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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 universities in the 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, called DIVAI (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 form of educating 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 management 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, Slovenia, Lithuania, Latvia, Hungary and in the 13th year 
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 tools of Internet, 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 purposes at all levels 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 high-speed networks in the field of IoT 
technology. This issue is addressed at the level of education with an impact on the progress 
of students working in unexpected conditions, such as distance education. 

After finishing the 9th conference and based on the reviews and the feedback from the 
participants of the conference we submitted the outcomes 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 proceedings 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 Prague, for 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, I 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, I would 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 of the final publication, which will be sent for indexing to the 
¢ƘƻƳǎƻƴ wŜǳǘŜǊǎΩ ²ƻ{ ŘŀǘŀōŀǎŜΦ ²Ŝ ōŜƭƛŜǾŜ ǘƘŀǘ ǘƘŜ ǇǳōƭƛŎŀǘƛƻƴ ǿƛƭƭ ōŜ ǇƻǎƛǘƛǾŜƭȅ ŀŎŎŜǇǘŜŘ 
not only by the readers, but also by the evaluators from the Thomson Reuters publishing 

house. 

                                                                                                                           

aƛƭŀƴ ¢ǳǊőłƴƛ                                 

Conference chair 
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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 
many schools and educational institutions around the world providing the opportunity to attend 
part of the training courses using simulation games. Possibilities of simulators will be described 
in this article. 

Keywords 

Application; blended learning; e-learning; education; 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 audio-visual 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 decision-making, or nuclear power 
plant operation. The area where simulators are likely to have the most significant impact on 
training is aviation, which has been using flight simulators for over 60 years. (Scerbo 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 of education. 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 create a sense 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 education and medical skills training that 

require physical action. 
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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 and improve their skills and abilities. (Bouki, Mentzelopoulos & Protopsaltis, 2011). 

Perkins (2007) defined 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 the sixth 
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 large collaborative 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 non-technical simulation. (Rosen, 2008) 

The introduction of human patient simulation towards the end of the 20th century was 
an important 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 possibility 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 practical 
examples.  

USE OF THE SIMULATORS IN TEACHING DOCTORS 

Many types of simulators are used in health care. There are, for example, scenario-
driven simulators. These simulators are based on a branched algorithm that reacts to inputs 
(entered requirements for examination) 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 scenario pro-cessing, which must be prepared 

by experienced doctors. όYƻŦǊłƴŜƪ & Kulhanek, 2014) 

Another example includes model-driven 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 simulators 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 simulation training 
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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 bulge fontanel (Radu, Catalina & Doru, 2018). 

The results of the study suggest the use of the simulator significantly increased the 
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 knowledge 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) The aim of this study is to analyse the learning 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 courses ranging 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. Phlebotomy, 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 procedure is incorrectly performed. (Scerbo et al, 2006) 
The AccuTouch simulates a needle and allows students to experience the resistance forces 
associated with insert-ing the needle into the skin and vein. 

USE OF THE SIMULATION GAMES IN HOTEL MANAGEMENT EDUCATION 

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 includes major 
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 reports (Knowledge matters, 2018). 
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HOTS ɀ 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, risk management, 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 game 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 detailed design of the room 
equipment. After opening the hotel the player just follows the wishes and complaints of 
guests and accommodates them. (Dobrovsky, 2002) 

PROTUR HOTEL SIMULATOR 

¢ƘŜ ŀǇǇƭƛŎŀǘƛƻƴ twh¢¦w ƛǎ ŘŜǾŜƭƻǇŜŘ ōȅ ǘƘŜ ŀǳǘƘƻǊǎȰ ǘŜŀƳ ŦƻǊ ǘǊŀƛƴƛƴƎ ǎǘǳŘŜƴǘǎ ƻŦ the 
hotel school and hotel staff.  

The following diagram schematically captures the frame algorithm simulator. 

Game setting

Inputs of players

Distribution of the current demand in 
selected markets to individual players

Calculationof the performance of 
individual players

Evaluation of the game 

Acceptanceof demand

 

Figure 1: Frame algorithm. 

 

The simulator is prepared in two basic modes. In the case of on-line mode, 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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Figure 2:  Start screen - select a mode 

In the off-line mode, players do not compete with each other in the markets, every-one 
Ƙŀǎ ǘƘŜ Ŧǳƭƭ ŀƳƻǳƴǘ ƻŦ ŘŜƳŀƴŘ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜ ƎŀƳŜǎ ƻŦ ǘƘŜ ƻǘƘŜǊǎΣ ŀƴŘ ŀǎ ŦƻǊ ǘƘŜ ƘƻǘŜƭΩǎ 
operational side, it is firmly assigned by the game manager. In this case, players decide only 
in revenue management processes.  

 

Figure 3: Setting the simulation parameters 

The hotel process simulator uses the following technologies: 

¶ typescript 

¶ javascript 

¶ react 
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¶ component for the table in the frontend section 

¶ JSON for data manipulation 

 

 

Figure 4: Basic game screen 

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

¶ set the initial game parameters of the simulation 

¶ start the simulation (game) 

¶ time the simulation, i.e. counting the time for each game round 

¶ generate random bids - a temporary solution before the demand distribution 
model is implemented 
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Figure 5: 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. Development 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 important 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 (IoT), which 
will be able to monitor the emotional state of individual students, verify the functionality of the 
proposed system, implement innovative methods in education and 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 professional 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 IoT, which will 
record and evaluate the emotional state of individual students and on the other system will be 
able to adapt real-time teaching materials for the monitored student. The expected result is a 
streamlining of the teaching process, which will have an impact on the student in an increasing 
level of knowledge.  

Keywords 

IoT, 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 their development. 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 ensured through 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 and building 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 is an increasing 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 way that suits 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 of the early 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 have become 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 and other (S. Lee, Barker, & Kumar, 2011). 

Adaptivity in the proposed e-activities is an important element of personalization of 
teaching, in which dominate two roles. The role of the tutor, which is responsible for the 
content and management of the created e-activity and the role of the user, i.e. one who 
enters education and goes through the educational e-product. The efforts of the authors 
(Thompson, 2015) is to point out the possibilities of creating and applying a user 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 acts as a tutor. E-learning 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 e-learning 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 of education 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, it is advisable to have precisely set educational goals. 

However, the goals of the teaching process must be perceived on three levels, namely: 

Á cognitive area (knowledge, skills and competences), 

Á affective area (emotional area, attitudes and value orientation), 

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

Personalization of education is a way for students to learn about their previous 
knowledge, skills and learning styles. We consider a learning style to be a set of attitudes 

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 himself. The 
article aims to use the obtained physiological data through non-invasive 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 material to the student. 

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 network that enables the communication between 
people to each other, between people and things and things to each other while providing 
a unique identity for each object. The Internet of Things is talking about a world where 
anything can connect and communicate in an intelligent way better than ever before. It is 
revolutionary that these physical information systems are now beginning to develop, and 
some even work for the most part without human intervention (Madakam, 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" category, 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, and can communicate with other entities and make it 
available anytime and anywhere. This means that objects must be accessible without any 
time or space restrictions (Buyya & 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 Bluetooth-enabled 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 Things (Mehta, Sahni, & Khanna, 2018). 

The Internet of Things is now becoming an integral part of everyday life. The 
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 easily (Coates, Hammoudeh, & Holmes, 2017). Although many devices 
can connect 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 and administer information in 
real-time from anywhere and at any time όDƽƳŜȊΣ IǳŜǘŜΣ IƻȅƻǎΣ tŜǊŜȊΣ ϧ DǊƛƎƻǊƛΣ нлмоύ. 

The Internet of Things can include common devices that we use every day in the home 
to automate processes, devices that are built into cars and other means of transport, 
medical devices and other (Kummerfeld & Kay, 2017). The very purpose of the Internet of 
Things is to connect different types of objects with different intentions into one common 
platform (KummerfelŘ ϧ YŀȅΣ нлмтΤ [ƽǇŜȊΣ wŀƴŀǎƛƴƎƘŜΣ IŀǊǊƛǎƻƴΣ aŎCŀǊƭŀƴŜΣ ϧ /ƻƳǇǳǘƛƴƎΣ 
2012). 

Using various IoT devices, it is possible to create own sensory network that will be able 
to measure the physiological functions of the user. The article aims to point out common 
IoT devices (wearable) such as smart wristbands (Francisti & Balogh, 2018), smartwatches, 
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 and, based on 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 Cabella (Feidakis, 
5ŀǊŀŘƻǳƳƛǎΣ ϧ /ŀōŀƭƭŞΣ нлммύ, in which the classification of emotions based on basic models 
is given, 66 emotions can be divided into two groups: ten basic emotions (anger, 
expectation, distrust, fear, happiness, 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 two-dimensional space in terms of 
valence and excitement. Such an approach makes it possible to define the desired emotion 

and evaluate its intensity only by analysing the two dimensions (Russell & psychology, 1980).  

 

Figure 1: Russell's circulatory model of emotion (Russell & psychology, 1980) 

Using the model described above will clarify the classification and evaluation of 
emotions, but there are still many problems related to the evaluation of emotions, in 
particular the choice of measurement methods and the evaluation of results, the choice of 
hardware and software of measurement. Besides, the issue of recognizing and evaluating 
emotions is complicated by an interdisciplinary nature: emotion recognition and strength 
assessment are the subjects of psychological sciences while measuring and evaluating 
human body parameters are related to medical sciences and measurement techniques also 
sensor data and solutions are the subjects of mechatronics. 

MATERIAL AND METHODS 

Emotion assessment methods can be divided into two main groups according to the 
basic techniques used to recognize emotions: self-healing techniques based on self-
assessment of emotions by completing various questionnaires όLǎƻƳǳǊǎǳΣ ¢ŅƘǘƛΣ ±ŅƛƴŅƳǀΣ 
& Kuutti, 2007) (Wallbott & Scherer, 1989) and machine evaluation techniques based on the 
measurement of various parameters of the human body. Also, there are frequent cases of 
the simultaneous use of several methods to increase the reliability of the obtained results. 
!ŎŎƻǊŘƛƴƎ ǘƻ ǊŜǎŜŀǊŎƘ ōȅ {ŎƘŜǊŜǊ ŀƴŘ DƻƴœŀƭǾŜǎΣ ŜŀŎƘ ŜƳƻǘƛƻƴ Ŏŀƴ ōŜ ŀǎǎŜǎǎŜŘ ōȅ ŀƴŀƭȅǎƛƴƎ 
the five main components of emotion (behavioural tendencies, 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 interruption. Subjective feelings are usually assessed only 
using self-assessment methods (Scherer, 2005) όDƻƴœŀƭǾŜǎ Ŝǘ ŀƭΦΣ нлмтύ. 
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Automatic recognition of emotions 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 pressure, heart 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 over some time. In contrast to the mean 
deviation of the 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, 2011). Heart rate 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, and sympathetic nerves, which speed it up. These changes are influenced 
by emotions, stress and physical exercise (Benezeth et al., 2018). Besides, HRV 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 
depression. 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 frustration (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 define the time 
between heart rate pulses as a function of time (Hsieh & Chin, 2011). The 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 an HRV signal that expresses the 
change in the interval between peaks over time. 

The common method of HRV analysis usually includes analytical methods in the time 
and frequency domain (Hsieh & Chin, 2011). The various studies based on analyses in one 
or both domains are briefly summarized in a study by Mikuckas et al. (Mikuckas et al., 2014). 
The application of HRV to 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 approximately 14 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 authors' Zhu, Ji and Liu in the research 
(Zhu, Ji, & Liu, 2019). The most common technique used for HRV analyses is to calculate the 
power spectral density (PSD) of the signal (Mikuckas et al., 2014). PSD 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 band can be obtained by 
integrating the PSD into the limits of the frequency bands (Mikuckas et al., 2014). 

The main disadvantages of ECG-based HRV are the properties 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 ECG-based HRV is 
photoplethysmography (PPG). Photoplethysmography is a technique 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 measures small changes in transmitted or reflected light 

(Figure 2) associated with changes in tissue perfusion (Benezeth et al., 2018). 

Figure 2: Principles of PPG left reflection mode and right transmission mode (Benezeth et al., 2018). 

The PPG signal (Figure 3) consists of two main components: 

Á 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 blood changes very slowly 
depending on the breathing, 

Á The dynamic part represents the changes in blood volume that occur between the 
systolic and diastolic phases of the heart cycle (Tamura, Maeda, Sekine, & Yoshida, 
2014). 

PPG signals, which are analogous to time-domain voltage values, are analysed using 
methods similar to those used for ECG-based HRV analysis. The main difference between 
PPG and ECG-based analysis is signal filtering using high-pass filters before defining peaks 
and generating the HRV signal. PPG can only be performed with one sensor attached to the 
finger or with multiple sensors attached to the right and left earlobes (Allen, 2007). 

 

Figure 3: Example of the PPG signal (Tamura et al., 2014). 
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 There are several studies that demonstrate the successful implementation of this 
technique and demonstrate its advantages over an ECG (Jeyhani, Mahdiani, Peltokangas, & 
Vehkaoja, 2015). In research by Allen (Allen, 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 of PPTp and PPTf in the PPG signal represents the time of 

transition until the heart rate reaches the measurement point. 

Figure 4: Comparison of signals from PPG and ECG. (Elgendi et al., 2019) 

Recently, there has been a growing interest in remote photoplethysmography (rPPG), 
which can restore the cardiovascular pulse wave by measuring variations in backscattered 
light at a distance, using only ambient light and inexpensive vision systems (Benezeth et al., 
2018). Remote sensing makes it possible to significantly increase the level of human comfort 
during the measurement process, but this reduces the signal-to-noise ratio and increases 
the need for more advanced signal processing and analysis algorithms. In research by 
Maritsch (Maritsch et al., 2019) Machine learning algorithms have been implemented to 
increase the accuracy of HRV measurements performed by smartwatches. 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 of research aimed at recognizing emotions using HRV is given in 
Table 1. 

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

Bearing Emotions Methods Hardware and software 

This study aimed to 
recognize emotions using 
EEG and peripheral signals. 

High / low valence and 
excitement 

HRV, EEG, GSR, blood 
pressure, breathing 

Biosemi Active system 
II. GSR sensor, 
plethysmograph, 
breathing tape (Chanel, 
Ansari-Asl, & Pun, 
2007) 

Creating a new 
identification method 
happiness and sadness 

Happiness and sadness HRV, skin temperature 
(SKT) 

SKT sensor, PPG sensor 
(Park, Kim, Hwang, & 
Lee, 2013)  
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This project aimed to 
design a non-invasive 
system that will be able to 
recognize human emotions 
using intelligent sensors. 

Happiness (excitement), 
sadness, relaxed (neutral) 
and angry 

HRV, skin temperature 
SKT, GSR 

Custom PPG sensor, 
temperature sensor 
DS600 from Maxim - 
Dallas, custom GSR 
sensor (Quazi, 
Mukhopadhyay, 
Suryadevara, & Huang, 
2012)  

This article describes the 
development of a 
wearable sensor platform 
for monitoring mental 
stress. 

Mental stress HRV, GSR, breathing Heart rate monitor 
(HRM) (Polar WearLink 
+; Polar Electro Inc.), 
respiratory sensor 
(SA9311M; Thought 
Technology Ltd.), GSR 
sensor (E243; In Vivo 
Metric Systems Corp.). 
EMG module (TDE205; 
Bio-Medical 
Instruments, Inc.)(Choi, 
Ahmed, & Gutierrez-
Osuna, 2011) 

This article examined the 
ability of PPG 
recognize emotions. 

High / low valence and 
excitement 

HRV PPG sensor (M. S. Lee 
et al., 2019) 

This research proposes a 
new framework for 
emotion recognition for 
computer prediction of 
human emotions using 
wearable biosensors. 

Happiness / joy, anger, 
fear, disgust, sadness 

HRV, GSR, SKT, activity 
recognition 

PPG sensor, GSR 
sensor, SKT, fingertip 
temperature; EMG 
gyroscopes and 
accelerometer for 
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 researchers focus 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 PPG-based HRV lies 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 of non-contact 
measurements. The cheap PPG device and 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, especially in the field of human-machine-IoT interaction, as sensors of this 
type can be easily installed in joysticks and other machine controllers and can be hidden 
from the end-user. 

In special cases where the number of emotions or their accuracy of detection 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 AND RESULT 

As there has been a recent increase in interest in remote photoplethysmography (rPPG) 
as already mentioned in (Benezeth et al., 2018) we compared smart wristbands (Francisti & 
Balogh, 2019). We also compared the individual wristbands with a reference device, which 
was the BOSO TM-2430 holster, which is commonly used in the medical environment. 
Simultaneously with 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 statistics. When measuring the heart rate, we used a holster (A&D BOSO TM -
2430), which recorded the pressure and heart rate, and we also used the following 
wristbands: 

Á Mi Band 2 

Á Mi Band 3 

Á Mi Smart Band 4 

Á Fitbit Charge 3 

Á Huawei band 3 pro 

Á Samsung Galaxy fit e  

Á Watchking Smart T8s 

Á 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 pulse, 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. 

During measuring the heart rate, we recorded 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. 

Table 2 Time schedule for pulse measurement 

Examining (comparing), we found that among the smart wristbands with accurate heart 
rate measurement we can include Fitbit and Mi Band 4. 
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Table 3 Comparison of measured data from the holster, Fitbit and Mi Band 4 bracelet 

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 the differences 
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: 

ὕ ȿρππ ὔ ρzππȾὌȿ 

 Where: 

Á O the deviation is given in %, 

Á N is the value of the pulse measured using a wristband, 

Á H is 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 smaller than those 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 choice of measurement 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 individual 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 sensors. 

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 relatively simple and does 
not require any special hardware but requires a lot of attention when preparing 
questionnaires. On the contrary, the results of self-evaluation are not so reliable and there 
is a possibility that a person will not correctly recognize his emotions 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 reactions provide 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, and measuring non-electrical 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 (self-generating) sensors when 
measuring the signal covered by 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 
physiological 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 functional literacy, science literacy and 
mathematical literacy at the end of compulsory school. This result is shadowed by results, which 
ƳŜŀǎǳǊŜ ǎǘǳŘŜƴǘǎΩ ŜƳƻǘƛƻƴŀƭ ŎƻƴŘƛǘƛƻƴ ƛƴ ǎŎƘƻƻƭΥ ор҈ ƻŦ {ƭƻǾŜƴŜ ǎǘǳŘŜƴǘǎ ŦŜŜƭ ǎǘǊŜǎǎŜŘ ŀƴŘ рн҈ 
feel concerned. The circumstances call 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 presents 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 games. This data were 
ǎǘǳŘƛŜŘ ŦǊƻƳ ǘƘŜ ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ǎǘǳŘŜƴǘǎΩ ŀƎŜ ŀƴŘ ƎŜƴŘŜǊΦ ¢ƘŜ ǊŜǎǳƭǘǎ ǎƘƻǿΣ ǘƘŀǘ ŎƻƳǇǳǘŜǊ 
games, if we want them to reach their educational goal, should be designed on the ground of 
psychological knowledge and differently for different groups of players ς they should take in to 
the account the preferences and attitudes of the population, the addressee of the gaming 
situation.  

Keywords 

Intelligent Serious Games. Learning Outcomes. {ǘǳŘŜƴǘǎΩ Preferences. Motivation 

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 are dull ς nearly 70% of high 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 engagement for the learner, they teach 
21st 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/learner is, that negative consequences are not 
typically associated with failure. Even more: failure is a typical integral part of playing - and 

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

Intelligent serious games provide a high level of motivation for the player (Flogie et all, 
нлнлύ ¢Ƙƛǎ ƳƻǘƛǾŀǘƛƻƴ ƛǎ ŘǊƛǾŜƴ ŦǊƻƳ ǇƭŀȅŜǊǎΩ ōŜƭƛŜŦ ŀōƻǳǘ Ƙƻǿ ƎƻƻŘ ƘŜ ǿƛƭƭ ōŜ ŀƴŘ ƻŦ Ƙƛǎ 
interest to achieve the goal (Jalongo, 2007). An EU study on the sample of 500 teachers 
confirmed, the motivation is significantly greater 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 whiŎƘ Řŀǘŀ ŀōƻǳǘ ǎǘǳŘŜƴǘǎΩ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǎƪƛƭƭǎ ŀǊŜ ǳǎŜŘ  ǘƻ ŦƻǊƳ 
the subsequent instruction (Heritage, 2010). Intelligent serious games are often mentioned 
as an important means for teaching 21st century skills because they can accommodate a 
wide variety of learning styles within a complex decision making context (Squire, 2006).  

Intelligent serious games provide the opportunity for personalized learning, which can 
be/is of particular importance for students (Flogie et all, 2020). Games can be adapted based 
oƴ ǎǘǳŘŜƴǘǎΩ ǇǊŜŦŜǊŜƴŎŜǎΦ !ǇǇǊƻǇǊƛŀǘŜ ǎŎŀŦŦƻƭŘƛƴƎ Ŏŀƴ ōŜ ǇǊƻǾƛŘŜŘ ƛƴ ƎŀƳŜǎ ǘƘǊƻǳƎƘ ǘƘŜ ǳǎŜ 
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, digital games 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 achievable ς they confront students with tasks/challenges 
that are matched to their skill level in order to maximize his/their engagement (Kiili, 2005). 
¢Ƙƛǎ Ǉǳǘǎ ƛƴǘŜƭƭƛƎŜƴǘ ǎŜǊƛƻǳǎ ƎŀƳŜ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ŎƻƴǎǘǊǳŎǘƛǾƛǎǘǎΩ ǘƘŜƻǊȅ ς it is similar to 
±ȅƎƻǘǎƪȅΩǎ ȊƻƴŜ ƻŦ ǇǊƻȄƛƳŀƭ ŘŜǾŜƭƻǇƳŜƴǘΣ ǿƘƛŎƘ ƛǎ άǘƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ŀŎǘǳŀƭ 
developmental level as determined by independent problem solving and the level of 
ǇƻǘŜƴǘƛŀƭ ŘŜǾŜƭƻǇƳŜƴǘ  ǳƴŘŜǊ ŀŘǳƭǘ ƎǳƛŘŀƴŎŜΣ ƻǊ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ ƳƻǊŜ ŎŀǇŀōƭŜ ǇŜŜǊǎέ 

(Vygotsky, 2006, 86 in McClarity, 2012). 

