criticize them, without realizing their educational potential. It is clear that some social
networks are more popular with youngsters than others. The paper explores the possibilities
of using Instagram in education. Considering current educational trends, the development
of technology and a hectic lifestyle, Instagram can be effectively used in naianilg.
Based on international research findings and other methods described in the paper, the
authors designed a variety of models for using Instagram in education. In Instdgised
instruction, there are not only the teacher and the student, but alsiodt parties that can
provide information and inspiration to students as well as teachers. The designed Instagram
based instruction models could not only become a source of inspiration for teachers, but
also provide useful information (when examined inalBt Therefore, in order to determine
how effective the models are, and to see if another Instagratfated model presents itself
in actual instruction, all the presented models will be tested on different target groups.
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Abstract

Hard skillscompetencies that referred toroficiency in any compldask, focused on practical
abilities are acquiredhrough educationand practice Soft skillscompetenciesfocused on
behaviours and personalitiese less tangibleThe rules for how a programmer creates casle
GSFaeé¢ G2 GSIFIOKIZ odzi K2¢ LINERINI YYSddmdr,e O2YY
manager or customer is much harder to teach. We were interested how to effectively and
encouragingly support the hard skills and soft skills teaching at primary and secondary school in
computer science class. We decided to attend the competitith the goal to define, design,
create, program, describe and promote the complex hardware project using microcontroller
micro:bit. We realized that all students were able to find a practical problem that solved such as
helping of people with blindnesseeping the water drinking regime under the control or even
how to improve the health by playing the movement game. The research show that more than
half students like this approach of teaching programming. More th& 60them like the team

work. The pomote video creation was considered as the most enjoyable and easyatéam
discussion about the idegas consideredsimore demanding paven more thaprogramming

itself. The most difficult part of the project was the formulation of their resuitscompetition
groups had a unique opportunity to presented their project as a talk or in the form of scientific
fair at international conference. They practised the communication and language skills.

Keywords
Hard ills. Soft kills. Programming Project Microcontroller Microbit.
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INTRODUCTION

Hard skills are learned abilities acquired and enhanced through practice, repetition, and
education. Hard skills focus on practical abilities and skills, whereas soft skills focus on
behaviours ad personalities, such as social and communication gkilgan, 2020)Soft
skills have been defined as psychological abilities for adaptive and positive behaviour that
enable individuals to deal effectively with the demands and challenges of everfeay |
(Rezgui2019) and predictors of not only professional, but also of lifefedfifment of an
individual (Stepanova andZeer, 2019). 57% of senior leaders say soft skills are more
important than hard skillsOn the other side of the coin are the haskills and in 2019 the
most wanted ones demanded by the job market mirror the impact of our increasingly digital
world, which translates itself into a spike in cloud computing andédus, 2019). We need
to provide both these skills to our children. ®ey do not have just a lot of knowledge and
do not know what to do with it or how to show it to the worl/e were interested how to
effectively and encouragingly support the hard skills and soft skills teaching at primary and
secondary school in computscience class. This is the main topic of our paper.

Hard Skills and Soft Skills in Computer Science Competitions

Students are expected to be trained with skills and soft skills to be ready for entering
the job market(Linh,2019), but the traditional fagas is on academic and technical/hard skills
(Foster at al., 2019). The factdgeft skills and hard skills are not isolated concepts and
realities. They are two sides of the same coin. They are inevitably intertwifeed. skills
and soft skill in computescience class need to be intertwined too. For example,rules
for how a programmer creates codea &Sk aeé¢ G2 GSFOKX odzi K
communicate effectively to other programmer, manager or customer is much harder to
teach. Through a meaningful iegration of technology in the learning/ teaching
SELISNASyOSaz Al A& GAlofS G2 LINRY2GS (KS RS
building up a set of soft skills, such as communication, collaboration, problem solving or
creativity (Jesus, 2(8). These skills can be acquired through complex project in
competitions.

A lot of competitions are focused more on the hard skills then soft skills. For example
Zenit Olympiad in Informaticsor IT in Nitra where it is just about single person
programming, so it is aiming on just hard skill. But there is more competitions in which
students have to use and show more types of skills. During the creations students do not
just deepen knowledge in academic oclmical skills as the hardware or programming, but
also how to use this knowledge to create something original, use their creativity. These
competitions can include teamwork, so students can learn how to communicate, solve
problems together, divide work @ahcompromise. Plus a lot of students finds this type of
competitions motivational and it can improve their setinfidence. To mention few
concrete competition there is OfficeArena, where students in final round have to create
original project in office,sthe knowledge in Office is needed, but also present it in front of
commission. FIRST LEGO League is competition, where students in teams have to built and
program their own robot and solve some research task. Then they have to present it on the
competition. The Tech Challenge is more open competition because they give to students
just the problem and students in teams have to find the solution and also construct it. There
are three areas, which are judged. First journal, where they have to show how dhe te
made its device and why they made the choices they did. Then during the showcase
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interview with judges and device performance. In this article we write abitnat
competition which suits us the most, because students could developed the different type
of the 21th century competencieSpyCup

Spy Cup Competition

Spy Cup is a competition for primary and high school students. The main aim is to create
a hardware project and program it. They can use mainly BR@:bit, NodeMCUand
RaspberryPi; allowed progmming languages are block programming, Python and
MicroPython. Students can compete individually or in teams-8fsBudents.

The competition was created as a reaction to 4 projects created by high school students
in 2018 who were led by Marek ManséPyo.z, 2020). They presented their projects at
the international conferencePyCon2018. Since that, civic associatitiie Teach with
Hardwareorganize the Spy Cup competition to promote and motivate students interested
in hardware projects.

In the year P19, categories were only two: primary school and high school. Students
could create project with no limitations. Nowadays, it changed and the focus is on social and
ecological problems (Figufg.

w) . social problems

o primary

g SChOOI ecological problems
g h Igh social problems
8 SChOOI ecological problems

Figurel: Categories oSPyCupcompetition

There are few steps: a teacher registers team to the project. They have 1.5 month for
creating the project. If they passed to the finale, they are invited to the international
conference PyCon. Finale means the students present their projed ainners are
announced. In 2019, the winner of high school teams was VA2KRY who cZedbetlimp.

They won a drone.

Micro:bit

BBC Micro: bit was designed for educational purposes by English BBC in 2016 and
distributed free of charge to everngupil across the UKTheSchoolRyn2@20). However,
micro:bit is not used just in England (Sentence, 2017), but it is spreading to the world and
becoming popular. They are distributed to around 50 countries. It is used in many countries
including SlovakiaMansell, 2019), Czechéal | @GN nj2 @tda/ Ik NEn 0O 1 ST Yt Y
2018), Netherlands (Gibson and Bradley, 2017). Micro:bit is a smaltteeaayry device
that easily fits in your palm. Directly on the circuit board is an integrated processor similar
to that found in mobile devices, memory,-2ED red display, two programmable buttons,
light intensity sensor, temperature sensor, accelerometer, magnetometer, bluetooth
antenna, micro USB port, power port and input / output pins. In fact, it is a progrdotema
microcontroller. There is moreiaysto connect a variety of additional devices that extend
the functionality of the motherboard with a number of options. So micro:bit can be used in
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w

complex projects. It is programmable via block language, MicroPythdavascripto / + LJ- &
FYR . Stftlre20t3 Hamdpo

Spy Cup Competition Projects

We decided to attend the competition Spy Cup with the goal to define, design, create,
program, describe and promote the complex hardware project using microcontroller
micro:bit In this section several students proof concept project will be described.

StairsMeasurement:Spy Cup 202@he primary schogll0-11-yearold studentsyisual
programming languagéFigure 2)

Figure2: StairsMeasurement

The project focused on blind people and the teaantedto help them to see obstacles
like stairs. They can lace the project up and if a stair is closer than 30 cm, it beeps. The
students wrote they faced problems with programming because it was theittifing they
were programming BBC micro:bit.

The Wallet Guard: Spy Cup 2020he secondprimary schoqgl 13-year-old students,
visual programming languag@-igure3).

Figure 3: Tha wallet guard

The project was created to help blind people notdee their wallet. In case the wallet
falls off, BB@nicro:bit notices the fall and the speakers rings. They recommend the project
not only to blind people, but also to everyone who usually loses their wallets.

The Watter BuddySpy Cup 202Ghe highschal, 17-yearold students MicroPython
languaggFigured).
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The project was created to help people notftrget to drink water. When the button
is pressed thewvater pump drawsone dclof water, increase the counter showed on 7
segment display and signadit the progress in daily limit using LED ring. The Watter Buddy
has an RTC module that synchronize the sound signaliz&tiatents use two micro:bit that
communicate using radio transmitter.

Figure 4: The Watter Buddy

Jump Color:Spy Cup 2019, the wiers, the high schoo| 17-yearold students,
MicroPython languagéFigureb).

Figure 5: Color Jump

The project was created to help keep peoples health in a good condition by playing the
movement game. Micro:bit show lighted up two LED stripditi¢rent colour. Player need
to jump on the buttons with the same colours which are showed on strips. Reaction time
and correctness of the movement is important to reach high level evaluation.

METHOD

As we wrote before we decided to attend the competitisith the goal to develope
the students hard skills and soft skills competencies. The competition had strict rules about
the form of solution. Students need to:
91 develope the original idea of the hardware project using micro:bit or arduino,
1 create aproof concept of hardware project,

1 choose the methods and programming language and create the source code with
commentary,

9 create the movie that promote the concept of hardware project,
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1 prepare a project documentation.

The chosen project group, the firgth, has opportunities to present their concept
before the teacher audience. All groups presented their solution during the hardware
showcase fair.

There were no specific assignement for project problem. Students were free in creation
of their proof concet. The project groups consists of at least two students. Students may
realised the project during the computer science class. Lot of work was done as afterscool
or home activities. Students need to upload the movie on youtube portal and all project files
was stored in cloud.

Our researchwas held in February2020. We wanted to focus on participantswho
participatedin SpyCupCompetition.Dueto the fact, the first year of the competitionwas
in 2019,we defined our sampleasall participantswho finishedand senttheir projectsfor
SpyCup Competition.It meansthat they are all participantswho competedin 2019 and
those, who sent their projectsin 2020 which were accepted, andhey are competing,
becausethe final level ofthe competitionwasnot held yet. Asit turned out, our sampling
method is convenience sampling. We decided for this sampling method because
participantsare selectedbasedon availability and willingnessto take part (Barratt, H.;
Shantikumar, S2018).Therewere 19 participantswho decidedto take part inour research.
Regardingo the number of participants,we decidedfor a quantitative research.Our data
are primarybecausewe did not find any data of SpyCupCompetitionwhichwould involve
participants,well, we could not useany secondarydata collectedfrom other researchers.
We chosea surveyfrom data collectionmethods.Our conveniencesamplingbasedon 19
participants was surveyedin February 2020. They obtained a questionnaire with 20
guestions.We focusedon the competitionas awhole, but alsoon specificnecessarparts
of the project. We were interested if and how the students self confidence were influenced
by all project steps. Participants filled the online questionaire to evaluate the pros and cons
of all project steps and evaluate their programming confidence. The questionnasestof
open questions and close likert scale question.

RESULTS

Characteristicef our sampleis: Sprimary students, 14ighschoolstudents.Theyare
participantsof the first or the secondyear of the competition. We focusedon 6elements
whichwere sortedto hardor softskillsasit is shownin Figure6.
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Hard skills Soft skills

Hardware
L Teamwork
knowledge
- Programming - Creativity
L Text creation Self-
confidence

Figure 6: Choseslements we focused on

The aim of our questionnairewas to measurescaleof hard and softskills. For the
measurementve useda 5point Likertscalewith the difficulty responseset. Thestudents
madetheir projectbasedon somepartsandeachpart wasidentified as ahard or softskill.
Hardskillsthe studentsneededto work with, were hardwareknowledge programmingand
text creation.

12

10

Participants
e (=]

N

ﬁ.i-l_

1-VERY 2-EASY 3-S0-S0 5-VERY
EASY DIFFICULT DIFFICULT

mProgramming @Hardware Knowledge

Figure 7Hardskill- hardwareknowledgeand programming

Figure7 showsHardwareknowledge.Theoriginalquestionwasa , 2 dz Yy SSR S

I KINRgFNB LINRP2SOG® |WegandRditThatin@Quiatageit wadnat
too easy,neither too difficult. Next questionfocusingon programmingshowedin Figurex
similar data than hardware knowledge.The main aim of the competition is to create a
project, what primarily means that primary skills are hardware knowledge and
programming Regardinglata, the studentscouldcreatetheir projectwith the predictionof
hardware andprogrammingevelwhichwere up to them.
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mText Creation

Figure 8:Hardskill- text creation

Text creation as ahard skill in Figure8 was very easyto those who wrote a text
documentationbefore and they were more experienced. Onthe other side, the students
who were writing the documentationfor their first time, evaluatedthis part asdifficult
becausedt wastediousandrequireda specialterminology.

Whentalking about soft skillsin the competition, we meanteamwork, creativity and
seltconfidence All measuredelementsof soft skillsare shownin Figure 9

1-VERY EASY
12

10
3
5 - VERY
DIFFICULT g 2 - EASY
4- DIFFICULT 3-80-50

mCreativity mSelf-confidence mTeamwork

Figure 9:Softskills- creativity, selfconfidenceandteamwork

The studentsevaluatedteamwork as the most difficult soft skill from the measured
elements.It is not socommonto work in teamsin Slovakschoolandthe figure showsthat
the studentsare maybenot so experienced. Oihe other side,somestudentswrote they
likedto be creative,someof themwrote it is difficult to be creative.Seltconfidenceseams
to be adifficult elementfor them, but it is still lessdifficult than teamwork.
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DISCUSSION

We realized that all students were able to find a practical problemsbated problem
in the topic of social needs. The research show that more than half students like this
approach of teaching programming. More than%@f them like the team workThe
promote video creation was considered as the most enjoyable and easyTpartteam
discussion about the ideavas considered asmore demanding parteven more than
programming itself. The most difficult part of the project was the formulation of their
results. All competition groups had a unique opportunity to presented theijeptas a talk
or in the form of scientific fair at international conference. They practised the
communication and language skills. One group decided to extend their work in Scientific
students activity.

CONCLUSION

We may conclude that our expectation tioet development of hard skills and soft skills
among the students that participated in Spy Cup competition was fulfilled. It was proved not
only in our research but also during the personal discussion and observation of students
motivation. We suggest to gport such kind of complex activity realised as a part of
computer science curriculum also in the future.

ACKNOWLEDGEMENT

This work was supported by the Slovak Research and Development Agency under the
contract No. SISRBL8-0002.

REFERENCES

Barratt, H.; Bantikumar, S. 2018. Health Knowledge. Educatin, CPD and revalidation from phast.
Methods of sampling from a population. [Online] Avaible at
<https://www.healthknowledge.org.uk/publihealth-textbook/researchmethods/1a
epidemiology/methodsof-samplingpopulation> [Accesse@8februart 2020]

[t LM® . SIMRARIGIGAGAGE & ../ YAONRBYOAU LI RLI2NHz
Y% ~n: DidInfo 2019p. 47-51.

/I TS1IYtLYyZ . &3 YA&a4aX WO wamyd | 9wwW | dzyIFNRIFY 9R
Limits? Experiences with BBC Micro: Bit in Primary School.

Foster S.K., Wiczer, E., Eberhardt, N.B. 2018 | §aBard about soft skills?InASHA_eader,
24 (12),pp. 5460.

DAoAaz2ys {®X . NIRfSe&zZ t® HamT®d ! &ddzRe 2F b2NI
the BBGQnicro:bitin STEM educatiorin: The STeRlournal Student Teacher Perspectives.
University of Cumbriavol 4 (1) p.15-41.

| F GNB2 @t nnund aAONRBYOAG @S @é dzOSy NRMEEnEEED Y dze S Y !
Available at wttps://www.microbiti.cz/>. [Accesse@d8 February 2020]

DIVAI 2@0¢ The B" international scientific conference on Distance Learning in Applied Informatics. 127
ISBN97880-7598841-6 ISSN24647470(Print) ISSN24647489(Ontline)


https://www.healthknowledge.org.uk/public-health-textbook/research-methods/1a-epidemiology/methods-of-sampling-population
https://www.healthknowledge.org.uk/public-health-textbook/research-methods/1a-epidemiology/methods-of-sampling-population
https://www.microbiti.cz/

Nika KlimovaMartin CapayGabriela MirceaMagdalena Bellayova
Development of hard SKLS and soft skills through competitive complex projects using BBC micro:bit

Jesus, 2020.Hardskills, softskills,an educationalchange oran educationfor a change. In:
Inspire. [online]. Available at <https://inspire.jpik.com/hardskillssoft-skillseducation/
[Accesse@9february2020].

KaganJ.2020. HardSkills. Ininvestopedia. [online]. Availablet <https://www.investopedia.
com/terms/h/hard-skills.asp [Accesse@9 februar 2020]

Linh, N.D2019 Languagestudents'perceptionsof soft skills. In:AsianEFLJournal, 21 (2)pp.
124-142.

Mansell, M., 2019. Platforma BBC micro:bit. [online] Available at
<https://www.ucimeshardverom.sk. [Accesse@8 February 2020]

Rezgui, J2019. Soft or hard? That is the question. The necessityof integrating life skillsin
engineeringeducation. IniInternational Symposiunon ProjectApproachesn Engineering
Education, 9pp. 2531.

Sentance, S., Waite, J., Hodges, S., MacLeod, E., Yeoman20L7 ECreating Cool Stuff":
Pupils' Experience of the BBC micro:bit SIGCSE '17: Proceedings of the 2017 ACM SIGCSE
Technical Symposium on Computer Science Educaii®31¢536.

SPyo.z. 2020SPyCup CompetitionWe Teach with HardwargOnline] Avdable at
<https://www.ucimeshardverom.sk/sutaz/ [Accessed 27 februar2020.]

Stepanova, L.N., Zeer, E.F. 2036ft skills as predictors of students'life seltfulfillment In:
Obrazovanie Nauka, 21 (8)pp. 6589.

TheSchoolRun 2@®0. What is the BBC micro:bit? [online] Available at
<https://www.theschoolrun.com/bbemicrobit-explained> [Accesse@8 February 2020].

DIVAI 2@0¢ The B" international scientific conference on Distance Learning in Applied Informatics. 128
ISBN97880-7598841-6 ISSN24647470(Print) ISSN24647489(Ontline)


https://www.ucimeshardverom.sk/sutaz/

Use of Interactive Whiteboard and Robot Toys
in Kindergarten Teaching

Lilla Korenova, Eva Gasparova

Faculty of Education, University of Ostrava, Ostrava, CzeclbiRepu
lila.korenova@osu.cz, gasparova.eva@gmail.com

Dusan Kostrub

Faculty of Education, Comenius University in Bratislava, Bratislava, Slovakia
kostrub@fedu.uniba.sk

Abstract

S5A3AGFE G0SOKy2ft23ASa | NB | OEZnidrdin Gsé ®dmdfronydn (i dzNJ f
early age and they are a source of knowledge, exploration, communication, expression and
development of their logical thinking. Children in kindergartens belong to Generation Z whose
thinking is formed from an early age by usimghnologies in such a way that they no longer
perceive their presence and their thought processes are influenced to such extent that they are
able to naturally and immediately find the best way to deploy technologies to solve any problem.
This is what mal® research into the use of digital technologies ingimary education so
topical. Almost every kindergarten in Slovakia now has its own interactive whiteboard; however,
research shows that its potential is not used didactically sufficiently, not evitre iarea of
developing the digital competencies of ggehoolers. The latest phenomenon that children are
interested in is robot toys that children also encounter at home. We have therefore deemed
appropriate to combine these two phenomeniateractive vhiteboard and robot toygin socie
cognitive teaching model. In this paper we provide information on the possibilities of combining
interactive whiteboard and robot toys to achieve educational goals ippneary education. We
present pilot qualitativeasearch in the prprimary education conditions related to the use of
digital technologies. We point out the need to change the thinking of kindergarten teachers when
creating new educational activity contexts, with an emphasis on the use of interactive
whiteboard and robot toys. We conducted the pilot qualitative research in a-stated
kindergarten in Bratislava. The subjects we studied weresgheolers and kindergarten
teachers. As a research tool, we used a focus group.

Keywords

Qualitative ResearchPreprimary Education. Kindergarten Teacher. Preschooler. Interactive
Whiteboard. Robot toys.

INTRODUCTION

Nowadays, digital technologies form part of giecOK22f SNAQ SOSNERI &
kindergartens, the emphasis is on the use of digital technologietdimg interactive
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whiteboard, their integration into the educational activities of children since the age of
three, since they contribute to the holistic development of {m@hoolers. Children use them
from an early age and they are a source of knowledgeploration, communication,
expression and development of their logical thinking. The current educational discourse in
the perception of the possibility of using interactive whiteboard in-prenary education

has shifted qualitatively, however, the dict&c practice based on experience lags behind. At
present, children are in contact with digital technologies outside of the school environment
and school does not use them to a sufficient extent.

Many psychologists and sociologists divide generations 2flpf S Ay G2 & G NI RA (
(born between 1939 and 1947), pestr generatoncd 2 OF f t SR a6l &c@ 022Y
MPpco0I GDSYSHMbpAigys> - aDOSVMHNMPIPRY | yROMDPS hS NI
(born after 2000). However, it is clear that Generatiog duite different from their parents.
Technically, this is the brightest generation of all tighildren almost as young as toddlers
can find anything now on the Internet using YouTube and primary school pupils can now
prepare a PowerPoint presentatidor lessons and, with the help of their teachers, they can
now make their own animated movies. But just like the generations before them,
Generation Z, too, has its own positives and negatives. (Sujansky, 2009).

According to Marek Prensky, the biggest di@s when introducing technologies into
a0Kz22fa 2F (GUKS umald OSyildaNE Aa y2i da2KIFG R;
According to him, there are four steps in the process of introducing technology into schools:

1 random experiments (technologiessihools are used without any preparation, plan or
vision, on an aseededin-the-moment basis)

1 old objectives using old methods (e.g. old textbooks in digital form, original teaching
materials in digital form, etc.)

i old objectives using new application theds that improve the learning outcome (e.g.
animation or video presentation, simulations, modeling, creating virtual worlds, learning
games, etc.)

1 new objectives using new methods (a digital native is an individual whose thinking is
formed from an earlyage by using technologies in such a way that they no longer
perceive their presence and their thought processes are influenced to such extent that
they are able to naturally and immediately find the best way to deploy technologies to
solve any problem (Presky, 2005).

Preprimary education is considered to be key to educating-gukoolers on how to
learn, to making them want to explore and discover information about the world around
them on their own. Starting with kindergarten, we prepare them to learmi@ke critical
choices about what is important and what needs to be further verified and to gradually be
able to adapt in a flexible way to changes in their surroundings.

TEACHING THROUGH INTERACTIVE WHITEBOARD AND ROBOT TOYS

On the one hand, it might seemhat today we no longer need to discuss whether
interactive whiteboards are suitable for kindergartens or not. However, we still sometimes
encounter negative attitudes towards them, misunderstanding of their role in education,
their misuses, inappropriate set learning objectives, unused educational potential.
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We often witness interactive whiteboard being used in the teaching process as a static
tool that lacks effectivity.

Kindergarten cannot ignore social change, it must help children obtain posticeate
experiences, it must guide them to learn to live in this complex world, to learn e.g. how to
use digital and mobile technologies correctly as a tool to explore the world, to communicate,
learn and have fun. In order to fulfil this role, kindergart@eeds teachers who are digitally
literate. Or in other words: A teacher today must be digitally literate in order for him/her to
be a good teacher.

Many innovative teachers gradually discover that their own digital literacy is natural,
productive and ireplaceable for a modern teacher. That thanks to their digital literacy and
own pedagogical erudition, they can use interactive whiteboard and robot toys to benefit
the complex development of children. That they already recognize the potential of digital
technologies to support their educational goals.

According to (Kostrub, 2012), interactive whiteboard enables learners (including
children in preprimary education) to be actively involved in activities presented on the
board. One of the conditions for meangful teaching using interactive whiteboard is high
quality teaching materials used for the holistic development ofr® K 2 2 f SNAR Q LIS N& 2
However, they do not have to limit themselves to using finished products since those often
just update the pdar RA3Y 2F o0SKIGA2NRAY FyR I OFRSYAAY
Teachers can create their own interactive teaching materials according to their own ideas
FYR ySSRaz a ¢Sttt a FOO2NRAYy3a G2 OKAf RNBY
create conditions in which learners can be actively engaged as constructors/designers of
learning products in the digital interface of the interactive whiteboard. For a child,
interactive whiteboard is not a mere digital aid but it can be said that it becomey #ot
LX & gAGK SOSNER RFe YR G2 YFAGSNI GKS OdzNNXR
(2011, s. 3848), interactive whiteboard is an electronic device used for interactive learning
and teaching through digital technologies (e.g. via computer, lomté&, directly from the
interactive whiteboard, by clicking an interactive pen or by touching (finger) the projected
image, etc.). Currently, interactive whiteboard can be used in the teaching process as a
didactic (digital) aid and/or means. Learners éachers use various sources of information
through interactive whiteboard (e.g. Internet, CD, DVD, etc.); they solve various educational
and reallife problems integrated in projects; create presentations of their own individual
projects (children in caboration with teacher); present the acquired knowledge directly
onto or from interactive whiteboard, etc. For a child, interactive whiteboard is not a mere
digital aid but it can be said that it becomes a toy to play with every day and to master the
curriculum in a fun way.

Based on our experiences from practice, interactive whiteboard offers incredible
benefits:

9 using all sources of informatianinternet, CD, DVD etc.,
T OKAf RNByQa |GdidSyldAazys

1 presenting live, everything directly from the board,
1

anyproblem that a child can see, hear, experience and actively solve, will be understood
by it better and faster,
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1 solving tasks with parents at joint events, as well as viewing electronic portfolio of
children by parents.

For teachers, interactive whiteboardacilitates their preparation for lessons,
communication with children, and basically saves time. It allows children to feel like an even
more integral part of the adult world, opening up wider dimensions of mutual
communication. It goes without saying thateractive whiteboard must not be the goal but
one of the means used in education and teaching. Each teacher should have a clear idea of
its use and integration into the educational process. Only a-thelightout use of
interactive whiteboard and roktaoys can bring the required outcome.

We emphasize that these children learn extremely effectively when they play with toys
and tools so we should also facilitate digital technologies such as robot toys. These robot
toys can change important aspects ohich RNBy Qa 023y AiA 0SS LINROSaa

1 they change educational relationships between children and teachers,

1 they offer new ways to create dynamic outcomes, conveying ideas and concepts to
children that have so far been outside their content,

they support thedevelopment of learning strategies,
they open new opportunities for social interactions.

Robot toys, specifically Bd&ot, BlueBot and Codea-pillar are simple programmable
floor toys through which we can develop the knowledge of basic concepts thateshild
encounter in their lives, especially the names of everyday objects, familiar places, people,
FYAYlFfaz LXFyida FyR OGAGAGASAd / KAf RNByQa
and program the toy to reach the predetermined target on thatni-or children, they are a
means to get to know the outside world and for teachers, they are a means to increase the
effectiveness of educational activities. They provide fuller, more accurate information about
the subject being taught, ensure the acdtien of skills and habits, support the formation
of desirable attitudes in children and thus contribute to improving the quality of educational
FOGAGAGASAD ¢KS& AR Ay aldAra¥feAiyda FyR RS@S
increase the drity of educational activities, intensify and rationalize activities of teachers
and children.

The aim of using robot toys is not only to diversify-premary education but also to
SyadaNE (GKS O2YLINBKSYaA@dS RSOSfafdclytBe/hdlistiz T OKA t
development of their personality and creativity, the ability to communicate, cooperate,
seek, process and critically analyse information and also the development of higher
cognitive processes.

These robot toys perform motivational, orimational, training, application, control,
feedback and educational functions. Since they contribute to the personality development,
they also have a developmental function. They also fulfil ergonomic, aesthetic and technical
functions.
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DESIGN AND IMPLEMBETATION OF RESEARCH

The main objective of the research was to identify the pedagogical thinking ef pre
primary education teachers and pszhoolers and in particular the influence and
contribution of interactive whiteboard and robot toys to the developmefit

 OKAf RNBYyQa az20Alf O2YLISGiSyOASax
f OKAf RNBYQa YIGKSYFGAOLKE O2YLISGSyOASasx
f OKAf RNBYyQa RAIAGIE O2YLISGSyOAaASaod
The pilot qualitative research aimed to explore the s®lhscious and critical use of
interactive whiteboard and robot toys and their applicationthe teaching and learning
process. ThAe way the digital competencies of teacher participate in the development of
f SINYSNRaE t23A0Ff YR ONARGAOIE (GKAYlAYy3Id ¢K
the development of communication and informatigkills of teachers and learners.
The aim of the research was to find out whether teachers develop independence,

competence and cooperation in children as part of the educational activities, based on the
sociocognitive model of teaching in the teachingppess through digital technologies.

Research objectives:

1 To implement educational activities focused on the analysis of the use of interactive
whiteboard and robot toys in prprimary education.

1 To find out whether children have any experience with acaivities connected with
interactive whiteboard and what their experience is.

f Toidentify the prea OK22f SNBQ (KAYyl1Ay3I NBIFNRAYy3I (GKS
area.

f ¢2 FAYR 2dzi OKAft RNBY Q& | 0Af A @& aciivifies @@ 2 LIS NI (
GKSANI NBFOliaAzy G2 GSIFOKSNR&a AyadNHzOiGAzyao

1 To identify the causes of underutilization of interactive whiteboard and robot toys in
educational activities.

1 To analyse the findings of working with interactive whiteboard and robot toys in
kindergartens ¢ what children have learned using digital technologies and what they
know about them. Where we see the effectiveness of interactive whiteboard in the
teaching process.

Research questions:

1 What must the process implementation be in order for teachéw be able to use
interactive whiteboard and robot toys in a comprehensive, purposeful and conscious
way in their teaching based on the sociognitive theory?

1 What competencies are developed during regular use of interactive whiteboard and
robot toys inteaching?

1 To what extent has independence increased by learning about reality using interactive
whiteboard and robot toys?
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Didactic and research tools and methods: interview, focus group, design method,
unstructured observation method, method of analysiegearch material, interpretation of
research findings.

Methodology:

The research was based on qualitative methodology. The research tools, methods used
were participatory observation (in this part, the researchers along with the children
participated inteaching activities), noparticipatory observation and indirect observation
(the researchers evaluated video recordings using Atlas.ti software). At the end of the
activities, the researchers also conducted narrative interview, where children as sutfjects
the research spoke about their initial experiences with robot toys. Kostrub (2016) discusses
these research methods in detalil.

Figure 1: Activities of children with Code Pilar robotic toy.

Research sample: pqgrimary education teacherpre-primary education children.
Entering the research project before commencing the research, we had made
arrangements for its implementation in a kindergarten with a deputy headmistress and a
teacher. We had found out all the important information abadlé conditions: equipment,
organization, personnel. We had studied literature pertaining to didactics, curriculum
planning and preparation for pilot qualitative research. We had prepared an organizational
outline of the educational activity before we aetly commenced the research: a) to
acquaint the teacher with socicognitive theories of teaching and learning and with the use
of interactive whiteboard and robot toys in the teaching process in order to achieve
harmony between the teacher and researchety to plan the educational activities
together with the teacher. The implementation of educational activities: they were
implemented in a kindergarten in a heterogeneous group of children. The implementation
took place in the classroom in the morning. gxefessional researchers, we directly took
part in the implementation of educational activities. It was a direct observation of the
implementation of teaching activities by the teacher. Indirect observation of subjects and
analysing materialg photograpls of children and video recordings.
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RESULTS OF PILOT RESEARCH

Research results and their interpretation in the course of direct and indirect
observation, we noted the following; we provided children with more space for
independence in their interactiowith robot toys. Based on questions, they identified how
to start up the toys and program them in the space. While actively interacting with robot
toys, they identified various functions and options to play with theprogramming a path
for a robot toy wih various sound effects; determining movement up, down, left, right;
orientation on the surface areamat; programming a path on the mat towards a target.

Ly GKS O2dz2NBS 2F RANBOG YR AYRANBOG Ay
interactive whitdoard in the implementation of the performance standardased on
instructions provided for the movement in the grid, we learned the following:

Despite the fact that the children were not in contact with the surface of the interactive
whiteboard, and probbly not even with the grid paper, when asked to create the path for
the BeeBot robot toy based on the information the children provided, i.e. that the-Bet
may be moved right, left, up and down, they did create the path on the interactive
whiteboard. ¢ 2 FdzNIKSNJ LINPoAy3A ljdSadArzyay aa{Kz2s Y
O2NNBOGfe LRAYISR (2 6KSNB GKS RANBOUAZY Wdz
¢2 FY20KSNJ ljdzSadAz2yyY a{K2g YS H6KAOK oI @&
interactive whiteboard automically extended her hand to the right and in the direction of
the line drawn on the interactive whiteboard. None of the other children indicated with
their fingers that those were the lines pointing to the area on the right. However, this is not
the chilNBy Qa FldzZ G ¢KAa A& NBfIFIGSR (2 GKS dzy
relationships which at this age in relation to children are natural. We assume that children
have not yet been contacted with this transfer from the surface area into the spade a
from the space onto the surface area. We note that the teacher does not normally conduct
ddzO0K a2LIKAAGAOFGSR RAIFf23d2Sa 6AGK OKAf RNBY |
an object that is back there at the end of the classroom, on thetigind side in the cabinet
Fd GKS o020d2Y32¢ SGO0Od 2 S ¢sghd andapsoesirkateiaread dzOK &
transfer in children is not yet systematically and purposefully supported.
While observing children interacting in the classroom with the imtéive whiteboard
as a supporting component, we found that the children regularly only watch a storyline,
play, song on the interactive whiteboard or complete missing items according to the
0§SIF OKSNRA AyaluNHzOGA2yad 2 S QQlaged tOidtgfadtwitrtR S  § K |
the interactive whiteboard. It is the teacher that is largely dominant in the interaction with
the interactive whiteboard.

The inner motivation of children in their play and interaction with robot toys and
interactive whiteboard wasso strong that they remained actively engaged for a-non
standard period of time, as is natural for their age. The motivating factor was the robot toys
that made an impact on the inner motivation of children due to the attractiveness of their
use. Childrerexpressed curiosity, spontaneous interest, desire and willingness to explore.
They examined and experimented with the robot toys and searched for connections
between their own experiences and knowledge. They made a volitive effort in their play and
overcane learning obstacles. They were delighted with their own results and expressed joy
over independently acquired information during their play with robot toys.

DIVAI 2@0¢ The B" international scientific conference on Distance Learning in Applied Informatics. 135
ISBN97880-7598841-6 ISSN24647470(Print) ISSN24647489(Ontline)



Lilla Korenova, Eva Gaspsa, Dusan Kostrub
Use of Interactive Whiteboard and Robot Toys in Kindergarten Teaching

Figure 2: Cognitive transfer of children from 2D to 3D

Problematization of the prospective research subject matter based on research findings

can be defined as follows:
71 Inthe current pedagogical didactic practice, the support of the holistic development of

OKAf RNBYyQa LISNB2YI f A ( eSlapmehtal possybiditiest ofF hO A Sy

children who are being educated, taking on the form of performing limited and
unambiguous requests, commands, guidelines, where teachers explicitly do not support
the learning of children using interactive whiteboard anthat toy in the classroom.

1 Interactive whiteboard can be used in the teaching process as a didactic (digital) aid
and/or means. Through interactive whiteboard, learners and teachers use various
sources of information (e.g. Internet, CD, DVD, etc.); s@vieus educational and real
life problems incorporated in projects.

1 The didactic incorporation of the use of interactive whiteboard and robot toys into the
0SFOKAY3 LINRPOSaa Aa yz2d NBfFGSR G2 2yfe
In didactc practice, interactive whiteboard and robot toys need to be used responsibly,
systematically, and consistently in order to expand information and develop
competencies of teachers and learners that also help teachers reduce the negative
impact on children

CONCLUSION

We implemented pilot qualitative research, the results of which we present in this
paper. We had the opportunity to see that when we give children more space to be
independent we provide them with room for active competence development. Thereh
were given room to act and function independently. The pilot qualitative research
confirmed that this is an issue worth addressing and it is interesting to children and teachers,
as well as parents.
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With the number of robot toys increasing, the gties of how to incorporate them in
teaching will become more open, and combining interactive whiteboard with robot toys is
proving to be one the effective solutions.

Conscious and purposeful teaching and learning with the use of interactive whiteboard
and robot toys will attract and stimulate the subjects to new ideas, suggestions and
possibilities that correspond with their interests. A perceptive and reflective teacher listens
G2 YR I O0SLIia OKAfRNByQa &dzZ33SalAipkyvda I yR 2
the use of digital whiteboard and robot toys.

In the future, we plan to conduct qualitative research in more kindergartens across
Slovakia.
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Abstract

Application of automation and robotics elements in production industry increases the
competitiveness enterprises anevdlopment and programming of control systems for industrial
automation thus becomes a key competence of the knowledge economy of each country.
Education systems should be able to reflect these new social and economic conditions. The main
guestion which th paper deals and which the authors try to answer is how the professional
preparation of specialists for development and programming of automation and robotic systems
should or could be carried out. An answer to this question the authors see in utilfational

reality elements in the training of these specialists. On the one hand this solution can contribute
to increase the specialists’ competence and professional skills, and on the other hand it can
significantly reduce financial demands necessargrisure material provision of the training. In

this context the authors present in their paper a demonstration of the use of virtual reality
systems in programmable logic controller (PLC) programming.

Keywords

Industrial automation. Programmable logic ¢miler (PLC). Control system programming.
Virtual reality. Development environments for PLC systems. Programming environments.
Simulation modes. Education and professional training.

INTRODUCTION

Application of automation and robotics elements in produstiadustry increases the
competitiveness of both the enterprise and the entire country within the global economic
space. It is no coincidence that companies, that are leaders in industrial automation, have
their allocations in developed world economies M@®pment and programming of control
systems for industrial automation thus becomes a key competence of the knowledge
economy of each country (Hudedmani et al. 2017; Lashin, 2014; Vossudfgsough, A.,

2011). All the more this applies in case of depéig economies, which have become a
a2dz2NOS 2N SYGANRYYSyYyld 2F aOKSILX @g2N] F2NOS
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production lines. It is very important education systems of these countries to be able to
response personnel requirements of the kmedge economy. However, preparation of
specialists for development and programming of automation and robotic systems puts high
financial demands on both material and staffing provision of the education process, which
is often significantly undedimensiored in case of the developing economies environment.
The latest results in the development of information technology, mainly of the virtual reality
elements, could offer a solution to this situation (Yoon Sang,-Meak, 2013; Fuchs,
Moreau, Guitton, 2011).

SIMULATION MODES OF DEVELOPMENT ENVIRONMENTS FOR PLC SYSTEMS

PLC (Programmable Logic Controller) is an industrial computer system that
continuously monitors the state of input devices and makes decisions based upon a custom
program to control the state obutput devices. One of its advantages is its modularity
(Figure 1), what means that different types of input and output devices can be mixed and
matched to get the best or most suitable application (EATON, 2019).

& THIN CLIENT ON INTERNET USING
PLC S7 00 INTER. EXPLORER OR NETSCAPE

PROCESS Ii0 [
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PILOT PLANT RS-485

Internet

MOBILE
HETWORK

LAN Ethernet

IWS STUDIO
WEB SERVER

GENESIS32
WEB SERVER

OPC CLIENT
WEB SERVER WIRELESS LAN 'c-)g'g F(;(I:_I\IIEVII\ITrH+
VIDEO MONITORING THIN CLIENTS

! RIS MATLABISIMULINK

Figure 1: Demonstration of the moduigr of the PLC systems.
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In industrial automation one can mix and match is overtaken just by the PLC systems
O0bSiG2x . FANRZI wnamoT 22N}¥6S71T Fd FE®dXT wnannnod
system takes place in specialized development environmérdas are implemented as
applications in common personal. A finished program is then uploaded into the PLC system
and is tested on a real automatic or robotic production line, where all sensors and actuators
are already accessible for the PLC system.

Develpment environments for programming PLC systems usually also include a
simulation mode in which the behaviour of a control program can be viewed before it runs
on a real line.

Figure 2 shows a simulation mode of one of the programming environments ane Figur
3. shows how the behaviour of the program can be monitored using the Oscilloscope
function (Factory 1/0, 2020).

A simple program (Figure 1) responds to two analogy inputs. The first analogue input
IAO1 records current temperature and the second analogue input represents the desired
temperature, which is set e.g. through an HMI panel. Function block CP01 compases th
two valuesand, on the basis of the result, turns on / off the output @Xeating or output
QO02- cooling, respectively. In the lower part of the figure there are shown possibilities to
set or to change the input valudégsr IAO1 and IA02. Spedidlly, at the input IAO1 the value
of 2500 is set, what corresponds to the actual temperature of 25@0At the input IA02
the value of 2700 has been set, which corresponds to the desired value of’Z7 lBOnction
block CPO1 (Figure 1) compares theslei@sand, since the current temperature is less than
the set point (25.00C < 27.00C), it switches on the output QOlheating (red colour
corresponds to the logic value of 1). Of course, the output Q&sbling, is switched off in
case of the heatig (black colour corresponds to the value of log 0). If the actual value is
higher than the desired value, the heating is switched off and cooling is switched on. The
time course of the valueand the behaviour of the program can be monitored using the
Oscilloscope function (Figure 2).
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Figure 2: Demonstration of the simulation mode in EATON EasySoft v7 development environment.
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Figure 3. Demonstration of the time course of the monitored values through the Oscilloscope tool in the
development enviroment of EATON EasySoft v7.

Simulation modes in programming environments bring many benefits and are
important tools for programmers to develop different applications. Ability of these
environments to substitute real systems is a significant contribuaod, this regards as well
the teaching process, as this offers a possibility to carry out the teaching process without
the necessity of having or obtaining real and very expensive systems. In technical practice,
they are used as testing environments at drea of the PLC control software. The
programmer is able to create and to some extent also to test his program without the need
to be physically present by the line. In industrial practice, there are often situations when
the program is created simultanesly with the construction of the line. In such situations
to test the program in the real operating conditions is possible only in case of the final
hardware finalization of the realized project. Despite obvious technical and economic
benefits, simulationmodes of programming environments have serious shortcomings,
which become evident at their setting into the real technical practice:

1 PLC system inputs are controlled by a programmer by the means of simulation
software. So, the input data cannot simulateesgic reactions of the automation
system that may be crucial to the behaviour of the control program.

1 PLC system outputs in simulation mode are for informational purposes of the
programmer only. They are "hermetically” isolated from the actuators of the
automation system, which in turn influence the input quantities.