The possibility of providing personalized learning opportunities in a way that the game 
άǘŀƛƭƻǊǎ ŜŘǳŎŀǘƛƻƴ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ŜǾŜǊȅ ǇǳǇƛƭ ŀŎƘƛŜǾŜǎ ǘƘŜ ƘƛƎƘŜǊ ǎǘŀƴŘŀǊŘ ǇƻǎǎƛōƭŜέ όh9/5Σ 
2006, p. 24) makes intelligent serious games extremely interesting for the education 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 behind 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 creating the 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 part of survey data, gathered at the beginning stages of the 
project before the development of ISG. The presented part of the survey addresses 
following questions: 

¶ Are there any age/gender-conditioned differences regarding like or dislike 
educative computer games? 

¶ Are there any age/gender-conditioned differences regarding the preference to 
different types of computer games? 

¶ Are there any age/gender-conditioned differences regarding the attributes of 
the computer game?  

Participants 

The majority of the sample, ǿƘƻǎŜΩ ǎǳǊǾŜȅǎ ǿŜǊŜ ŜǾŀƭǳŀǘŜŘ όмрнмύΣ ōŜƭƻƴƎŜŘ ǘƻ ǘƘŜ 
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 gender: 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 

questions in a way, that his opinion/knowledge was expressed clearly and understandable. 

In this procedure 135 surveys were excluded. The remained 1521 surveys were 

statistically analysed with SPSS 19.0. (SPSS) 

RESULTS 

Are there any age/gender-conditioned differences regarding like or dislike educative 
computer games? 
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Figure 1: 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 and 10. But the 
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 not want to be 
educated while they are playing on their computers. 

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

Lƴ ǎǳǊǾŜȅ ŎƘƛƭŘǊŜƴΩǎΩ ŀƴŘ ȅƻǳƴƎ ǇŜƻǇƭŜǎΩ ǇǊŜŦŜǊŜƴŎŜǎ ŦƻǊ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ŎƻƳǇǳǘŜr 
games were examined. The participant could choose from the following list of types of 
computer game:  

¶ action,  

¶ adventure,  

¶ arcade,  

¶ educational,  

¶ family,  

¶ puzzle,  

¶ role-playing,  

¶ -simulation, - strategy or  

¶ trivial.  

A participant was instructed he could choose as many possibilities, he wished.  

[ŜǘΩǎ ƘŀǾŜ ŀ ŎƭƻǎŜǊ ƭƻƻƪ ŀǘ ǘƘŜ ǊŜǎǳƭǘǎ ŀōƻǳǘ ǇǊŜŦŜǊŜƴŎŜǎ ŀƴŘ ƴƻ ǇǊŜŦŜǊŜƴŎŜǎ ǘƻǿŀǊŘ 
puzzle video games. 
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Figure 2: Age distribution of like (yellow) or dislike (red) behaviours for puzzle 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 type of computer 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. 

 

Figure 3: Age distribution of like or dislike behaviours for strategy video games 

According the results, older children/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 clearly 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 games types, which are liked by young players of 
ŀƴȅ ŀƎŜ ƎǊƻǳǇΦ ¢ƘŜ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ ƎŀƳŜǎ ƻŦ ǘƘŜ ǘȅǇŜ ΨŀǊŎŀŘŜΩΣ ΨŀŘǾŜƴǘǳǊŜǎΩ ŀƴŘ 
ΩŜŘǳŎŀǘƛƻƴŀƭΩΣ ōŜƭƻƴƎ ǘƻ ǘƘƛǎ ƎǊƻǳǇΦ  

Are there any age/gender-conditioned 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.  

 

CƛƎǳǊŜ пΥ Lǎ ŘƛŦŦƛƭǳƭǘȅ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ȅƻǳǊ ŘŜŎƛǎƛƻƴ Ψǘƻ ǇƭŀȅΩ  ƻǊ Ψƴƻǘ ǘƻ ǇƭŀȅΩ ǘƘŜ ƎŀƳŜΚ 

Results show, that the diffilculǘȅ ƛǎ ŀ ǎǘǊƻƴƎ ǇǊŜŘƛŎǘƻǊ ŦƻǊ ΨǎǘŀȅƛƴƎ ƛƴ ǘƘŜ ƎŀƳŜΩΣ ǇƭŀȅƛƴƎ 
ŀƴŘ ƭŜŀǊƴƛƴƎΦ ¢ƘŜ ƘƛƎƘ ǾŀƭǳŜǎ ƻŦ Ψƴƻǘ ǘƻ ǇƭŀȅΩ ŎƻƴŦƛǊƳ ǘƘŜ ŦŀŎǘΣ ǘƘŀǘ ǘƘŜ ƳƻǘƛǾŀǘƛƻƴ ǘƻ ǎǘŀȅ ƛƴ 
ǘƘŜ ƎŀƳŜ ƛǎ ŎƻƴŘƛǘƛƻƴŜŘ  ǿƛǘƘ ƛǘǎΩ ŘƛŦŦƛŎǳƛƭǘȅ ƭŜǾŜƭ ƛƴ ǘƘŜ ȊƻƴŜ ƻŦ ǇƭŀȅŜǊǎΩ ǇǊƻȄƛƳŀƭ ŘŜǾŜƭƻƳŜƴǘ 
(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 conditioned differences 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 gender conditioned preferences toward educational computer 
video games and action computer video 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. 

 

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 
computer 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 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ DǊŜŜƴ 9ƴŜǊƎȅ ŦƻǊ ¸ƻǳǘƘ ǎǳǊǾŜȅǎΩ ǊŜǎǳƭǘǎΣ ŀ ŘƛŦŦŜǊŜƴǘƛŀtion has to be 
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 customised. Individual 
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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 different groups of beneficiaries and that 
offer different levels of difficulty. Games should have different layers/levels based on 
ŀŎƘƛŜǾŜƳŜƴǘǎ ǘƻ ǎǘƛƳǳƭŀǘŜ ǘƘŜ ǳǎŜǊǎΦ ¢Ƙƛǎ ǿƻǳƭŘ ǊŀƛǎŜ ǘƘŜ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ǘƘŜ ƎŀƳŜǎΩ 
ǊŜƎŀǊŘƛƴƎ ƛǘǎΩ ŎǳǊǊƛŎǳƭǳƳΦ ! ƎƻƻŘ L{D Ƴǳǎǘ Ŏƻƴǘŀƛƴ a transparent (clear visible) reward 
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 educational goal, intelligent serious games should be designed 
differently for different groups of players ς 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 towards innovation in ICT students in 
ǇǊŜƎǊŀŘǳŀǘŜ ǘǊŀƛƴƛƴƎΦ .ŀǎŜŘ ƻƴ ŀ ǊŜǎŜŀǊŎƘ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ǘŜŀŎƘŜǊǎΨ ŀǘǘƛǘǳŘŜ ǘƻǿŀǊŘǎ ǘŜŎƘƴƻƭƻƎȅΣ 
ǿŜ ŎƘƻǎŜ wƻƎŜǊǎΨ 5ƛŦŦǳǎƛƻƴ ƻŦ LƴƴƻǾŀǘƛƻƴ ¢ƘŜƻǊȅ ŀǎ ŀ ǎǘŀǊǘƛƴƎ ǇƻƛƴǘΦ YŀƴƪŀŀƴǊƛƴǘŀΨǎ 
questionnaire (2000) and the Czech version from 2ŜǊƴƻŎƘƻǾł όнллмύ ǿŜǊŜ ǳǎŜŘ ŀǎ ŀ ǊŜǎŜŀǊŎƘ 
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 respondents (186 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 agreed on the 
level of agreement (in the most and least rated) items. We compared our results with the results 
of similar researches ς in one of the most relevant surveys of Zounek, Sebera (2005), we can also 
observe an increase in innovators and a declining number of sceptics, which may indicate an 
upward trend in acceptance of innovation with a focus on ICT in the Czech-Slovak context.   

Keywords  

Diffusion of innovation. Educational innovation. Pregraduate teacher training.  

INTRODUCTION  

The implementation of information 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 technology 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 usually 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?  

! ǊŜǎŜŀǊŎƘ ǎǘǳŘȅ ŜƴǘƛǘƭŜŘ αL/¢ ƛƴ ŎƻƭƭŀōƻǊŀǘƛve learning in the classrooms of primary and 
ǎŜŎƻƴŘŀǊȅ ŜŘǳŎŀǘƛƻƴά ŘƛǎŎǳǎǎŜǎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎ 
on cooperative learning methods in primary and secondary education. The research 
methodology was based on the analysis of teacher 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).  

/ƘǊłǎƪŀΨǎ ŎƻƳǇŀǊŀǘƛǾŜ ǊŜǎŜŀǊŎƘ όнлмрύ ς The acceptance of ICT by teachers and its 
development between 2004 and 2015 ς ŀƛƳŜŘ ŀǘ ƛŘŜƴǘƛŦȅƛƴƎ ǘƘŜ ǎƘƛŦǘ ƻŦ ǘŜŀŎƘŜǊǎΨ ǾƛŜǿǎ ƻƴ 
ǘƘŜ ǳǎŜ ƻŦ L/¢ ƛƴ ǘƘŜƛǊ ǘŜŀŎƘŜǊΨǎ ǿƻǊƪ ōŜǘǿŜŜƴ нллп ŀƴŘ нлмрΦ !ǎ ŀ ǊŜǎŜŀǊŎƘ ƳŜǘƘƻŘΣ ŀ 
questionnaire with 16 assertions with which they expressed a level of agreement was used. 
α¢ƘŜ ŜȄǇŜŎǘŜŘ ǇƻǎƛǘƛǾŜ ǎƘƛŦǘ ǘƻǿŀǊŘǎ ƳƻǊŜ ƛƴǘŜƴǎƛǾŜ ǳǎŜ ƻŦ L/¢Σ ƳƻǊŜ ǾƛǊǘǳŀƭ ŎƻƳƳǳƴƛŎŀǘƛƻƴ 
and use of the Internet was found. It has also been shown that, according to the agreement 
with individual assertions, teachers 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 prevails. The research also shows that teachers are divided into these two 
ƎǊƻǳǇǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƛǊ ǇŜǊǎƻƴŀƭ L/¢ ǇǊŜŦŜǊŜƴŎŜΦά ό/ƘǊłǎƪŀΣ нлмрύΦ  

ICILS 2013 (International Computer and Information Literacy Study), which aims to 
ŀŎǉǳƛǊŜ ƪƴƻǿƭŜŘƎŜ ŀōƻǳǘ ǇǳǇƛƭǎΨ ǎƪƛƭƭǎ in the area of computer and information literacy (CIL), 
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 and 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 (IEA). In the 
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 of providing education 
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. The tested group of pupils in the Czech 
Republic were pupils of the 8th grade of primary schools and corresponding grades of 
grammar schools with multi-year attendance. The results show that Czech pupils are far 
above the ICILS average in performing tasks. What teachers think about ICT is also 
interesting for our research. For instance, 75% of teachers believe that the use of ICT in 
ǘŜŀŎƘƛƴƎ ǿƛƭƭ ƭŜŀŘ ǘƻ ŀ ŘŜǘŜǊƛƻǊŀǘƛƻƴ ƻŦ ǇǳǇƛƭǎΨ ǿǊƛǘƛƴƎΣ тм҈ ǘƘƛƴƪ ƛǘ ƭƛƳƛǘǎ ǘƘŜ ŘƛǊŜŎǘ 
communication among pupils, and 46% of teachers 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 pre-ǎŜǊǾƛŎŜ ǘŜŀŎƘŜǊǎΦ пнл ǊŜǎǇƻƴŘŜƴǘǎ ǇŀǊǘƛŎƛǇŀǘŜŘ ƛƴ ǘƘŜ ǎǘǳŘȅΦ wƻƎŜǊǎΨ 
questionnaire 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 Adopters. The 
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analysis showed that male participants were highly innovative in contrast to female 
ǇŀǊǘƛŎƛǇŀƴǘǎΦ ¢ƘŜ ǎǘǳŘȅ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘΣ ǳƴƭƛƪŜ wƻƎŜǊǎΨ ōŜƭƭ-shaped standard distribution of 
adopter categories, the distribution in this study was positively skewed.  

The results support the idea that pre-service teachers, especially in some particular 
fields of study, need to change their perception of innovation. Evidence also suggests that 
wƻƎŜǊǎΨ ƳƻŘŜƭ ƻŦ ƛƴƴƻǾŀǘƛƻƴ-decision process should be taken into account when planning 
course objectives.  

/ƛǊǳǎ Ŝǘ ŀƭΦ όнлмфύ ŦƻŎǳǎŜŘ ǇǊƛƳŀǊƛƭȅ ƻƴ ǇǳǇƛƭǎΨ ŘƛƎƛǘŀƭ ƭƛǘŜǊŀŎȅ ǇǊƛƻǊ ǘƻ ǘŜŀŎƘƛƴƎ ǘƘŜ 
compulsory subject Information and Communication Technologies. At the same time, they 
ŜȄŀƳƛƴŜŘ ǘŜŀŎƘŜǊǎΨ ǾƛŜǿ ƻŦ ǘŜŎƘƴƻƭƻƎȅ ǳǎƛƴƎ 2ŜǊƴƻŎƘƻǾłΨǎ ǉǳŜǎǘƛƻƴƴŀƛǊŜ όнллмύ ŀǎ ŀ 
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 determine the individual rate of innovation. Their research was 
ōŀǎŜŘ ƻƴ wƻƎŜǊǎΨ 5ƛŦŦǳǎƛƻƴ ƻŦ LƴƴƻǾŀǘƛƻƴ ¢ƘŜƻǊȅΦ ¢ƘŜȅ ŜȄŀƳƛƴŜŘ ǿƘŜǘƘŜǊ ǘƘŜǊŜ ǿŜǊŜ 
differences between students of two different faculties (or fields of study) and whether 
gender differences in attitudes could be identified. The results of their research showed that 
ǎǘǳŘŜƴǘǎ ƛƴ ǘƘŜ ǎŀƳǇƭŜ ōŜƭƻƴƎ Ƴŀƛƴƭȅ ǘƻ ǘƘŜ ƎǊƻǳǇ ƻŦ αǇǊŀƎƳŀǘƛǎǘǎά ŀƴŘ αŎƻƴǎŜǊǾŀǘƛǾŜǎάΦ 
CƻǊ ƻǳǊ ǊŜǎŜŀǊŎƘΣ ǘƘŜǎŜ ǊŜǎǳƭǘǎ ŀǊŜ ǎǳƛǘŀōƭŜ ŦƻǊ ŎƻƳǇŀǊƛǎƻƴ όǎŜŜ ¢ŀōƭŜ нύΦ ¦ǎƛƴƎ wƻƎŜǊǎΨ 
Diffusion of Innovation Theory, Sasaki (2018) analyzed the implementation processes for 
new educational policies in Japan as multi-faceted and sensitive to the influences of 
ǎǘŀƪŜƘƻƭŘŜǊǎΨ ǎƻŎƛŀƭ ǾŀƭǳŜ ǎȅǎǘŜƳǎΦ Lǘ ǿŀǎ ŀ ƭƻƴƎ-term research in which the author 
monitored the results of three targeted curricular policy administrations (1994-2002 and 
2003-нлмоύΦ wƻƎŜǊǎΨ ǘƘŜƻǊȅ ƛǎ ŜǎǇŜŎƛŀƭƭȅ ŀǇǇǊƻǇǊƛŀǘŜ ŀǎ ƛǘ Ƙŀǎ ǇǊƻǾŜƴ ǎǳŎŎŜǎǎŦǳƭ ƛƴ ǇǊƻǾƛŘƛƴƎ 
tools to identify why and how quickly an innovation achieves (or fails to achieve) its intended 
goals, including in the fields of education (e.g., Lee, Hsieh & Hsu, 2011) and educational 
ǇƻƭƛŎȅ όŜΦƎΦΣ 5ƛƴƎŦŜƭŘŜǊ ϧ aŀƴŘŜƭƭΣ нлммύΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ǘƘŜƻǊȅΨǎ ǳƴŘŜǊƭȅƛƴƎ ŀǎǎǳƳǇǘƛƻƴ 
that innovation is accepted through communication over time as a ǊŜǎǳƭǘ ƻŦ ǎǘŀƪŜƘƻƭŘŜǊǎΨ 
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 explŀƛƴ ƭƻƴƎƛǘǳŘƛƴŀƭ ŎƘŀƴƎŜǎ ƛƴ ƻƴŜ ŎƻǳƴǘǊȅΨǎ 

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 countries ς the Czech 
Republic and Slovakia. We set our objectives as follows:  

¶ Describe the perception of innovation from the perspective of Czech students.  

¶ Describe the perception of innovation from the perspective of Slovak students.  

¶ Verify whether the obtained distributions correspond to RogeǊǎΨ ǘȅǇƻƭƻƎȅ ōŀǎŜŘ 
on the Diffusion of Innovation Theory.  

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

Based on the objectives, the following questions were formulated:  

¶ What is the attitude of Czech students to innovation in ICT?  
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¶ 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 design of research was 
chosen, an exploratory research method was used, and a questionnaire was chosen as the 
ōŀǎƛŎ ǊŜǎŜŀǊŎƘ ǘŜŎƘƴƛǉǳŜΦ ²Ŝ ǇǊƻŎŜŜŘŜŘ ŦǊƻƳ wƻƎŜǊǎΨ 5ƛŦŦǳǎƛƻƴ ƻŦ LƴƴƻǾŀǘƛƻƴ ¢ƘŜƻǊȅ ǿƘŜǊŜ 
it is possible to identify the key factors affecting the uneven spread 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 characterizes 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 above-mentioned description of the diffusion of innovation 
process (Sahin, 2006). Suitable attributes of innovation include relative advantage, 

compatibility, complexity, trialability, and observability:  

¶ Relative Advantage, which Rogers defines as the degree to which an innovation 
is perceived as being better 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;  

¶ Compatibility, which Rogers defines as the degree to which an innovation is 
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;  

¶ Complexity, which Rogers defines as the 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;  

¶ Trialability, which Rogers defines as the degree 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;  

¶ Observability, which Rogers 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 attribute 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 compatibilityΣ IƻŜǊǳǇ ŀŘŘǎ ǘƘŀǘ ŜŀŎƘ ƛƴƴƻǾŀǘƛƻƴ ŎƘŀƴƎŜǎ ǘŜŀŎƘŜǊǎΨ ŀǇǇǊƻŀŎƘ ǘƻ ǘƘŜƛǊ 
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, simplicity, 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). However, 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 relative speed 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 (Sahin, 2006). The above mentioned perceived attributes of 
an innovation are significant predictors of the rate of adoption (Sahin, 2006). The entire 
innovation-decision process involves five steps which typically follow each other in a time-
ordered manner (Sahin, 2006), 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:  

¶ Knowledge occurs when an individual learns about the existence of innovation 
and acquires some knowledge of how innovation works.  

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

¶ Decision occurs when the individual embarks on a series 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 decision 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 (pragmatists), late 
majority (conservatives) a laggards (skeptics).  

! /ȊŜŎƘ ǾŜǊǎƛƻƴ ƻŦ ǉǳŜǎǘƛƻƴƴŀƛǊŜ όYŀƴƪŀŀƴǊƛƴǘŀΣ нлллΣ 2ŜǊƴƻŎƘƻǾłΣ нллмύ ǿƘƛŎƘ 
contained a total of 55 questions was used for the research. We specifically worked with 
data from the first part of the questionnaire. 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 
ŜȄǇǊŜǎǎ ǘƘŜƛǊ ǾƛŜǿǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŦƛǾŜ ƎǊƻǳǇǎ ƻŦ wƻƎŜǊǎΨ ŎŀǘŜƎƻǊƛŜǎΣ ƛΦŜΦ ƛƴƴƻǾŀǘƻǊΣ ŜŀǊƭȅ 
adopter, early majority, late majority, and laggard.   

The research group consisted of 186 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 differences 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 
ǊŜƭŀǘƛƴƎ ǘƻ ŀƭƭ ƛǘŜƳǎ ό/ǊƻƴōŀŎƘΨǎ ŀƭŦŀ ōŜǘǿŜŜƴ лΣто - 0,99) refers to the overall internal 

consistency of the research 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 prevailed in both groups of the 
ǊŜǎǇƻƴŘŜƴǘǎΦ !ŎŎƻǊŘƛƴƎ ǘƻ wƻƎŜǊǎΨ ǘƘŜƻǊȅ ŜǾŜƴ ƻǘƘŜǊ ƎǊƻǳǇǎ ǿŜǊŜ ŎƻƳǇŀǊŀōƭŜ όCƛƎǳǊŜ мΣ нΣ 
3).  

  

Figure 1: Distribution of Slovak students  

  

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 comparing the answers of Czech and Slovak students we found almost no 
differences in answers. For testing the hypothesis H1, we chose non-parametric tests of 
Mann-Whitney and Kolmogorov-Smirnov due to the nature of the data (based on normality 
tests ς Omnibus test, Kurtosis test and Skewness test the data normality was not confirmed). 

In both tests, p  0.05 (Mann-Whitney test with p=0.384678, Kolmogorov-Smirnov 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:  

¶ Before using any ICT application, I want to know if it is useful.  

¶ If my teacher encourages the use of ICT, I use it.  

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

Items with the lowest score:  

¶ I wish I never had to use ICT applications.  
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¶ I will be among the last to decide to use ICT.  

¶ I will only use ICT if I have to.  

DISCUSSION  

! ŎƻƳǇŀǊƛǎƻƴ ƻŦ ƻǳǊ ǊŜǎŜŀǊŎƘ ǿƛǘƘ ǎƛƳƛƭŀǊ ǎǘǳŘƛŜǎ ōŀǎŜŘ ƻƴ wƻƎŜǊǎΨ 5ƛŦŦǳǎƛƻƴ ƻŦ 
Innovation Theory is presented in Table 2. The most relevant 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 percentage of early adopters is almost unchanged.   