In our example, this means that the values of the inputs IA01 and IA02 are changed
manually by the programmer. At the same time, the outputs Q01 and Q02, which switch on
the heating and coolig, have not ensured any interaction with the inputs in any way. In
practice, this may mean that if the current temperature exceeds a little bit the set point, the
heating mode is switched to the cooling mode. However, when the temperature drops
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slightly béow the desired level, the modes change again. This, of course, repeats itself
cyclically continuously. In case the controlled system has a high measure of the response
rate and low level of the run down (after switching on the heating the temperature
immediately increases and after switching off the heating it stops to increase immediately
the same but in a n opposite direction is applicable also in case of cooling), combined with
a high external influence on the regulated system (for example, extremgly or low
exterior temperature), then at temperatures near the desired value, the entire control
system dangerously wobble itself. This is a common phenomenon and a disadvantage of
binary controllers, what is solved in practice by setting the limit \&addfi¢he control circuit
hysteresis. Of course, our example is only indicative and its issue is well known to the
professional community. We just wanted to point out that in technical practice there are
often occurring key interactions between the outguand inputs of the regulated system,
which may not be reflected in the simulation mode, but may have fatal consequences for
the behaviour of the control program. The use of simulation modes in teaching process
undoubtedly has its advantages, especiallyanfeconomic nature. However, a question
arises here, and it is to what extent such teaching can really reflect needs of the industrial
practice and how it can prepare a student to solve real technical problems.

USE OF VIRTUAL REALITY SYSTEMS IN PLC PROBRWNG

Development of information technologies creates new possibilities for their use in
virtual simulations in different fields of science and education. For example, at the
Department of Geography, Constantine the Philosopher University (CPU) in Nitra it
members deal with modelling possibilites 2 f G A OA I NE . A hgndzaiitidez . | NJ
Department of Information Technologies attention is paid, among others, to personalized
learning supported just by the means of the newest information technologidsoarthem
based systems of virtual reality (BaloghdzNB + YA X . dzNA | y2 @3t 5 HAMPO P
application of these new trends in technical application practice, specifically on new
possibilities for PLC control systems development and programrgt is also worth
mentioning is the Adobe Flash system, which is used to program interactive web flash
presentations and games. One of the workplaces, where the issue of the ways how the
simple production processes can be simulated using just this systertine Georgian
Technical University (GTU) in Thilisi. In frame of the Erasmus+ study stay at the Department
of Technology and Information Technologies of CPU the PhD student of GTU (Salome
Mukhashavria) has successfully develop a software interfacedsetw real PLC system and
interactive Adobe Flash presentations (Figure 4) to a technological process sequence for
milk pasteurization.

TECHNOLOGICAL PROCESS SEQUENCE FOR MILK PASTEURIZATION i =Wt

|
E—'"I’T |

PASTEURIZER
|
)

Figure 4: Technological process sequence for milk pasteurization.
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Figure 4 shows a view of Adobe Flash applicationeftynas an interactive presentation
of functionalities of a real technological process (on right), controlled through a PLC control
program (in the middle). By means of the software interface PLC responds to the virtual
stimuli in the Flash presentaticand at the same time by its signals it can influence (control)
behaviour of the virtual objects in the presentation. It is clear that such solution has its
application mainly in education or teaching. However, current technical application practice
requires a powerful tool that would transfer the functional elements of machines (engines,
feeders, sensors, etc.) to the virtual environment without the need to program their
properties in virtual reality systems. Nowadays, CAx systems with possibilities tatsimu
operation and verify functionality of the design proposal are used in the design proposals of
engineering projects. Robust CAE (Computer Assign Engineering) systems have thus crossed
the border of the own support at the technical documentation creati¥irtual 3D models
of components and simulations of entire automated lines significantly change the used
development processes in automation. So on the one hand we have a functional virtual 3D
model of the automated line, where we can verify behaviouriradividual hardware
components, and on the other hand we have a control program that can be tested in a
simulation mode but with the aforementioned limitations. Connecting of these two virtual
environments would bring enormous benefits to both schools apglicative industrial
practice. A basic element of such interconnection is ensuring of the interaction between the
virtual 3D environment of the automated line hardware and the simulation environment of
the application in which the PLC program is beiagefoped. One of such solutions is a 3D
system called FactorylO. FactorylO uses a virtual reality system, in which it is easy to
construct a functional unit of an automated line or of a robotic workplace. Elements of such
a line act on various virtual olgts, which subsequently can be recorded by virtual scanners.
A great benefit of this virtual 3D system is its interaction with the PLC control program. In
practice, this means that the simulation outputs of the PLC system interfere with the virtual
objectsoperation, e.g. such as starting engines and conveyor drives. The conveyor then acts
on various virtual objects (e.g. a box) and these begin to move in the direction of the
conveyor movement. Subsequently, virtual sensors can record different processual
phenomena (such as the movement of the box) and send information to the PLC simulation
inputs.

Figure 5 illustrates a virtual reality space in which it is possible, using available
components, to assemble a functional unit of the line together with diffexerual objects.
Menu of the technical components together with the objects is displayed on the right side
of the screen. There are at disposal have more than 80 kinds of components such as Emitter,
Remover, Items, Heavy Load Parts, Light Load PartsoiSe@perators, Stations, Warning
Devices, Walkways.
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Figure 6: Menu of the already created scenastomated linesautomated line

So to assemble the virtual line we have a wide range of design options available. However,
we can also use 20 created scenes, which are already ready to be used @figtine
greatest benefit of the whole system is the possibility to simulate the PLggroand to
monitor the behaviour of the virtual line. The left side of Figure 7 shows the PLC program
(SIEMENS Simatic 1200/156gstem TIA Portal), which is switched on in the simulation
mode (green colour represents level log 1, black colour represients log 0). In the
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window on the right side of Figure 7 a user can watch, by meansaiara, behaviour of

the automated line in the system of the virtual reality. A strength of FactorylO is also its
compatibility with various development environmengich as Siemens, Alradley,
Schneider, CodeSys and others.

= =i == VECTTREE = =
- I

v Network3: manser

Figure 7: Demonstration of a control program simulation and a line operatianintual reality system.

CONCLUSION

PLC programming and automation applications in industrial practice arertam
parts of the knowledge economy. Material equipment of schools necessary to ensure
appropriate quality of the graduates’ education in the given field is very expensive.
Utilization of virtual reality elements together with simulation environments of
development environments brings new possibilities to increase quality level of teaching
processes in financially affordable way (Challoner, 2017; Burdea, Coiffet, 2003).

However, application of virtual reality in simulation of industrial automation praegss
brings many advantages also in technical practice. In our opinion virtual reality systems,
primary intended for gaming industry, have a high utility potential for both teaching process
as well as project creation in industrial automation.
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Abstract

One can basically assert that technology use in educational practice becomes an inseparable part
of educational activity. Both teachers and students are emirgyly using mobile technologies in
teaching and learning. However, still very little is known and there is very little proof about
application effectiveness of these technologies in the teaching/learning process. It is purposeful
to responsibly integratéechnologies into the educational process and to seek evidence of such
integration. In November 2019, pilot research was carried out in two couattidbuania and
Romania. Natural science and adjacent subject teachers participated in the researchir(ias
Romania, 12@ from Lithuania). Research samples were arranged applying a random selection
system. Referring to an earlier carried out preliminary research results, a research model was
prepared. The research model consists of 4 main dimensionwtiation to learn, 2) better
understanding, 3) social learning usefulness, and 4) teaching usefulness. The model has been
empirically validated and crosslidated. The prepared research instrument manifests itself in
high reliability and can be succadsf applied to explorthe usefulness of mobile technology in

the teaching/learning process.
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Mobile TechnologyMultidimensionalApproach Flot Sudy. SienceTeachers
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INTRODUCTION

Nowadays, the teaching/learning process, a textbook and exercise book are no longer
sufficient. The teacher needs to constantly innovate, change his / her work style, as well as
diversify his / her teaching methods and tools. In the lesson, conventioaehiieg should
be replaced by new educational approaches that encourage creativity and efficiency. It is
clear that with the increasing flow of information in the educational process and the
development of teaching/learning methods and tools, the teachiggything methods used
to date are no longer sufficient. On the other hand, mobile technologies are increasingly
used in the teaching process.

This situation demonstrates the teachers' interest in these technologies, the necessity
of their application in edcation, and the need to combine these technologies with
conventional methodological tools in the educational process. On the other hand, students
are more curious and at the same time very different, and their speed of learning is different,
so it is impotant to choose interesting activities so that the children learn the material more
effectively and the result can be better.

Applying teaching based on such technologies, in many cases creation of learning
O2yRAGAZ2Y A A& léamnér dakiBgRntoTcéndideratidrRddidual pace, time,
LX I OS> tSINYyAy3a LRaaroAtAde FyR ldzizy2YAO A
¢tSNBaAaSPAGASY TS 39 , atahe damd Sreiedisurdy & goodHemotional
environment/state (Fracisti & Balogh, 2019)Research shows that mobile technologies
allowto increaseteaching process effectiveness, to enrich teaching/learning environment,
help to use the newest resources and to integrate various topics, to develop critical thinking
abilith S& YR 20KSNJ 0. dzNAIFy2@F 9 ¢dz2NBt YAZI HamcT

So, mobile technology/devices offer a huge range of options: to learn a variety of things,
read ebooks, bookmark ideas and notes, collect text, share information, take pictures,
draw, and more. Molbte technology/devices is a great tool, you just need to use it properly
and effectively, and involve children in the learning process. In addition to the usual
psychological and pedagogical knowledge, the future teacher will have to be a good student
himself, interested in innovation, quick to learn and able to apply innovation directly to his
work. On the other hand, the impact of mobile learning technologies on educational
achievement and motivation has not been clearly demonstrated.

BACKGROUND AND CONEPTUALIZATION

Related Work

Extant literatureshows an increasing interest in mobile technology for educational
purposes. It is argued that the use of mobile technology not only in computer science
lessons but also in other subjectsgescience subjectgncourages students' motivation to
learn. Research shows that technology's influence on learning is more involvinghthan
usual conventional methods because learning continues virtually outside the classroom, in
I NBFf addzRSyidQa SxaSmil, Rlak 2004) EidnpsS(90dBR) éxployed S v
how mobile learning technologies were related to motivation peculiarities and established
that mobile technology use in learning provided opportunities to experience challenge,
stimulated curiosity, provide ¢ A RSNJ O2f f 02N GA2y LR AaaAoAf Al
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students it already becomes a usual thing that any information devoted to learning is easily

F OKAS@PGSRE AG OFy 06S F2dzyR 2y (KS AYydiSNySio
2011 showed that the majority of students use smart mobile phones for internet searching
(92.5%), also for logging on at internet cafes, learning environment journals and social
networks for learning demand satisfaction (35.5%).

It is obvious, that a greatnaount of research has been devoted to the analysis of
how and why students use mobile technology in their learning process, why mobile
technology is used and what it offers or challenges. Fua and Hwangb (2018), conducted
systematic research of scientifiaulplications from 2007 to 2016 related to mobile
technologydriven education. Mobile technologyased learning has been found to be
more effective in cognitive, metacognitive and epistemological terms than internet
based learning (@., appropriate tools fo learner understanding and concept
transformation). Learners are making real progress due to social interaction. They work
with a variety of information, communicate with peers and experts to construct and
reflect meaningful knowledge. MBased learningsi a potential way of learning to
facilitate knowledge acquisition, metacognitive skills, and epistemological beliefs by
Sy3al3aay3a aaGdzRSyda Ay 02ttt 02N GABS € SINYyA:
students use different mobile technologies forfdient purposes in their formal and
seltdirected learning environment. They like to use mobile technologies because of
their affordability, flexibility, compatibilityand interactivity. Students often use mobile
technology in norformal education, i.e.ifding some time for learning between the
activities that are already planned. Agrawal and Parvez (2018) emphasized that mobile
technology is a robust package of scientific advancement, compact and convenient. It's
flexible, easy to use, compact, inexpessi multifunctional, usesfriendly learning
approach.

On the other hand, research also showed a possible negative influence as well. The
research carried out by Legkauskas (2013) showed that video games that teenagers play on
computers phones, and gameonsoles, can have a negative influence on motivation to start
any other activity. The research by Ramasauskiene (2014) revealed that frequent use of
mobile phones makes it hard to concentrate, shortens the time of live communication with
friends, and haa negative impact on educational achievement results. Research also shows
that the use of mobile technology causes interpersonal conflicts with teachers, parents, in
this way, communication behawo becomes worse (Phillips, Butt, & Blaszczynski, 2006).

Nevertheless, mobile technology use has a positive influence on teaching/learning. The
research by Gray, Ryan, and Coulon (2004) showed that new technologies having occurred
020K Ay &ai0dRSyGaQ yR Ay GSIFOKSNBRQ kiBsgSNE R ¢
convey them to students and provide them with new knowledge and skills. Some of the
research showed that MT use has a positive influence with regard to students who lack
motivation because these devices were especially useful creating teacher daitl Sty (i & Q
NBflFdA2yaKALIAYE gKAOK Ay GdzNYy FFEOAfAGIGSR (K
(Ison, Hayes, Robinson, & Jamieson, 2004; Walsh, Lemon, Black, Mangan, & Collim 2011).
spite of the fact thatmany of the students can be better prepdren the technology sphere
than teachers, it is important to create a suitable teaching/learning environment for the
latter, which would allow them to effectively use mobile technologies (Ferry, 2009). The
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educational environment factor is significant besa this can build trust in the use of
mobile technologies (Kim, Kim;®, Choi, 2016).

Research Model and Measures

The usefulness of mobile teaching and learning (MTL) has been conceptualized as a
secondorder factor that loads on four dimensions (fimtder constructs): motivation to
learn expectancy (ML), better understanding expectancy (UU), social learning usefulness
expectancy (UL), and usefulness for teaching (UT). The research model is presented in
Figurel.

Mobile teaching

and learning
Mativation Better Social learning Teaching
to learn understanding usefulness usefulness

Figure 1Research model

The motvation to learn expectancy (ML) is measuring the increased motivation of
students as anticipated by teachers. It is expected that by introducing mobile technology in
class students will be less stressed and bored. It is also expected that the lessdogs will
perceived as more interesting and attractive since students will feel in control by using their
own devices (Lamanauskas et al., 2019).

A better understanding expectancy (UU) is measuring the anticipated benefits as
regards the understanding of concepfFua & Hwangb, 2018 amanauskas et al., 2019). By
using educational applications on their own devices, students will pay more attention and,
consequently, will become able to use their knowledge in a creative way.

Social learning expectancy (UL) reféosthe opportunities to extend learning in
nonformal contexts (such as visits to museums) and learn in a collaborative way. In both
casesmobile technologys expected tdavour social learning (Ciampa, 2013; Naismith, et
al. 2004).

Usefulness for teaching (UT) is measuring the new opportunities created by mobile
technology (Isson et al, 2004). Teachers will be able to prepare more interesting lessons and
to find ways to bette explain difficult concepts (Lamanauskas et al., 2019). Moreover,
teachers may find it easier to give learning tasks to students. Theofulst constructs and
measures are presented in Table 1.

Table 1 Constructs and measures

ML | Learning motivation xpectancy

ML1 | By using mobile technology students may be less bored by the traditional methods
ML2 | By using mobile technology students may feel in control to learn with their own devi
ML3 | By using mobile technology students may find the lessone attractive

ML4 | By using mobile technology students are less stressed and learning is accepted as
ML5 | By using mobile technology students may find the lesson more interesting

UU | Better understanding expectancy

UU1 | Mobile technology magtimulate students to pay more attention to lessons
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UU2 | Mobile learning stimulates creativity

UU3 | Mobile technology may help to better understand the lesson

UL | Social learning expectancy

UL1 | Mobile technology may help to learn outside class

UL2 | Mobile technology may help the collaborative learning

UT | Usefulness for teaching

UT1 | With mobile technology, | could prepare more interesting lessons
UT2 | Mobile technology helps to givearning task$o students

UT3 | With mobile technology, | coulbetter explain difficult concepts
UT4 | With mobile technology, | could better stimulate the students to learn
UT5 | Mobile technology enablesorking with simulations angirtual labs
UT6 | Mobile technology helps the evaluation process

EMPIRICAL STUDY

Method

The research was quantitative, of a pilot type. The research was carried out in
NovemberDecember 2019. Before the pilot research, preliminary research was carried out
in order to understand the use of mobile technologies in the educational prcaedto
prepare the research questions for the pilot study (Lamanauskas, Slekiene, Gorghiu, &
Pribeanu, 2019).

Two samples have been collected: one from LithuaiNal@0) and another from
Romania l=125). Exploratory factor analysis has been carried onfitse sample that
confirmed the fouffactor solution (extraction method: maximum likelihood, rotation
method: Promax). However, the results were unacceptable as regards the item reliability
and factor loadings so four items have been eliminated: ML2, UU%, and UT6.

In order to validate the research model, two models have been specified and tested by
using the revised scale: four firstder inter-correlated factors (measurement model) and
a seconebrder factor (structural model). The models are preszhin Figure 2. Estimation
results have been anagd according to the recommendations from the literature as
regards the validation of measurement models, and hierarchical models (Anderson &
Gerbing, 1998; Edwards, 2001; Koufteros et al., 2009).
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Figue 2 Fourfactors model (left) and secorarder factor model (right)

Convergent validity has been assessed according to the recommended thresholds from
the literature (Fornell& Larcker, 1981; Hair et al., 2010), as regards loadings magnitude
(greater than 0.5), construct reliability (composite reliability, CR greater than 0.70), and
average variance extracted (AVE, greater than 0.5). Discriminant validity is less important
here since the dimensions are expected to be highly correlated (Koufteros €d@®). 2

The model was anadgd with Lisrel 9.3 for Windows (Mels, 2006), using a covariance
matrix as input and maximum likelihood estimation method.

Model Estimation Results: Lithuanian Sample
Sample

Thesampleconsised of 120 teachersThe teachers distribution by ageasas follows:
3 teachers in 2229 years group, 14 teachers in-30 years group, 29 teachers in-40 years
group, 50 teachers in 589 years group, and 24 teachers over 60 years old. According to
qualification: 18 (15%)ere teachers, 32 (26.7%)senior teachers, 56 (46.6%jeachers
methodologists and 1411.7% - teachers experts. From the teachers having participated in
the research, 30 teachers work with all age group students, i.e. with the18" forms,
23 ¢ with the 7" ¢ 12" forms, 38¢ with the 9" ¢ 12" forms, * only with the 12" form, 14
¢ with the 5" - 8" forms, 5 teachers with each"5-10" forms and T -8" forms, and 2
teachers with each'7-10" forms and % -10" forms.

Measurenent Model Testing Results

The firstorder model has been analyd for unidimensionality, the internal consistency
2F GKS aoltS o/ NRyolOKQa |fLKIOE YR 02y @S|
loadings, and convergent validity are presentedrable 2. All mean values are over 3.00

DIVAI 2@0¢ The B" international scientific conference on Distance Learning in Applied Informatics. 154
ISBN97880-7598841-6 ISSN24647470(Print) ISSN24647489(Ontline)



Vincentas LamanauskaSostin PribeanWioleta~ t S 1, Gabrigl Gorghiu

Exploring the Usefulness of Mobile Technology in the Teaching/Learning Process a Multidimensional Approach

(neutral). The highesgtated items are those related to the expectancy for social learning
usefulness. With one exception (UT2) all item loadings are over 0.6, thus proving
unidimensionality of the firsbrder factors

Table 2Descriptives, loadings, and convergent validity

Factor | Iltem Mean SD Loading | Alpha |CR AVE
ML ML1 [4.13 0.65 |0.69
ML3 [4.13 069 |0.82
852 592
ML4 (368 |0.72 |0.68 835 | 0.852 10.59
ML5 [4.16 061 |0.87
uu Uu2 [3.58 0.78 |0.69
. 51
Uu3 |3.84 0.67 0.75 674 0.683 10519
uL ULl [4.30 063 |0.78
72 .
uL2 |4.14 0.64 0.73 714 0.720 1 0.563
uT UTl |4.24 062 |0.78
uT2 |[4.15 0.60 |0.56
UT3 |3.96 |056 |0.68 783 | 0.786 10483
UT4 |3.68 069 |0.74

The convergent validity is goodince the composite rebility (CR) is varying from

0.683 to 0.852 and the average variance extracted (AVE) from 0.483 to 0.592. The model fit
with the data is good, as shown by the goodresF A (i
.?/df=1.455, CFI=0.96&FI=0.912, RMSEA=0.062, SRMR=0.056.

Structural Model Testing Results

The seconerder model was evaluated in order to assess the relationship between the

secondorder factor and its dimensions (firstder factors).

With one exception, the factor loadingsr the secondorder model are above the

0 Dh CA=69B3[dR-A80S a4 Y

threshold of0.7, varying from 0.61 to 0.99. The convergent validity of the secoddr

construct is very good (CR=0.903, AVE=0.704). The seodadfactor model explains
66.8% variance in ML, 79.6% varianc&h, 37.4% variance in UL, and 98.3% variance in

l¢d ¢KS Y2RSE

| 20S I NE

My pULZ

between firstorder factors.

TAL

gA0K

Model Estimation Results : Romanian Sample

Sample

0KS RI012=ma7df=504 2
.?/df=1.443, CFI=0.962, GFI=0.908, RMSEA=0.061, SRMR=0.08.

The existence of a secommlder factor has been testedithh the T-coefficient (Marsh &

g KA O%of thedirstd KBRS NI & Rk & ot b $ Ry {
secondorder factor. In this casd=0.968 (greater than the recommended @it value

0.80) thus suggesting that theecondorder factor explains 96.8% of the relationships

122

The sample of 125 teachers consisted of 34 men and 91 women, distributed by age as

follows: 15 teachers in 2Q9 years grap, 27 teachers in 389 years group, 29 teachers in
40-49 years group, 43 teachers in-50 years age groypnd 11 teachersver60 years old.
93 teachers are active in the urban area and 3R@rural area. In the research, there were
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involved:81 teachers who have the level 1 certificati¢®¥d.8%), 22 teachers who have the
level 2 certification(17.6%), an@2 teacherdaving a fultime professional degre€l7.6%).
From the teachers having participated in the research, 70 are working with lowerdaagon
students (%' - 8" forms)and 55are involved in upper secondary educatioff (12" forms)

Measurement Model Testing Results

The firstorder model has been analyd for unidimensionality, the internal consistency
2T GKS &0l S ondNaEyemenOldity. Thefdedkriptives statistics, item
loadings, and convergent validity are presented in Table 3. With one exception, all mean
values are over 4.00. The higheated items are those related to the expectancy for
learning motivation. Wh two exceptions (ML1 and UT2) all item loadings are over 0.6, thus
proving unidimensionality of the firgirder factors.

Table 3Descriptives, loadings, and convergent validity

Factor |Item |[Mean |SD Loading | Alpha | CR AVE
ML ML1 |4.05 |1.02 |0.59
ML3 [4.25 [0.89 |0.79
ML4 |4.02 |0.97 |0.77
ML5 |4.34 |0.86 |0.87

833 | 0.845 |0.581

UU  |Uu2 |384 |0.95 |0.72
784 | 0.64
UU3 |4.08 |079 |o8s  |.763 | O-784 0646
UL ULL |410 |0.90 |0.71
0.740 |0.588
UL2 |4.08 |0.83 |0.82 735
uT UT1 |4.26 |0.80 |0.83

uT2 |4.06 |0.79 |0.57
UT3 |4.08 |0.82 |0.80
uT4 |4.02 |0.92 |0.77

828 0.834 |0.562

The convergent validity is very good since the composite reliability (CR) is varying from
0.740 to 0.845 and the average variance extracted (AVE) from 0.562 to 0.6460dlBEfit
with the data is good, as shown by the goodnre&F A i O D h C%69.08)dR480S a Y
.2/df=1.439, CFI=0.971, GFI=0.920, RMSEA=0.059, SRMR=0.042.

Structural Model Testing Results

The factor loadings for the secommlder model are all above thdteshold of 0.7. The
convergent validity of the secorarder construct is very good (CR=0.893, AVE=0.678). The
secondorder factor model explains 58.2% variance in ML, 65.5% variance in UU, 59.4%
variance in UL, and 88.0% variance in UT. The model fitvattiata is also good, as shown
08 (KS Dh%&84.A5/0f p 03h=Y.683, CFI=0.953, GFI=0.909, RMSEA=0.074,
SRMR=0.056.

The t-coefficient (Marsh & Hocevar, 1985), is 0.821, (greater than theoffwalue
0.80), thus suggesting that the seceadler factor explains 82.1% of the relationships
between firstorder factors.
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DISCUSSION

It is obvious that there exists a demand to have a reliable and valid instrument for any
measurement. In this case, a measurement scale is prepared in ordexpore te
usefulness of mobile technology in the teaching/learning procéks.usefulness of mobile
technologies for teaching and learning has been measured as a secdeidconstruct that
manifests along four dimensions. Three dimensions out of four are ktatthe expectancy
2F a0GdzRRSyGaQ Y20A0F0A2yY o0SGGUSNI dzy RSNEGF yYRA
approach is appropriate becaus&T usecannot be evaluated using a single construct or a
singleitem scale (Lin, Wang, & Li, 2016), though sex#imples exist (e.gone dimension
and ten variables model constructed by researchefsiritangil Erenler, 2018%eeking to
measure MT usefulness and/or effectiveness in the education process, the created
instrument has to involve various aspects, only then this will be a useful diagnostic device.

Earlier carried out research shows that the biggest attention wasoteel to
instruments, measuring mobile technology effectivendssr(g & Zhang, 2012Moreover,
attention is focused omxamples of mobile practices and developments in the educational
use of mobile technologies (Valk, Rashid, & Elder, 2010). Fojtik @8d4ccentuated that
G2RIF8Qa Y20AfS G(GSOKy2f23A8a AYyONBFaS € SIFNYA
SRdz2OF GA2y It FTOUAGAGASAD . SaAARSaz aildRSyidaQ
MT. MT creates flexible teaching/learning solutipa®id in this way support learning in
different situations (Sivakumar, 2014). It is understandable that MT use by itself does not
ensure teaching/learning success. However, as research showed, MT supports active
learning, increases motivation and satisfaotwith activity (Ferreira et al., 2015). Regarding
teachers, a serious challengemainsof how to choose and what technology to use, in order
02 FLOAECAGFGOSKYFT1S Y2NB STFFSOGAGfay bd batlzRSy (i 4 Q
beneficial and harmfl. Nevertheless, despite the rather abundant research of MT use in the
sphere of teaching/learning purposes, there is still not much research devoted to evaluating
the effectiveness of mobile technologies.

The multidimensional perspective provides higk&planatory power and enables the
analysis on two levels. The model estimation results bring evidence for the existence of a
secondorder factor in both samples.

There are inherent limitations of this pilot study. A limitation is the small number of
items for the second and the third firstrder factors. Since the data has been collected in
both countries in the same period of time, it was not possible to revise the scale after testing
it on the first sample. Another limitation is related to the number dmensions. The
elimination of the last two items from the fourth construct suggests that the scale could be
further refined.

CONCLUSIONS AND IMPLICATIONS

This pilot study contributeswith a multidimensional model measuring the
usefulness of mobile teclumhogies for teaching and learning, as perceived by science
education teachers from Lithuania and Romania. The model has been empirically validated
and crossvalidated on a second sample which suggests good reliability and a promising
starting point for futher studies.
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Abstract

Today, there is often talk of "digital natives" and "digital immigrants". In this way, ICT
competences are differentiated between people of different aBegpending on the date of

birth, generation X (in Poland born between 1960 and 1985), Y (born between 1985 and 2000)
and generation Z (born after 2000) are distinguisi@dmpetences regarding the use of ICT are
thought to increase from generation X througaneration Y to generation Zherefore, it was
decided to examine whether there is a correlation between belonging to a given generation (X,
Y, Z) and the ability to use ICT. The described research is a fragment of a larger part and relates
to the ability to use ICT in time plannirigesearch conducted from April 30, 2017, to February 8,
2020. In summary 833 people took part in thdthe research was based the SAMR model for
TechnologyStatistical analysis of the results obtained did not confirm treetation between
belonging to the X, Y Z generation and the "depth" of using ICT in time management

Keywords

Electronic working time organizeMpdel SAMR, digital natives, digital immigrants, generations
X, Y and Z.

INTRODUCTION

Planning is about thking about the future tense. It is a process in which we start with
a more general look at the whole of our time and then go into details. Proper planning of
the use of our time is associated with the question of the purposefulness of our actions. And
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although many admit that planning is important, only a few devote enough time to it. People
instead of planning immediately take action, which allows reducing the level of tension, but
does not bring us closer to the goal. Meanwhile, studies show that ibisginto spend only

1% of the time needed to perform a given work to save one hour a day (Seiwert, 1998;
Bradley, McRae, 1994). Both in everyday life and in education (Gil Flores, De Besa Gutierrez,
Garzon Umerenkova, 2020), many people delay in complétiegask. This situation has a
negative impact on both achievements in real life and learning outcomes. The research
proves that man's mental health index is his/her ability to -seffanization (Savva,
Saigushev, Vedeneevaet al., 2016). It is specifiattime management, selfrganization

skills are regarded as a regulated conscious person's activity, which aims at goal setting, time
planning, as well as seatbntrol, selfanalysis and selforrection of one's actions and
behaviour. Time management, 6erganization skills secure timeliness and succession of
student's life cycle changes. Also, research conducted by (Eldeleklioglu, Yilmaz, Gultekin,
2010) showed that a positive relationship was found between psychologicabwialj and

time planning. Th research revealed that the realization of long term projects can be
sometimes problematic students. The problems derive from inappropriate project
management, especially time managemeBalogh, Klimesfurcani, 201;1Balogh, Turcani,
Magdin, 2015; Baprowska, Bilek, 2017t f 2 AKX Y gzDletplaidhing Skills of aiddgr
students are also moderate (Tanriogen, Iscan, 2009). It seems that currently in the era of
access to various types of calendars, including onpiening your activities should not be
difficult. We always have even the simplest calendar on our phone.

It was decided to check how Generation Y (Millenni#ti® generation of people born
in the 1980s and 1990s) and Generation Z (fMilennials- a generation of people born
after 2000) uses otine time planning tools. Because, unlike the previous generation,
referred to as generation X, generation Y "tamed" technological innovations and actively
use digital media and digital technologies and arastdered a bold generation, open to
new challenges. Recently, young employees from generation X and Y are often called
generation C- from the adjective "connected" as people constantly connected to the
internet and using social media for private and pssE®nal communication every day.
Generation Z (multitasking generation) are people for whom technology is the main tool for
expanding knowledge. Therefore, it was assumed as a research hypothesis that people
belonging to Generation Y or Z will fully uselioe time planning tool¢Becton, Walker,
Jone&armer, 2014)It was decided to examine whether and how online tools for time
planning are used. The research was based on the SAMR model for Technology Integration
created by Puentedura (2009). In this nebdhe defined several levels of technology
integration in the process of education or everyday life. In each subsequent level, we
immerse ourselves deeper and deeper in technology and use it more fully. Definitions of
subsequent levels and examples of tree of the same tools at subsequent levels are shown
in the figure below.
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share notes and write them together using Eyernote; joint creation of
s technology allows for the creaction of new mind maps; presentations using NearPod; creating augmented reality
task, previously inconceivable presentations using Aurasma; creating interactive documents, e.g. in
iBogks Author; cooperation with others in wiki tools

collecting sources; download and mark drawings using Skitch; creating
« technology allows for significant task photo collections in Flickr in connection with their description, tagging
redesing and geolocation; combining image, text and sound in an iMovie
presentation; creation and use of QR codes; making notes in e-book
reading programs; file management on Google server

use Evernote to divide your own notes into categories and tag them;
bookmarking websites using the share function; use the calendar to
remind others about dates

» technology acts as direct tool substitute,
with functional improvement

take notes on Eyernote; using the browser to find, copy and save the
information; creating presentations; copying www addresses, pasting
into an email and sending to others; opening PDF documents and
reading; sending notes to the teacher; taking pictures with a phone or
tablet

« technology acts as direct tool substitute,
with no functional change

Figure 1Definition of levels in the SAMR model and assigning sample activities to individual levels
(modified from original by Puentedura, 2018)

Research conducted by Zhai, Zpahi et al. (2019) showed that the Augmentation level
from SAMR model of use was positively correlated with the learning outcome, but the
Substitution level of use was not. Also, research conducted by Sanchez, Mendieta, Lainez et
al. (2018) have also shomthat the integration of mobile educational technology with a
ubiquitous approach favours the results of learning mathematics. The positive impact of the
application of the SAMR model in mixed teaching has been demonstrated by research
conducted by Albean and PopentitMladicescu (2019). This applies to both
teaching/learning effectiveness and increasing student motivation. Research of Onyango
and Gitonga (2016) shows how the use of the SAMR model allows the use of ICT for lesson
planning. In turn, reseah of Tsybulsky and Levin (2017) concerned transformations of
practices associated with microcomputkased laboratories (MBLS). It is shown that the
Redefinition level reflects the fundamental transformations of our society in the Digital Age.
The proposd SAMR model demonstrates the deep interpenetration of science and
technology. Also, the use of the SAMR model to use ICT in education brings positive effects
(Connie, 2015). Unfortunately, higher levels (M and R) in the SAMR model are often not
used and sers use technologiesonly in the first stage S- substitution (Tsybulsky, Levin,
2016).

METHOD

Research on the use of time organizers for life planning and learning was part of our
larger research on the use of ICT in life and sciehlke research sed from April 30, 2017,
to February 8, 2020. In summary 833 people took part in them. Research sample included
68.7% women and 31.3% men. The largest group of respondents were undergraduate
students (35.8%Jpllowed by postgraduate students in M.A. leV(33.1%) and high school
students (19.8%). Other respondents were pgstduate students in Ph.D. level (3.1%),
students of elementary schools (3.1%), junior high schools (3.6%), and servants of the
University of the Third Age (1.5%).

The respondents' &k was to answer the question of whether they use any time
planning tools. And if they use it at what level of SAMR model they use them.

For the needs of the study, subsequent levels SAMR #ihercalendars using were
defined:
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Level (S) SubstitutioAn anline calendar is used to perform the same tasks that were
performed before computers appeared. The calendar contains data, dates of meetings,
dates of birth and name of the family. In this situation, there is no functional change.
Although in some situatins, substitution makes some sense, but in fact, there is no profit
from using ICT here.

Level (A) Augmentatiot this level, computer technology is used as an effective tool
to solve basic problems (tasks). For example, the calendar sends us notiicgtioail,
SMS) about upcoming dates. We can share calendhas is, we know when our colleagues
have free time and when busy. We can automatically markworking days in different
countries- which is important in the globalization of the labour merkThe calendar will
show us any time zonesecause more and more people are working outside of local time
zones.

Level (M) ModificationThe calendar significantly expands its capabilities. We can
create events to which other users can be invited. We giae the event location, a map of
the place in the calendar. The calendar will help us achieve our main goals and resaolutions
if we set goals and define the frequency of operation, the desired time and the optimal time
for us - the calendar will searchor appropriate gaps in our schedule, which with our
permission will fill the selected activities (at level S and A we can do it yourself but if
something important falls to us during this time, the calendar will not plan this activity in
other free time)

Level (R) Redefinitionthe last stage of the SAMR model is Redefinition and represents
GKS LAYYIOftS 2F K2¢ GSOKyz2ftz23& OFy (NIXyafz2N
can assign tasks to our colleagues to monitor their progress. Add phottes, rand film
materials to your dates. We can use it as a communicator and create video conferences.

The respondents' task was to indicate at which level of the SAMR model they use the
online calendar. It was enough to use one of the elements of a giweh te be able to
indicate this level.

RESULTS

The most numerous group among the respondents are people who do not use
electronic time organizers at allt is as many as 294 people (which is 35.3% of the group).
The least numerous group are people whige organizers at the highest level of
Redefinition. There are only 41 such people, which accounts for 4.9% of respondents. The
number of responses in individual groups along with error lines and the trend line is shown
in Figure 2.
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Figure2: Respondents' answers to the question: At what level of SAMR model do you use electronic
organizers?

Almost a third of respondents (238 people, 28.6%) use electronic organizestdike
regular calendars. It means only for saving importafdrmation. It does not use any of the
online features available. Even sending SMS or emails with event reminders. Other people
(301, 36.1%) use organizers at higher levels. However, with each successive degree the
number of respondents decreases180,18.0%; M110, 13.2%; R1, 4.9%).

In the introductory part of the survey, participants were asked about gender, age, level
of education, and "How much are you interested in new technologies?" and "How much do
you like to learn?" A correlation was expecteetween the age of study participants (X, Y,

Z generation) and the level of use of the electronic calendar, and a correlation between
interest in new technologies and the level of use of the electronic calendar.

No correlation was found between the levdlarganizer's use and:
gender (Spearman correlation coefficient r = 0.05),

level of education (r = 0.02),

ICT interest (r = 0.19),

1

1

1 age of the respondents (r-6.02),
1

91 willingness to learn (r = 0.16).

In our research the correlation between gender a@il interest was weak positive
correlation (r = 0.21)However, in the research the correlation between the level of
education and ICT interest turned out to be average (r = 0.50).
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DISCUSSION AND CONCLUSION

The main purpose of the research was to confonrefute the hypothesis that the Y
and Z generations use computer technologies (in this case electronic calendars) at higher
SAMR levels than the X generation. By the way, other correlations were also examined.

EX BY z
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30 33 g2
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10
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Figure 3 Comparison of Y and Z generatiod X generation respondents' answers to the question: At
what level of SAMR model do you use electronic organizers?

The weak positive correlation between gender and ICT interests (r = 0.21) means that
men, slightly more often than women, are interestednew technologies. The average
positive correlation (0.50) between age and education level is obvious.

The very weak correlation (r = 0.19) between the interest in ICT and the SAMR level of
the use of the time organizer is puzzling.

The conducted tests dinot confirm the expected correlations, especially between age
(i.e. belong to the X, Y, Z generation) and SAMR level of use the electronic organizer.

The lack of correlation between age (i.e. belonging to the X, Y, Z generation) and the
use of electronicalendars can be explained in several ways.

The first of the explanatory theories results directly from research. The research
hypothesis that belonging to the generation affects the level of use of more advanced
functions of the organizer has been refdteso perhaps the generations Y and Z use ICT
more often, but their ability to use more complicated functions of the organizer does not
differ from the skills of generation X (see Figure 3).

The second theory refers directly to theskills of individuagienerations. Assuming that
in fact Y, Z generations use ICT more fully, it can be concluded that instead of using the
Redefinitionlevel in the organizer, they use tools dedicated to given tasks. So instead of add
photos, notes, and film materials to yodates or use it as a communicator and create video
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conferences they use Photoshop, messengers, and Skype. Perhaps instead of delving into
the next possibilities of one progranpeople from generation Y, | will use many different
programs at lower levelS and A).

The third theory concerns personal time management skills regardless of the tools
used. As many as 1/3 of respondents do not use organizers-ét@bves the lack of ability
to manage themselves in time. It can be assumed that the renta@/i8 of respondents try
to manage their time, but we do not know if they have competence in this field. And at what
level are these competences. Scientists studying human time management skills (Covey et
al., 1994; Lakeina, 1973; Macan, 1994) distingthiske levels of time management:

1. The first step consists only in creatingdo lists and keeping notes (without using
a calendar). It is an attitude more adapting to emerging tasks than creating reality.

2. The second stage occurs when the scheduler adds pdéenning and calendar
preparation to the task list.

3. The third level complements the previous two with a reflection on the values and
priorities in life, there is also a definition of a long and skertn goal.

Perhaps the level of organizing your tinféeats the SAMR level of using an organizer.
And because we acquire this skill with age, generation X prevails over this generation over
generations Y and Z. Which disturbs the possibility of assessing the impact of the age of
respondents on the level ofA3IR of organizer application.

In order to be able to conclude that belonging to the generation does not affect the
SAMR level of ICT use, further research should be carried out. It seems that further research
should determine the level of timmanagement skills (third theory) and check if generation
X actually uses fewer programs than Y and Z (second theory).

In this moment we can say that no correlation was found between the age of
respondents (belonging to the X, Y, Z generations) and the SAMRof the use of time
organizers.
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Abstract

The arti¢e focuses on the possibilities of further development and enrichment ofltbaraing

and MicroLearning (ML) concepts in the framework of university education. After creating an ML
course and having it used by students in their classes, we discovetddahatudy in bursts,
especially shortly before the final test. One solution may be the inclusion of continuous testing
during the semester. However, we prefer the creation of texts related to the course content. We
are exploring the option of involvirgjudents in a projeebased wiki creation, which could be a
possible solution to encourage better attendance of the course and to improve the utilisation of
its content. For this reason, we are focusing on how the wiki could be used in teaching and how
it is already being applied in research. We mention our concept of ML, and the framework for
integrating wiki creation into an existing ML course. In the results, we present the findings of the
analysis of the attendance and utilisation of our current ML ephby students in the course

G/ 2YLIzG SN ! NOKAGSOGdzNE FyR hLISNYGAYy3a {@daidsSy
students attended the course in an irregular and fitful manner, where the attendance is the
highest just before the test date. Therealso significant differences between the attitudes and
approaches of individual students, and from a statistical point of view, those who attended the
course more often and spent more time in the course achieved a higher score in the test.

Keywords

Wiki, MicroLearning,earning, LMS, student engagement.

INTRODUCTION

Seeing as earning has become a relatively common thing today, the research is
turning towards its improvement, enrichment and further development. In addition to
mobile learning(Bliat and lbriz, 2020; Crompton and Burke, 2018; Kumar, Goundar and
Chand, 202Q)MicroLearning (ML) is also being currently develofiddsse et al., 2019;
WEKY1S SiG Ftdx wampT {1FE1lF FYR 5NIN]{Z HAMY

l'd LI NI 2F GKS | dzi K2 NQ & d o, Slésiydeka cingeptR I G S =
and converted the traditional-€earning course into an ML course. During the verification
of the eLearning courses created in such a way, we have found that some undergraduate
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students (groups of students) of the teaching delattend the eLearning courses on a
sudden and fitful basis (see Results below). Especially at the beginning and end of the
semester. In teaching, this can be solved by including continuous testing during the term,
where students are forced to regularbttend the eLearning course in addition to the
knowledge gained in futime teaching in order to prepare for the tests. According to
preliminary findings from the winter term 2019/2020, we have shown that this approach
could produce corresponding results

However, since we do not consider the (largely) negative motivation (avoiding bad
grades) approach to be the most appropriate approach, we decided to find a path that
would motivate the students and engage them to utilise the course and its contentutitho
testing in classes. As a possible solution to this problem we consider using the wiki in
GSIFOKAY3 FtYR fSINYyAYy3AsS FT20dzaAaAy3a 2y a0dzZRSYy (&«
creating their own summaries and notes in collaboration and cooperalivaddition, the
work and familiarisation with the wiki will be beneficial for undergraduate students of
teaching fields and their subsequent practice. So far, they have not commonly encountered
this instrument in their studies.