Tab. 2 Relevant researches  

Categories  
Kankaanrinta 
(2000)  

Rogers 
(2003)  

Zounek,  
Sebera  
(2005)  

Yuksel 
(2015)  

Cirus et 
al. (2019) 

Czech 
students  

Slovak 
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  
34  34  66  39.5  69.2  60  54  

Late majority  
34  34  20  21  8.8  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, History, Turkish P) 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 communication technologies 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 Slovakia. In 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 different 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 not find differences 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 number of innovators and declining skeptics. The research sample consisted 
of students with an average age of 22.5 (born in 1995-2001). They can be labeled in several 
ways ς bŜǘ DŜƴŜǊŀǘƛƻƴ ό¢ŀǇǎŎƻǘǘΣ мффтύΣ ŘƛƎƛǘŀƭ ƴŀǘƛǾŜǎ ǿƘƻ ŀǊŜ άƴŀǘƛǾŜ ǎǇŜŀƪŜǊǎέ ƻŦ ǘƘŜ 
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 well-experienced users of internet technologies, even 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 this: before using any ICT application, I want to know if 
ƛǘ ƛǎ ǳǎŜŦǳƭΧ ƛŦ Ƴȅ ǘŜŀŎƘŜǊ ŜƴŎƻǳǊŀƎŜǎ ǘƘŜ ǳǎŜ ƻŦ L/¢Σ L ǳǎŜ ƛǘΧ L ƘƻǇŜ L ǿƛƭƭ ŜǾŜƴǘǳŀƭƭȅ ōŜ ŀōƭŜ 
to use at least the most useful and proven ICT applications. Rogers (2003) classified 
information adopters into 5 categories and their distribution 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 as: I wish I never had to use ICT 

applications, I will be among the last to decide to use ICT, I will only use ICT if I 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 aimed 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 teacƘŜǊǎΨ ŎƻƳǇŜǘŜƴŎŜ ǘƻ ǳǎŜ ŘƛƎƛǘŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴ ǇǊƛƳŀǊȅ ŀƴŘ ǇǊŜ-school 
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 of the future 
ǎƻŎƛŜǘȅ ό.ŜƭłǎƻǾłΣ CŜŘƻǊƪƻ ŀƴŘ {ƳŀǘŀƴƻǾłΣ нлмрύΦ ¢ƘŜ ǊƻƭŜ ƻŦ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ŜŘǳŎŀǘƛƻƴ ƛǎ ǘƻ 
complement the acquired skills with a systematic approach and professional development 
in order to increase the population of people who naturally move from skeptics to 
innovators.  
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Abstract 

Distance learning is today's trend in education. Most of the 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 form of 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 the 
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 basic idea is also 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 motivating them 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 according to 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 the statistical evaluation 
of results required.  This article presents a test module design that allows the teacher to create 
questions and tests that he can apply to the game world. This system, in addition to the primary 
task of education, offers the user-teacher the 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. Module 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 a fully-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 attention 
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 school, lack of concentration 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. The teacher himself formulates questions with 
an emphasis on the needs arising from the curriculum of the subject. It may also be an 
advantage for the pupil-teacher that questions from other teachers can use in his test. The 
sharing of whole tests among teachers is also encouraged, which can make their work more 
efficient and faster. 

The primary mission of the interactive games-supported education portal is to provide 
new learning opportunities for mostly lower-grade 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, motivate them 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 part of project 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 games (Kostolny et al., 2018). 
The portal 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 administrator, analyst, 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 user accounts. 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 three games 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 users. 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 user permissions, an overview of users with supported operation create, read, 
update, delete, and so on. The current state of the portal can found 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 module, which is in the draft version. 
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Server application  

The server application is created in a Representational state transfer architecture style  
(RESTfull) Web API programmed in .NET CORE technology. It provides all the necessary 
functionalities and performs all 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 publication (Kostolny and Bohacik, 2019). As 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. 

The administration 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 functionality that 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 by JSON Web Token authentication, which presents as an Internet 
standard for creating access tokens based on JavaScript Object Technology (JSON) 
technology  (Jones, Bradley and Sakimura, 2015). 

 

Figure 1: Architecture model of the portal before the implementation of the test module. 

A database connector is a library implemented to allow 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 user-portal interaction 
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 administration module 
using the Angular 7 framework using the Nebular UI library example of a home screen is in 
Figure 2. The application administration module with an analytical layer better specified in 

the paper. (Levashenko et al., 2016). 

 

Figure 2: Home screen of 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 so-called presentation layer. Closer we were dealing with the 
development of the game module in the article (Kostolny and Bohacik, 2017). 

Requirements for the current system  

The interactive educational portal is in a phase where it has prepared 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 these questions 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 questions. 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 
necessary 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 or not there 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 the information 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 be versatile 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 module database 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 the 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 designs as part of the module integration design. The first design work with 
the idea of clearly microservice architecture. In general, microservices (MS) is as the 
architectural style that divides an application into a set of services that are highly 
maintainable and testable (Richardson, 2019). The test module would thus become 
completely independent. For implementation, it would be necessary to create a so-called  
Gateway API (GA), which can help to aggregate queries from individual MS. GA would also 
communicate with the presentation layer (client application, game module). 

The advantage of the first design (Figure 3) is to achieve absolute module 
independence. The integration of this solution is a relatively big problem, as the effort is to 
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 both MSs. 

 

Figure 3: First design of architecture with Gateway API. 

The second design (Figure 4) is based on the idea of creating 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 idea of its 
database for the test module is also easy to fulfill. It will have its database connector (library 

to connect) for connection. 

Based on the analysis of the individual integration proposals, the second solution, which 

is shown in Figure 4. 

 

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 test question. 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, question-wording, answer type, and response.  

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 teacher or teacher 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 specification of 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 input fieldτfunctionality "Number 
of points" its for evaluation of the problem. Question-wording is the text input of the 
question. 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 response 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 questions that has its 
title 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 Test and finally adds a title with a description. 
After you click the Add Test button, it is automatically added to the test log. Each Test can 
be further associated with the game. If necessary, it will be possible to assign multiple tests 
for each pupil.  The analysis 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 
questions (Test) to a class 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 has not been 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 question status. 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 completely 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 teacher 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 assigned to the class and 
the game as needed. 

IMPLEMENTATION OF QUESTIONS RECORD 

Questions can be filtered by selected attributes using the QuestionFilterComponent 
component. Searching by text-based queries using the NbSearchComponent part is also 
supported. Each issue 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 
teacher 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 that can be 
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 such a way 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 sharing 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 lists 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. After choosing 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. 

 

Figure 5: Example list of questions. 

 

Figure 6: Modal window for test sharing. 

Each Test has a detailed overview, which is provided by the TestItemComponent 
component. This report is divided into four main sections. Necessary information contains 
the name and description 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. You can expand 
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 TestItemEditComponent component is loaded, which similarly 
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displays the data except that each part of the report is editable. Also, the element has the 

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 
ǳǘƛƭƛȊƛƴƎ ǘƘŜ ƛƴǇǳǘ ŀǘǘǊƛōǳǘŜ άŜŘƛǘaƻŘŜΦέ LŦ ǘƘŜ ǾŀƭǳŜ ƻŦ this attribute is set to true, then the 
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 Test is done similarly to the Test. 

 

Figure 7: 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 server-side which the pupil started the game and 
which game was started. The test module provides an endpoint for obtaining a random 
question among all the problems in the associated Tests. A generator offers randomity with 
even probability distribution. When submitting a question, it is essential to know which 
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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Figure 8: Example of pupil score evaluation. 

CONCLUSION 

The presented solution module of tests in this article will complement the interactive 
education system with new functionality that can be implemented in-game modules and in 
analytical modules. This set of modules will evaluate the 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 analysis. The teacher 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 can 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 employed at elementary 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 objectives, ǎǳŎƘ ŀǎ ά²Ƙŀǘ ŀǊŜ ǘƘŜ Ƴƻǎǘ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ǊƻōƻǘƛŎ ƪƛǘǎ ƛƴ ŜŘǳŎŀǘƛƻƴΚέ ŀƴŘ 
ά²Ƙŀǘ ǘŜŀŎƘƛƴƎ ƳŀǘŜǊƛŀƭǎ ŀǊŜ ǇǊŜŦŜǊǊŜŘ ōȅ ǇǳǇƛƭǎ ƛƴ ŜŘǳŎŀǘƛƻƴΚέ The research part builds on the 
previous survey, which complements and expands with other results. This work provides an 
overview of important 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 least 2 hours. 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 working part designed for pupils. All created 
materials were verified in teaching at elementary schools. 

Keywords 

Robot. Robotic Construction Kit. Elementary School. Worksheet.  

INTRODUCTION 

Currently, the topics of programming and robotics are being included in the standard 
curriculum of elementary schools, according 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 supporting the 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 and structures. They are also suitable for modelling and simulation 
of real systems όIǳōłƭƻǾǎƪȇΣ ~ŜŘƛǾȇ нлмоύ. The range of robotic kits or learning robots is 
becoming wider every year and schools can choose the best ones according to their 
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requirements and possibilities. 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 the educational 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 robotics 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 used in elementary schools 

in the Czech Republic. 

Lego Mndstroms 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 in elementary school. The study, using the Technology Acceptance 
Model, collected data from 17 elementary school teachers in Kaohsiung and Pingtung 
counties in Taiwan. The SEM (Structural Equation Modeling) method was used to test the 
ƘȅǇƻǘƘŜǎŜǎΦ {ƻƳȅǸǊŜƪ ǳǎŜǎ ǘƘŜ ǎŀƳŜ ǊƻōƻǘƛŎ ƪƛǘ ƛƴ Ƙƛǎ ǎǘǳŘȅΣ ǿƘƛŎƘ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ 
integration of robotics into education and examines the learning of pupils' design skills 
ό{ƻƳȅǸǊŜƪΣ нлмрύΦ ¢ƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŘƛƎƛǘŀƭ ǎƪƛƭƭǎ ƛƴ ǘƘŜ ŦƛŜƭŘ ƻŦ {¢9a ǳǎƛƴƎ ǊƻōƻǘƛŎ ƪƛǘǎ ƛƴ 
elementary school is being investigated by Kvenild (Kvenild, 2017). 

Lego Mindstorms 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 suitable tool for building any model or 
robot. As early as 1998, Lego introduced the RCX control unit, which made it possible to 
create full-featured interactive robotic models. A newer type of Mindstorms NXT control 
unit with a large graphic display and new types of sensors 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 motors. We 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 Bluetooth 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 Danish Lego kit. They offer many sets and models, 
some using interactive elements or designed for robotics and automation. There is a Mini 
Bot set for line-up, as well as several sets of the ROBO TX version or a more modern ROBO 
TXT version with a TXT controller that has its own 2.4-inch 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 considered 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 electrical components and microcontrollers, we can build any robotic model 
and program it as needed. Merkur only offers sets of specific robotic models. Popular 

robotic assemblies include ATMEL robotic mine or PICAXE robotic mine, the difference is 
only in the selected microcontroller and its programming. The robotic spider is built as a 
black line robot. Other robotic sets include the Mini SUMO robot for the sumo robots. In 

several versions we can try robotic hand. 

VEX IQ 

 The VEX IQ construction kit uses plastic parts and is similar to Lego and 
Fischertechnik. However, the construction parts of the kit are 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 connected to the 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 and sensors. 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 methods of robotics education 
at selected schools in the Czech Republic. The main objective of the survey is the same and 
is complemented by six sub-objectives: 

ω .ŀǎŜŘ ƻƴ ǘƘŜ Řŀǘŀ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ ǘƻ ŦƛƴŘ ƻǳǘ ƻŦ ƘƻǳǊǎ ǘŜŀŎƘƛƴƎ 

robotics in one week. 

ω Based on the data obtained from the questionnaires, map out the types of classrooms 

used for robotics education. 

ω .ŀǎŜŘ ƻƴ ǘƘŜ Řŀǘŀ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ ǘƻ ƳŀǇ ǘƘŜ ǘȅǇŜǎ ƻŦ ǊƻōƻǘƛŎ ƪƛǘǎ 

used in schools in the Czech Republic. 

ω .ŀǎŜŘ ƻƴ ǘƘŜ data obtained from the questionnaires to map the interest in 

participation in robotic competitions in the Czech Republic. 

Figure 1: Construction robotic kits: Lego Mindstorms EV3, Merkur, VEX IQ and Fischertechnik (Coufal 
2016, LEGO 2020, VEX IQ 2020) 
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ω .ŀǎŜŘ ƻƴ ǘƘŜ Řŀǘŀ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƛƴǘŜǊŜǎǘ ƛƴ 

various types of materials used in the teaching of robotics. 

ω .ŀǎŜŘ ƻƴ ǘƘŜ Řŀǘŀ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ ǘƻ ŦƛƴŘ ƻǳǘ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎϥ 

interest in robotics. 

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

questions. 

The concept of research 

With regard to the objectives of the research, it is determined as the most appropriate 
research method with elements of quantitative research, which is suitable for obtaining 
information from a larger number of respondents. The research is complemented by 
qualitatively evaluated semi-structured 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 
questionnaire in education, type of school, involvement in robotic 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 in electronic form. The printed version of the 
questionnaire was created in MS Office Word and then distributed to selected institutions, 
or sent as an e-mail attachment. An electronic version of the questionnaire was created in 
Google Forms. Research respondents were sent a link to an electronic form to complete the 
questionnaire. 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 questionnaire survey was advantageous 
especially in the collection and summarization of obtained data for further processing. The 
questionnaires were semi-structured divided into four parts and contain a total of 31 
questions. The first part of the questionnaire is interested in the respondent, the second 
part focuses on the actual robotics education experienced by the respondent. The third part 
of the questionnaire is interested in teaching robotics that the respondent would like to 
have and prefers. The last part of the questionnaire survey is motivation competition for 
respondents. The semi-structured type of the questionnaire enables to obtain the field of 
structured answers as well as answers to open questions. Based on the stated objectives, I 
created the total of seven individual variables, to which I 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 questionnaire. The data were further processed into 
tables or visualized using graphs. The answers to the open-ended questions were processed 
into frequency tables or listed in the summary of answers. This research expands the 
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number of answers obtained from the original questionnaire (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 the overall 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 answer to the question, its gender, 
age and type of schools attended. 72.11 % of respondents are men, the rest are women. 
The age distribution of respondents corresponds to the distribution of respondents 
according to the type of school attended. This primary questionnaire survey is focused on 
mostly on elementary school pupils, therefore the distribution of respondents by school 
type is as follows: elementary school 73.81 %, high school 13.76 % and university 12.43 %. 
In the case of the survey, the distribution of responses was as follows: elementary school 
46.62 %, high school 26.35 % and university 27.03 %. The results show a change in the 
targeting of the questionnaire survey to elementary school pupils. For comparison, the 

original data containing respondents from other 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. Approximately half 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 % for individuals. 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. 

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 encountered frontal 
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 project-based learning. 

Then I found out the interest of students to work in groups. And what is the preferred 
size of the working group? The 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 consists of 2 or 3 members (86.49 % and now 82.01 %). The proportion of 

Figure 2: Graphs Distribution of respondents according to the school attended and The size of a group 
of students working with robots  
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pupils who prefer larger groups is 7.43 % and newly 4.32 %. Almost three-quarters of pupils 
welcomed and preferred the possibility to work at their own pace at 74.32 %. The 
assessment of pupils for their activity was determined by open questions. First 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 evaluation for building a robotic model, for programming a robot or for completing 
a task, as well as some form of a reward, such as candy. Pupils prefer evaluation for activity 
in lessons, for effort and for work done, for the functionality of the built robot and for 
completing the task. There are a small number of other answers: for tests, for knowledge or 

for helping other pupils. 

Table 1: Real and optimal teaching time 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 often want 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 often carried out in the classrooms of informatics 72.30 
% and newly 66.93 %. Further, the lessons take place in regular classrooms.The most used 
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Real teaching time Optimal teaching time 

The first 
survey was 
148 
respondents 

Total results 
of 378 
respondents 

The first 
survey was 
148 
respondents 

Total results 
of 378 
respondents 

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 % 

Figure 3: Types of used robotic 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 representation is different: Lego Mindstorms 70.11 %, Fischertechnik 
9.52 %, and VEX IQ 10.85 %. At the time of the first questionnaire survey, the kit VEX IQ was 

not yet on the market.  

In addition, the survey was focused on finding out how to program robotic models. 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 89.15 %) 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 focused on 

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 questions. Pupils 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 % and newly 90.21 %) 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 the questionnaire 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 group for 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, clear and divided into smaller units or tasks. The worksheet should 
include pupils' self-assessment. 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 these findings, 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 
ŀŎŎƻǊŘƛƴƎ ǘƻ aŀƶłƪ όнллоΣ нллоύΣ YŀƭƘƻǳǎ όнллнύ ŀƴŘ IǳōłƭƻǾǎƪł ŀƴŘ IǳōłƭƻǾǎƪȇ όнлмсύΦ 
The methodological part of the teaching material intended for teachers contains teaching 
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. The procedure consists 

of the following parts: 

Å prolog 

Å motivation 
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Å mobilization of the previous knowledge system 

Å exposure to new knowledge 

Å fixation of new curriculum 

Å 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 transfer new 
knowledge and skills to the pupils, which they then fix in the next part. A part of the exercise 

is used to better and long-term consolidate the acquired knowledge and skills. 

In the conclusion of the methodological part of the teaching material is stated how to 
work with the assessment and self-evaluation 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 individual tasks that follow each 
other. In the final part of the worksheet there is a part for pupils' self-evaluation. Worksheet 
topics focus on working with robot movement, working with sensors, solving simple tasks 
and solving competition tasks. Figure 4 shows an example of selected teaching material. 

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

of various types: a small village school without teaching with robotic kits, a larger village 
school with its own robotic kits, a large city schools equipped 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 with the created teaching 
materials όIǳōłƭƻǾǎƪł нлмрΣ ±ƻōƻǊƴƝƪ нлмсύ. 

CONCLUSION 

This article focuses on the robotic kits used in teaching at elementary schools in the 
Czech Republic. Provides an overview of the most commonly used kits. The main research 
part consists of a questionnaire survey, which maps the forms and methods of teaching 
robotics in elementary schools and other sub-objectives. The research builds on previous 

Figure 4: Demonstration of teaching material for solving problems with competition models 
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surveys, which complement 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 teaching at elementary schools. 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 of created 
teaching materials intended for teachers and pupils was verified in teaching at elementary 

schools. 
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Abstract  

Sustainability is a concept approached at national and international level. Organizations 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 sustainability is essential. 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, 
schools 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 platforms are 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 learning: 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, education, e-learning, online platform, sustainable 
organization.   

INTRODUCTION  

Sustainability is an approach increasingly addressed. The current situation at global 
level encourages efforts for sustainability. Sustainability presupposes that an enterprise has 
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the capacity to secure its long-term resources and to anticipate its future needs, effectively 
and equitably utilizing the resources within the organizational activities. This is a reference 
definition, developed 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 mean 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 equity and 
economic development. Sustainable development starts at the individual level. In this sense, 
starting from the individual, the route for sustainable development is followed (BǳǊƛŀƴƻǾł 

et al., 2016; Dolenc, 2015). An important aspect in this regard is to encourage individuals to 

consider significant future-oriented issues.  

Sustainability education aims to train thinking and acting in ways that will protect the 
future well-being of our people (hƭǳǿŀƎōŜƳƛ Ŝǘ ŀƭΦΣ нлмпΤ [ƛōōǊŜŎƘǘ Ŝǘ ŀƭΦΣ нлмрΤ aŀƴŠƴƻǾł Ŝǘ 
al., 2014), organizations and our planet. Sustainability education includes learning about:  

environmental dimension - water, trees, land, ecosystems, energy, waste, urban living, 
transport; actions we can take to prevent, reduce or change activities that are harmful 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 dimension - 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 education includes elements about developing the skills and abilities related 
to sustainable development (Balogh et al., 2016; Biro, 2013). Human 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 conflict-free life. 
Intercultural education emphasizes international cooperation. Global dimension follows at 
global development directions (CorneliusWhite et al., 2010). Education for Citizenship 
involves the balanced action of people in everything they do.  
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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 that allows the educator to 
transmit EDS information to students. For sustainability education, these competences are 

structured in four directions:  

¶ Learning to know  

¶ Learning to do  

¶ Learning to live together  

¶ Learning to be addresses  

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

 

Figure 2: Types of competences of the teacher  

The main concepts that learners can develop through EDS include:  

¶ 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, nature, economy, society, social justice, 
intergenerational equity, finite resources, and balanced involvement.  

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

The following table presents the relationships between education (SǘǊƴŀŘƻǾł Ŝǘ ŀƭΦΣ 

нлмрΤ CƭƻƎƛŜ Ŝǘ ŀƭΦΣ нлмрΤ IǳōłƭƻǾǎƪȇΣ нлмнύ and sustainability.  

Table 1: Relationship between education and sustainability  

Dimension  Concept of EDS  Implication  of  
sustainability  

Expected direction to be 
learned  

Social responsibility  We learn about how we 
must learn activities to 
support  
society  

Elements related to the 
civil society  

Important 
 elements of 
society  

Environmental 
responsibility  

We will learn about the 
environment, waste 
management, air 
 quality 
management, limiting 
natural resources  

Natural resources 
management and 
greenhouse gas 
management.  

The important elements 
of the environment and 
the interacting factors.  

Economic  
responsibility  

We will learn about 
economics and cost 
efficiency.  

Balancing costs and 
making  investments 
more efficient.  

Ability to evaluate 
investment and 
production costs.  

Transportation  We will learn about 
transport, the types of 
transport and the level 
of pollution.  

Responsibility for action 
- making  
informed decisions  

The ability to decide on 
the type of transport.  

Fair trade  We will learn about 
trade and equitable 
methods of action, 
appropriate sales 
behaviour.  

Equity and responsibility 
for action - making  
informed decisions  

The ability to decide on 
the type of fair trade.  

Green production  We will learn about the 
life cycle and the 
implications of the 
production processes.  

Responsibility for action 
- making informed 
decisions and 
production 
management  

Efficiency of the product 
life cycle.  

TEACHSUS PLATFORM FOR ESD  

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

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

¶ the learner's learning according to the knowledge they have,  

¶ a forum for discussions,  
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¶ 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.  

  

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 adapted to them. It integrates two categories of learning 
according to the level of the individual:  

¶ the basic package,  

¶ the advanced package.  

  

  

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 learners in games. 
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.  

  

Figure 5: TeachSUS platform ς ƭŜǘΩǎ Ǉƭŀȅ ŀ ƎŀƳŜ  

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 students and to the improvement of the learning 
results. Each trainee will be informed in real time about the courses taken and the levels 
achieved.  

  

  

Figure 6: TeachSUS platform ς Overview of students  

Another feature of this platform is the Sustainability Centre, 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 series of research with impact among researchers.  

  

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 time, high information 

and others (YƻǊŘƛƎŜƭ !ōŜǊǑŜƪΣ нлмсΤ {ǘǊƴŀŘƻǾł Ŝǘ ŀƭΦΣ нлмрōΤ wŜƛŎƘŜƭ Ŝǘ ŀƭΦΣ нлмпύ. This platform 

developed for EDS has the following advantages:  

¶ information about ESD in several different formats  

¶ efficient method of providing information  

¶ resources are available anywhere and anytime  

¶ Web-based learning promotes active and independent learning  

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

¶ graphic learning helps increase motivation  

¶ the materials are available 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  

¶ confidentiality of individuals by creating personal accounts.  