MicroLearning and its bene fits

Since 2004, MicroLearning is no longer a completely unexplored area of research into
e-Learning. Small, relatively independent blocks in accessible fAtmazova, Rogovaya
and Gavrilova, 2018yranularity and division of larger curriculum into smaparts(Bruck,
Motiwalla and Foerster, 2012)are mentioned in connection with it. In many
implementations, it is a mobile learning concept focusing on asking questions and choosing
the appropriate answers) . NHzO1 Sid |t ®X wnamMpT ;hapdddf 06 SNA
Meirambek K, Aitchanov Bekmurza H and Nussipbekov Abai, .20t&)results of the
research indicate that when it is used, the students achieve better factual knowledge
(Matthews, Hin and Choo, 2014; Rehatschek and Smolle, 2018; Polasek anik,J3a0t0)

Wiki and its use

Nowadays, wikis are quite commonplace on the Internet. However, their origins date
back to 1994Leuf and Cunningham, 200When the first website of this kind was launched.
Although today the concept of exreating and editig content on the web by visitors (Web
HPnoO aSSya 200A2dzas o0ST2NBE GKS FR@GSyd 2F / dz
all; collaboration was only possible usingail Exchange (mailing lists), shared folders / file
access and onliater through hteractive pagegLeuf and Cunningham, 2001)

In practice, wikis are used in multiple applications, such as classic web pages (wiki
serves as CMS), or in particular as a knowledge base or knowledge management system
(Pellet, 2012; Wagner, 2004; Willmes at, 2018) but they can also serve as personal
knowledge management syster(tdsiao and Huang, 2019)he best known wiki application
is the Wikipedia encyclopaedia, which suffers from some issues caused by its large number
of authors (editors); oneofsic A 84 dzS& Aa SRAGAY I AfgnRdcd A & Y
et al., 2013; Giles, 2005; Tramullas, Gartidd OF 1 2 I YR & 0¥ Y&Beken mc 0
issues, together with the varying knowledge and competences of the contributors, can
affect the quality o A { ALJISRALF Q&4 AYRAQGARdzZ f | NIAOft Sad hy
that it did not turn out at all bad even when compared to encyclopaedia Britar{das,

2005)
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Use of Wiki in education

Possibilities of wikis and their utilisation in teaching become apparent shortly after their
creation. Initially, the focus was on what the wikis can offer and how to use them in class
(Augar, Raitman and Zho, 2008yt technical aspects were also consitk The main thing
mentioned in discussions about the way wikis are used is the collaborative comr{Rinity
and Houghton, 2009)where newcomers work together with experts. Considering its
application in education, Ruth sees wikis as a tool of discovering know[@&lgh and
Houghton, 2009) Recently, research into the use of wikis in education has focused on
problematic(DeWitt & al., 2017; loannou, Brown and Artino, 2088) projectbased(Chu
et al., 2017}eaching, the aspects of writing and engaging stud¢Atghasab, Hardman and
Handley, 2019; Cho and Lim, 2017; Hadjerrouit, 201ddllaborative learningHadjerrouit,
2014; Su et al., 2019pmnd teachesstudent interaction(Alghasab, Hardman and Handley,
2019) Wikis are used in teaching programm{hgn, Wu and Chiu, 2018) even as a system
for creating some form of a knowledge bgsén and Reigeluth, 2019, 2016)

If we use a wiki to involve students in writing, we cannot always count on them to have
an active approach. It is advisable to implement supporting activities and set certain goals
(Cho and Lim, 201.7%caffolding is a way to involve students when using gWiang, 2019;

Lin and Reigeluth, 2016, 2019 it leads the learner through steps towards knowledge.

Our concept of ML

In creating the existing-eearning course, we used the LMS Moodle environment and
supplemented it with the educational units createdcording to MicroLearning principles
(Hug, 2005) We created these MicroLearning units (MCUs) using the H5P platform and
integrated them into a traditional LMS environment. Individual MCUs were created with the
LINAYOALX S 2F Sl ae awderefhe iziingfaktar yas the lengthaf alz® Sy (i &
MCU of about & minutes, respectively-B concepts/ideas. Each of these units had a short
quiz (at the end or on one of the slides). MCUs contained text as well as photographs of
individual computer compaents, peripherals, connectors and interfaces.

Our concept of using wikis z a proposal to integrate Wiki with MicroLearning

Regarding the classification of the concepts for using wikis in lea(fage and
Reynolds, 2015)ur design concept correspondsd@D NB dzLJ | dzi K2 NAy 3 3 S|
students create their own form of a learning aid, which is related to already created
MicroLearning units (MCU). It is a form of writing and creating a knowledge base with a link
to a specific MCU with the possibility adding any other resources and materials on the
Internet that the students can use as additional materials. We intend to divide the students
into groups, each of which would be tasked with elaborating one area of related concepts.
Within these groups, e student chooses one keyword (a page) to elaborate, but the
group as a whole is responsible for the whole area of related concepts. The aim is to
encourage students to create (write), as well as edit and collaborate in the creation of a
given section o& wiki page and to achieve appropriate quality for all wiki articles created.

Contrary to the previous concept of ML, where we used MCUs within the LMS, this time
wiki has been chosen as the environment for their presentation. It does not provide the
suppat of pre-prepared structures for inserting individual MCUs. However, this can also be
an advantage, seeing as the course creator (teacher) can create a quite different ML course,
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for example, with a much greater emphasis on using hyperlinks for interctingethe wiki
and individual MCUs.

ML is sometimes criticised for the fragmentation of informat{btug, 2012)leading to
a mere accumulation of isolated facts. We want to counter this by using the ability to link
individual MCUs within the wiki. In thease of LMS Moodle, the possibilities of using
hyperlinks for linking individual learning units are not usable in practice (the course and unit
URLSs will change when they are imported).

The aim is to use the ML course as a curriculum presented in a desethfmrm, which
the student is forced to use and get familiar with during the creation of articles and links in
wiki. Until now, students had to prepare a seminar paper on a given topic and present it in
GKS OflaaNR2Y® Ly 2 NRSwdfoitd creaty &d igfiddve tiekviki, & 0 dzR ¢
there is an opportunity to let the students choose the topic for presentation from the wiki
articles they will create within the wiki working group.

METHODS

l'a LI NI 2F GKS &/ 2 YLdzi SNI ! NIOEKM@ESO (i QANEBNE S/ F
winter semester of the 2019/2020 school year (23 October to 20 December 2019), the
students had access to arLearning course designed according to the above ML concept in
LMS. Nineteen students enrolled in the course, one studehhdt participate in the course
at all; seeing as he also did not attend any of the classes, we excluded him from the analyses.
Another 3 students had already discussed the subject in detail at secondary school (they
thus attended the d_earning course oplminimally) and other 2 students did not finish the
whole course (did not write the final test), which we also excluded from the analysis. In total,
records of ML course use by 13 students (N = 13) were included in the analysis.

At the beginning of thesemester, a test of entry knowledge (prest) was submitted
to the students, which was followed by a credit test (ptest) at the end of the semester.
During the semester, students had access to drea&mning course, and no other study
materials were povided. The course consists of ten topics and contains a total of 120 MCUs.
Furthermore, in the framework of learning and teaching, each student was assigned one of
the topics covering a part of the curriculum and had the task of elaborating it as a semina
paper and presenting the result in teaching.

The Matomo analyst systerwvw.matomo.org was used to monitor attendance and
student access to the course. Due to the lack of reliability of the attendance measurement
and the possibility of identifying inddual visitors using Matomo analytic data (they were
compared with the LMS logs), we used only the LMS Moodle logs in the subsequent analysis.

Logs of actions performed by students in LMS Moodle were imported into MySQL
database for further editing and alyasis. Subsequently, a custom script was created in the
PHP scripting language for further aggregation and data analysis. In analysing the data, we
focused on the number of visits and fetches by semester weeks, even for individual
students, calculating thiotal time spent in the course for each student, and the number of
times a student visited on a given day. We used -an8tute inactivity threshold for each
RIe (2 RAAGAY3IAdAEAK 06S0G6SSYy AYRAGARIZ f aySEDG
the adivities where students were learning in the course, we included in the statistics only
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the logs that were associated with the following Moodle components: H5P, File, Page, Basic
System.

RESULTS

One of the basic indicators of how the current ML course usel by students is the
attendance and individual fetches (loading) of ML course pages. Table 1 provides an
overview of attendance and fetches. While the number of visits did not change so
dramaticallyg although an increase can be seen at the beginnindp@semester (week 2)
and at the end of the semester (weeks 12 and 13). This corresponds to the date the students
participated in the final test (16 December 2019, at the very beginning of week 13). In
addition to the increase in visits, the number of pagws increased (see Figure 1). The
behaviour of time spent in the course (Tabladg)factocopies the number of page loads.

Table 1: Overview of attendance, fetches of course pages by students (pageviews) and time spent in the
course in each week

Week 2 |3 |4 |5 |6 |7 |8 |9 |10 [11 |12 |13
Pageviews |6 |148 (192 |82 (30 |46 |29 |39 |83 |[144 |1021|158
Visits 2 |56 |49 |26 |14 |24 |20 |13 |26 (26 |59 |52
Pageviews

per visit 30 [26 [39 [32 |21 |19 |15 |3.0 |3.2 |55 [17.3|3.0
2"0'8225 M5 360|227 |125 |7 |31 |30 |64 |153|208 |1142|149
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Figure 1. Number of course page loads in each semester week
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Figure 2: The number of times a course page was loaded per visit in each week
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Figure 3: Th@aumber of course pageviews on each day

The behaviour of the number of course content loads is shown in Figure 3. The
culmination occurred on 15 December 2019 /week 12/, on the eve of the test date, when
there were 772 pageviews (at Mean 30.2, std. devd8,/Median 8.5). Other days when the
number of fetches was higher were 7 October 2019 (81 pageviews) /week 3/, 14 October
2019 (100) /week 4/, 14 December 2019 (86) /two days before the test; week 12/.
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Table 2: Visits and fetches, the duration of the bburse, and the number of visits and fetches for the
first sessions and subsequent sessions for individual students, and comparing the correlations of these
parameters to grade in the test

1st visits of the[2nd and next (Max.
day visits ofthe day | 28)

Student No ] Time in

Visits Pageviews \Ij’iziggewews pe course Visits Pageviews | Visits | Pageviews ;?ascge

(mins)

1 31 490 15.8 750 20 202 11 288 24.83
2 17 41 2.4 12 11 18 6 23 17.43
3 29 108 3.7 241 22 89 7 19 17.38
4 25 52 2.1 33 19 36 6 16 13.13
5 14 44 3.1 58 11 29 3 15 15.09
6 24 158 6.6 164 17 69 7 89 14.96
7 18 325 18.1 356 14 205 4 120 23.43
8 33 263 8.0 344 18 189 15 74 24.33
9 2 5 25 32 2 5 0 0 13.98
10 29 105 3.6 78 21 64 8 41 18.51
11 22 103 4.7 105 15 57 7 46 24.62
12 28 61 2.2 48 21 49 7 12 13.43
13 9 61 6.8 102 9 61 0 0 12.84
correlation | 149 1075 [0.7 069 |0.27 |0.76 |0.62 |0.66
to grade
p value 0.12 |0.002* |0.01* 0.008*[{0.36 |0.002* |0.02*|0.01*

As can be seen from Table 2, there are not so many differences in the total number of
visits between students (Mean 21.6, std. dev. 9.22, Median 22), also the correlation to the
final grade is less significant for this variable (0.45). In the case aobtirse pages fetches
(and thus educational units fetches), the differences between individual students are
greater (Mean 139.6, std. dev. 139.4, Median 103). Students who achieved the best grades
also fetched some of the content (MCU) of the course mastofThe correlation between
the number of fetches of some course content and the final grade is also significant at 0.75.
Similarly, the number of minutes of studying the course for each student shows a 0.69
correlation to grade.

To further analyse thed?RSy 14 Q 0 SKIF @A 2dz2NJ Ay GKS O2 dzNA S>3
visits within one day. The number of visits per day ranged from 1 to 5 visits. The number of
only one visit per day was the largest (200 visits) and the number of second and subsequent
visits wa 81 in total. That was one of the reasons why we only considered the first visits per
day and all the others on that day combined when processing the data. Only pageviews of
first visits per day have a significant correlation (0.76) to the final gradéneasnumber
decided how the student approaches the study. The number of first visits per day has only
a low correlation to the grade, because even those students who did not spend so much
effort made the first visits. Conversely, in the case of secomdsaibsequent visits per day,
we can find a more significant correlation to the resulting gra@ecorrelation of 0.62 for
visits and 0.66 for pageviews.
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DISCUSSION

The results of the analysis of visits and the use of the created ML caursg Y LJdz(i S NJ
I NOKAGSOUdzNE YR hLISNYGAYy3a {2aGSYy .l axoaé¢ a
fittul manner. Their attendance, or the number of course page fetches (MCUs) culminated
in week 12, just before the test. The highest number of fetches weasrded on 15
December 2019 (with an overlap into the morning of 16 December 2019), with 16 December
2019 being the date of the credit test. This is not ideally suited to the distribution of study
throughout the semester, reducing the amount of knowledbattstudents learn through
the course as a result of sudden and fitful learning.

Another aspect is the different approach of students to the number of fetches of the
course content (in total and per visit). Students with the highest number of fetchesgf8tud
1, 7, 8) achieved one of the highest scores in the test (24.83, 23.43, and 24.33 out of the
G2G1f wny LRAYy(Gaov®d hyft avdragezRiBbériof cowse éoiténK G 2y
fetches achieved a similarly high score (24.6). Similarly, we can icietifipk between the
time spent in the course (studying) and the points gained in the test.

For these reasons, it seems appropriate to modify the current concept of the course so
that students attend the course more often and spend more time in it duhegsemester.
In addition to the possibility of introducing continuous mini tests in lessons, we consider it
more appropriate to involve students in the creation of wiki articles that are linked to the
MCU course. Regarding this approach, the literatura@tioas the reluctance of students to
write articles for the wiki. A suitable measure is the mentioned scaffolftthgang, 2019;
Lin and Reigeluth, 2016, 2018nd the division of students into groups. This also shows
better results for contenccreation andwriting (Bikowski and Vithanage, 20163egarding
the division into groups and their size, it is recommended to limit the number of members
to four (Kessler and Bikowski, 201@hich was successfully applied to younger students
(Mak and Coniam, 2008} terefore, we expect the wiki utilisation to be adapted accordingly
G2 addRRSyidaQ I LIWINRIFOK G2 GKS O2dz2NBES®
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Abstract

One of the main criteria of any technology for the production of insulators is to ensure the most
homogeneous mixture of material used in their manufacture. In the case of increased
heterogeneity of ceramic blanks, the fired insulators made therefrom laeacterized by an
increased number of cracks on their surface, lower mechanical quality, which means reduced
production quality and efficiency. This represents a loss of material and financial resources for
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the manufacturer.In this paper is proposed a thed of measuring the homogeneity of
dielectrics in the manufacture of very high voltage insulators, using the voltages on the surface
of the sample placed between the electrodes, together with a demonstration of their quality
evaluation using geographimformation systems. As an example, the results from the
measurement of the homogeneity of ceramic blanks are presented. For the evaluation of the
homogeneity of the measured environment was used a) expression in the form of a shape index,
which expresseshé deviation of the measured equipotential level of voltage from the ideal
homogeneous state; b) display of functional dependence of voltage on distance; and c) 3D
visualization of measured voltage in the samg@eographic information systems have proved

to be a suitable means of evaluating and visualizing the results of the measurement quality in
homogeneity of blanks by the method of measuring the voltage on the sample surface. The
proposed method of measurement and evaluation is also applicable to wierials and has

its application in the didactics of electrotechnical materials.

Keywords

VHYV insulator. Geographic information system. Texture measurement. Ceramic blank.

INTRODUCTION

In the production of very high voltage (VHV) insulators, one ofrtiportant factor for
achieving high quality and production efficiency is the homogeneity of the blanks from
which the raw insulators are made and after firing the product as a result is a ceramic
insulator. Preparation of ceramic blanks on a vacuum prebe ichnological operation in
which the internal arrangement of the individual components of the ceramic mixture is
formed. The homogeneity of the arrangement of the individual components of the ceramic
mixture is dependent on the orientation of the inttlual particles of the raw material
components of the ceramic mixture, especially clays and kaolins, and is dependent on the
rational composition of the ceramic mixture, its granulometric composition, the amount of
water present in the mixture and its pperties. The formation of a homogeneous
arrangement of the mixture particles in the blank volume during vacuum pressing also
depends on the technical state of the press (vacuum chamber state, technical state of the
extruder screw and the level of the mixtudescaling before pressing), from technological
conditions of pressing (humidity of the mixture, speed of extrusion of the mixture in the
press, temperature of the blank) and from the conditions of preparation of the-fiemhed
ceramic product to be igssed (such as the conditions of preparation of the preforms and
their storage prior to the pressing itself).

It is important that the manufacturing technologist has information on the
homogeneity of the ceramic blank which will enable him to use the kedge of the
technological texture in the technological process of insulator production.

A requirement of the technology production of largeze ceramic blanks and the VHV
insulators made therefrom is that the method used to measure of the technologixalre
and the procedure for evaluating the results is characterized by:

w USOKYAOFf &AAYLXAOAGET &LISSR 2F alyYLX S |
evaluation of results,
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w AAYLI S LWL AOFGA2Y Ay LINY OGAOS:T dzyRSY!
cdlection and manipulation of the blank sample during measurement,

w 0KS aAYLE AOAGE 2F (GKS GSOKYAOFf LINRYOALX
justification of the method used to measure homogeneity,

w F AAYLIE S | YR { M3sessingithendsyits obtaihddINR | OK {2

Production technology expects that measurement results would provide technologists:

w  OfSINJ YR NI}ILAR LRaaroArfArde G2 RSOAR
produced;

w FdaSaaiy3d GKS LI & aokpodustiorhavid dhaking & qualified G K S ]
decision on technological adjustments in the production process (impact of the shape of the
insulator, suitability of composition and granulometry of the mixture and determination of
technological conditions in otherpcessing processes).

Various theoretical solutions of texture measurement can be found, for example, in
g2NJa oY2TI Nl SiG FftdX HamdplI wHambpoT Y21 N1 |
methods for determining the texture of ceramic blanks. Howevieese methods do not
meet the above technological and operational conditions for texture determination.

With regard to the abovenentioned requirements of the technology of the insulator
production and based on the study of the scientific literature as waslithe actual
technological practice, the paper proposed a method of determining the homogeneity of
ceramic blanks (technological texture of moldings), by measuring the differences in
electrical voltage on the surface of a specimen formed from a cerafarmk binserted
between electrodes with a constant electrical voltage and evaluated using Geographic
Information Systems (GIS).

Geographic information systems belong to relatively dynamically developing
information systems whose primary goal is to processl avork with spatial (mostly
geographic) data. Although GISs are mainly associated with geosciences, it is broadly
interdisciplinary in nature and can be used in a variety of sectors and activities (e.g. forensic
science, economics, didactics, archaeologiiexslth care).

METHODS

From a technical point of view, to achieve the desired results, an experimental device
has been designed and implemented to measure the potential difference at any point on
the sample surface located between the voltage electro&eting of the measuring point
on the sample is solved using three bipolar stepper motors. Motors through mechanical
gears, ensure sample rotation, movement of the measuring head with the probe and its
pressure on the sample surface are controlled by gunstdble program in the PC, which is
a part of the device (fig. 1). The scanning of voltage differences in the measuring points with
the probe is logged and evaluated in the PC via parallel port. Voltage difference
measurement is fully automated accorditigthe selected program. (Kozik and Noga, 2015).
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Figure 1: A view on the experimental device for measuring electrical voltage on the sample surface

Experimental Ceramic Mixture Used in Measurement

The measurement of the homogeneity of the ceramic blank the method of
measuring the voltage difference on the sample surface was performed on blank samples
made on a Netsch vacuum press.

The pressed corundum ceramic mixture was prepared under operational production
conditions and had a raw material compositidd0% of kaolin, 15% of clay, 30% of feldspar
and 25% of corundum. The extrusion temperature during extrusion did not exceed a
temperature of 2-HH c/ @

Preparation of Measurement

Based on the possibilities and principle of measuring the voltage ditfesenn the
surface of a ceramic sample (a dielectric inserted between electrodes with a constant
voltage connection), this experimental apparatus allows two ways of positioning the
electrodes in:

a) axial direction perpendicular to the direction of thepgcimen axis (fig. 2a),
b) radial direction parallel to the axis of the (blank) compact (fig. 2b).

For making samples from the blank, a tool of its own construction for cutting was used,
which allowed to cut samples from a larger blank part with a tresknfrom 1 mm up to
several centimetres. Prepared blanks were characterized by the same thickness in the entire
volume.

On such prepared samples from the blank, after their insertion into the apparatus for
measuring voltage differences and setting the measment program, the voltage
differences on their surface could be measured.

:\’t I A : ‘
) : .
U(f) : a ’ q U
- —-_—————— -
PN ' y
a) ;’; :

Figure 2: Principle of texture measurement arrangement in: a) axial and b) radial direction
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In the experiment, the electrode arrangement of fig. 2b. was used. Connected voltage
to electrodes 3.5 V, sample thickness 23 mm, external sample diameter (also electrode) 295
mm, internal voltage electrode diameter 3 mm, first measured point from sample center 10
mm.

The output of the experimental measurement of the individual voltagethatpoints
on the sample surface is a table display of the measured values. The movement of the probe
during measurement is from the center of the sample to its edge in the specified direction
and at a specified distance between the individual measurerpeirits.

GIS Evaluation

The GRASS (Geographic Resources Analysis Support System) GIS program was used to
evaluate the measured results. It is a opgwurce geographic information system enabling
work with spatial data on many platforms, both using theaphical user interface and
especially the command line (GRASS Development Team, 2019).

Since these systems require information on their geographical location, these non
spatial data tables had to be projected into a coordinate system (CRS) before theg ca
used again. For our purpose, the global Cartesian coordinate system WGS84 -Pseudo
Mercator was used, where the X coordinate of the sensor serves as the longitude, the Y as
the latitude and the voltage differences themselves as the height informatipn (Z

Since the measured and transformed data obtained are in the form of 3D vector points,
it is important to interpolate the missing values between measurements in order to
accurately represent the differences in the local properties of the experimentatnaht

From the wide range of interpolation methods offered by GRASS GIS, due to the nature
of our data, we have chosen the RST (regularized spline with tension) method. It is a method
of estimating values using mathematical functions, where the seleatedtibn passes
through the measured points with minimal curvature. The result is a smooth dependency
surface that respects entry points, with each part of the surface represented by a separate
polynomial function derived from local values. The methodftsatonsiderably flexible and
allows several parameterization options. The most important parameters are tension and
smooth. In our case, the value of the tension parameter 40 and the value of the smooth
parameter 0.8 have proven to be the most successhuls providing a flexible, smoothed
surface. The output is a digital model of voltage differences for a given material in raster
format. To ensure the best possible ratio of output quality, calculation speed and resulting
layer size, we have chosen thesplution (edge length of one cell) of the digital model 0.2
m.

RESULTS

In measuring the technological texture of ceramic blanks by the proposed method, we
determine the voltage difference U (r) = f (r) at the points on the surface of the sample from
the blank in the direction from the axis of the molding. The experimental measurement
voltage values are shown in Table 1.
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Table 1: Measured values of voltages on the surface of ceramic blank, where the rows represent the
axes / directions of measurement andetieolumns their steps / distances from the centre of the sample

1 2 3 4 5 6 7 8 9 10 11 12 13 14

I 230217207 200]1941189|18 (181|169 |1,72|1,70]168|1,65] 1,62
Il 22212151206 (200]194186 |18 (181173173 |170]166]|1,64]1,60
1] 2221213|1205(199(193 187|184 181|177 1,73 169 |164]|1,62] 1,59
I\ 2221215|206(200(1941189|18 (180|178 |1,74|1,71]166|164]161
Vv 23 216|207 (200]19 |19 |186 (182|179 |175]172]168]|1,64] 1,64
Vi 22412161206 |200]19 19 |186 (181|179 |1,75|173]169|1,67]1,66
Vil 2181215|205(199(194119 |186 (182|179 |176|174|171|1,69 1,67
vill 12,18(213(205]1199/194/186(185(182|1,79|176|174|1,72|1,70| 1,68

IX - 212205198194 1183|183[182 (179|176 |174]172|1,70] 1,68
X - 1214|206 |200]19 /187|184 (183|181 |1,78|175]174|1,70] 1,69
Xl - 1216|207 (201]19 19 /184184182180 |175|175|1,73]|1,72
Xl - 1215|207 (200]194119 |18 [184 (181|178 |175|174|1,72]|1,71

Xl 1228|215|206 (199193189186 |183 179|177 |174|172|1,70]1,69
XV 1223|213 |205(198]193|186|184 181|177 169|169 |167|165]1,62
XV 21912111203 1971192184182 |179|175|161|165]163]|1,60] 1,55
XVI 1224|1214 |1205(199]193|186|184 180|172 |167|167|165]|163] 1,59

Measured results on the sample surface under specified measurement conditions using
GIS can be expressed in three ways:

1) graphical representation of equipotential voltages for specified voltage values,
2) display of functional dependence of voltage differences U (r) = (r),
3) 3D visualization of the interpolated surface of the measured voltage differences.

The aim of the paper, regarding the application of the results of measurement of the
technological éxture, which is qualitative determination of the technological texture of the
balk, it is important to show which expression of the three imaging options is most suitable
for the technologist. In technology of insulator production, possibly in educatitimei field
of material properties. Thus, which expression of the above options most accurately
characterizes the changes in the technological texture.

1) Display of equipotential levels on the surface of a blank

The first possibility of evaluation is tasglay the isocurves of equipotential voltage
levels of the interpolated model surface obtained from their measured valiges3).
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In case of an ideal homogeneous blank the continuous lines formed for a given potential
voltage difference U(r) and the spified distance (r) should be symmetrical circles or curves
very similar to circles with a centre in the middle of the blank. This means that in case of
deviations from the given symmetry, these deviations represent changes in the
technological texture ahe blank, thus the changes in configuration of the spatially oriented
elements of the ceramic mixture in the blank. Due to the shape and position of the
calculated isocurves, slight differences between the ideal and the measured state can be
seen. Howeve the deviations are not so significant, which indicates the relative
homogeneity of the blank.

a) b)

c) ' d)
Figure 3: Display of the equipotential levels of the measured voltage by using: a) 16, b) (12, ¢) 8
uneven), d) 8 (even) measuring directions

This deviation bthe real shape of equipotential level from the ideal circle shape can be
guantified by using a simple shape index, determined by:

N O pmm
\@oanQQﬁG— p T —
C

where Realis a perimeter of the formetsocurve, fais a surface of the formed isocurve
and Racisa calculated theoretical value of the circumference of a given isocurve in the case
of an ideal circle with an are®eal.

= P TUT

5

This difference in equipotentials is better seen by direct recofdbe values of shape
indexinto the area of displayed equipotential levels. Homogeneity is expressed as a value
close to zerdfig. 4).

This method of evaluating the technological texture represents a qualitative expression
of the variations in homogeeity of the blank, thus deviating the structure of the particles
of the ceramic mixture components from their uniform and regular structure in the blank.
Differences in the blank homogeneity negatively affect the final product quality and the
efficiency d the entire technological process.
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From the figure 4b, we can see a considerable advantage of this method as a simple
and fast tool for identifying and localization the points of inhomogeneity in the blank.
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Figure 4: Display of éqUipotentiaI levelsioé measured voltage, at 16 measurement directions,

together with shape index valgéer each isocurve a) example of a homogeneous blank from the table
MT 00 SEFYLXS 2F 'y AyK2Y23SyS2dza o6fly]l I OO;

2) Display of measured values in functional dependence of the voltage U (r) =
f(r)

Homogeneity or deviations from homogeneity of the blam&y be expressed also as a
graphical expression of the dependence U(r) =i{his dependence is determined by the
theoretical relationshipfdld G KS St SOGNRBRS OANDdzA G t20F A2y
2019b).
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Figure 5: The functional dependence of the voltage (U) from the distance of the centre (U(r)=f(r))

Graphic display of measured dependencies U(r) on the surface of the blanthéna
nature of a theoretically predetermined course. In case of homogenous blank the courses
of each curve in different directions have to show compliance. The deviation means an
inhomogeneity in given direction and given place.

As seen from the developemt of dependencies (fig. 5) in each of the measured
directions, the deviations in dependencies are minimal. The blank shows a noticeable
homogeneity.From the point of view of imagination about the localisation of deviations
from homogeneity, the above siplay of homogeneity U(r) =f(r) is less visual in comparison
with the view of equipotential levels.
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3) 3D visualization of interpolated surface of measured voltage differences

GRASS GIS also allows 3D visualization of measured values of the voltageceifer
(fig. 6).The visual threelimensional expression of homogeneity of the blank is a convenient
means of expression of the equipotential levels on the surface of the blank. The program
allows to shoot views and thus to create an idea about placeshanimgeneities in the
blank. It is an advantage to use the 3D projection in case of inhomogeneities in the blank
and to find out the origin of their occurrence.

Figure 6: 3D visualization of interpolated surface of the measured voltage differences

DISCUSSIY

From the measured values and the use of GIS for evaluation with regard to the shape
of the future product (the blank from which this will be made) and the technological
conditions of processing the molding to the final product (forming the shapeeahsulator,
drying, glazing, firing and mechanical tests after firing), we know to determine with high
objectivity the places in the volume of blank and hence on the final prodoigh voltage
insulator, which will have a high probability of damageckacks of different intensity.

Professional knowledge, results of the theoretical solution of the problem, as well as
our own experience gained during the gradual improvement of the proposed method of
measurement and evaluation of dielectric propertieal us to suggest several opinions
and recommendations for future use of this method, either in pedagogical or technological
practice:

9 for thin samples of the blank a higher attention has to be taken while handling the
samples to avoid their local damagéieh appearss an undesirable deviation in
voltage values when measuring voltages. Such an anomaly should be considered
when evaluating measurement results,

9 considering already published theoretical solutions of electrical conditions in
dielectricsbetwegr St SOGNRRSa o0Y21T N1 SiG FfdX Hamopl
we can conclude that at the axial connection of electrodes (figtiZzayoltage value
on the blank surface is dependent on the thickness of the dielectrics (blank).
Measurement accuracyeguires a minimum sample thickness that can be taken
from the blank while observing its integrity and ndamaging when placing it into
the measuring apparatus between the electrodes,
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1 inthe second case of placing the blank sample between the electradegltj, the
voltage measured on the sample surface is independent of the sample thickness.
The set of measurements showed that it is appropriate to work with this circuit
location of the electrode system for technological purposes,

1 the magnitude of the masured voltage on the sample surface at a given location
also depends on the geometric shape of the contact measuring electrode. When
using the same shape of the contact electrode and its contact pressure on the
sample in measuring, the obtained valisgs®w the same measurement error and
are fully usable in manufacturing technology. For the theoretical analysis it is
necessary to select the shape of the contact electrode and its effect on the surface
of the measured sample properly,

1 WGS84 Pseudilercator CRS was used for data processing. Although GRASS GIS
does not necessarily require a coordinate system to be defined, some tools may
require it to be functioning properly. In the case the coordinates of the measured
points start from zero, we recommend ugithe coordinate systems that contain
zero within their natural range. It is also appropriate to select CRS with metric units,
it means one of the global Cartesian CRS,

i although the parameters of the used interpolation RST method as well as the
selected sptial distinction have been proven successful in several evaluations,
these are only recommended values and not fixed settings. Their change may affect
the final evaluation, but in some extreme situations this change may be necessary,

1 the choice of valuessed to describe equipotential levels should cover the full range
of interpolated data. The decimal percentiles of all values were used, and they are
recommended for their detection,

9 figure 3 shows a slight displacement of isocurves from the geometricecehthe
measurements. Such a displacement may be caused by several factors (e.g.
measurement error or outlier presence). In our case, it is caused by four missing
measurement values (table 1), which were not recorded correctly. It is also possible
to seethe influence of decreasing number of the used directions in measurement,
thereby also the density of spots used in interpolation resulting in an increasing
inaccuracy, especially with isocurves farther from the centre. A more serious
problem, however, isthe inconsistency of the results with respect to the
measurement of rotation (figs. 3c and 3d), which in some cases may also mean an
incorrect identification of the blank quality. Therefore, we recommend using 12 or
more measurement directions at least,

1 from the point of view of simplicity and speed, intuition and objectivity it is the best
to use the shape index (fig. 4) to display equipotential levels on the blank surface
from the used possibilities of evaluating the homogeneity of the blanks.

CONCLUSION

In the article, the theoretical substantiation of the used method, the designed and
created measuring apparatus and the determined measuring procedure were derived by
the gradual development of the proposed method of measurement of dielectric
homogeneity.Together with geographic information systems, a computerised system for
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measuring and evaluating the homogeneity of dielectric materials has been created. For the
experimental measurement, a dielectric of ceramic material with a radial location of the
electrode system has been used (fig. 2b).

Although the application of GIS in technological research is not common at all, it has
made the evaluation of homogeneity results much more effective. For practical purposes, it
is appropriate to evaluate the homogeite of the material by expressing the equipotential
voltage levels on the surface of the sample U(r) and to express it quantitatively with the
shape index. The shape index expresses the deviation of the equipotential voltages level
from the ideal angular laracteristics of the compared voltage. If the shape index
approaches 0, the sample is homogeneous in the given area. The 3D image suitably
complements the findings from the homogeneity evaluation expressed by equipotential
stress levels on the sample sack. An assessment of homogeneity from the characteristics
U(r)=f(r) is the least appropriate.

The proposed method of measuring the homogeneity of dielectrics can be used in a
suitable way in practice and in didactics of electrical engineering materialecttics) as
well.
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Abstract

The paper deals with mobile applications, which appear to be potentially suitable far§ogp

0KS RS@OSt2LISyid 2F alddRRSyiawa O02YYdzyAOFdGAz2y 4&j
described in the dissertation thesis of the main author. Within this phase of the solution, a
retrieval of potential mobile applications is carried out anitable applications that can support

0KS RS@GSt2LIYSYlG 2F |y AYRAGARIZ ft wa 0O2YYdzy A Ol .
the purposes of the main research. Firstly, the paper gives an overview of the basic theoretical
background. Secondlyt describes the process of selecting and testing the suitable mobile
applications and thirdly it gives a detailed analysis of the selected applications. To select the
suitable mobile applications, the authors determined specific factors which are desoribe

detail further in the paper. The authors analyze selected applications, illustrate their nature and

their possibilities of use during the development of the desired communication skills. The paper
presents the parameters of application selection anbsgquently discusses the results of the

retrieval. Then the paper deals with the analysis of the selected mobile applications. The outputs

of this paper will serve for further research purposes.

Keywords

Mobile application. Communication skills. Prisnaducation.

INTRODUCTION

I 2YYdzyAOlFI GA2Yy aiAfta FNB 2yS 2F GKS 1S& 7TI
integration into society. We encounter communication between people every day as itis an
AYGSaINIEt LINI 2F LIS2LX SQa f A@PSawompeteicie yt & T
listed as one of the key core competencies of many countries (for example the Czech
Republic, Great Britain, New Zealand or Ireland). As a part of the dissertation thesis, the
author tries to find a simpler and more efficient way of develgpthese skills, i.e using
mobile technologies. The author focuses on mobile technologies influencing communication
skills as a targeted effect in the classroom. The research focuses mainly on the ability to
formulate and express ideas and opinions, anéxpress them in a logical sequence, either
orally or in a written form. The student should be able to express himself/herself in a
concise, coherent and sophisticated way, both in his written and oral expression
0Y202dz2N] 2@t X HAMMO @
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This paper representsnty a section of the whole research. In the current phase of the
research the authors focus on the choice of mobile applications that seem to be suitable for
developing the above mentioned communication skills. The selected applications will be
used in themain research, with the main purpose of assessing whether the mobile
technologies pose an influence on the development of communication skills of an individual.

The authors want to design, develop and verify a learning model that integrates mobile
touch cevices into the classroom and develops communicative competencies through this
technology As a part of the retrieval of potentlal mobile appllcatlons the authors pose two
jdzSadA2yay 52 [LIWLXAOFGA2ya GKIG Ll2adgda G§KS
skills exist? What kind of applications are they?

Communicative competencies

At the beginning of the paper, it is necessary to define the main area of the research,
that is, the key competencies. The focus of this paper is exclusively on commumnicativ
competencies. These are one of the essential components of educational concepts of many
countries. A survey conducted in 2011 shows, that communication skills are conceived as
one of the key competencies in countries such as England, Ireland and NeandZeal
0Y202dz2N] 20t X HAMMO

In the Czech Republic, key competencies are defined by a national document called the
Framework Educational Programme for Primary Education. This document outlines the
activities that a student should be able to master by the emdis/her primary school
education. These activities are defined as followst YO2 @& @1 RSt + @1 ON LINR
1 RSttt Gt yYNI HAMTDO

1 Formulates and expresses his or her ideas and opinions in a logical sequence; his or

her oral or written expression &pt, coherent and cultivated.

f [AaldSya G2 20KSNJ LIS2L) SQa dziGSNIyOSaT ¢

adequately; participates effectively in debates; defends his or her opinion and uses
appropriate arguments.

1 Comprehends various types of text, retowisual material, commonly used
gestures, sounds and other information and means of communication, considers
them, responds to them and makes creative use of them for his or her own
development and active engagement in social events.

1 Uses information ath means of communication and technologies for highlity
efficient communication with the outside world.

1 Uses his or her acquired communication skills to form relations necessary for
fullfledged coexistence and quality cooperation with others.

The autlors do not focus on all the communication skills mentioned above, but instead
a single selected one. Among all the listed activities, the authors have singled out the first
one, where the studentisable® ¥ 2 N dzf F §S | yR SELINBé&ndin&Aa 2 NJ
f23A0Ff aSljdzSyOST KAa 2NJ KSNJ 2NFXf 2NJ gNRGGS
6wt YO20eée @1 RSttt @ ON LINBINIY LINER TtH1fFRYN @1

This paper focuses on the process of finding and analyzing mobile applications that
possesshe potential to support the development of the above mentioned single activity.
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Mobile technologies in education

The authors are also involved in another large field of interest, that is mobile
technologies in education. Their main research tries to sssénether mobile technologies
pose an influence on the development of communicative competencies of primary school
students. This tool will play an important role in the research.

It is necessary to define a second large field of researobbile learring. The principle
of mobile learning is to use mobile or wireless devices for learning purposes. Often, it can
involve learning while traveling. Such devices include smartphones, tablets, handheld
computers, palmtops, but also laptops or personal playErskulskaHulme, 2005)Mobile
fSIENYAY3I 2FFSNRB dzyAljdzS FddNAodziSa GKIG KIF@S
Maldonalo summarized the features that mobile learning offers in their publication. These
features includgPea, 2006):

portability,
small screen sizeeasier handling,
performance,
diverse communication networks,
a wide range of mobile applications,
data synchronization with computers or other devices,
input deviceg stylus.
| 26 SOGSNE Oly Y20AfS GSOKy2t23ASa 6S |y | L)
communication skills? The researchers have asked this very question. In the current phase

of the research, the authors deal with the selection of mobile applications that mase
GKS LROISYGAIt G2 &dzZR2 NI (KS RS@OSt2LIVSyd 27

A study published in 2018 partly addresses the issue of the development of
communication skills through mobile devices. The study focuses mainly on learning a
language using mobile technologies and collaborative learning. The study outlines the use
2F 0KS a+xARS2a F2NJ {LISIFTAYy3T FLILE (2 AYLNRGS
students in the English langua@€ukulskaHulme, 2018)

= =4 4 48 -8 -9 -9

METHODOLOGY

The mainpart of the survey was to search and retrieve mobile applications from a
mobile app store. The research will be carried out using Apple devices, therefore the official
application store of this manufacturer has been researched. The authors have focused on
three types of applications:

1 applications that target 135 year olds (main research target group),
9 educational applications,

1 applications, which the authors themselves have an experience using, especially for
educational purposes.
During the retrievd = | S & 4 2 NB2 Y ¥ digOKOS iz Qdy (BARKY2E8df £
&l I f {werg @séd. Subsequently, applications and games that ranked high on popularity
were reviewed.
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All of the applications meeting the above mentioned criteria were subjected to a
selecton process, but only those which were suitable for the purposes of the main research
remained at the end of this process. The selection process consisted of several phases:

1. Searching the App Store.

2. Studying the description, screenshots and user revigvesspecific application. The
F dzi K2NBR [[dzSaGA2y SR GKS FLIJX AOFGA2YyQa LI
communicative competencies. If the application seemed appropriate, it continued
through the process.

3. The specific application was installed onevide and was tested and analyzed in
RSGFAf® ¢KS | dziK2NAR GNASR (G2 dzyRSNRGF YR
continued to appear as a suitable means, it proceeded further.

4. Searching the Internet resources (teacher blogs, RVP.cz portéa| setworks) to
assess whether any educational material using the specific application exists.

5. The application has either been selected as a suitable means for the main research
or has been removed from the list.

During the application analysis the digation was tested in detail on the iPad. While
testing, the authors have probed all the available features of the application and tried to
understand its functioning principles. Subsequently, for each individual application the
authors have considered ése questions:

1 Does the application pose a potential to develop communicative competencies?

1 What kind of application is it (repetitive, game, testing, presentation, creative,
etc.)?

1 What senses does the user need to receive information from the apjaicat
(images, sound, etc.)?

1 What senses does the user need to send information into the application? (touch,
sound, etc.)

1 Will the application be used the in the upcoming research?

Based on the mentioned parameters and procedures, applications that seem suitable
for the purposes of the main research were chosen. Such applications are covered in the
following text. The application retrieval will continue until the lessons based om mai
research are proposed. The following chapters present ongoing research results, an analysis
of selected applications and their impact on the communication abilities of an individual.

RESULTS

In the following paragraphs the focus is on the current hssof the survey and analysis
of the selected mobile applications. A total of 63 applications were examined according to
the above mentioned procedure. Of these applications, 26 were selected (based on the app
description, screenshots and user reviews)l amstalled on a mobile device and tested. For
the purposes of the main research 5 applications were selected. These are then discussed
in detail further below.
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Table 1: The amount of examined and tested applications.

Total examined 63 applications

Practically tested; installed on a device 26 applications

Suitable for main research 5 applications
iMovie

The first application is used mainly for working with video. A user can edit videos, add
audio tracks, opening or closing subtitles and use other similar features. The application can
AAYLE & 0S RSAONAOGSR Fa | OARSién whereihe askdd LG A
has relative freedom working with the application and thus the creativity of students is
greatly supported. The user can upload video recordings, images or written text into the
application. The outputs are then complete videos. Theewshot below shows the basic
navigation in the application. The green wave represents the audio track (recorded audio
commentary).