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 population 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 sustainable consumption. 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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¶ Sustainable development 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 students 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.  

¶ Education for sustainable 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 solution 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 sustainability information 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 technologies 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 possibilities of using 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 application 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 conducted 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 large part 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 cloud services and data synchronisation with other devices. The use of mobile devices is 
increasing (Pachler, Cook, Bachmair, 2010). The number of Internet accesses from mobile 
devices is higher than from the desktops. Mobile devices are especially popular among 
children and young people (Burianova, Turcani, Balogh, Mudrak, 2018) (Chassiakos, 
Radesky, Christakis, Moreno, Cross, 2016) (Radesky, Schumacher, Zuckerman, 2014) 

(StatCounter, 2020).  
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The thesis aims to find out how and how often pupils and students use the application 
on mobile devices. A questionnaire 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 mobile applications 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 using mobile 

applications. 

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

H2: The interest in mobile applications can be used as 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 students of the 
bachelor's study program Applied Informatics. Another 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 pupils. The questionnaires 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, but the students placed their mark on 
them. Forty-one respondents then monitored the real-time use of mobile applications for a 

week. The real-time and estimated time were then compared using a t-Test.  

Subsequently, case studies were performed. The influence of using 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 practical skills acquired in education 
were monitored. 

Data were processed using t-Test.  The results were processed using MS Excel and the 
statistical software Wizard for the Mac OS X operating system and the statistical software 
Statistics Visualizer for iPaŘ ό/ƘǊłǎƪŀΣ нллтύΦ  

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 other 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 full-time students, 57 were distance students. 
The survey confirmed an increase in mobile usage. Among the students, the most 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% of students 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 graph (Figure 1) compares the survey results between students in 2004 
and 2019. As expected, all students currently use smartphones. The use of tablets and 
laptops has increased. Students no longer use PDA and Cell phone. 

 

Figure 1: Comparison of research results among students in 2004 and 2019. 

The graph in Figure 2 shows 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 the third group 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 = using 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 is increasing (Kuhnel, Seiler, Honal, Ifenthaler, 2018). 
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Figure 2: 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 
(Figure 3).  

 

Figure 3: Estimate time spent using mobile devices. 

Figure 4 shows that 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 communication. 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 networks (Facebook, 

Instagram) (Kuhnel, Seiler, Honal, Ifenthaler, 2018). 
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Figure 4: 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. Subsequently, in 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 following two charts show the results of ten pupils in the first tracked group. The 
graphs show a comparison 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 real-time of using mobile devices. 

 

Figure 5: Comparison of the estimated and real time of use of mobile devices. 
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Figure 6 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 mobile devices for a long time during the day. Often this 

is at the expense of other activities. 

 

Figure 6: Time to use mobile devices. 

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

Table 1: This caption has to be centred. 

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) one-tail 0,27722144  

t Critical one-tail 1,683851013  

P(T<=t) two-tail 0,554442881  
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t Critical two-tail 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 interest of 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 type 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 pupils had 
a basic knowledge of object-oriented 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 course aimed 
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 were interested 
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 mobile application development has the following benefits: 

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

¶ Students program practical applications. As a result, teachers can avoid the often 
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. 

¶ Students will learn practical examples of modern programming procedures. An 
object-oriented approach is needed. Using appropriate methods, students will 
acquire the right habits that they can apply in the development of desktop 
applications. 

¶ The structure of today's mobile operating systems requires developers to use 
appropriate frameworks, design, and architectural patterns that are often used 

only marginally in classical programming teaching.  

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

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

¶ Developing mobile applications is more challenging for pupils than simple 
console programs. 
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¶ Pupils need to learn development 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. 

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

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

The case studies were conducted in seven study courses. A total of 134 pupils 
and students 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 other hand, 
only 6% of respondents considered the development of mobile applications complex and 
did not like the course. 

 

Figure 7: Evaluation of study courses. 

Students can test their mobile applications on their mobile device or use a simulator 
for iOS or an emulator for OS Android. A simulator or an emulator can be run on a personal 
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 Android 
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 Swift is not too 
complicated and challenging for students (GarcƝa, Espada, Pelayo G-Bustelo, Cueva Lovelle, 
2015). 

Mobile applications can serve as a suitable tool for learning programming. Case studies 
and experiments have shown that children enjoy working with mobile 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 algorithms and the 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 the survey 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 devices, on 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 users.  Younger 
respondents mainly used mobile games. This result was to be expected. Teenagers prefer 
communication and social networks. Some respondents used mobile applications to help 
them in their daily lives or at school. For example, communication, information retrieval, 
public transport and the like. Statistical results show that respondents are aware of how 
long they have been using mobile applications during the day. An 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, better communication 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 also the 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 situation 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 all levels of education. 

CONCLUSION 

The results of the survey confirm that young people use modern digital technologies, 
especially smartphones and tablets, to a large extent. Research results show that this 
depends on the age category of mobile users. Mobile devices 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 as a means of learning. Mobile learning 
applications, manuals, reference guides, 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 programming 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 relevant to program development. Case 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 teaching methods make study more 
attractive and provide students with greater motivation to understand concepts. In our paper, 
ǿŜ ǇǊŜǎŜƴǘ άŀǳƎƳŜƴǘŜŘ ǊŜŀƭƛǘȅέ ǘŜŎƘƴƻƭƻƎȅ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ǳǎŜ ƻŦ ƳƻōƛƭŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴ ōƛƻƭƻƎȅ 
education for future primary school teachers. The research carried out for students of the first 
year of bachelor study at the Faculty of Education, Comenius University. We used constructivist 
ǘƘŜƻǊƛŜǎ ƻŦ ƭŜŀǊƴƛƴƎ ōȅ ǳǎƛƴƎ ǘƘŜǎŜ άŀǳƎƳŜƴǘŜŘ ǊŜŀƭƛǘȅέ ŀǇǇƭƛŎŀǘƛƻƴǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ŀƴŀǘƻƳƛŎŀƭ 
concepts. The research 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 applications (e.g. "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. Mobile applications. 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 precisely preparing 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 opportunities in the field of education; we will discuss one of them: 
Augmented Reality (AR).  

In the following study, we present AR technology as part of the use of mobile 
technologies in the teaching of human biology. AR is the integration of virtual images into 
the real world, so reality augment by virtual elements (Ganguly, 2010). The integration of 
such images arises by information and communication technologies (ICT) by mobile camera 
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device (tablet or mobile phone with android). Teaching with AR mobile apps is more 
effective and allows students to participate in the learning process (Azuma et al., 2011). In 
study, we focus on the effectiveness of using the selected AR applications of human 
anatomy in teaching of students; pre-service teachers for primary level. In the study, we 
examine if demanding a subject (for example human anatomy and physiology) is more 
understandable for students. We also examine if there is more motivating for them to learn 
this challenging subject using AR technology. Finally, we present a students' opinions on the 
use of mobile technologies and AR applications in university education. 

METHODS 

We conducted the research with the group of 14 students (4 men and 10 women) of 
the first year of the bachelor study in the teacher-training program for 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 biology. We realized 
the pedagogical experiment in May 2019 at Faculty 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)", "AR Human Anatomy (2019)" and "AR Human Atlas (2019)", that 
depict individual organs within the human organism, thus providing an explanation of the 
interrelationships of individual anatomic systems. We also used the applications "The Brain 
iExplore (2019)", "The Brain App (2019)" 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 of 
growth and development. At the same time, we chose a constructionist approach in 
teaching, because constructionism, respectively constructionist theory of learning deals 
with learning with ǳƴŘŜǊǎǘŀƴŘƛƴƎ ό{ǘƻŦŦƻǾł ϧ ~ǘǊōƻΣ нлмсύΦ We consider it important to note 
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 pre-installed the applications on their mobile phones and each group 
received a card with a specific marker to show 4D models of human body organs. The 
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 on the tasks. In 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 reality to study 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 development". The 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 function. Students had 90 minutes to complete the task.  

We recorded the students' access to 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 are in Table 1. We 
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supplemented the qualitative type 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 school. We used six closed questions, four semi-closed and three open. We 
used semi-closed questions to justify the students' choice, open questions to give students 
an idea of how 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: 

¢ŀōƭŜ мΥ /ŀǘŜƎƻǊƛŜǎ ƻŦ ǎǘǳŘŜƴǘǎΩ ŀŎǘƛǾƛǘƛŜǎ 

CATEGORY SUBCATEGORY EXPRESSIONS AND ACTIVITIES 

1. Influence of mobile 
AR technology on 
understanding of 
anatomical terms and 
relationships 

1. Identification of brain 
parts in 4D space 

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

2. Easily distinguish the 
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 cord"; 
"We got inside and there were nervous 
impulses"; "Here we see the peripheral nerves 
and the central nervous system" 

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

ά¢ƘŜ ƴŜǊǾƻǳǎ ǎȅǎǘŜƳ ƛǎ ƳŀǊƪŜŘ ǊŜŘΦ !ǊŜƴϥǘ 
they blood vessels? Probably yes"; "I don't 
know if it's a spinal cord because it doesn't 
look like a spine"; "Here we have the skeleton, 
not the nervous system"; "There should be a 
pituitary gland that contains growth 
hormone"; "Here is the thyroid secreting 
thyroxine that affects metabolism and 
growth" 

4. Discovering unknown 
objects or concepts of 
the nervous system in 4D 
space 

"This is some special formation"; "Is that a 
slug?"; "What is the Broca's area?", "How do 
you say it in Slovak?"; "I never heard this term" 

2. Mutual learning 
among students - 
constructivist approach 

1. Mutual learning helps 
to understand terms and 
relations 

ά¢ƘŜǊŜ ƛǎ ŀ nervous system around the brain. 
Isn't that spinal cord? Now my classmate told 
ƳŜ ƛǘ ǿŀǎ ŀ ǎǇƛƴŀƭ ŎƻǊŘέΤ ά¢ƘŜ ƴŜǊǾƻǳǎ ǎȅǎǘŜƳ 
is marked red. Aren't they blood vessels? 
Probably yes"; "It is the same? You see, it's the 
same, only here you can switch it; "Now I'm 
going to zoom in on the object for you to see it 
better" 

2. Students support each 
other 

ά²Ƙŀǘ ƘŀǇǇŜƴŜŘΚ L Řƻƴϥǘ ƪƴƻǿΣ ōǳǘ ƭŜǘϥǎ Řƻ ƛǘ 
έΤ Ϧ[Ŝǘϥǎ ǘǊȅ ǘƘƛǎϦΤ Ϧ²ŜϥǾŜ ŀƭǊŜŀŘȅ ŘƻƴŜ ǘƘƛǎΣ 
let's try others"; "Can't you move the picture 
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The categories from table 1 referred to constructivist ǘŜŀŎƘƛƴƎ ŀƴŘ ǘƘŜ ǎǘǳŘŜƴǘǎȰ 
manipulation activities. Constructivist teaching takes place through didactically considered 
but conceptually 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 correctly 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 organ 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 video-recordings and structured 
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 meant that the students did not 
consider their tasks to be individual ones (Table 1, Category 2, Subcategories 1 and 2). A 
positive finding is quite clear cooperation between students. During the classes, they 
explored together, they determined interconnections and helped each other understand 
anatomical concepts and their functions. The environment supporting constructivist 
approach ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƘŜƭǇŜŘ ǘƘŜ ǎǘǳŘŜƴǘǎ ƛƴ ǘƘŜƛǊ ǿƻǊƪ ŀƴŘ ǎǘǳŘŜƴǘǎȰ Ƴǳǘǳŀƭ ǘŜŀŎƘƛƴƎ ǿƛǘƘ 
the help of this approach was efficient. 

Another category that we set up was the category of manipulation activities (Table 3, 
Category 1 and 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 cooperation 
prevailed in their communication. They admitted that this way of teaching is new and 
extremely entertaining. 

of brain?"; "Look, if you do it this way, you can 
see it" 

3. They do not 
collaborate with each 
other 

"Go to your own group"; "Do I have to know 
what's inside?"; "What should I write here?" 

3. Manipulation 
activities 

1. Improving  
manipulation ability with 
the help of AR 
technology 

"You know, when we open it, it's gone"; "It's 
the same, only here you can switch it"; "We'll 
Turn It Over"; "Now I switched to AR mode and 
got inside"; "Turn on VR" 

2.  Enthusiasm for AR 
technology 

"Well, it's something new"; "He's pretty 
handsome"; "Wow, we got into space"; "That 
brain is so weird, it probably doesn't have 
ŜƴŜǊƎȅϦΤ ά¢Ƙƛǎ ƛǎ ŀ ǎƘƻǿέΤ Ϧ¢Ƙƛǎ ƛǎ Ƙƻǿ L ǿƻǳƭŘ 
end our expedition to the brain." 

3.  Disinterest of mobile 
AR technology 

"I can't do it at all"; "I can't see it"; "I know it 
with my thumb, but I can't do it here"; "Ugh, 
ǿƘŀǘϥǎ ǘƘŀǘΚϦΤ ά²Ƙȅ ŀǊŜ ǘƘŜ ƳǳǎŎǳlar people 
in applications? They look like they came out 
ƻŦ ōŀǎǎέ 
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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 some applications 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 poor cooperation (Table 1, Category 2, 
and Subcategory 3). 

¢ƘŜ ǎǘǳŘŜƴǘǎ ƛŘŜƴǘƛŦƛŜŘ ά!ƴŀǘƻƳȅ п5έ ŀƴŘ ά¢ƘŜ .Ǌŀƛƴ ƛ9ȄǇƭƻǊŜέ ŀǎ ǘƘŜ ǎƛƳǇƭŜǎǘ ŀƴŘ 
most interesting applications among the applications they could work with during the lesson 
ό¢ŀōƭŜ н ŀƴŘ ¢ŀōƭŜ оύΦ ¢ƘŜ ά!ƴŀǘƻƳȅ п5έ ŀǇǇ ǿŀǎ ǘƘŜ Ƴƻǎǘ ƛƴǘŜǊŜǎǘƛƴƎ ōŜŎŀǳǎŜ ǘƘŜȅ ǿŜǊŜ 
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. Other applications are specialized only for a certain part of the body. One 
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 which did not". The students state two reasons for the easiest work with "The Brain 
iExplore": 1. the app is easy to load and 2. They have the opportunity to see detailed parts 
of the brain. They liked the features the app offered and they considered the app fun. Two 
students described the "Human Brain - 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 be because both applications had simple and 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 Brain ς Augmented Reality 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 Brain ς Augmented Reality 2 14,3 

AR Human Atlas 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 the anatomical atlas in book form (Table 4). 
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Table 4: Results 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 

!ƭƭ ǎǘǳŘŜƴǘǎ ƭƛƪŜŘ ǘƘŜ ŀŎǘƛǾƛǘȅ ŀǘ ǘƘŜ ά{ƻƳŀǘƛŎ /ƘƛƭŘ 5ŜǾŜƭƻǇƳŜƴǘέ ǳǎƛƴƎ ǘƘŜ !w ŀǇǇǎΦ Lǘ 
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 personally 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 I can even see something than I only 
hear it." This answer is interesting 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 an activity, they consider it a game and do not feel that they are actually 

learning new things. 

We used these applications to understand the neurohumoral regulation of child growth 
and development. The students were to identify the individual parts in the 4D space 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 body systems. 
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 exactly the part I 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 and how it gradually changes. 

All students admitted that they did not know the augmented reality applications before 
the lesson of "Somatic Child Development". Nevertheless, everyone agree to use the AR 
apps in their future practice. In particular, they stated that 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. 

Students had notes to the internet connection. All applications were dependent on wifi 
internet connection, which was not satisfactory in the classroom where the education was 
ǘŀƪƛƴƎ ǇƭŀŎŜΦ {ƻƳŜ ŀǇǇƭƛŎŀǘƛƻƴǎ ŘƛŘ ƴƻǘ ǿƻǊƪ όά!w !ƴŀǘƻƳȅ п5 ҌέύΦ !ǘ ǘƘŜ ǎŀƳŜ time, the 
students suggested that applications would be accessible on iOS. The larger screen allows 
better recognition of the structures. According to students, it would be appropriate if the 
school had better material-technical provision. These forms of teaching realize 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 workplace, in 
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 (Balog & Pribeanu, 
2010). With use of the AR mobile application features, students should be able to enhance 
their learning environments and improve their ability to retain information. Our findings 
confirm most of the students have recognized the mobile technology helped them to repeat 
the lesson and helped them understand the anatomy. At the same, the environment 
supporting constructivist approach significantly helped the students in their work and 
ǎǘǳŘŜƴǘǎȰ Ƴǳǘǳŀƭ ǘŜŀŎƘƛƴƎ ǿƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ǿŀǎ ŜŦŦƛŎƛŜƴǘΦ IƻǿŜǾŜǊΣ not all 
selected AR apps were eligible for the activity. The stuŘŜƴǘǎ ƛŘŜƴǘƛŦƛŜŘ ά!ƴŀǘƻƳȅ п5έ ŀƴŘ 
ά¢ƘŜ .Ǌŀƛƴ ƛ9ȄǇƭƻǊŜέ ŀǎ ǘƘŜ ǎƛƳǇƭŜǎǘ ŀƴŘ Ƴƻǎǘ ƛƴǘŜǊŜǎǘƛƴƎ ŀǇǇƭƛŎŀǘƛƻƴǎ ŀƳƻƴƎ the 
applications they could work with during the lesson. Some applications had simple and 
poorly elaborated graphics, making it more difficult to distinguish internal organ parts in 

these apps (e.g. "AR Human Anatomy" and "The Brain App"). 

The issue of introducing AR technologies into the teaching process is the lack of material 
and technical provision of the university. During our research, we have experienced wi-fi 
internet connection problems, which have sometimes made it difficult to load the AR 
applications, reducing the effectiveness of using tablets and AR applications in biology. In 
general, researchers in educational technology agree that more motivation studies of AR as 
a learning method are needed (Lee et al., 2012; Fuchsova & Korenova, 2019; Korenova et 
al., 2019). 

¢ƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ǘŜŎƘƴƻƭƻƎȅ ŎƻǳƭŘ ōŜ ǾŜǊȅ ŜŦŦŜŎǘƛǾŜ ƛƴ ƳƻǘƛǾŀǘƛƴƎ ǎǘǳŘŜƴǘǎΩ ƭŜŀǊƴƛƴƎ and 
nurturing their ability to become passionately involved in their own learning process. The 
!w ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ŀƴŀǘƻƳȅ όƭƛƪŜ ά¢ƘŜ .Ǌŀƛƴ ƛ9ȄǇƭƻǊŜέΣ ά!ƴŀǘƻƳȅ п5έύ ǿƛƭƭ ŀǎǎƛǎǘ them in 
learning human anatomy using enhanced materials which stimulate their interest and help 
them to retain information longer. Based on the study results, we encourage higher 
education institutions to adopt and implement the AR application as a teaching and learning 

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 practice. We explore 
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 augmented reality 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 interesting for 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 Internet. Due 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 a suitable 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 paper is aimed at using the social networking site Instagram for educational purposes. This 
easy-to-use social networking site can make instruction more interesting for students. It can 
ǎǇŀǊƪ ŀ ǎǘǳŘŜƴǘΩǎ ƛƴǘŜǊŜǎǘ ƛƴ ŀ ǘƻǇƛŎ ŀǎ ǘƘŜȅ ŀǊŜ ǘƘŜ ƻƴŜǎ ǿƘƻ ŎǊŜŀǘŜ όƻǊ ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ ŎǊŜŀǘƛƴƎύ 
the content and then publicly present it. The paper presents the results of research aimed at 
different ways of using Instagram for educational purposes, focusing on different target groups. 
Moreover, profiles aimed at educational content and education-related hashtags are also being 
analyzed. Based on acquired information, 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 day. The effectiveness of the teaching models introduced 
in the paper needs to be further analyzed in the future.    

Keywords 

Instagram. Social Network. Microlearning. Teaching Models. Generation Z. 

INTRODUCTION 

For the generation 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 system: Generation 
Z, Generation M (Multitasking), Generation I (Internet). 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 phones or YouTube. 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 children grew up with a cellular phone 
in their hand. For these children, the Internet is the primary source of information and 
ŎƻƳƳǳƴƛŎŀǘƛƻƴΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǘŀōƭŜ ŘŜƳƻƴǎǘǊŀǘŜǎ ǎƻƳŜ ƻŦ DŜƴŜǊŀǘƛƻƴ ½Ωǎ όDŜƴ ½Ωǎύ 

characteristics. 
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Table 1: Generation Z ς Use of Technology 

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

Media Kix https://mediakix.com/blog/the-
generation-z-statistics-you-should-
know//#gs.5mus5h 

73% of Gen Z-ers user their internet-connected 
devices for instant messaging and chatting. 

IBM 
https://www.ibm.com/downloads/cas/9PPL5YOX 

60% of Gen Z-ers will not use an app or website 
that takes too long to load. 

IBM 
https://www.ibm.com/downloads/cas/9PPL5YOX  

41% of Gen Z-ers say that Instagram is their 
preferred social media platform. 

The Center for Generational Kinetics 
https://genhq.com/5-ways-gen-z-uses-social-
media-that-will-surprise-you/ 

71% Gen Z-ers watches more than 3 hours of 
video every day. 

: Media Kix https://mediakix.com/blog/the-
generation-z-statistics-you-should-
know//#gs.5mus5h, Vision Critical 
https://www.visioncritical.com/blog/generation-
z-statistics 

Gen Z-ŜǊǎΩ ŀǘǘŜƴǘƛƻƴ ǎǇŀƴ ƛǎ 8 seconds Forbes  
https://www.forbes.com/sites/rachelarthur/201
6/03/16/generation-z/#1c5216c02909 

The aforementioned statistics prove that Gen Z-ers 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 technology is used to 
motivate students to learn or to make learning more time-efficient. 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 and learn new things. Aside from 
technology that is already becoming incorporated in the education process, tools that were 
not primarily designed for these purposes ς social networks and media ς can also be used. 
Besides YouTube, which is often used as an education platform by students, Instagram 
should also be considered. The following graph proves that Instagram is one of the most 

popular social media platforms. 