This application can serve as a tool to support communication skills, especially due to
the feature of recording audio tr&s. The combination of iMovie and-6b f f SR & & A f ¢
GARS2a¢ O0OARS2a&a ¢6A0GK2dzi az2dzyR NI Olu0v asSSvya (
it could be presented to students as an activity including arpoerded video, where the
students are to ad@ spoken commentary based on the content of the video. The topic of
the video can be for example a serious social problem. The students will be able to voice
GKSANI 2LIAYA2Y YR OGKSANI FOGGAGAZRS G26F NRa A

Figure 1: Navigation in the iMovie application (How to add and edit movie titles in iMovie on Mac and
i0S)

ChatterPix

The ChatterPix application is used for creating simple animated images that are
accompanied by an audio commentary. The application sonkinly with sound. The user
uploads any desired image to the application, then indicates the mouth area of the character
and uploads the narration. The character in the picture then moves its mouth in the
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indicated spot based on the narrated comment. sTtapplication seems to be both
motivating and interesting for students. The enclosed screenshot of the application shows
the basic and simple navigation within the application.

CHRTTERPIX

Figure 2: Navigation the ChatterPix application

A teacher has an opportunity to prepare a wide range of various activities with this
application. Students can express their opinions and ideas on a presented topic, create
animations on current social tocor create spoken presentations. Such activities will
ddzLILIR2 NI (KS SELINXBaarzy 2F (GKS aGdzRSyidQa (K2

Nearpod

The third selected application is intended for presentation of the curriculum. This
application is on educational nature and is primarily intended to support frontal teaching,
moreover it is also an effective tool for getting feedback from the students. The application
is widely used in education and is utilized by many teachers as a frontal teacipiports
(Nearpod).

At first glance, this is not an application that would act directly on the communication
skills of students, however, when used correctly, the application can be used to develop
communication skills of an individual. The application lbarfor example used to present
the students with certain topic or a message, which will be followed by a discussion about
the subject. Another way of using the application is to support the development of written
expression of the students by making themtevan essay as a part of the feedback activity.
For the purposes of the main research, the application will serve as a means for developing
correct formulation and expression in writing.

Chanty

The Chanty application is a communication tool. It isldfse communication purposes
when working on group projects. The application works primarily with text, that is, mainly
written communication is supported. Despite the fact that this application is primarily used
in businesses, it can also be used duriegnwork in the classroom. Students can
communicate with their cesolvers using this application. However, it is also necessary to
GFr1S Ayd2 Fy 002dzytd GKIG YdzOK 2F (2RI &Qa
environment and Chanty is no exception (Clyant
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The authors see the potential of this application in facilitating teamwork among
students. During such communication the students can learn to formulate their problem
correctly and express their thoughts and ideas. Another important factor is apgw#ing
the development of proper ethical behavior during virtual communication.

Speech Blubs

The last analyzed application is Speech Blubs. This application was designed especially
for children with speech impediments. It facilitates the developmdntarect articulation
and correct speech habits. The application was created in cooperation with speech
therapists and speech pathologists. Nevertheless, it can also be used for students without
any speech impediments. The application offers a varietyiddos, speech modules and
activities.

¢CKS | dziK2NR FAYR GKIG GKAA LWL AOFGA2Y A&
work. This can be, for example, an individual task during a lesson or while doing homework.
However, the application is comméat which is its biggest disadvantage. Therefore, its
inclusion in the main research is still to be determined.

¢tKS 1062088 YSyiGAzySR LW AOFGAR2Ya KI @S
communication skills and will most likely be utilized in the maieaesh. The analysis of the
other 21 tested applications showed that these applications are not suitable for the
purposes of the intended research. These applications include, among others, Kahoot,
Classkick or HP Reveal. The remaining 37 applicationsasergletely unsatisfactory for
the purposes of the research and therefore were not even tested.

The search for mobile applications will continue. The mobile applications market is
fairly vast and therefore the search will continue until the specific lessaf the main
research are proposed.

DISCUSSION

Communication skills are important for both social and professional life of a person.
The development of these skills is already emphasized in primary education not only in the
Czech Republic but alsonmany other countries as well. This paper is a partial step in the
gK2fS a02L)S 2F GKS dziK2NBQ YIAYy NBaSI NOK®
to the choice of mobile applications that possess the potential to develop communicative
competencies of students, and thus are suitable for the main research.

The survey results show that only a small proportion of applications are potentially
suitable for developing communication skills of an individual, and far fewer applications are
suitable fa the main research. Those that appear to be suitable for the main research are
analyzed above. These applications will be used in the main research, that is, in the
experimental group that will attend lessons with the support of mobile technologies. The
risk of this survey represents a situation where the authors have not searched through a
sufficient number of applications and some suitable ones may have been overlooked.
Another risk may be the undergoing changes and updates of many applications. Hte late
version of the application may not be compatible with the device or the version of its
operating system. The producers of the applications often radically change the way
applications work and in the future the application may work in a

DIVAI 2@0¢ The B" international scientific conference on Distance Learning in Applied Informatics. 201
ISBN97880-7598841-6 ISSN24647470(Print) ISSN24647489(Ontline)



5FyASt ¢NIyZ YFGSnAyl Y2ahaz2tt yezot
Mobile Application for Supporting the Development of Communication Skills

completely diffeent way or its new version may not be suitable for developing
communicative competencies in students.

The main question for further research is whether mobile technologies have an impact
on the development of communication skills (whether negative @itpee) of an individual.
In case of a positive impact, how would it be appropriate to use mobile technologies to
adzZLIL2 NI GKS RS@St2LIVSyid 2F addzRSyidaQ 0O2YYdz .
easier for students to develop such competence? thhése questions that the main author
will try to answer in his further research.
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Abstract

The authors describe the origin and current status of "An engineering approach in education” as
a didactic and educational strategy. Next, the authmnesent an educational project referred to

as "The robot is not so scary as it is painted!", implemented in the 2017/2018 school year by the
"WOM" Regional kBervice Teacher Training Center in Bielskol OF 'y R AdGa t I NIy
participating in theproject were introduced to the strategy in the context of conducting robotics
classes in primary schools. Finally, 37 teachers (including school head teachers and deputy school
head teachers) were trained during the first and second editions of the prdéfetiotics
workshops were attended by 150 primary and lower secondary school students. Moreover, this
article discusses the results of research accompanying the project: initial quantitative research
applied to all project participants before the starttbe classes included in the project, and
gualitative research (action research) conducted both during the project and after its completion.

It was the change of the researcher's role (change of the degree of the researcher's intervention)
that had decisivémpact on the choice of different research paths at the individual stages of the
project.

Keywords

Gonstructivism EhgineeringApproach Didactic andEducationalSrategy. Robotics.

INTRODUCTION

b!'y Sy3aAySSNAy3 | LILINRBIFOK Ay SRdzOFGA2YDb 0
astrategy of working with students during classes conducted in the areas referred to in the
English acronym STEM (STEABRience, Technology, Engineering, Mathematics (&eien
Technology, Engineering, Art, Mathematics).

The need to apply in educatierespecially in primary schoethe strategy discussed in
this article stems from the main (primaraccording to the authors) educational goal, which
is to educate creativéhinkers and creators.
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ENGINEERING APPROACH IN EDUCATION

Usage of robotic kits for development of technical skills of pupils in primary and
d4SO2yRINE &a0Kz22fa 61/l a& RSaAONAOSR 6@ hdz2ST R&aj «
with educational roboticghrough cocreative methodologies were presented by Siouli,

Dratsiou, Antoniou and Bamidis (2019). Applying mechatronic sets to enhancing students
Ot aa GdSYRFYyOS Ay KAIKSNI SRdzOF GA2Y 41+ a& RS
Manojlovic (2020).

The collaboration of the authors of the article (both during the project and earlier)
focused mainly on the place of robotics classes in contemporary didactics of Polish schools
as well as in other countries (SmyrneVeybulska, Morze, Kommers, Zuziak &iddun,

2016; Zuziak and SmyrnoVaybulska, 2017).

¢KS 4021 2F GKS IdziK2NBRQ 22Ayd NBASENDOK
legal, (2) scientific and methodical, (3) technical and technological as well as
(4) psychological and pedagogical.

The formal and legal area provided a framework for the authors' research search:
aframework for the list of key competences and a framework for general education in Polish
schools.

Issues in the area of science and methodology were related to the proloem
2NHIFYAT Ay3 aiddzRSyid GSIFIYaQ 62N] RdAdzZNAYy3a L¢EI A\
attention to the agile methodologies used by programmer teams in@glhnization of their
work. Particular attention was paid to an agile methodology caltum®.

Teamwork: lively, creative and often spontaneous, forced to look at the role of mistakes
in the creative process, or more broadly: the role of mistakes in teaching. The authors
distinguish a mistake from error in the sense proposed by MichelerBg] an Italian
mathematics educator: "We make an error when we do not apply the rule or the already
known theory correctly (...); we make a mistake when we are looking for a new theory.
Consequently, those exposed to the risk of mistakes are those whbwith discoveries;
and those at risk of errors are those who are not to discover anything, but should apply the
theory. In other words, a mistake is closely related to imagination and creativity; an error is
the fruit of poor memory or insufficient attgion. (...) The best school will obviously be the
one that will allow you to make more mistakes than errors.” (Pellerey, 1989, p.137).
¢tKS (GSOKYyAOIFf |yR (SOKy2t23A0Ft | NBIF gt a |
Here, one had to look at ICT teaused when working with studentdoth hardware and
software. They quickly turned to visual programming languages (graphical environments)
FRFLIGSR 2 (GKS @2dzy3 ONBIFG2NARQ F3S: ySSRa |-
In the psychological and pedagogical acashenana®@ | Ay 3 &2 dzy3 LINE INI Y
-0KS FdziK2NAR KFER (2 RSIf gAGK A&aadzSa NBf | 0SF
For this purpose, the idea of a remix of a programming project as understood by Mitchel
Resnick (MIT, USA) (Zuziak, 2015), theyuoh the student's work during classes and the
utility of products created during classes and/or product documentation were analyzed.

The changes introduced in Polish education since 2017 have resulted in the need to
return to the formal and legal arean the context of the requirements of the new core
curriculum (general education basis).
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These four areas of interest, own research and conducting robotics classes with
students and teachers allowed us to identify seven fundamental features of the prdpose
approach, called "engineering".

Today we can treat the "An engineering approach in education" as a strategy for
conducting classes, which is characterized by: (1) clarity of gtresstudent knows from
the beginning of the course what the expecteddeproduct is; (2) freedom of access to
information sources the Internet is a source of inspiration for students: we transfer ideas,
not ready solutions; (3) variety of possible solutions to the problem pegleedre is more
than one correct solution ("ogn endings"); (4) openness to mistakdé®ecause we treat the
mistake and understanding its causes as a signpost leading to the gaoakgbhsiveness
the need for quick response to changing conditietie teacher is the organizer of the class,
but must respond quickly to the changes proposed by students; (6) teamwibik best
results are achieved when working in teams of 2 or 3 students; (7) product usaltiléy
team's work ends with documenting the stages of creating the robot (photos, vide®B o
instructions); others may use this documentation in the future.

Full use of the proposed didactic and educational strategy assumes the creation of new
knowledge by students (based on the conclusions of their own research) and sharing it with
others. This approach is in line with the principles of constructivism. In constructivist
pedagogy we deal with new interpretations of welly 2 6y 02y OSLIidad ! yR GK
is understood as an introduction to responsible seHinagement, (...) learning as
understanding differences, teaching as a staging of productive perturbations, knowledge as
I AAIYATFAOLIY G YSIYyAy3IFdzA X GAdlt SELSNASYOS.

The proposed strategy supports the creativity of the student and develops their
independence, alsmithe context of responsibility for themselves and the effect of their
work. Moreover involves the transfer of knowledge not only from the teacher, but also from
peers. Working with students using the proposed strategy changes the current role of the
teacher in the teaching/learning process. Here the teach&age on the Stagebecomes
the Guide on the Side (Morbitzer, 2010).

Using the proposed strategy during robotics classes also fosters devolopment of
students' competences. Special emphasis is placeshaping mathematical competences,
competences in technology and engineering, and digital and social competences.

In the 2017/2018 school year, the authors implemented the educational project "The
robot is not so scary as it is painted!" ("Nie taki rolstraszny!"). It was planned and
implemented in such a way that teachers participating in the project had the opportunity to
"learn in action" the described strategy in the context of conducting robotics classes in
primary schools.

PROJECTTHE ROBOT ISNOT SO SCARY AS IT IS PAINTED!

The project was a unique form of popularizing robotics classes in contemporary school
didactics on a national scale. It was directed to primary schools that plan to introduce
robotics classes to their educational offer (BaR 2y [ 9Dht 9RdzOF A2y
recently done so.

(@]}
-
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The project's scientific supervisor was dr hab. Eugenia Smyihotaulska, associate
professor at the Institute of Education Sciences at the Faculty of Ethnology and Education
Sciences in Cieszyat the University of Silesia in Katowice. Project coordinatorgr
Wojciech Jan Zuziak, teachewnsultant at the "WOM" Regional-Bervice Teacher Training
Centerin Bielsko A I O &

According to the assumptionrighe project "The robot is not so scaag it is painted!"
was: (1) an incentive to use an engineering approach in education; (2) comprehensive
support for primary schools submitted to the project at the stage of selection and
O02YYSYyOSYSyid 2F 62N] 6A0GK [ 9Dht ef&cRsabbliA2y
submitted to the project); (3) an opportunity to exchange experiences, share knowledge and
skills; (4) an opportunity to present project Partners' activities.

The project was coreated by Partners and primary schools invited to participate
partners included: (1) "WOM" Regional$ervice Teacher Training Center in Bielskb | O T
OHO 1Y/ 9{ 9Rdz] I 02 YdzNJ @O0l = t Al &Sfigah &aLlve
NBLINBaSyi(lGABS 2F [ 9Dht 9 RdzO10fkhe2 M Rej Schobl2 f I Y R™
Society in Bielsko A |- thlthe first edition and (4! { F RSYALF Al {56b t NA(
School in Bielsko A |- idthe second edition.

In the 2017/2018 school year, 14 primary schools were invited to participate in the
project: 9 in the fist edition (start: September 2017) and 5 in the second edition (start:
January 2018). The stages of the project were planned as: (1) conference and workshops for
directors and teachers; (2) observation practice; (3) active practice; (4) consultations with
teachers in schools.

As part of the project were organised: 2 conferences combined with teacher workshops
f SR o6& [9Dht 9RdzOFGA2Yy | OF RS YiEservitidlds &RndSNJ 0O ™
discussion of classes in 2 partner primary schools (28 teaching)hdr workshops for
students, during which teachers participating in the project conducted robotics classes with
the help of teacheiconsultants (42 teaching hours).

In the conference part, participants familiarised themselves with the principles of the
SYIAYSSNAYy3I | LILINRIF OKE |yR Ay GKS @g2NJ] aKkz2LJ
Academy certified trainer.

Each school participating in the project had its own (drawn) month in which 2 events
were organized specially for it: the practice of observind discussing classes at the school
that was a Partner in the project and the active practiceorkshop classes in robotics at
the Regional kService Teacher Training Center "WOM" in Bielskol OF = g KA OK
conducted by teachers from schools submittem the project, with the support of two
teachersconsultants from the Center.

The last stage of the project was optional: consultations with teachers in the schools
participating in the project.

During the project, 37 teachers (including school head teachers and deputy school head
teachers) were trained. Robotics workshops wereeatted by 150 primary and lower
secondary school students in primary schools.

Our educational project was accompanied by educational research. The authors
decided to follow two research paths:
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1 initial quantitative researclq using the diagnostic survey iti®d ¢ carried out in
respect of all project participants before the project activities were commenced,;

1 qualitative research (action research) conducted while the educational project
continued (participant observation method) and after it was completed
(problem-centred interview method).

The authors do not consider the above research paths to be contrary to each other.
"Both have their disadvantages and advantages, yet each of them, when used, allows for
discerning different aspects of the phenomenon liestudied, and despite their different
natures, both contribute to the development of our educational knowledge" (Pilch and
Bauman, 2010, p.269).

The main reason for changing the educational path at subsequent project stages was
the change of the role (emge of the degree of intervention) of the researcher: starting
from an objective and independent researcher, situated outside the group before the start
of the project- and ending up with an individual functioning openly inside the group being
studied; a individual aware of "their subjectivity in reception and assessment of the
situation, their impact on the contents and course of action" (Pilch and Bauman, 2010,
p.285).

Therefore it was decided to adopt the principle of complementarity of quantitative
qualitative research and follow this principle in describing the course and results of the
project.

RESULTS OF THE RESEARCH

Stage #1. A survey of teachengarticipants of the first edition of the "The robot is not
So scary as it is painted!" profagas conducted in September 2017 and a survey of teachers
- participants of the second edition of the projeah January 2018.

An electronic questionnaire was prepared, which was made available to N1 = 25 people
(principals and teachers) from schooldbmitted to the first edition of the project and N2 =
12 people (principals and teachers) from schools submitted to the second edition of the
project.

To the question: "Do you think children can enjoy learning and playing with building
blocks and robot pygramming kits?* as many as 88% of respondents in the first edition
and 83% in the secondcanswered "Yes"; the other people chose the answer "Rather yes".

Teachers who took part in the project were convinced of the possibility of making
children interested in robotics classes.

The next question was: Why do you think children can enjoy learning and playing with
robots? What determines this? Here the respondents could choose several answers. Table
1 presents teacher responses.
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Table 1: Answers of thespondents to the question: Why do you think children can enjoy learning and
playing with robots? What determines this?

Number of answers (Share)
Id | Answers
N1 =25 N2 =12
A | the ability to build your own models (creative work) 24 (96%) 9 (75%)
_the abl|lt¥ to give commands to the robot, control it, progre 19 (76%) 11 (92%)
its behavior
C the opportunity to imitate real life situations and looking fi 7 (28%) 3 (25%)
ways to solve real problems
D | the ability to simulate unusuaituations 8 (32%) 3 (25%)
E | entering a specific and attractive play environment 18 (72%) 8 (67%)
F | other 0 (0%) 0 (0%)

The respondents most often (33 times out of 37 answers; 89%) pointed to creative work
- the possibility of constructing their own models (A). Then they indicated (30; 81%) the
possibility of controlling the robot and programming its behavior (B). Slidgéer (26;
70%) paid attention to entering a specific and attractive play environment (E).

The following question concerned the emotions accompanying robotics classes: "What
positive emotions canin your opinion trigger children's activities (learninglaying) with
robots?" In this question, the respondents could also choose several answers. Table 2

presents the responses of the surveyed teachers.

Table 2: Answers of the respondents to the question: What positive emotionsicgour opinion
cau® children to learn (learn, play) with robots?

Number of answers (Share)
Id | Answers
N1=25 N2 =12
A satisfaction with the completed projectthe robot built (my 23 (92%) 11 (92%)
robot works!)
B | satisfaction with acquired new knowledge (I knowere!) 12 (48%) 5 (42%)
pride of a job well done, willingness to show the effect of wi 0 0
¢ to others- photos, videos (see what | can do!) 19 (76%) 10 (83%)
D | joy of having fun (learning) with a friend (we are a great ted 19 (76%) 8 (67%)
E | certainty of acquired skKills (I camdid it!) 13 (52%) 8 (67%)
= cqnosﬂy, how else you can modify the robot you just built (t 18 (72%) 7 (58%)
will be a robot!)
G | other 0 (0%) 0 (0%)

As many as 34 out of 37 (92%) of the respondents indicated satisfaction with the work
done (A), 29 of the respondents (78%) chose the pride of a job well done (C), and 27 teachers
(73%}- the joy of teamwork (D). In addition, 25 out of 37 (almost 68%)aedpnts pointed
out the possibility of getting children interested in modifications of the base model of the
robot (F).

In the next question, we asked to indicate what could deeidecording to teachers
about the usefulness of robot classes and anieegring approach in teaching (learning).
The respondents could also choose several answers. The results are summarized3n Table
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Table 3: Answers of the respondents to the question: What can deaidgour opinion- about the
usefulness of robot claes and engineering approach in teaching (learning)?

Number of answers (Share)
Id | Answer
N1 =25 N2 =12
clarity of goals build and program the robot (at the end of th o o
A classes the robot should work!) 20 (80%) 11 (92%)
free access tanformation sources seeking inspiration in the 0 0
world and on the Web 10 (40%) 4 (33%)
variety of possible solutions 15 (60%) 5 (42%)
D the p055|_b|I|ty of making mistakes, making corrections in 17 (68%) 9 (75%)
construction and program of the robot
E the need to reac_t quickly by chgn_glng the robot's Qe5|gr 9 (36%) 6 (50%)
program to new circumstances arising during the testing ph
F | teamwork 18 (72%) 8 (67%)
usability of the resulting product: you can document the stay
G | of creating a robot (photos or 3D instructions), which oth¢ 10 (40%) 2 (17%)
may use in the future
H | other 0 (0%) 0 (0%)

The three most frequently chosen answers are: clarity of goals @4) out of 37
respondents (84%), team work (F) and the possibility of making mistakes, making
corrections in the design and program of the robot {2% (70%).

The smallest number of p@te - 12 out of 37 (32%) pointed to the usefulness of the
resulting product (G) as a decisive feature of the usefulness of robotics classes and an
engineering approach in teaching (learning). Not many md« (38%}) chose free access
to information saurces (B).

Stage #2. During the project, teachers from individual schools were invited to observe
robotics classes in the schools that were project Partners.

A researcher (a teach@onsultant) was present during classes being observed by the
teachers pdicipating in the project. The teachers knew the researcher and were aware of
the researcher's role. The same was true of the teachers who taught the classes being
observed. The researcher was a participant who was doing the observing. On the other
hand, the pupils perceived the researcher as a stranger (as an outsider) who emphasized
the capacity he acted in. From the pupils' perspective, the researcher was more of an
observer than a participant (Pilch and Bauman, 2010, p.319).

The teachers (project padpants) were seen to participate in class observation in the
following ways: (1) a passive observer; (2) an active obsenveuld approach the pupil
teams and ask them questions, was interested in individual stages of the work on the
project; (3) a teaher assuming the role of a participanipaired with another teacher
(project participant), works with a robotics kit; (4) a teacher assuming the role of
asupporting teacher paired with a pupil, works with a robotics kit.

The Table 4 sets forth the teachers' (project participants’) main needs and concerns
reported after observations, as well as activities intended for implementation as part of the
project that were to be responses to the needs and concerns.
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Table 4: Main eeds and concerns reported by teachers after classes observed by them

A problem- a need or aoncern reported

A remedy- an activity planned for implemeation
in the project

Need to familiarize oneself with rabotics kit
before agiven class perioavith pupils which ig
scheduled as aubsequent project stage.

An opportunity was provided to lendrabotics kit
to teachers so that they can prepare for their fil
robotics class with their pupils.

Concern regarding the degree of engagem
during upcaning project classes on the part
pupils from the school where a given teach
(project participant) works. (For many pupils th
was to be the first time they would work wit
robotics kits)

During postobservation discussions, both th
teachers who taulgt the classes and the teache
consultants answered questions from teachg
(project  participants), providing extensi
explanations on the stages oftypical robotics
class.

Need for additional support from an experienc
teacher during the first robats class.

As part of the project provision was made for t
presence of teacheconsultants during the firs
class the teachers participating in the proje
would teach to their pupils.

Concern regarding lack of ideas on how to
robotics classes.

Provding teachers with software and ready-
use ideas for lessons as well as information
sources of inspirations for robotics classes.

Stage #3After the project had been

conducted with thee teachers who taught the classes that were observed by project

participants.Tables 5, 6 and 7 contatheir s

completed, a problesantred interview was

elected comments in the form ofraatrix of

attributes on which the interview was concentratefihe S I O K @MNdefts havethe
descriptions of irportance (in relation teachii S I O BefieféIeiore the projecstarted).

Table 5: Selected factors determining that children like learning and playing with robots

Attribute Teachertl

Teachem?2 Teachert3

(C) portunity to im
itate real life situaibns
and looking for ways t¢
solve real problems

When working with
pupils from younget
grades, we use Simy
lations of real events.

Younger children no
always enjoy redife
simulations and
problem solving.

The pupils focusse
more on performing
the construction taskg
in accordance with the
instructions.

Changeof importance Equally important

Is not as important

Is not as important

(D) Aility to simulate
unusual situations

That was especiall
evident in situations
where a pupil was ablg
to see what would
happen if he or she
added a part that nor
mally is not in the
structure.

Discovering or veri
fying something that ig

less common is mors
fun than reallife
simulations.

An experiment is on€
of the core principleg
of  working  with
children.

Chang of importance Sgnificantly more

important

Equally important

Equally important

Interpretation of teachers' opinions: attribute (€fecrease in importance, attribute

(D)- slightlyincrease in importance.
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Table 6: Selected positive emotions which barelicited in children by activities with robots?

Attribute

Teache#1

Teache#2

Teacher3

(E) @rtainty of aquired
skills (I can | did it!)

With time, they grad
ually became more
and more confident in

their abilities, they
were able to share
tasks  within their

teams (constructing,
progranming).

The pupil is not sg
much aware of having
acquired new abilitieg
as is happy that the ro
bot is working, and thig
is what stimulates her
him to further ex
periments.

After the project was
completed, ny opin
ions and beliefs werg
further corfirmed.

Change of importance

Equally important

Equally important

Equally important

(F) @riosity, how else
you can modify the robo
you just built (this will be
a robot!)

[The pupils] would of
ten move by them
selves on to the nex
stage  which  the
teacher had planned
Their curiosity was s
intense that they
would not wait for
further instructions.

I never expected curi
osity could drive ppils
to action so pow
erfully.

Pupils who are fas
cinated by the topic
want more.

Change of importance

Sgnificantly more im

portant

Sgnificantly more im

portant

Aways of key im

portance

Interpretation of teachers' opinions: attribute (E)mportance is retained, attribute (F)
- significant increase irmportance.

Table 7: Selected factors determining the usefulness of engineering approach in education

Attribute

Teachertl

Teachemt?2

Teachert3

(A)darity of goals build
and program the robot
(at the end of the classe
the robot should work!)

The pups have to
know what we want to
accomplish.

A large proportion of
pupils like to know|
what goal they are ex|
pected to achieve. Still
they like to deide for
themselves what
[path] to take when
working towards the
goal.

A clearly set goal a
lows pupilsto focus on
action. In addtion, a
time limit stimulates
greater commitment
and motivates pupilg
to complete the task.

Change of importance

Equally important

Equally important

Sgnificantly more im
portant

(C) \ariety of possible
solutions

This is well demon
strated in activities
where LEGO blocks a
used, and is also use
in other fields-there is

| never thought that it
was so important for
pupils to come up with
something  diferent

than their schoohates

Initially [pupils]did not
understand that vari
ous solutions might be
developed and each g
them would be cor

y2 aiy3at S | have. rect.
Change of importance | Always of key im| dgnificantly more im | Sgnificantly more im
portance portant portant

Interpretation of teachersopinions: attribute (A) slightly increase in importance,
attribute (C)- significant increase in importance.
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SUMMARY

The proposed proprietary strategy referred to as "An engineering approach in
education” is designed to assist in finding evidence ofubefulness, in everyday life, of
knowledge as well as mathematical, technical and digital skills acquired at school. It also
OKIFIy3aSa (4KS GSIFOKSNRa OdNNByid NS Ay GKS @
the specific features of the describesrategy- such as: the clarity of goals, freedom of
access to information sources, a variety of possible solutions of the problems, openness to
mistakes, responsiveness, teamwork and usability of the resulting product.

The research carried out in respeaf the teachers participating in the project and
teachers assisting with it demonstrates that they notice and appreciate both the educational
potential of the described strategy and the "didactic attractiveness" of the proposed topics
of classes.
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New Modern Application for Gamified Memorizing
Paired Facts by More Fun form of Memory Game
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Abstract

The article deals with the technique of memorizing a larger number of pairs of related facts (e.g.
words in mother tongue and foreign language) using the flashcard method transformed into the
classic ard Memory Game. For this purpose, the new authoring mobile application Own Memory
is introduced, whose major advantage is support for creating custom card sets, complemented
by many original useful options. In addition to images, the application add®dupptext and

sound cards that can be used both separately and combined. These features make it easier to
creating of sets with an effective educational component that allows to learn paired facts with
the longtime proven flashcard method, but in a nmumore fun form than the classic version.

This learning with the game can be enjoyed separately, against the artificial intelligence of the
selected level, or with friends or family even on devices with a larger screen. Thanks to the open
format of cards sts, it can be prepared outside of this application in any favourite software. The
development of the application Own Memory continues, but already in its current release it has
proven to be a quality and useful tool for a modern way of effective learmihgre it is
important to store a larger number of different paired facts into the kgrgn memory.

Keywords

Memory Game. Application. Smart phones. Gamification. Memorizing. Drill. Flashcards. VARK.

INTRODUCTION

The Memory Game (also known asPexesp Pemanism Shinkeisuijaky Pairs
Concentraton gam® X0 A& F OflF&aaA0 OF NRdéedrmeRoryd I YS
The game requires an even number of cards that are all the same on the reverse and form
pairs (i.e. two cards) with the same face on tiieverse. The cards are spread on the table
with face at downside and two or more players trying to find these pairs. Each player can
turn only two cards per turn, and all players can see their content. If they are the same, the
player earns a point, otherge the cards are turned back to face downY dzo Sy I = HAMA U

Players must remember the position and the image of each card to reveal it when they
hit the other card in the pair. If the graphic representation of the pictures on the cards is
aimed at chidren¥ 2 NJ SEI YL S Ay (GKS FT2N¥Y 2F OKI NI O
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animated serials, they usually like to play the game (see Fig. 1), and they unconsciously

practicing their memory from an early age2 Af a2y s> SG |t ®X wHammMT

| dzot f 2003 i aSvip TH €1 dzot € 291t F YR |1 dot f204a16é3

Figure 1: Ongear child playing the memogame  Figure 2: Sevepear schoolgirl trains fruit and
on the tablet. vegetable names and classification with mema
game.

This game can have anotheducational benefit if the appropriate content on the face
side of the cards is selected. In order for a player to remember of the previously turned cards
as much as possible, they must somehow memorize their contents. The image itself can be
a significantnformation that is for players desirable to retain in letl@gm memory for other
than only game reasons. The picture can also be accompanied by a description that
identifies it for the players and puts it into the right context (viz Fig. 3).

acar The Starry Night priority oncoming

Sydney Opera Housg el carro Vincent van Gogh vehicles

Figure 3. Sample cards with beneficial educational information

The player thus stores into the memory the word indication and graphic representation
on the card, which can be transferred from the shtatm memory to the longerm
memory when playing the same set of cards repeatd@grondes and Cohen, 1968)
Positive for this memorization is also to say the name on the card aloud, respectively the
sound perception of the information, which also increases the enjoyment of the game.

Flashcard and The Memory Game

Another way to increase the educational impact of thisngais to use different but
related content on two paired cards, whose both versions and the relationship between
them need to be remembered (e.g. split the picture and its description on Fig. 3). This
approach is based on the salledflashcardmethod (Wissman, et al., 2012yvhere on one
side of the card is written a fact, a title or a task and on the other side is a solution or related
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fact (e.g. English and Spanish word, mathematical example and its result, historical event
name and its year, chemicatrabol and an element name, etc.). In some cases, one or both
of these data can also be represented graphically as an image (gegneetric figure and a
mathematical formula to calculate its surface or content, images and their authors, road
signs and the meaning, blind maps and names of countries/cities/rivers etc.; see Fig. 2).

Learning through flashcards, sometimes also called as memorizing ¢Pdtdmbella
and Johnson, 2005an individual performs by looking at one side of the card, trying to
imagine or say out loud the content of the other side, then see if he answered correctly and
remember the right answer if necessary. Right solved cards, for which we have to sure of
the answer, can be put aside, and incorrectly answered cards are returrtdagkit again
later. With the appropriate delay between attempts and the correct number of repetitions
of each of them, by soalled thespaced repetitiomethod (Settles and Meeder, 2016his
form of learning is very effectiveKornell, 2009) Many d computer programs exist to
calculate the right and most efficient parameters (e.g. number of repetitions and delays
between them), such aSuperMemo(Wozniak, 199Q)Anki (Hanson and Brown, 2019)
Memostation(Cakula, et al., 2018%c.0 + 2 0 2 NY NFOEYRA Y bSYSOs Si
bSYSOX HaAMTO

Transforminglashcardsnto the Memory Gamei.e. dividing a twesided card into two
pair cards, which are needed to be found and identified, can be beneficial in several cases.
First, it allows, or rather redtes, joint learning in more than one person. It can also keep
players' attention longer if they enjoy playing more than just memorizing facts. Knowing the
relationship between two cards in a pair is motivated especially because of that the player
could sweceed in the game at all.

METHODS

The methods implemented i@wn Memorymultimedia application to streamline the
educational component$ a A f | 2 @df the gamenincliddlashcardmethod (Kornell,
2009 | Y2RATASR OSNRBRAZ2Y 2fng Edinghats K88erdona O dz
simulating artificial intelligence for automatic opponents and the method using multiple
perception channels to effectively memorize related dat¥ AY | YR DAt Yl YyZI wn
2019) so partly also the VARK meth@@thman andAmiruddin, 2010)

The development of th©wn Memoryapplication has been implemented by means of
the multi-platform technology of Xamarin.Fornildermes, 2015)it allows a common code
in language C#, respectively the XAML design definition, to compila mative application
for operating systems of Android, iOS and Windows 10 (WMPniversal Windows
Platform).o + 20 2 N}y N1 Z H A MO

RESULTS

Own Memory application in the first stage was created as this classic game (Borkovec,
et al., 2013) for finding two &htical images that gamers could import themselves from their

1 Official website ofthe Own Memoryapplicationis www.own-memory.com The app is available on
Google Playand theMicrosoft Store
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own photo gallery on a mobile device or computer (see Fig. 4). Gradually the app was
extended to include all the abowaentioned educational possibilities, plus some others.
Emphasis was alsogaed on the overall openness and versatility of the solution, providing
the possibility of using third parties.

12/2

// / 3
& o

Figure 4: Own Memory game in classic mode.

The set of cards for the game is therefore basically only a few image files, each used
twice. Thesesets can be created directly in the application environment (see Fig. 12). All
imported images are automatically cut to a square aspect ratio, shrink to 512x512 pixels and
saving as a JPG image with 80% quality. However, in order to create or edittbeist wi
these limits outside oOwn Memoryapp, a classic ZIP archive was used as the format for
storing these sets, that only has changed file extension from ZIP to OMESNlemory Segt
for file type resolution. All you have to do is select images on yampater or mobile phone
in any browser, wrap them in a ZIP archive, change the extension to OMS, and the memory
card set is ready for import into the application.

Picture cards

However, if is needed to take advantage of the advanced capabilities of thieatmm,
especially in the field of education, then just rename the image files in the set. For creating
of a pair which has different pictures on both cards, a wavy line character (~) is using. The
beginning of the name (prefix) of the cards files in plaér must be identical, different is in
the part after the separating character of the wavy line (postfix). For example, files in a pair
can be namecaard2~a.jpgand card2~b.jpg or car~en.pngand car~es.png The files with
pictures in the set can be namerbitrarily, but if this notation is followed (even if only on
some of files in the set), the principle of different pictures in one pair will be used.

If there are more than two image files with the same name prefix, two of them are
randomly selected ashused when shuffling cards. The other variants can then be selected
in the next game. It works similarly with the total number of cards. If there are more cards
than is needed for the game, only the selected number of cards/files/pictures in a pair is
randomly selected from the whole set at the start of each game.
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If the set contains any localization items, such as tab text in different languages, just
add another parameter to the file name. From more language versions is selected just one
by the nationakettings of the operating system where the application is running. Dot before
file extension can be used for separation of the culture code (two chars ISO; 6B9ey,
et al., 2013 at the end of file name. E.g. if there ax@d3.en.jpgcard3.es.jpgndcard3.jpg
files, the first image will be shown only for English localization, second only for Spanish and
the third for every other language.

Text cards

If the picture on the card should be only text, it would be unnecessarily laborious to
create such aipture manually, the picture would be unnecessarily datansive, and the
text would be blurred due to rasterization. The same applies to any descriptions below the
pictures. For this reason, XML card support has been added. An XML card is a tettt file wi
an extension and format of XMBray, et al., 2008)ts structure is shown by the following
code. Not all of elements and attributes are required.
<?xml version="1.0" encoding="utf - 8"?>
<card background="#FFAAFFAA" textColor="#FF000000">
<text>carr  ot</text>
<label>vegetable</label>

<info>The carrot is a root vegetableé</info>
</card>

Fig. 5 shows how this XML card definition is edited in the application. The text on the
card (elementextd ¥ AF RSTAYSRI Aad akKz2gy Ay GKS OSyidN
label (elementbottom) is the text on the bottom of the card. Additionanformation
(elementinfo) is displayed in the dialog by clicking on the rotated card, and this text can be
longer and multiline. If the image is to be combined with the text and it is too dark, the text
color on the card (attributéextColo) can also b changed to make it readable, and/or the
background color of the card (attributeackground around the image, respectively below
its completely or partly transparent pixels, or instead of whole image. Both colors can be
defined including the alpha chaahvalue, i.e. the degree of transparency.
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carrot~v.xml X v _info.xml X v
Card text Set name

carrot Fruit and vegetable

vegetable Training of fruit and vegetable names and its

species classification

Addational info
vegetable Author

The carrot is a root vegetable, usually orange
in colour, though purple, black, red, white, and
yellow cultivars exist.

George Heisenberg

License

Card background color

Pictures are from Flickr with Commons Creati

FFAAFFAA Link (URL)

Text color http://www.own-memory.com

FF000000 GAME SETTINGS

vegetable:

Figure 5: Form for editing XMlard Figure 6Example of renderec Figure 7: Form for editing
details. card without picture and in setinformation.
combination with picture.

As shown in Fig. 6, the text and the picture on the card can be combined. For this variant
is necessary to name both files (with image and XML) the same so that only their extensions
differ (e.g.card4.jpgandcard4.xm). This allows to define only the lalof the card and this
text appears as additional information below the image without the need to edit the image
itself.

Sound cards

The images and texts provide the visual side of the cards. However, some people better
remember sound perceptions and eybody a combination of botfKim and Gilman, 2008;
bSYSOx SiG Ff ®X HnwmcEspeciallySviied @arning foreignflaggiiages,n mc O (
listening to the pronunciation of vocabulary words is very impor{d&h and Wang, 2003)

For this reason, suppofor audio files has been added @wvn Memoryapp.

The same rules apply for file names as for picture and XML cards. If the audio file name
is unique, then the contents of the card will be empty, but its sound will be played when the
card is rotated from bek to front side. The sound can also be played again by clicking on
the already rotated card. If an image (or even text) is present with the same file name in the
set, everything for that card will be combined together.

File naming system in the set

Suppoted extensions of the files for specific card types are:

1 ImagesJPG, JPEG, PNG
1 Audio files:MP3, WAV
1 Text data:XML

Any other file types in the set are ignored. In future versions is also planned a support
of vector images SVG and GIF animations.
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There mg also be several special files in the set with specific reserved names that begin
with an underscore (). These add more information about the set as a whole or set the
implicit default content (colors, texts, images or sounds) for all cards that are ardgd
when some cards do not explicitly (individually) define them.

1 _info.* (data) ¢ information about set (name, description, author, license, URL
and color settings of the play board; see Fig. 7)

1 _back* (image/data)c image and/or text data for back cfrds of the whole set
(if absents, default background image from the app will be used)

1 _theme* (image)c image that is used in the sets list (see Fig. 11)

1 _default* (image/data/audio)c image, audio and/or text data used for cards
without image, audio or text data (at least one of these file types must exists for
OFNR ARSYUATFTAOIGAZ2Y S 20KSNJ Y@ 6S RSTrd
Gdo ¢z A Sids défaufddpgarid default~b.jpg then these default
images (or data or audio) will be linked with all cards with the same suffix

_turn-card.* (audio)¢ a default sound for turn a card

_pair.* (audio)¢ a default sound when the whole pair is tuh

_pair~yes* (audio)¢ a sound when the pair of the same cards is founded
_pair~na* (audio)¢ a sound when the pair of a different cards is turned
_end* (audio)¢ a default sound for the end of the game

_end~human* (audio) ¢ a default sound for the eshof the game when human
wins over computer

1 _end~computer* (audio) ¢ a default sound for the end of the game when
computer wins over man

1 _end~both* (audio)¢ a default sound for the end of the game when computer
and man has the same score or when playsiguters only

= =4 =4 A4 A -4

Thus, the definition of default files default for images, sounds, and texts) can be
individually replaced by specific cards if their file variant is present. Default values can be
also specified specially for different cards in a one spepdir (files with wavy lines in the
name). Simply name them with a common base from the file name (part before the tilde).
For example, if the cards in the pair are to have the same image and sound when rotated
but different labels, these files should lbeserted into the setcard5~a.xmlcard5~b.xm|
card5.jpgandcard5.mp3

This optional system of gradual settings properties can minimize the need to repeat the
same files in the set (see Fig. 8).

application . o , "

Figure 8: Example of hierarchical validity of properée&d cards content settings from the most general
(left) to the most specific (right) for theard~x
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Game options

The conditions under which the game will run can be also set iOtlkie Memoryapp
(see Fig. 9). The timing of the pauses between movebeapecified, and thus the time to
remember the cards turned in the current turn. Default sound effects of cards rotating (not
explicitly defined audio files in a set) can also be deactivated to avoid distracting. It is also
possible to set whether the saplayer should continue or not with playing after finding a
pair of cards, which both variants are valid in different versions of the Memory Game rules.

Defined can also be the transparency of found pairs of cards, so that they do not disturb
the rest ofthe game but remain available in case they display additional information or play
audio when clicked. However, when the visibility is set to 0%, found cards disappears
completely from the board. Some other settings can also change the whole game mode.

Whenthis optionShow all cards at the beginniigenabled, all playing cards will face
up for the selected time interval as soon as a new game begins. Players can then try to
remember the content and location of as many of them as possible and after tmaitdu
back to quickly find these pairs again. This variant is another interesting alternative for
memory training, especially suitable for a single player game.

Option Auto start a new game when a previous ewlisplays a table with a summary
of each playplDa & 02 NB | T SN i K PlaySagatbutom laundk § 103 YS =
second countdown and after it a new game automatically starts with the same settings.
While this option may seem unimportant for classic gaming, it allows the application to be
used for presentation purposes. This option, along with $b#ing to play a computer for
all players, would allow the game to run in an endless fully automatic loop. For example, if
some firm created a set of images of their products (goods, school campus photos, travel
F3Sy e LK20G2a 2F RS thid funtlion, At zahabe ptajeEted kK any | &
unattended screen or projector to attract potential customers at an exhibition, at doors
open days or at shop window as an interesting form of presentation.
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