 

Figure 1: Popularity of Social Networks with Gen Z-ers 

The growing popularity of this social neǘǿƻǊƪ ŎŀǳƎƘǘ ǘƘŜ ŀǳǘƘƻǊǎΩ ŀǘǘŜƴǘƛƻƴΣ ƳŀƪƛƴƎ 
them want to examine its effectiveness when used for educational purposes. The main 
question is whether or not the negatives (the dangers of electronic communication; a 
shortening of attention span) outweigh the positives (making the education process more 
effective and interesting) (Rosen, 2011). 

https://mediakix.com/blog/the-generation-z-statistics-you-should-know/#gs.5mus5h
https://mediakix.com/blog/the-generation-z-statistics-you-should-know/#gs.5mus5h
https://mediakix.com/blog/the-generation-z-statistics-you-should-know/#gs.5mus5h
https://www.ibm.com/downloads/cas/9PPL5YOX
https://www.ibm.com/downloads/cas/9PPL5YOX
https://genhq.com/5-ways-gen-z-uses-social-media-that-will-surprise-you/
https://genhq.com/5-ways-gen-z-uses-social-media-that-will-surprise-you/
https://mediakix.com/blog/the-generation-z-statistics-you-should-know/#gs.5mus5h
https://mediakix.com/blog/the-generation-z-statistics-you-should-know/#gs.5mus5h
https://mediakix.com/blog/the-generation-z-statistics-you-should-know/#gs.5mus5h
https://www.visioncritical.com/blog/generation-z-statistics
https://www.visioncritical.com/blog/generation-z-statistics
https://www.forbes.com/sites/rachelarthur/2016/03/16/generation-z/#1c5216c02909
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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 only a limited 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 used in education. 

There are various studies that examine Instagram-based 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 previous researches 

Erarsian (2019) A questionnaire survey conducted on 219 
university students. Students consider Instagram 
to be an appropriate tool for sharing materials and 
an excellent motivational tool. Based on both the 
ǎǘǳŘŜƴǘǎΩ ŀƴǎǿŜǊǎ ŀƴŘ ǘƘŜ ǊŜǎǳƭǘ of a pedagogical 
experiment, Instagram appears to be a useful tool 
for (English) language learning. 

tƛƭŀǌ Ŝǘ ŀƭΦ όнлмуύ The authors try to determine whether or not 
education is discussed on Instagram, focusing on 
gamification. Content uploaded to Instagram 
(including its purpose) can be examined this way.  

Gonual (2019) This research is aimed at proving that Instagram 
coulŘ ōŜ ǳǎŜŘ ǘƻ ŀǎǎŜǎǎ ǎǘǳŘŜƴǘǎΩ ƪƴƻǿƭŜŘƎŜ ƻŦ ŀ 
foreign language (mainly English), based on their 
activity on Instagram ς how and with whom they 
communicate and whether or not they create 
international content (including hashtags). 

Yodhianta a Nuryantini (2018) The authors used Instagram when assigning tasks 
to students (future teachers), trying to help them 
improve their language skills.  

Courneya a Cox (2020) In this study, Instagram was used as a channel for 
sharing the drawings of medicine students that 
were supposed to help other students (visual 
learning). 

Manca (2020) The study focuses on little explored social media 
and their potential use in education. What is 
interesting (considering the title of our paper) is 
that the majority of Instagram-related studies are 
being conducted in the Middle East and Asia.  

Al-Garawi (2016) A survey conducted on 151 English students 
proved that Instagram helps improve reading, 
writing and listening skills, as well as vocabulary. 

Handayani (2016) The authors explore Instagram-based educational 
activities, defining a number of activities for 
language learning. 

The aforementioned studies prove that Instagram could become more than just as a 
channel for delivering educational content. They also prove that it is 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 existing educational profiles (the table below contains some 

examples). 

Name of Instagram profile Number of 
Instagram posts 

Number of 
followers 

Description 

EWA.ENGLISH 1235 1.8 Using simple infographics, English 
grammar is presented to users. 
There are also posts that require 
feedback (leaving a comment under 
the post). 

INENGLISHWITHLOVE 117 103 Suitable for advanced learners, this 
profile is aimed at improving English 
skills. 

VOCORDS 821 482 This profile is aimed at correct 
pronunciation (audio posts).  Then 
there are the so-called feedback 
posts that require the viewers to 
comment on the post or answer 
questions. 

NATGEO 21.9 131 A source of information for English 
speakers ς cultural and geographical 
content (contains pictures). Users 
who do not speak English can 
improve their language skills. 

WARHISTORY 1063 72.3 A profile aimed at war history. Under 
each authentic picture, map or 
drawing, there is a caption 
describing the situation, war 
technology or personality.  

HANSONSANATOMY 763 50.5 A doctor using original drawings and 
sketches to explain anatomy. The 
author provides a link that allows his 
followers to download his lectures. 

INSTRUCTOR_HTML 36 41 A profile suitable for those 
interested in HTML 5. The user 
learns how to use various hashtags, 
including their activity and how 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 that Instagram is 
mainly used for informal learning. The following part of the paper explores the possibilities 
of using Instagram in both formal and non-formal education. 

#education hashtag analysis (analyzing hashtag-based content) 

In order to be able to determine whether or not Instagram is suitable for sharing 
educational content, the authors decided to analyze the hashtag education. This hashtag is 
used when posting education-related content. The authors used the displaypurposes.com 
tool to analyze the hashtag. Through this tool, the authors learned that the hashtag has 
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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, Indonesia, 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 and 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 that educational 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 and non-formal education. 

The authors designed a number of models that might 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 social network in both formal and non-formal education. 

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

¶ Teacher 

¶ Student  

¶ 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 simple 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 under the post, 

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 time-limited interactive content. This feature allows 
the teacher to create open ended feedback questions (students provide a verbal evaluation 
of instruction ς they are required to give a full-sentence answer to the question; the student 
can ask the teacher a question), quizzes, polls or a group chat.   

Student the content creator (influencer) (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 current 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 with topic-related 
vocabulary. Students can also compare the number of likes ς a gamification element. 

2. Using the same hashtag 

The teacher gives the students an assignment to post a topic-related picture (or other 
content) on Instagram, using a unique hashtag. The hashtag helps 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 help one 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 use it 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 for personal 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 criticized for spending too much time online. In both 
formal and non-formal 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 more than fun (and a waste of time) ς 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 microlearning. 
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 Instagram-based 
instruction, there are not only the teacher and the student, but also third 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 in detail). Therefore, in order to determine 
how effective the models are, and to see if another Instagram-related model presents itself 
in actual instruction, all the presented models will be tested on different target groups. 
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Abstract 

Hard skills competencies that referred to proficiency in any complex task, focused on practical 
abilities are acquired through education and practice. Soft skills competencies focused on 
behaviours and personalities are less tangible. The rules for how a programmer creates code is 
άŜŀǎȅέ ǘƻ ǘŜŀŎƘΣ ōǳǘ Ƙƻǿ ǇǊƻƎǊŀƳƳŜǊ Ƴŀȅ ŎƻƳƳǳƴƛŎŀǘŜ ŜŦŦŜŎǘƛǾŜƭȅ ǘƻ ƻǘƘŜǊ programmer, 
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 competition with 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 blindness, keeping 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 than 60% of them like the team 
work. The promote video creation was considered as the most enjoyable and easy part. The team 
discussion about the idea was considered as more demanding part even 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 their project as a talk or in the form of scientific 
fair at international conference. They practised the communication and language skills. 

Keywords 

Hard Skills. Soft Skills. 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 and personalities, such as social and communication skills (Kagan, 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 everyday life 
(Rezgui, 2019) and predictors of not only professional, but also of life self-fulfilment of an 
individual (Stepanova and Zeer, 2019). 57% of senior leaders say soft skills are more 
important than hard skills.  On the other side of the coin are the hard skills 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 and AI (Jesus, 2019). We need 
to provide both these skills to our children. So they do not have just a lot of knowledge and 
do not know what to do with it or how to show it to the world. 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. 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 focus is on academic and technical/hard skills 
(Foster at al., 2019). The fact is soft skills and hard skills are not isolated concepts and 
realities. They are two sides of the same coin. They are inevitably intertwined. Hard skills 
and soft skill in computer science class need to be intertwined too. For example, the rules 
for how a programmer creates code ƛǎ άŜŀǎȅέ ǘƻ ǘŜŀŎƘΣ ōǳǘ Ƙƻǿ ǇǊƻƎǊŀƳƳŜǊ Ƴŀȅ 
communicate effectively to other programmer, manager or customer is much harder to 
teach. Through a meaningful integration of technology in the learning/ teaching 
ŜȄǇŜǊƛŜƴŎŜǎΣ ƛǘ ƛǎ ǾƛŀōƭŜ ǘƻ ǇǊƻƳƻǘŜ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ƘŀǊŘ ǎƪƛƭƭǎΩ ǎŜǘ ŀǎ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ 
building up a set of soft skills, such as communication, collaboration, problem solving or 
creativity (Jesus, 2019). 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 Informatics or 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 or technical 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 and compromise. Plus a lot of students finds this type of 
competitions motivational and it can improve their self-confidence. To mention few 
concrete competition there is OfficeArena, where students in final round have to create 
original project in office, so the 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 the team 
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 about the 
competition which suits us the most, because students could developed the different type 
of the 21th century competencies, SpyCup 

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 BBC micro:bit, NodeMCU and 
RaspberryPi; allowed programming languages are block programming, Python and 

MicroPython. Students can compete individually or in teams of 2-3 students.  

The competition was created as a reaction to 4 projects created by high school students 
in 2018 who were led by Marek Mansell (SPy o.z., 2020). They presented their projects at 
the international conference PyCon 2018. Since that, civic association We Teach with 
Hardware organize the Spy Cup competition to promote and motivate students interested 
in hardware projects.  

In the year 2019, 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 (Figure 1).  

 

 Figure 1:  Categories of SPy Cup competition  

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 project and winners are 
announced. In 2019, the winner of high school teams was VA2KRY who created Color Jump. 
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 every pupil across the UK (TheSchoolRun, 2020). 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 Slovakia (Mansell, 2019), Czechia όIŀǾƝǌƻǾłΣ нлнлύΣ IǳƴƎŀǊȅ ό/ȊŞƪƳłƴ ŀƴŘ YƛǎȊΣ 
2018), Netherlands (Gibson and Bradley, 2017). Micro:bit is a small, easy-to-carry device 
that easily fits in your palm. Directly on the circuit board is an integrated processor similar 
to that found in mobile devices, memory, 25-LED 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 programmable 
microcontroller. There is more ways to 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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complex projects. It is programmable via block language, MicroPython or Javascript  ό/łǇŀȅ 

ŀƴŘ .ŜƭƭŀȅƻǾłΣ нлмфύ. 

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. 

Stairs Measurement: Spy Cup 2020, the primary school, 10-11-year-old students, visual 

programming language  (Figure 2).  

 

Figure 2: Stairs Measurement  

The project focused on blind people and the team wanted to 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 their first time they 
were programming BBC micro:bit. 

 The Wallet Guard: Spy Cup 2020, the second primary school, 13-year-old students, 

visual programming language  (Figure 3).  

 

Figure 3: Tha wallet guard 

The project was created to help blind people not to lose their wallet. In case the wallet 
falls off, BBC micro: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 Buddy: Spy Cup 2020, the high school, 17-year-old students, MicroPython 

language (Figure 4).  
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The project was created to help people not to forget to drink water. When the button 
is pressed the water pump draws one dcl of water, increase the counter showed on 7 
segment display and signalized the progress in daily limit using LED ring. The Watter Buddy 
has an RTC module that synchronize the sound signalization. Students use two micro:bit that 
communicate using radio transmitter. 

 

Figure 4: The Watter Buddy 

Jump Color: Spy Cup 2019, the winners, the high school, 17-year-old students, 
MicroPython language (Figure 5). 

 

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 strips at different 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 competition with 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: 

¶ develope the original idea of the hardware project using micro:bit or arduino, 

¶ create a proof concept of hardware project, 

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

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

The chosen project group, the finalists, 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 concept. 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 research was held in February 2020. We wanted to focus on participants who 
participated in Spy Cup Competition. Due to the fact, the first year of the competition was 
in 2019, we defined our sample as all participants who finished and sent their projects for 
Spy Cup Competition. It means that they are all participants who competed in 2019 and 
those, who sent their projects in 2020 which were accepted, and they are competing, 
because the final level of the competition was not held yet. As it turned out, our sampling 
method is convenience sampling. We decided for this sampling method because 
participants are selected based on availability and willingness to take part (Barratt, H.; 
Shantikumar, S., 2018). There were 19 participants who decided to take part in our research. 
Regarding to the number of participants, we decided for a quantitative research. Our data 
are primary because we did not find any data of Spy Cup Competition which would involve 
participants, well, we could not use any secondary data collected from other researchers. 
We chose a survey from data collection methods. Our convenience sampling based on 19 
participants was surveyed in February 2020. They obtained a questionnaire with 20 
questions. We focused on the competition as a whole, but also on specific necessary parts 
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 questionnare consist of 
open questions and close likert scale question. 

RESULTS 

Characteristics of our sample is: 5 primary students, 14 high school students. They are 
participants of the first or the second year of the competition. We focused on 6 elements 

which were sorted to hard or soft skills as it is shown in Figure 6. 
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Figure 6: Chosen elements we focused on 

The aim of our questionnaire was to measure scale of hard and soft skills. For the 
measurement we used a 5-point Likert scale with the difficulty response set. The students 
made their project based on some parts and each part was identified as a hard or soft skill. 
Hard skills the students needed to work with, were hardware knowledge, programming and 

text creation.   

 
  

Figure 7: Hard skill - hardware knowledge and programming  

Figure 7 shows Hardware knowledge. The original question was α¸ƻǳ ƴŜŜŘŜŘ ǘƻ ƳŀƪŜ 
ŀ ƘŀǊŘǿŀǊŜ ǇǊƻƧŜŎǘΦ Iƻǿ ŘƛŦŦƛŎǳƭǘ ǿŀǎ ǘƘƛǎ ǇŀǊǘΚάΦ We can see it that in average it was not 
too easy, neither too difficult. Next question focusing on programming showed in Figure x 
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. Regarding data, the students could create their project with the prediction of 
hardware and programming level which were up to them.  
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Figure 8:  Hard skill - text creation  

Text creation as a hard skill in Figure 8 was very easy to those who wrote a text 
documentation before and they were more experienced. On the other side, the students 
who were writing the documentation for their first time, evaluated this part as difficult 
because it was tedious and required a special terminology.  

When talking about soft skills in the competition, we mean teamwork, creativity and 
self-confidence. All measured elements of soft skills are shown in Figure 9. 

 
  

Figure 9:  Soft skills - creativity, self-confidence and teamwork  

The students evaluated teamwork as the most difficult soft skill from the measured 
elements. It is not so common to work in teams in Slovak school and the figure shows that 
the students are maybe not so experienced. On the other side, some students wrote they 
liked to be creative, some of them wrote it is difficult to be creative. Self-confidence seams 

to be a difficult element for them, but it is still less difficult than teamwork.  
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DISCUSSION 

We realized that all students were able to find a practical problem that solved problem 
in the topic of social needs. The research show that more than half students like this 
approach of teaching programming. More than 60% of them like the team work. The 
promote video creation was considered as the most enjoyable and easy part. The team 
discussion about the idea was considered as more demanding part even 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 their project as 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 to the 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 support such kind of complex activity realised as a part of 
computer science curriculum also in the future. 
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Abstract 

5ƛƎƛǘŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ŀ ŎƻƳǇƭŜǘŜƭȅ ƴŀǘǳǊŀƭ ǇŀǊǘ ƻŦ ŎƘƛƭŘǊŜƴΩǎ ǿƻǊƭŘΦ Children use them from an 
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 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. 
This is what makes research into the use of digital technologies in pre-primary 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 even in the area of 
developing the digital competencies of pre-schoolers. 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 phenomena ς interactive whiteboard and robot toys ς in socio-
cognitive teaching model. In this paper we provide information on the possibilities of combining 
interactive whiteboard and robot toys to achieve educational goals in pre-primary education. We 
present pilot qualitative research in the pre-primary 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 state-owned 
kindergarten in Bratislava. The subjects we studied were pre-schoolers and kindergarten 
teachers. As a research tool, we used a focus group. 

Keywords 

Qualitative Research. Pre-primary Education. Kindergarten Teacher. Preschooler. Interactive 
Whiteboard. Robot toys. 

INTRODUCTION 

Nowadays, digital technologies form part of pre-ǎŎƘƻƻƭŜǊǎΩ ŜǾŜǊȅŘŀȅ ƭƛǾŜǎΦ Lƴ 
kindergartens, the emphasis is on the use of digital technologies, including 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 pre-schoolers. Children use them 
from an early age and they are a source of knowledge, exploration, communication, 
expression and development of their logical thinking. The current educational discourse in 
the perception of the possibility of using interactive whiteboard in pre-primary education 
has shifted qualitatively, however, the didactic 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 of peƻǇƭŜ ƛƴǘƻ άǘǊŀŘƛǘƛƻƴŀƭƛǎǘǎέ 
(born between 1939 and 1947), post-war generation ς ǎƻ ŎŀƭƭŜŘ άōŀōȅ ōƻƻƳŜǊǎέ όмфпу ς 
мфсоύΣ άDŜƴŜǊŀǘƛƻƴ ·έ όмфсп ς мфтуύΣ άDŜƴŜǊŀǘƛƻƴ ¸ά όмфтф ς мффмύ ŀƴŘ άDŜƴŜǊŀǘƛƻƴ ½έ 
(born after 2000). However, it is clear that Generation Z is quite different from their parents. 
Technically, this is the brightest generation of all time ς children almost as young as toddlers 
can find anything now on the Internet using YouTube and primary school pupils can now 
prepare a PowerPoint presentation for 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 question when introducing technologies into 
ǎŎƘƻƻƭǎ ƻŦ ǘƘŜ нмǎǘ ŎŜƴǘǳǊȅ ƛǎ ƴƻǘ ά²Ƙŀǘ ŘƻŜǎ ƛǘ ŘƻΚέ ōǳǘ ǊŀǘƘŜǊ άIƻǿ Ŏŀƴ ǿŜ ǳǎŜ ƛǘΚέΦ 
According to him, there are four steps in the process of introducing technology into schools: 

¶ random experiments (technologies in schools are used without any preparation, plan or 
vision, on an as-needed-in-the-moment basis) 

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

¶ old objectives using new application methods that improve the learning outcome (e.g. 
animation or video presentation, simulations, modeling, creating virtual worlds, learning 

games, etc.) 

¶ new objectives using new methods (a digital native is an individual whose thinking is 
formed from an early age 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 (Prensky, 2005). 

Pre-primary education is considered to be key to educating pre-schoolers 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 learn to make 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 seem that 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, inappropriately 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 positive concrete 
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, kindergarten needs 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 irreplaceable 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 pre-primary education) to be actively involved in activities presented on the 
board. One of the conditions for meaningful teaching using interactive whiteboard is high-
quality teaching materials used for the holistic development of pre-ǎŎƘƻƻƭŜǊǎΩ ǇŜǊǎƻƴŀƭƛǘƛŜǎΦ 
However, they do not have to limit themselves to using finished products since those often 
just update the parŀŘƛƎƳ ƻŦ ōŜƘŀǾƛƻǊƛǎƳ ŀƴŘ ŀŎŀŘŜƳƛǎƳ ƛƴ ǘƻŘŀȅΩǎ ŘƛƎƛǘŀƭ ŜƴǾƛǊƻƴƳŜƴǘΦ 
Teachers can create their own interactive teaching materials according to their own ideas 
ŀƴŘ ƴŜŜŘǎΣ ŀǎ ǿŜƭƭ ŀǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ŎƘƛƭŘǊŜƴΩǎ ǎǳƎƎŜǎǘƛƻƴǎκƛŘŜŀǎΦ hǇǘƛƳŀƭƭȅΣ ǘŜŀŎƘŜǊǎ ǎƘƻǳƭŘ 
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 becomes a toy to 
Ǉƭŀȅ ǿƛǘƘ ŜǾŜǊȅ Řŀȅ ŀƴŘ ǘƻ ƳŀǎǘŜǊ ǘƘŜ ŎǳǊǊƛŎǳƭǳƳ ƛƴ ŀ Ŧǳƴ ǿŀȅΦ !ŎŎƻǊŘƛƴƎ ǘƻ 9Φ aǳƧƪƻǑƻǾł 
(2011, s. 38ς48), interactive whiteboard is an electronic device used for interactive learning 
and teaching through digital technologies (e.g. via computer, notebook, 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 and teachers use various sources of information 
through interactive whiteboard (e.g. Internet, CD, DVD, etc.); they solve various educational 
and real-life problems integrated in projects; create presentations of their own individual 
projects (children in collaboration 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: 

¶ using all sources of information ς Internet, CD, DVD etc., 

¶ ŎƘƛƭŘǊŜƴΩǎ ŀǘǘŜƴǘƛƻƴΣ 

¶ presenting live, everything directly from the board, 

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

For teachers, interactive whiteboard facilitates 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 that interactive 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 well-thought-out use of 
interactive whiteboard and robot toys 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 of chƛƭŘǊŜƴΩǎ ŎƻƎƴƛǘƛǾŜ ǇǊƻŎŜǎǎ ōŜŎŀǳǎŜΥ 

¶ they change educational relationships between children and teachers, 

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

¶ they support the development of learning strategies, 

¶ they open new opportunities for social interactions. 

Robot toys, specifically Bee-Bot, Blue-Bot and Code-a-pillar are simple programmable 
floor toys through which we can develop the knowledge of basic concepts that children 
encounter in their lives, especially the names of everyday objects, familiar places, people, 
ŀƴƛƳŀƭǎΣ Ǉƭŀƴǘǎ ŀƴŘ ŀŎǘƛǾƛǘƛŜǎΦ /ƘƛƭŘǊŜƴΩǎ ǘŀǎƪ ƛǎ ǘƻ ƭƻƻƪ ŦƻǊ ǘƘŜ ƎƛǾŜƴ ǘŜǊƳ ŀƴŘ ǿƻǊŘ όǇƛŎǘǳǊŜύ 
and program the toy to reach the predetermined target on the mat. For 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 acquisition of skills and habits, support the formation 
of desirable attitudes in children and thus contribute to improving the quality of educational 
ŀŎǘƛǾƛǘƛŜǎΦ ¢ƘŜȅ ŀƛŘ ƛƴ ǎŀǘƛǎŦȅƛƴƎ ŀƴŘ ŘŜǾŜƭƻǇƛƴƎ ŎƘƛƭŘǊŜƴΩǎ ŎƻƎƴƛǘƛǾŜ ƛƴǘŜǊŜǎǘǎ ŀƴŘ ŀōƛƭƛǘƛŜǎΣ 
increase the clarity of educational activities, intensify and rationalize activities of teachers 

and children. 

The aim of using robot toys is not only to diversify pre-primary education but also to 
ŜƴǎǳǊŜ ǘƘŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŎƘƛƭŘǊŜƴΩǎ ŘƛƎƛǘŀƭ ƭƛǘŜǊŀŎȅ ǘƘŀǘ affects the holistic 
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, informational, 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 IMPLEMENTATION OF RESEARCH 

The main objective of the research was to identify the pedagogical thinking of pre-
primary education teachers and pre-schoolers and in particular the influence and 
contribution of interactive whiteboard and robot toys to the development of: 

¶ ŎƘƛƭŘǊŜƴΩǎ ǎƻŎƛŀƭ ŎƻƳǇŜǘŜƴŎƛŜǎΣ 

¶ ŎƘƛƭŘǊŜƴΩǎ ƳŀǘƘŜƳŀǘƛŎŀƭ ŎƻƳǇŜǘŜƴŎƛŜǎΣ 

¶ ŎƘƛƭŘǊŜƴΩǎ ŘƛƎƛǘŀƭ ŎƻƳǇŜǘŜƴŎƛŜǎΦ 

The pilot qualitative research aimed to explore the self-conscious and critical use of 
interactive whiteboard and robot toys and their application in the teaching and learning 
process. The way the digital competencies of teacher participate in the development of 
ƭŜŀǊƴŜǊΩǎ ƭƻƎƛŎŀƭ ŀƴŘ ŎǊƛǘƛŎŀƭ ǘƘƛƴƪƛƴƎΦ ¢ƘŜ ǿŀȅ ǘƘŜȅ ŀŦŦŜŎǘ ǘƘŜ ŀŎǉǳƛǎƛǘƛƻƴ ƻŦ ƪƴƻǿƭŜŘƎŜ ŀƴŘ 

the development of communication and information skills 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 
socio-cognitive model of teaching in the teaching process through digital technologies. 

Research objectives: 

¶ To implement educational activities focused on the analysis of the use of interactive 
whiteboard and robot toys in pre-primary education. 

¶ To find out whether children have any experience with actual activities connected with 
interactive whiteboard and what their experience is. 

¶ To identify the pre-ǎŎƘƻƻƭŜǊǎΩ ǘƘƛƴƪƛƴƎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǘǊŀƴǎŦŜǊ ƻŦ ǎǇŀŎŜ ƻƴǘƻ ŀ ǎǳǊŦŀŎŜ 
area. 

¶ ¢ƻ ŦƛƴŘ ƻǳǘ ŎƘƛƭŘǊŜƴΩǎ ŀōƛƭƛǘȅ ǘƻ ŎƻƻǇŜǊŀǘŜ ƛƴ ŀ ƎǊƻǳǇ ƻƴ ŀǎǎƛƎƴŜŘ ǘŀǎƪǎ ƛƴ activities and 
ǘƘŜƛǊ ǊŜŀŎǘƛƻƴ ǘƻ ǘŜŀŎƘŜǊΩǎ ƛƴǎǘǊǳŎǘƛƻƴǎΦ 

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

¶ To analyse the findings of working with interactive whiteboard and robot toys in 
kindergartens ς 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: 

¶ What must the process implementation be in order for teachers to be able to use 
interactive whiteboard and robot toys in a comprehensive, purposeful and conscious 
way in their teaching based on the socio-cognitive theory? 

¶ What competencies are developed during regular use of interactive whiteboard and 
robot toys in teaching? 

¶ 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 analysing research 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 in teaching activities), non-participatory 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 subjects of 
the research spoke about their initial experiences with robot toys. Kostrub (2016) discusses 
these research methods in detail. 

 

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

Research sample: pre-primary education teacher, pre-primary education children. 
Entering the research project ς 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 about the 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 actually commenced the research: a) to 
acquaint the teacher with socio-cognitive 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 researchers; b) 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. As professional 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 materials ς photographs of children and video recordings. 
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RESULTS OF PILOT RESEARCH 

Research results and their interpretation ς in the course of direct and indirect 
observation, we noted the following ς we provided children with more space for 
independence in their interaction with 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 them ς programming a path 
for a robot toy with various sound effects; determining movement up, down, left, right; 
orientation on the surface area ς mat; programming a path on the mat towards a target. 

Lƴ ǘƘŜ ŎƻǳǊǎŜ ƻŦ ŘƛǊŜŎǘ ŀƴŘ ƛƴŘƛǊŜŎǘ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ ŎƘƛƭŘǊŜƴΩǎ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ 
interactive whiteboard in the implementation of the performance standard - Based 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 probably not even with the grid paper, when asked to create the path for 
the Bee-Bot robot toy based on the information the children provided, i.e. that the Bee-Bot 
may be moved right, left, up and down, they did create the path on the interactive 
whiteboard. ¢ƻ ŦǳǊǘƘŜǊ ǇǊƻōƛƴƎ ǉǳŜǎǘƛƻƴǎΥ ά{Ƙƻǿ ƳŜ ǿƘƛŎƘ ǿŀȅ ƛǎ ΨǳǇΩΣέ ŦƻǳǊ ŎƘƛƭŘǊŜƴ 
ŎƻǊǊŜŎǘƭȅ ǇƻƛƴǘŜŘ ǘƻ ǿƘŜǊŜ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ΨǳǇΩ ǿŀǎ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ŀǊŜŀΦ 

¢ƻ ŀƴƻǘƘŜǊ ǉǳŜǎǘƛƻƴΥ ά{Ƙƻǿ ƳŜ ǿƘƛŎƘ ǿŀȅ ƛǎ ΨǊƛƎƘǘΩάΣ ŀ ƭƛǘǘƭŜ ƎƛǊƭ ƛƴ ŦǊƻƴǘ ƻŦ ǘƘŜ 
interactive whiteboard automatically 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 childǊŜƴΩǎ ŦŀǳƭǘΦ ¢Ƙƛǎ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƳŀǘƘŜƳŀǘƛŎŀƭ ŀƴŘ ƭƻƎƛŎŀƭ 
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 space and 
from the space onto the surface area. We note that the teacher does not normally conduct 
ǎǳŎƘ ǎƻǇƘƛǎǘƛŎŀǘŜŘ ŘƛŀƭƻƎǳŜǎ ǿƛǘƘ ŎƘƛƭŘǊŜƴ ƛƴ ǘƘŜ ŎƻǳǊǎŜ ƻŦ ǘŜŀŎƘƛƴƎΦ CƻǊ ŜȄŀƳǇƭŜΥ ά[ƻƻƪ ŦƻǊ 
an object that is back there at the end of the classroom, on the right-hand side in the cabinet 
ŀǘ ǘƘŜ ōƻǘǘƻƳΣέ ŜǘŎΦ ²Ŝ ǇǊŜǎǳƳŜ ǘƘŀǘ ǎǳŎƘ ǎǳǊŦŀŎŜ ŀǊŜŀ ς space and space ς surface area 
transfer in children is not yet systematically and purposefully supported. 

While observing children interacting in the classroom with the interactive 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 
ǘŜŀŎƘŜǊΩǎ ƛƴǎǘǊǳŎǘƛƻƴǎΦ ²Ŝ Ŏŀƴ ŎƻƴŎƭǳŘŜ ǘƘŀǘ ŎƘƛƭŘǊŜƴ ŀǊŜ ƴƻǘ ŜƴŎƻuraged to interact with 
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 was so 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. Children expressed 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 
overcame learning obstacles. They were delighted with their own results and expressed joy 

over independently acquired information during their play with robot toys. 
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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:  

¶ In the current pedagogical didactic practice, the support of the holistic development of 
ŎƘƛƭŘǊŜƴΩǎ ǇŜǊǎƻƴŀƭƛǘƛŜǎ ƛǎ ƛƴǎǳŦŦƛŎƛŜƴǘ ƎƛǾŜƴ ǘƘŜ Řevelopmental possibilities of the 
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 and robot toy in the classroom.  

¶ 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.); solve various educational and real-
life problems incorporated in projects. 

¶ The didactic incorporation of the use of interactive whiteboard and robot toys into the 
ǘŜŀŎƘƛƴƎ ǇǊƻŎŜǎǎ ƛǎ ƴƻǘ ǊŜƭŀǘŜŘ ǘƻ ƻƴƭȅ ƻƴŜ ǎǇŜŎƛŦƛŎ ŀǊŜŀ ƻŦ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ŘŜǾŜƭƻǇƳŜƴǘΦ 
In didactic 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. The children 
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 question 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 
ǘƻ ŀƴŘ ŀŎŎŜǇǘǎ ŎƘƛƭŘǊŜƴΩǎ ǎǳƎƎŜǎǘƛƻƴǎ ŀƴŘ ƻǇƛƴƛƻƴǎ ǿƘŜƴ ƛƳǇƭŜƳŜƴǘƛƴƎ ǾŀǊƛƻǳǎ ǘƻpics via 

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 and development 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 
question which the 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 utilization of virtual 
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 necessary to ensure 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 controller (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 production industry 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. Development 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; Vosough, S., Vosough, A., 
2011). All the more this applies in case of developing economies, which have become a 
ǎƻǳǊŎŜ ƻǊ ŜƴǾƛǊƻƴƳŜƴǘ ƻŦ άŎƘŜŀǇέ ǿƻǊƪŦƻǊŎŜ ǇǊŜŘŜǎǘƛƴŜŘ ǘƻ ƻǇŜǊŀǘŜ ŀǳǘƻƳŀǘƛŎ ŀƴŘ ǊƻōƻǘƛŎ 
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production lines. It is very important education systems of these countries to be able to 
response personnel requirements of the knowledge 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 under-dimensioned 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, Hak-Man, 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 of output 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). 

 

 

 

 Figure 1: Demonstration of the modularity of the PLC systems. 
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In industrial automation one can mix and match is overtaken just by the PLC systems 
όbŜǘǘƻΣ .ŀƎǊƛΣ нлмоΤ ±ƻǊłőŜƪ ŀǘ ŀƭΦΣ нлллύΦ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ŎƻƴǘǊƻƭ ǇǊƻƎǊŀƳ ŦƻǊ ǎǳŎƘ ŀ 
system takes place in specialized development environments that 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. 

Development 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 and Figure 
3. shows how the behaviour of the program can be monitored using the Oscilloscope 

function (Factory I/O, 2020). 

 A simple program (Figure 1) responds to two analogy inputs. The first analogue input 
IA01 records current temperature and the second analogue input represents the desired 
temperature, which is set e.g. through an HMI panel. Function block CP01 compares these 
two values and, on the basis of the result, turns on / off the output Q01 ς heating or output 
Q02 - cooling, respectively. In the lower part of the figure there are shown possibilities to 
set or to change the input values for IA01 and IA02. Specifically, at the input IA01 the value 
of 2500 is set, what corresponds to the actual temperature of 25.00 oC. At the input IA02 
the value of 2700 has been set, which corresponds to the desired value of 27.00 oC. Function 
block CP01 (Figure 1) compares these values and, since the current temperature is less than 
the set point (25.00 oC < 27.00 oC), it switches on the output Q01 - heating (red colour 
corresponds to the logic value of 1). Of course, the output Q02 - cooling, is switched off in 
case of the heating (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 values and the behaviour of the program can be monitored using the 
Oscilloscope function (Figure 2). 

 

 

 

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 environment 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 contribution, and 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 creation 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 simultaneously 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, simulation modes of programming environments have serious shortcomings, 
which become evident at their setting into the real technical practice: 

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

¶ 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 cooling, 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 below 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, extremely high 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 values of the 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 outputs and 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, especially of an economic 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 PROGRAMMING 

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 its 
members deal with modelling possibilities (.ƻƭǘƛȌƛŀǊΣ .ƛǎƪǳǇƛőΣ .ŀǊƪŀΣ нлмс) and at the 
Department of Information Technologies attention is paid, among others, to personalized 
learning supported just by the means of the newest information technologies and on them 
based systems of virtual reality (Balogh, ¢ǳǊőłƴƛΣ .ǳǊƛŀƴƻǾłΣ нлмфύΦ IƻǿŜǾŜǊΣ ƭŜǘϥǎ ŦƻŎǳǎ ƻƴ 
application of these new trends in technical application practice, specifically on new 
possibilities for PLC control systems development and programming. What 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 system, is the Georgian 
Technical University (GTU) in Tbilisi. 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 interface between a real PLC system and 
interactive Adobe Flash presentations (Figure 4) to a technological process sequence for 
milk pasteurization. 

 

Figure 4: Technological process sequence for milk pasteurization. 
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Figure 4 shows a view of Adobe Flash application (on left) as 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 presentation and 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 to simulate 
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 creation. Virtual 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 behaviour of individual 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 and applicative 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 being developed. One of such solutions is a 3D 
system called FactoryIO. FactoryIO 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 objects, 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 
objects operation, 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 different virtual 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 Parts, Sensors, Operators, Stations, Warning 
Devices, Walkways.  
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Figure 5: Environment of the virtual reality of the program FactoryIO. 

 

 

Figure 6: Menu of the already created scenes - automated lines automated 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 (Figure 6). The 
greatest benefit of the whole system is the possibility to simulate the PLC program and to 
monitor the behaviour of the virtual line. The left side of Figure 7 shows the PLC program 
(SIEMENS Simatic 1200/1500, system TIA Portal), which is switched on in the simulation 
mode (green colour represents level log 1, black colour represents level log 0). In the 
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window on the right side of Figure 7 a user can watch, by means of a camera, behaviour of 
the automated line in the system of the virtual reality. A strength of FactoryIO is also its 
compatibility with various development environments such as Siemens, Alan-Bradley, 

Schneider, CodeSys and others. 

 

Figure 7: Demonstration of a control program simulation and a line operation in a virtual reality system. 

CONCLUSION 

PLC programming and automation applications in industrial practice are important 
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 processes 
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 increasingly 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 integrate technologies into the educational process and to seek evidence of such 
integration. In November 2019, pilot research was carried out in two countries ς Lithuania and 
Romania. Natural science and adjacent subject teachers participated in the research (125 ς from 
Romania, 120 ς 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 dimensions: 1) motivation to learn, 2) better 
understanding, 3) social learning usefulness, and 4) teaching usefulness. The model has been 
empirically validated and cross-validated. The prepared research instrument manifests itself in 
high reliability and can be successfully applied to explore the usefulness of mobile technology in 
the teaching/learning process.  

Keywords 

Mobile Technology. Multidimensional Approach. Pilot Study. Science Teachers.  
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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, conventional teaching 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 teaching/learning 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 education, 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 important 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 
ŎƻƴŘƛǘƛƻƴǎ ƛǎ ŀǎǎǳǊŜŘ ŦƻǊ ǘƻŘŀȅΩǎ learner, taking into consideration individual pace, time, 
ǇƭŀŎŜΣ ƭŜŀǊƴƛƴƎ Ǉƻǎǎƛōƛƭƛǘȅ ŀƴŘ ŀǳǘƻƴƻƳƛŎ ƛƴŘƛǾƛŘǳŀƭƛȊŜŘ ƭŜŀǊƴƛƴƎ ǇǊƛƴŎƛǇƭŜǎ ό!ōǊƻƳŀǾƛőƛŜƴŤΣ 
¢ŜǊŜǎŜǾƛőƛŜƴŤΣ ϧ ±ƻƭǳƴƎŜǾƛőƛŜƴŤΣ нлмоύ, at the same time ensuring a good emotional 
environment/state (Francisti & Balogh, 2019). Research shows that mobile technologies 
allow to increase teaching process effectiveness, to enrich teaching/learning environment, 
help to use the newest resources and to integrate various topics, to develop critical thinking 

abilitƛŜǎ ŀƴŘ ƻǘƘŜǊ ό.ǳǊƛŀƴƻǾŀ ϧ ¢ǳǊőłƴƛΣ нлмсΤ tŀǊƛƎƛΣ нлмсύΦ  

So, mobile technology/devices offer a huge range of options: to learn a variety of things, 
read e-books, bookmark ideas and notes, collect text, share information, take pictures, 
draw, and more. Mobile 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 CONCEPTUALIZATION  

Related Work 

Extant literature shows 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 subjects (e.g. science subjects) encourages students' motivation to 
learn. Research shows that technology's influence on learning is more involving than the 
usual conventional methods because learning continues virtually outside the classroom, in 
ŀ ǊŜŀƭ ǎǘǳŘŜƴǘΩǎ ŜǾŜǊȅŘŀȅ ƭƛŦŜ ŜƴǾƛǊƻƴƳŜƴt (Naismith, et al. 2004). Ciampa (2013) explored 
how mobile learning technologies were related to motivation peculiarities and established 
that mobile technology use in learning provided opportunities to experience challenge, 
stimulated curiosity, provideŘ ǿƛŘŜǊ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǇƻǎǎƛōƛƭƛǘƛŜǎΦ Lǘ ƛǎ ƻōǾƛƻǳǎ ǘƘŀǘ ŦƻǊ ǘƻŘŀȅΩǎ 
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students it already becomes a usual thing that any information devoted to learning is easily 
ŀŎƘƛŜǾŜŘΣ ƛǘ Ŏŀƴ ōŜ ŦƻǳƴŘ ƻƴ ǘƘŜ ƛƴǘŜǊƴŜǘΦ ! ǊŜǎŜŀǊŎƘ ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ [ƛǘƘǳŀƴƛŀ όDǳŘƻƴƛŜƴŤΣ 
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 great amount 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 scientific publications from 2007 to 2016 related to mobile 
technology-driven education. Mobile technology-based learning has been found to be 
more effective in cognitive, metacognitive and epistemological terms than internet-
based learning (e.g., appropriate tools for 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. MT-based learning is a potential way of learning to 
facilitate knowledge acquisition, metacognitive skills, and epistemological beliefs by 
ŜƴƎŀƎƛƴƎ ǎǘǳŘŜƴǘǎ ƛƴ ŎƻƭƭŀōƻǊŀǘƛǾŜ ƭŜŀǊƴƛƴƎΦ !ŎŎƻǊŘƛƴƎ ǘƻ ±ƛōŜǊƎ ŀƴŘ DǊǀƴƭǳƴŘ όнлмтύΣ 
students use different mobile technologies for different purposes in their formal and 
self-directed learning environment. They like to use mobile technologies because of 
their affordability, flexibility, compatibility, and interactivity. Students often use mobile 
technology in non-formal education, i.e. finding 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, inexpensive, multi-functional, user-friendly 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 game consoles, 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 has a 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 behaviour 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 
ōƻǘƘ ƛƴ ǎǘǳŘŜƴǘǎΩ ŀƴŘ ƛƴ ǘŜŀŎƘŜǊǎΩ ŜǾŜǊȅŘŀȅ ƭƛŦŜΣ ƳŀƪŜ ǘƘŜ ǘŜŀŎƘŜǊǎ ƘŀǾŜ L¢ ǳǎŀƎŜ ǎkills, 
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 and stǳŘŜƴǘǎΩ 
ǊŜƭŀǘƛƻƴǎƘƛǇǎΣ ǿƘƛŎƘ ƛƴ ǘǳǊƴ ŦŀŎƛƭƛǘŀǘŜŘ ǘƘŜ ƭŜŀǊƴŜǊǎΩ ƛƴǾƻƭǾŜƳŜƴǘ ƛƴ ǘƘŜ ŜŘǳŎŀǘƛƻƴ ǇǊƻŎŜǎǎ 
(Ison, Hayes, Robinson, & Jamieson, 2004; Walsh, Lemon, Black, Mangan, & Collin, 2011). In 
spite of the fact that many of the students can be better prepared in 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 because this can build trust in the use of 

mobile technologies (Kim, Kim, D-S., Choi, 2016).  

Research Model and Measures 

The usefulness of mobile teaching and learning (MTL) has been conceptualized as a 
second-order factor that loads on four dimensions (first-order 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 

Figure 1.  

 

 

Figure 1: Research model.  

The motivation 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 lessons will be 
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 concepts (Fua & Hwangb, 2018; Lamanauskas 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) refers to the opportunities to extend learning in 
nonformal contexts (such as visits to museums) and learn in a collaborative way. In both 
cases, mobile technology is expected to favour 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 better explain difficult concepts (Lamanauskas et al., 2019). Moreover, 
teachers may find it easier to give learning tasks to students. The first-order constructs and 
measures are presented in Table 1. 

Table 1: Constructs and measures.  

ML Learning motivation expectancy 

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 devices 

ML3 By using mobile technology students may find the lesson more attractive 

ML4 By using mobile technology students are less stressed and learning is accepted as a game 

ML5 By using mobile technology students may find the lesson more interesting 

UU Better understanding expectancy 

UU1 Mobile technology may stimulate 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, I could prepare more interesting lessons 

UT2 Mobile technology helps to give learning tasks to students 

UT3 With mobile technology, I could better explain difficult concepts 

UT4 With mobile technology, I could better stimulate the students to learn 

UT5 Mobile technology enables working with simulations and virtual 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 
November-December 2019. Before the pilot research, preliminary research was carried out 
in order to understand the use of mobile technologies in the educational process and to 
prepare the research questions for the pilot study (Lamanauskas, Slekiene, Gorghiu, & 
Pribeanu, 2019).  

Two samples have been collected: one from Lithuania (N=120) and another from 
Romania (N=125). Exploratory factor analysis has been carried on the first sample that 
confirmed the four-factor 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, UU1, UT5, and UT6. 

In order to validate the research model, two models have been specified and tested by 
using the revised scale: four first-order inter-correlated factors (measurement model) and 
a second-order factor (structural model). The models are presented in Figure 2. Estimation 
results have been analysed 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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Figure 2: Four-factors model (left) and second-order 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 et al., 2009). 

The model was analysed 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 

The sample consisted of 120 teachers. The teachers distribution by age was as follows: 
3 teachers in 20-29 years group, 14 teachers in 30-39 years group, 29 teachers in 40-49 years 
group, 50 teachers in 50-59 years group, and 24 teachers over 60 years old.  According to 
qualification: 18 (15%) were teachers, 32 (26.7%) - senior teachers, 56 (46.6%) - teachers 
methodologists and 14 (11.7%) - teachers experts. From the teachers having participated in 
the research, 30 teachers work with all age group students, i.e. with the  5th - 12th   forms, 
23 ς with the 7th ς 12th  forms, 38 ς with the 9th ς 12th  forms, 1- only with the 12th  form, 14 
ς with the 5th  - 8th  forms, 5 teachers with each 5th -10th forms and 7th -8th forms, and 2 
teachers with each 7th -10th  forms and  9th -10th  forms. 

Measurement Model Testing Results 

The first-order model has been analysed for unidimensionality, the internal consistency 
ƻŦ ǘƘŜ ǎŎŀƭŜ ό/ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀύΣ ŀƴŘ ŎƻƴǾŜǊƎŜƴǘ ǾŀƭƛŘƛǘȅΦ ¢ƘŜ ŘŜǎŎǊƛǇǘƛǾŜ ǎǘŀǘƛǎǘƛŎǎΣ ƛǘŜƳ 
loadings, and convergent validity are presented in Table 2. All mean values are over 3.00 
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(neutral). The highest-rated 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 first-order factors. 

Table 2: Descriptives, loadings, and convergent validity.  

Factor Item Mean SD Loading Alpha CR AVE 

ML ML1 4.13 0.65 0.69  
 
.835 0.852 0.592 

ML3 4.13 0.69 0.82 

ML4 3.68 0.72 0.68 

ML5 4.16 0.61 0.87 

UU UU2 3.58 0.78 0.69  
.674 0.683 0.519 

UU3 3.84 0.67 0.75 

UL UL1 4.30 0.63 0.78  
.714 0.720 0.563 

UL2 4.14 0.64 0.73 

UT UT1 4.24 0.62 0.78  
 
.783 0.786 

 
0.483 
  

UT2 4.15 0.60 0.56 

UT3 3.96 0.56 0.68 

UT4 3.68 0.69 0.74 

 

The convergent validity is good, since the composite reliability (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 goodness-of-Ŧƛǘ όDhCύ ƛƴŘƛŎŜǎΥ ˔2 =69.83, df=48, 
˔2/df=1.455, CFI=0.964, GFI=0.912, RMSEA=0.062, SRMR=0.056. 

Structural Model Testing Results 

The second-order model was evaluated in order to assess the relationship between the 
second-order factor and its dimensions (first-order factors).  

With one exception, the factor loadings for the second-order model are above the 
threshold of 0.7, varying from 0.61 to 0.99. The convergent validity of the second-order 
construct is very good (CR=0.903, AVE=0.704). The second-order factor model explains 
66.8% variance in ML, 79.6% variance in UU, 37.4% variance in UL, and 98.3% variance in 
¦¢Φ ¢ƘŜ ƳƻŘŜƭ Ŧƛǘ ǿƛǘƘ ǘƘŜ Řŀǘŀ ƛǎ ŀƭǎƻ ƎƻƻŘΣ ŀǎ ǎƘƻǿƴ ōȅ ǘƘŜ DhC ƛƴŘƛŎŜǎΥ ˔2 =72.17, df=50, 
˔2/df=1.443, CFI=0.962, GFI=0.908, RMSEA=0.061, SRMR=0.08. 

The existence of a second-order factor has been tested with the T-coefficient (Marsh & 
IƻŎŜǾŀǊΣ мфурύΣ ǿƘƛŎƘ ƛǎ ǘƘŜ Ǌŀǘƛƻ ōŜǘǿŜŜƴ ǘƘŜ ˔2 of the first-ƻǊŘŜǊ ŦŀŎǘƻǊ ŀƴŘ ǘƘŜ ˔2 of the 
second-order factor. In this case, t=0.968 (greater than the recommended cut-off value 
0.80) thus suggesting that the second-order factor explains 96.8% of the relationships 

between first-order factors. 

Model Estimation Results : Romanian Sample 

Sample 

The sample of 125 teachers consisted of 34 men and 91 women, distributed by age as 
follows: 15 teachers in 20-29 years group, 27 teachers in 30-39 years group, 29 teachers in 
40-49 years group, 43 teachers in 50-59 years age group, and 11 teachers over 60 years old. 
93 teachers are active in the urban area and 32 in the rural area. In the research, there were 
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involved: 81 teachers who have the level 1 certification (64.8%), 22 teachers who have the 
level 2 certification (17.6%), and 22 teachers having a full-time professional degree (17.6%). 
From the teachers having participated in the research, 70 are working with lower secondary 

students (5th - 8th forms) and 55 are involved in upper secondary education (9th - 12th forms) 

Measurement Model Testing Results 

The first-order model has been analysed for unidimensionality, the internal consistency 
ƻŦ ǘƘŜ ǎŎŀƭŜ ό/ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀύΣ ŀnd convergent validity. The descriptive statistics, item 
loadings, and convergent validity are presented in Table 3. With one exception, all mean 
values are over 4.00. The highest-rated items are those related to the expectancy for 
learning motivation. With two exceptions (ML1 and UT2) all item loadings are over 0.6, thus 
proving unidimensionality of the first-order factors. 

Table 3: Descriptives, loadings, and convergent validity.  

Factor Item Mean SD Loading Alpha CR AVE 

ML ML1 4.05 1.02 0.59  
 
.833 0.845 0.581 

ML3 4.25 0.89 0.79 

ML4 4.02 0.97 0.77 

ML5 4.34 0.86 0.87 

UU UU2 3.84 0.95 0.72  
.763 0.784 0.646 

UU3 4.08 0.79 0.88 

UL UL1 4.10 0.90 0.71  
.735 0.740 0.588 

UL2 4.08 0.83 0.82 

UT UT1 4.26 0.80 0.83  
 
.828 0.834 

 
0.562 
  

UT2 4.06 0.79 0.57 

UT3 4.08 0.82 0.80 

UT4 4.02 0.92 0.77 

 

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 0.646. The model fit 
with the data is good, as shown by the goodness-of-Ŧƛǘ όDhCύ ƛƴŘƛŎŜǎΥ ˔2=69.08, df=48, 
˔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 second-order model are all above the threshold of 0.7. The 
convergent validity of the second-order construct is very good (CR=0.893, AVE=0.678). The 
second-order 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 fit with the data is also good, as shown 
ōȅ ǘƘŜ DhC ƛƴŘƛŎŜǎΥ ˔2=84.15, dfҐрлΣ ˔2/df=1.683, CFI=0.953, GFI=0.909, RMSEA=0.074, 
SRMR=0.056. 

The t-coefficient (Marsh & Hocevar, 1985), is 0.821, (greater than the cut-off value 
0.80), thus suggesting that the second-order factor explains 82.1% of the relationships 

between first-order 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 order to explore the 
usefulness of mobile technology in the teaching/learning process. The usefulness of mobile 
technologies for teaching and learning has been measured as a second-order construct that 
manifests along four dimensions. Three dimensions out of four are related to the expectancy 
ƻŦ ǎǘǳŘŜƴǘǎΩ ƳƻǘƛǾŀǘƛƻƴΣ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎΣ ŀƴŘ ǎƻŎƛŀƭ ƭŜŀǊƴƛƴƎΦ hƴŜ Ŏŀƴ ŎƭŀƛƳ ǘƘŀǘ ǎǳŎƘ 
approach is appropriate because MT use cannot be evaluated using a single construct or a 
single-item scale (Lin, Wang, & Li, 2016), though such examples exist (e.g., one dimension 
and ten variables model constructed by researchers) (Turhangil Erenler, 2018). Seeking 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 was devoted to 
instruments, measuring mobile technology effectiveness (Hung & Zhang, 2012). Moreover, 
attention is focused on examples of mobile practices and developments in the educational 
use of mobile technologies (Valk, Rashid, & Elder, 2010). Fojtik (2014) also accentuated that 
ǘƻŘŀȅΩǎ ƳƻōƛƭŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴŎǊŜŀǎŜ ƭŜŀǊƴƛƴƎ ƳƻǘƛǾŀǘƛƻƴΣ ŎǊŜŀǘŜ ŎƻƴŘƛǘƛƻƴǎ ŦƻǊ ƛƴǘŜǊŀŎǘƛǾŜ 
ŜŘǳŎŀǘƛƻƴŀƭ ŀŎǘƛǾƛǘƛŜǎΦ .ŜǎƛŘŜǎΣ ǎǘǳŘŜƴǘǎΩ ƭŜŀǊƴƛƴƎ ŀŎƘƛŜǾŜƳŜƴǘǎ ƛƳǇǊƻǾŜ ŘǳŜ ǘƻ ǘƘŜ ǳǎŜ ƻŦ 
MT. MT creates flexible teaching/learning solutions, and 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 satisfaction with activity (Ferreira et al., 2015). Regarding 
teachers, a serious challenge remains of how to choose and what technology to use, in order 
ǘƻ ŦŀŎƛƭƛǘŀǘŜκƳŀƪŜ ƳƻǊŜ ŜŦŦŜŎǘƛǾŜ ǎǘǳŘŜƴǘǎΩ ƭŜŀǊƴƛƴƎΦ Lǘ ƛǎ ŦƛǊǎǘƭȅ ōŜŎŀǳǎŜ a¢ may be both 
beneficial and harmful. 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 higher explanatory power and enables the 
analysis on two levels. The model estimation results bring evidence for the existence of a 
second-order 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 first-order 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 of dimensions. 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 contributes with a multidimensional model measuring the 
usefulness of mobile technologies for teaching and learning, as perceived by science 
education teachers from Lithuania and Romania. The model has been empirically validated 
and cross-validated on a second sample which suggests good reliability and a promising 
starting point for further 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 ages. Depending 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 distinguished. Competences regarding the use of ICT are 
thought to increase from generation X through generation Y to generation Z. Therefore, 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 planning. Research conducted from April 30, 2017, to February 8, 
2020. In summary 833 people took part in them. The research was based on the SAMR model for 
Technology. Statistical analysis of the results obtained did not confirm the correlation between 
belonging to the X, Y Z generation and the "depth" of using ICT in time management. 

Keywords 

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

INTRODUCTION 

Planning is about thinking 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 it is enough to 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 completing the task. 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 self-organization (Savva, 
Saigushev, Vedeneevaet al., 2016). It is specified that time management, self-organization 
skills are regarded as a regulated conscious person's activity, which aims at goal setting, time 
planning, as well as self-control, self-analysis and self-correction of one's actions and 
behaviour. Time management, self-organization 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 psychological well-being and 
time planning. The research revealed that the realization of long term projects can be 
sometimes problematic students. The problems derive from inappropriate project 
management, especially time management (Balogh, Klimes, Turcani, 2011; Balogh, Turcani, 
Magdin, 2015; Baprowska, Bilek, 2017; .ŀƭƻƎƘΣ YǳŎƘłǊƛƪΣ нлмф). The planning skills of older 
students are also moderate (Tanriogen, Iscan, 2009). It seems that currently in the era of 
access to various types of calendars, including online, planning your activities should not be 
difficult. We always have even the simplest calendar on our phone. 

It was decided to check how Generation Y (Millennials - the generation of people born 
in the 1980s and 1990s) and Generation Z (Post-Millennials - a generation of people born 
after 2000) uses on-line 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 are considered 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 professional 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 use on-line time planning tools (Becton, Walker, 
JonesȤFarmer, 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 model, he 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 the use of the same tools at subsequent levels are shown 
in the figure below. 
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Figure 1: Definition of levels in the SAMR model and assigning sample activities to individual levels 
(modified from original by Puentedura, 2018) 

Research conducted by Zhai, Zhang, Li 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 shown that 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 Albeanu, and Popentiu-Vladicescu (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, research of Tsybulsky and Levin (2017) concerned transformations of 
practices associated with microcomputer-based laboratories (MBLs). It is shown that the 
Redefinition level reflects the fundamental transformations of our society in the Digital Age. 
The proposed 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 users use technologies - only 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 science. The research lasted 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%), followed by post-graduate students in M.A. level (33.1%) and high school 
students (19.8%). Other respondents were post-graduate 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' task 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 of on-line calendars using were 
defined: 
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Level (S) Substitution An online 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 situations, substitution makes some sense, but in fact, there is no profit 
from using ICT here. 

Level (A) Augmentation At this level, computer technology is used as an effective tool 
to solve basic problems (tasks). For example, the calendar sends us notifications (e-mail, 
SMS) about upcoming dates. We can share calendars - that is, we know when our colleagues 
have free time and when busy. We can automatically mark non-working days in different 
countries - which is important in the globalization of the labour market. The calendar will 
show us any time zones - because more and more people are working outside of local time 

zones. 

Level (M) Modification The calendar significantly expands its capabilities. We can 
create events to which other users can be invited. We can give the event location, a map of 
the place in the calendar. The calendar will help us achieve our main goals and resolutions - 
if we set goals and define the frequency of operation, the desired time and the optimal time 
for us - the calendar will search for 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) Redefinition - the last stage of the SAMR model is Redefinition and represents 
ǘƘŜ ǇƛƴƴŀŎƭŜ ƻŦ Ƙƻǿ ǘŜŎƘƴƻƭƻƎȅ Ŏŀƴ ǘǊŀƴǎŦƻǊƳ ŀ ǎǘǳŘŜƴǘΩǎ ŜȄǇŜǊƛŜƴŎŜΦ Lƴ ǘƘŜ ŎŀƭŜƴŘŀǊΣ ǿŜ 
can assign tasks to our colleagues to monitor their progress. Add photos, notes, and 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 given level to be able to 
indicate this level.  

RESULTS  

The most numerous group among the respondents are people who do not use 
electronic time organizers at all - it is as many as 294 people (which is 35.3% of the group). 
The least numerous group are people who use 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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Figure 2: 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 organizers - just like 
regular calendars. It means only for saving important information. 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 decreases (A-150, 18.0%; M-110, 13.2%; R-41, 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 expected between 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 level of organizer's use and:  

¶ gender (Spearman correlation coefficient r = 0.05),  

¶ level of education (r = 0.02),  

¶ age of the respondents (r = -0.02),  

¶ ICT interest (r = 0.19),  

¶ willingness to learn (r = 0.16). 

In our research the correlation between gender and ICT 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 confirm or refute 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.  

 

Figure 3 Comparison of Y and Z generation and 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 interested in new 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 did not 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 electronic calendars 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 refuted - so 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 the e-skills of individual generations. Assuming that 
in fact Y, Z generations use ICT more fully, it can be concluded that instead of using the 
Redefinition level in the organizer, they use tools dedicated to given tasks. So instead of add 
photos, notes, and film materials to your dates 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 program - people from generation Y, I will use many different 
programs at lower levels (S 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 at all - it proves the lack of ability 
to manage themselves in time. It can be assumed that the remaining 2/3 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) distinguish three levels of time management: 

1. The first step consists only in creating to-do 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 task planning 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 short-term goal. 

Perhaps the level of organizing your time affects 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 of SAMR 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 time management 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 SAMR level of the use of time 

organizers. 
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Abstract 

The article focuses on the possibilities of further development and enrichment of the e-Learning 
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 discovered that they study 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 involving students in a project-based 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 concept by students in the course 
ά/ƻƳǇǳǘŜǊ !ǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ hǇŜǊŀǘƛƴƎ {ȅǎǘŜƳ .ŀǎƛŎǎέΦ !ǎ ƭƻƎ ǊŜŎƻǊŘǎ ŀƴŀƭȅǎƛǎ ǊŜǎǳƭǘǎ ǎƘƻǿΣ 
students attended the course in an irregular and fitful manner, where the attendance is the 
highest just before the test date. There are also 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, e-Learning, LMS, student engagement. 

INTRODUCTION 

Seeing as e-Learning has become a relatively common thing today, the research is 
turning towards its improvement, enrichment and further development. In addition to 
mobile learning (Blilat and Ibriz, 2020; Crompton and Burke, 2018; Kumar, Goundar and 
Chand, 2020), MicroLearning (ML) is also being currently developed (Hesse et al., 2019; 
WŀƘƴƪŜ Ŝǘ ŀƭΦΣ нлмфΤ {ƪŀƭƪŀ ŀƴŘ 5ǊƭƝƪΣ нлмуύ. 

!ǎ ǇŀǊǘ ƻŦ ǘƘŜ ŀǳǘƘƻǊΩǎ ǊŜǎŜŀǊŎƘ ǘƻ ŘŀǘŜΣ ǿŜ ƘŀǾŜ ŦƻŎǳǎŜd on ML, designed a concept 
and converted the traditional e-Learning course into an ML course. During the verification 
of the e-Learning courses created in such a way, we have found that some undergraduate 
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students (groups of students) of the teaching fields attend the e-Learning 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 regularly attend the e-Learning course in addition to the 
knowledge gained in full-time 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 content without 
testing in classes. As a possible solution to this problem we consider using the wiki in 
ǘŜŀŎƘƛƴƎ ŀƴŘ ƭŜŀǊƴƛƴƎΣ ŦƻŎǳǎƛƴƎ ƻƴ ǎǘǳŘŜƴǘǎΩ ǿƻǊƪ ǿƛǘƘ ǎǘǳŘȅ ƳŀǘŜǊƛŀƭǎ ƛƴ ǘƘŜ a[ ŎƻǳǊǎŜ ŀƴŘ 
creating their own summaries and notes in collaboration and cooperation. In addition, 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 form (Almazova, Rogovaya 
and Gavrilova, 2018), granularity and division of larger curriculum into smaller parts (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 ό.ǊǳŎƪ Ŝǘ ŀƭΦΣ нлмрΤ DǀǎŎƘƭōŜǊƎŜǊ ŀƴŘ .ǊǳŎƪΣ нлмт; Zhaparov 
Meirambek K, Aitchanov Bekmurza H and Nussipbekov Abai, 2012). The 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 and Javorcik, 2019). 

Wiki and its use  

Nowadays, wikis are quite commonplace on the Internet. However, their origins date 
back to 1994 (Leuf and Cunningham, 2001), when the first website of this kind was launched. 
Although today the concept of co-creating and editing content on the web by visitors (Web 
нΦлύ ǎŜŜƳǎ ƻōǾƛƻǳǎΣ ōŜŦƻǊŜ ǘƘŜ ŀŘǾŜƴǘ ƻŦ /ǳƴƴƛƴƎƘŀƳΩǎ ²ƛƪƛ²ƛƪƛ²ŜōΣ ƛǘ ǿŀǎ ƴƻǘ ƻōǾƛƻǳǎ ŀǘ 
all; collaboration was only possible using e-mail Exchange (mailing lists), shared folders / file 
access and only later through Interactive pages (Leuf 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 et al., 2018), but they can also serve as personal 
knowledge management systems (Hsiao and Huang, 2019). The best known wiki application 
is the Wikipedia encyclopaedia, which suffers from some issues caused by its large number 
of authors (editors); one of sucƘ ƛǎǎǳŜǎ ƛǎ ŜŘƛǘƛƴƎ ǾŀƴŘŀƭƛǎƳΣ ƪƴƻǿƴ ŀǎ άŜŘƛǘ ǿŀǊǎέ (Alfonseca 
et al., 2013; Giles, 2005; Tramullas, Garrido-tƛŎŀȊƻ ŀƴŘ {łƴŎƘŜȊ-/ŀǎŀōƽƴΣ нлмсύ. These 
issues, together with the varying knowledge and competences of the contributors, can 
affect the quality of ²ƛƪƛǇŜŘƛŀΩǎ ƛƴŘƛǾƛŘǳŀƭ ŀǊǘƛŎƭŜǎΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƛǘ ƴŜŜŘǎ ǘƻ ōŜ ǎŀƛŘ 
that it did not turn out at all bad even when compared to encyclopaedia Britannica (Giles, 

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, 2004), but technical aspects were also considered. The main thing 
mentioned in discussions about the way wikis are used is the collaborative community (Ruth 
and Houghton, 2009), where newcomers work together with experts. Considering its 
application in education, Ruth sees wikis as a tool of discovering knowledge (Ruth and 
Houghton, 2009). Recently, research into the use of wikis in education has focused on 
problematic (DeWitt et al., 2017; Ioannou, Brown and Artino, 2015) and project-based (Chu 
et al., 2017) teaching, the aspects of writing and engaging students (Alghasab, Hardman and 
Handley, 2019; Cho and Lim, 2017; Hadjerrouit, 2014) in collaborative learning (Hadjerrouit, 
2014; Su et al., 2019), and teacher-student interaction (Alghasab, Hardman and Handley, 
2019). Wikis are used in teaching programming (Lin, Wu and Chiu, 2018) or even as a system 
for creating some form of a knowledge base (Lin 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, 2017). Scaffolding is a way to involve students when using a wiki (Huang, 2019; 

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

Our concept of ML 

In creating the existing e-Learning course, we used the LMS Moodle environment and 
supplemented it with the educational units created according 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 
ǇǊƛƴŎƛǇƭŜ ƻŦ Ŝŀǎȅ άŎƻƴǎǳƳǇǘƛƻƴέ ōȅ ǎǘǳŘŜƴǘǎ, where the limiting factor was the length of one 
MCU of about 5-7 minutes, respectively 5-7 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 components, peripherals, connectors and interfaces. 

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

Regarding the classification of the concepts for using wikis in learning (Page and 
Reynolds, 2015), our design concept corresponds to άDǊƻǳǇ ŀǳǘƘƻǊƛƴƎ ϧ ƭŜŀǊƴƛƴƎέΣ ǿƘŜǊŜ 
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 of 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, each 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 of a 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 
support 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 interconnecting the wiki 

and individual MCUs. 

ML is sometimes criticised for the fragmentation of information (Hug, 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 the case of LMS Moodle, the possibilities of using 
hyperlinks for linking individual learning units are not usable in practice (the course and unit 
URLs will change when they are imported). 

The aim is to use the ML course as a curriculum presented in a decomposed form, 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 
ǘƘŜ ŎƭŀǎǎǊƻƻƳΦ Lƴ ƻǊŘŜǊ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ǎǘǳŘŜƴǘǎΩ Ƴƻǘivation to create and improve the wiki, 
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 

!ǎ ǇŀǊǘ ƻŦ ǘƘŜ ά/ƻƳǇǳǘŜǊ !ǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ hǇŜǊŀǘƛƴƎ {ȅǎǘŜƳ .ŀǎƛŎǎέ ŎƻǳǊǎŜ ƛƴ ǘƘŜ 
winter semester of the 2019/2020 school year (23 October to 20 December 2019), the 
students had access to an e-Learning course designed according to the above ML concept in 
LMS. Nineteen students enrolled in the course, one student did not 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 e-Learning course only minimally) 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 the semester, a test of entry knowledge (pre-test) was submitted 
to the students, which was followed by a credit test (post-test) at the end of the semester. 
During the semester, students had access to an e-Learning course, and no other study 
materials were provided. 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 seminar 
paper and presenting the result in teaching. 

The Matomo analyst system (www.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 individual 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 analysis. 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 the total time spent in the course for each student, and the number of 
times a student visited on a given day. We used a 30-minute inactivity threshold for each 
Řŀȅ ǘƻ ŘƛǎǘƛƴƎǳƛǎƘ ōŜǘǿŜŜƴ ƛƴŘƛǾƛŘǳŀƭ άƴŜȄǘ ǾƛǎƛǘǎέΦ ¢ƻ ǊŜŦƛƴŜ ǘƘŜ ǘǊŀŎƪƛƴƎ ǘƻ ƻƴƭȅ ƳƻƴƛǘƻǊ 
the activities 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 was used 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 
dramatically ς although an increase can be seen at the beginning of the 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 pageviews increased (see Figure 1). The 
behaviour of time spent in the course (Table 1) de facto copies 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 3.0 2.6 3.9 3.2 2.1 1.9 1.5 3.0 3.2 5.5 17.3 3.0 

Minutes in 
course 

5 360 227 125 7 31 30 64 153 208 1142 149 

 

 

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 

 

Figure 3: The number of course pageviews on each day 
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Table 2: Visits and fetches, the duration of the ML course, 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 

Student No 

  
  

1st visits of the 
day 

2nd and next 
visits of the day 

(Max. 
28)  

Visits Pageviews 
Pageviews per 
visit 

Time in 
course 
(mins) 

Visits Pageviews Visits Pageviews 
Test 
grade 

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 2.5 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 
to grade 

0.449 0.75 0.7 0.69 0.27 0.76 0.62 0.66 
  

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 of the course 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 most often. The 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 the stǳŘŜƴǘǎΩ ōŜƘŀǾƛƻǳǊ ƛƴ ǘƘŜ ŎƻǳǊǎŜΣ ǿŜ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜƛǊ ǊŜǇŜŀǘŜŘ 
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 was 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 grade, as their number 
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 second and subsequent visits per day, 
we can find a more significant correlation to the resulting grade ς a correlation 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 course ά/ƻƳǇǳǘŜǊ 
!ǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ hǇŜǊŀǘƛƴƎ {ȅǎǘŜƳ .ŀǎƛŎǎέ ǎƘƻǿ ǘƘŀǘ ǎǘǳŘŜƴǘǎ ŀǘǘŜƴŘŜŘ ƛǘ ƛƴ ŀ ǎǳŘŘŜƴ ŀƴŘ 
fitful manner. Their attendance, or the number of course page fetches (MCUs) culminated 
in week 12, just before the test. The highest number of fetches was recorded 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 knowledge that students 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 fetches (Students 
1, 7, 8) achieved one of the highest scores in the test (24.83, 23.43, and 24.33 out of the 
ǘƻǘŀƭ ну ǇƻƛƴǘǎύΦ hƴƭȅ {ǘǳŘŜƴǘ мм ǿƛǘƘ άƻƴƭȅέ ŀōƻǾŜ-average number of course content 
fetches achieved a similarly high score (24.6). Similarly, we can identify the link 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 during the semester. 
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 literature mentions the reluctance of students to 
write articles for the wiki. A suitable measure is the mentioned scaffolding (Huang, 2019; 
Lin and Reigeluth, 2016, 2019) and the division of students into groups. This also shows 
better results for content-creation and writing (Bikowski and Vithanage, 2016). Regarding 
the division into groups and their size, it is recommended to limit the number of members 
to four (Kessler and Bikowski, 2010), which was successfully applied to younger students 
(Mak and Coniam, 2008). Therefore, we expect the wiki utilisation to be adapted accordingly 

ǘƻ ǎǘǳŘŜƴǘǎΩ ŀǇǇǊƻŀŎƘ ǘƻ ǘƘŜ ŎƻǳǊǎŜΦ 
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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 are characterized 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 method 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 geographic information 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 expresses the 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 sample. Geographic 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 other materials and has 
its application in the didactics of electrotechnical materials. 

Keywords 

VHV insulator. Geographic information system. Texture measurement. Ceramic blank. 

INTRODUCTION 

In the production of very high voltage (VHV) insulators, one of the important 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 press is the technological 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 individual 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 properties. 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 mixture descaling 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 semi-finished 
ceramic product to be pressed (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 knowledge of the 

technological texture in the technological process of insulator production. 

A requirement of the technology production of large-size ceramic blanks and the VHV 
insulators made therefrom is that the method used to measure of the technological texture 
and the procedure for evaluating the results is characterized by: 

ω ǘŜŎƘƴƛŎŀƭ ǎƛƳǇƭƛŎƛǘȅΣ ǎǇŜŜŘ ƻŦ ǎŀƳǇƭŜ ǇǊŜǇŀǊŀǘƛƻƴΣ ǳƴŀǎǎǳƳƛƴƎ ƳŜŀǎǳǊŜƳŜƴǘ ŀƴŘ 
evaluation of results, 
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ω ǎƛƳǇƭŜ ŀǇǇƭƛŎŀǘƛƻƴ ƛƴ ǇǊŀŎǘƛŎŜΣ ǳƴŘŜƳŀƴŘƛƴƎ ƳŜŀǎǳǊŜƳŜƴǘ ǇǊŜǇŀǊŀǘƛƻƴΣ ǎƛƳǇƭŜ 

collection and manipulation of the blank sample during measurement, 

ω ǘƘŜ ǎƛƳǇƭƛŎƛǘȅ ƻŦ ǘƘŜ ǘŜŎƘƴƛŎŀƭ ǇǊƛƴŎƛǇƭŜ ƻŦ ƳŜŀǎǳǊŜƳŜƴǘΣ ǎǳǇǇƻǊǘŜŘ ōȅ ǘƘŜ ǘƘŜƻǊŜǘƛŎŀƭ 

justification of the method used to measure homogeneity, 

ω ŀ ǎƛƳǇƭŜ ŀƴŘ ǘǊŀƴǎǇŀǊŜƴǘ ŀǇǇǊƻŀŎƘ ǘƻ assessing the results obtained. 

Production technology expects that measurement results would provide technologists: 

ω ŀ ŎƭŜŀǊ ŀƴŘ ǊŀǇƛŘ Ǉƻǎǎƛōƛƭƛǘȅ ǘƻ ŘŜŎƛŘŜ ƻƴ ǘƘŜ ƭŜǾŜƭ ƻŦ ƘƻƳƻƎŜƴŜƛǘȅ ƻŦ ǘƘŜ ōƭŀƴƪ 

produced; 

ω ŀǎǎŜǎǎƛƴƎ ǘƘŜ ǇƻǎǎƛōƭŜ ƛƳǇŀŎǘǎ ƻƴ ǘƘŜ ǉǳŀƭƛǘȅ of production and making a qualified 
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 other processing processes). 

Various theoretical solutions of texture measurement can be found, for example, in 
ǿƻǊƪǎ όYƻȊƝƪ Ŝǘ ŀƭΦΣ нлмфŀΣ нлмфōΤ YƻȊƝƪ ŀƴŘ aƛƴłǊƛƪΣ нлмоύΣ ǿƘƛŎƘ ŀƭǎƻ ƛƴŎƭǳŘŜ ƻǘƘŜǊ 
methods for determining the texture of ceramic blanks. However, these methods do not 
meet the above technological and operational conditions for texture determination. 

With regard to the above-mentioned requirements of the technology of the insulator 
production and based on the study of the scientific literature as well as the 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 ceramic blank inserted 
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 process and work 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, archaeology or health 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 electrodes. Setting 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 an adjustable 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 according to the 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 by 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 composition: 30% of kaolin, 15% of clay, 30% of feldspar 
and 25% of corundum. The extrusion temperature during extrusion did not exceed a 
temperature of 21 - нн ϲ/Φ 

Preparation of Measurement  

Based on the possibilities and principle of measuring the voltage differences on 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 the specimen 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 thickness from 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 measurement program, the voltage 
differences on their surface could be measured. 

 

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 voltages at the points 
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 measurement points. 

GIS Evaluation 

The GRASS (Geographic Resources Analysis Support System) GIS program was used to 
evaluate the measured results. It is a open-source geographic information system enabling 
work with spatial data on many platforms, both using the graphical 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 they can be 
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 information (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 experimental material. 

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 selected function 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 method itself is considerably 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 successful, thus 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 the resolution (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 and the columns their steps / distances from the centre of the sample 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

I 2,30 2,17 2,07 2,00 1,94 1,89 1,85 1,81 1,69 1,72 1,70 1,68 1,65 1,62 

II 2,22 2,15 2,06 2,00 1,94 1,86 1,85 1,81 1,73 1,73 1,70 1,66 1,64 1,60 

III 2,22 2,13 2,05 1,99 1,93 1,87 1,84 1,81 1,77 1,73 1,69 1,64 1,62 1,59 
IV 2,22 2,15 2,06 2,00 1,94 1,89 1,85 1,80 1,78 1,74 1,71 1,66 1,64 1,61 

V 2,3 2,16 2,07 2,00 1,95 1,90 1,86 1,82 1,79 1,75 1,72 1,68 1,64 1,64 

VI 2,24 2,16 2,06 2,00 1,95 1,90 1,86 1,81 1,79 1,75 1,73 1,69 1,67 1,66 

VII 2,18 2,15 2,05 1,99 1,94 1,90 1,86 1,82 1,79 1,76 1,74 1,71 1,69 1,67 

VIII 2,18 2,13 2,05 1,99 1,94 1,86 1,85 1,82 1,79 1,76 1,74 1,72 1,70 1,68 

IX ---- 2.12 2,05 1,98 1,94 1,83 1,83 1,82 1,79 1,76 1,74 1,72 1,70 1,68 

X ---- 2,14 2,06 2,00 1,95 1,87 1,84 1,83 1,81 1,78 1,75 1,74 1,70 1,69 
XI ---- 2,16 2,07 2,01 1,95 1,90 1,84 1,84 1,82 1,80 1,75 1,75 1,73 1,72 

XII ---- 2,15 2,07 2,00 1,94 1,90 1,85 1,84 1,81 1,78 1,75 1,74 1,72 1,71 

XIII 2,28 2,15 2,06 1,99 1,93 1,89 1,86 1,83 1,79 1,77 1,74 1,72 1,70 1,69 

XIV 2,23 2,13 2,05 1,98 1,93 1,86 1,84 1,81 1,77 1,69 1,69 1,67 1,65 1,62 

XV 2,19 2,11 2,03 1,97 1,92 1,84 1,82 1,79 1,75 1,61 1,65 1,63 1,60 1,55 

XVI 2,24 2,14 2,05 1,99 1,93 1,86 1,84 1,80 1,72 1,67 1,67 1,65 1,63 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) = f (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 texture, 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 education in the 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 to display the isocurves of equipotential voltage 
levels of the interpolated model surface obtained from their measured values (fig. 3). 
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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 specified 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 of the 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. However, the deviations are not so significant, which indicates the relative 
homogeneity of the blank. 

Figure 3: Display of the equipotential levels of the measured voltage by using: a) 16, b) 12, c) 8 ( 
uneven), d) 8 (even) measuring directions 

This deviation of the real shape of equipotential level from the ideal circle shape can be 

quantified by using a simple shape index, determined by: 

ὛὬὥὴὩ ὭὲὨὩὼ
ὖ ρππ

ὖ
ρππ

ὖ ρππ

ς “ ὃ
ρππ 

where Preal is a perimeter of the formed isocurve, Areal is a surface of the formed isocurve 
and Pcalc is a calculated theoretical value of the circumference of a given isocurve in the case 
of an ideal circle with an area Areal. 

This difference in equipotentials is better seen by direct records of the values of shape 
index into the area of displayed equipotential levels. Homogeneity is expressed as a value 
close to zero (fig. 4).  

This method of evaluating the technological texture represents a qualitative expression 
of the variations in homogeneity 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 of 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. 

Figure 4: Display of equipotential levels of the measured voltage, at 16 measurement directions, 
together with shape index values for each isocurve a) example of a homogeneous blank from the table 

мΤ ōύ ŜȄŀƳǇƭŜ ƻŦ ŀƴ ƛƴƘƻƳƻƎŜƴŜƻǳǎ ōƭŀƴƪ ŀŎŎƻǊŘƛƴƎ ǘƻ YƻȊƝƪ Ŝǘ ŀƭΦΣ нлмфō 

2) Display of measured values  in functional dependence of the voltage U (r) = 
f(r)   

Homogeneity or deviations from homogeneity of the blank may be expressed also as a 
graphical expression of the dependence U(r) =f(r). This dependence is determined by the 
theoretical relationship foǊ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ŎƛǊŎǳƛǘ ƭƻŎŀǘƛƻƴ όCƛƎΦ нōύ ǇǊŜǎŜƴǘŜŘ ƛƴ όYƻȊƝƪ Ŝǘ ŀƭΦΣ 
2019b).  

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 blank has the 
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 development 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 display of homogeneity U(r) =f(r) is less visual in comparison 
with the view of equipotential levels. 



aƛŎƘŀƭ ~ŜǾőƝƪ, ¢ƻƳłǑ YƻȊƝƪ, {ǘŀƴƛǎƭŀǾ aƛƴłǊƛƪ, Peter Kuna, Peter Arras, aŀǊƛłƴ YǳōƭƛƘŀ 
Using the Geographic Information System in the technological development and manufacture of insolators 

 

DIVAI 2020 ς The 13th international scientific conference on Distance Learning in Applied Informatics. 191 
ISBN 978-80-7598-841-6 ISSN 2464-7470 (Print) ISSN 2464-7489 (On-line) 

3) 3D visualization of interpolated surface of measured voltage differences  

GRASS GIS also allows 3D visualization of measured values of the voltage differences 
(fig. 6). The visual three-dimensional 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 places of inhomogeneities 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 

DISCUSSION 

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 shape of the insulator, 
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 product - high voltage 
insulator, which will have a high probability of damage by cracks 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 properties allow us to suggest several opinions 
and recommendations for future use of this method, either in pedagogical or technological 

practice: 

¶ for thin samples of the blank a higher attention has to be taken while handling the 
samples to avoid their local damage which appears as an undesirable deviation in 
voltage values when measuring voltages. Such an anomaly should be considered 
when evaluating measurement results, 

¶ considering already published theoretical solutions of electrical conditions in 
dielectrics betweeƴ ŜƭŜŎǘǊƻŘŜǎ όYƻȊƝƪ Ŝǘ ŀƭΦΣ нлмфŀΣ нлмфōΤ YƻȊƝƪ ŀƴŘ aƛƴłǊƛƪΣ нлмоύΣ 
we can conclude that at the axial connection of electrodes (fig. 2a) the voltage value 
on the blank surface is dependent on the thickness of the dielectrics (blank). 
Measurement accuracy requires a minimum sample thickness that can be taken 
from the blank while observing its integrity and non-damaging when placing it into 

the measuring apparatus between the electrodes, 
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¶ in the second case of placing the blank sample between the electrodes (fig. 2b), 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, 

¶ the magnitude of the measured 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 values show 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, 

¶ WGS84 Pseudo-Mercator 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 using the 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, 

¶ although the parameters of the used interpolation RST method as well as the 
selected spatial 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, 

¶ the choice of values used 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, 

¶ figure 3 shows a slight displacement of isocurves from the geometric centre of the 
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 see the 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, is the 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, 

¶ 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 homogeneity 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 characteristics 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 surface. 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 materials (dielectrics) as 

well. 
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Abstract  

The paper deals with mobile applications, which appear to be potentially suitable for supporting 
ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎǘǳŘŜƴǘΨǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǎƪƛƭƭǎΦ ¢ƘŜ ŀǊǘƛŎƭŜ ŘǊŀǿǎ ŦǊƻƳ ŀ ǇŀǊǘƛŀƭ ǎƻƭǳǘƛƻƴ 
described in the dissertation thesis of the main author. Within this phase of the solution, a 
retrieval of potential mobile applications is carried out and suitable applications that can support 
ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀƴ ƛƴŘƛǾƛŘǳŀƭΨǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǎƪƛƭƭǎ ŀǊŜ ǎŜƭŜŎǘŜŘΦ ¢ƘŜǎŜ ǿƛƭƭ ōŜ ǘƘŜƴ ǳǎŜŘ ŦƻǊ 
the purposes of the main research. Firstly, the paper gives an overview of the basic theoretical 
background. Secondly, it 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 described in 
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 and subsequently 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. Primary education.  

INTRODUCTION  

/ƻƳƳǳƴƛŎŀǘƛƻƴ ǎƪƛƭƭǎ ŀǊŜ ƻƴŜ ƻŦ ǘƘŜ ƪŜȅ ŦŀŎǘƻǊǎ ǘƻ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǎǳŎŎŜǎǎŦǳƭ ŎŀǊŜŜǊ ŀƴŘ 
integration into society. We encounter communication between people every day as it is an 
ƛƴǘŜƎǊŀƭ ǇŀǊǘ ƻŦ ǇŜƻǇƭŜΩǎ ƭƛǾŜǎΦ bƻǘ ƻƴƭȅ ŦƻǊ ǘƘŜǎŜ ǊŜŀǎƻƴǎ ŀǊŜ ŎƻƳƳǳƴƛŎŀǘƛǾŜ competencies 
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 developing these 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, and to express 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 

όYƻŎƻǳǊƪƻǾłΣ нлммύΦ  
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This paper represents only 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 the main 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 devices into the classroom and develops communicative competencies through this 
technology. As a part of the retrieval of potential mobile applications the authors pose two 
ǉǳŜǎǘƛƻƴǎΥ 5ƻ ŀǇǇƭƛŎŀǘƛƻƴǎ ǘƘŀǘ ǇƻǎǎŜǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ǎǳǇǇƻǊǘ ǎǘǳŘŜƴǘǎΩ ŎƻƳƳǳƴƛŎŀǘion 

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 communicative 
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 New Zealand 
όYƻŎƻǳǊƪƻǾłΣ нлммύ.  

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 end of his/her primary school 
education. These activities are defined as follows όwłƳŎƻǾȇ ǾȊŘŠƭłǾŀŎƝ ǇǊƻƎǊŀƳ ǇǊƻ ȊłƪƭŀŘƴƝ 

ǾȊŘŠƭłǾłƴƝΣ нлмтύ:  

¶ Formulates and expresses his or her ideas and opinions in a logical sequence; his or 
her oral or written expression is apt, coherent and cultivated.  

¶ [ƛǎǘŜƴǎ ǘƻ ƻǘƘŜǊ ǇŜƻǇƭŜΩǎ ǳǘǘŜǊŀƴŎŜǎΤ ǳƴŘŜǊǎǘŀƴŘǎ ǘƘŜƴ ŀƴŘ ǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜƳ 
adequately; participates effectively in debates; defends his or her opinion and uses 
appropriate arguments.  

¶ Comprehends various types of text, record, visual 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.  

¶ Uses information and means of communication and technologies for high-quality 
efficient communication with the outside world.  

¶ Uses his or her acquired communication skills to form relations necessary for 
fullfledged coexistence and quality cooperation with others.  

The authors 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 student is able to άŦƻǊƳǳƭŀǘŜ ŀƴŘ ŜȄǇǊŜǎǎ Ƙƛǎ ƻǊ ƘŜǊ ƛŘŜŀǎ ŀƴŘ ƻǇƛƴƛons in a 
ƭƻƎƛŎŀƭ ǎŜǉǳŜƴŎŜΤ Ƙƛǎ ƻǊ ƘŜǊ ƻǊŀƭ ƻǊ ǿǊƛǘǘŜƴ ŜȄǇǊŜǎǎƛƻƴ ƛǎ ŎƻƴŎƛǎŜΣ ŎƻƘŜǊŜƴǘ ŀƴŘ ŎǳƭǘƛǾŀǘŜŘέ 
όwłƳŎƻǾȇ ǾȊŘŠƭłǾŀŎƝ ǇǊƻƎǊŀƳ ǇǊƻ ȊłƪƭŀŘƴƝ ǾȊŘŠƭłǾłƴƝΣ нлмтύΦ  

This paper focuses on the process of finding and analyzing mobile applications that 
possess the 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 assess whether 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 research ς mobile learning. 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 players (Kukulska-Hulme, 2005). Mobile 
ƭŜŀǊƴƛƴƎ ƻŦŦŜǊǎ ǳƴƛǉǳŜ ŀǘǘǊƛōǳǘŜǎ ǘƘŀǘ ƘŀǾŜ ŀ ǇƻǎƛǘƛǾŜ ƛƳǇŀŎǘ ƻƴ ǎǘǳŘŜƴǘǎΩ ƭŜŀǊƴƛƴƎΦ tŜŀ ŀƴŘ 
Maldonalo summarized the features that mobile learning offers in their publication. These 

features include (Pea, 2006):  

¶ portability,  

¶ small screen size ς easier handling,  

¶ performance,  

¶ diverse communication networks,  

¶ a wide range of mobile applications,  

¶ data synchronization with computers or other devices, 

¶ input device ς stylus.  

IƻǿŜǾŜǊΣ Ŏŀƴ ƳƻōƛƭŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ōŜ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ƳŜŀƴǎ ƻŦ ŘŜǾŜƭƻǇƛƴƎ ŀ ǎǘǳŘŜƴǘΩǎ 
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 may have 
ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ŎƻƳƳǳƴƛŎŀǘƛǾŜ ŎƻƳǇŜǘŜƴŎƛŜǎΦ  

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 
ƻŦ ǘƘŜ ά±ƛŘŜƻǎ ŦƻǊ {ǇŜŀƪƛƴƎ ŀǇǇέ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ƻǊŀƭ ǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ {ǇŀƴƛǎƘ ƻǊ .ŜƭƎƛŀƴ 
students in the English language (Kukulska-Hulme, 2018).  

METHODOLOGY  

The main part 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:  

¶ applications that target 13-15 year olds (main research target group),  

¶ educational applications,  

¶ applications, which the authors themselves have an experience using, especially for 
educational purposes.  

During the retrievaƭΣ ƪŜȅǿƻǊŘǎ ǎǳŎƘ ŀǎ άŎƻƳƳǳƴƛŎŀǘƛƻƴέΣ άŜŘǳŎŀǘƛƻƴέΣ άǎŎƘƻƻƭέ and 
άǘŀƭƪƛƴƎέ were used. 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 
selection 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 reviews of a specific application. The 
ŀǳǘƘƻǊǎ ǉǳŜǎǘƛƻƴŜŘ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴΩǎ ǇƻǘŜƴǘƛŀƭ ŀǎ ŀ ƳŜŀƴǎ ŦƻǊ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 
communicative competencies. If the application seemed appropriate, it continued 

through the process.   

3. The specific application was installed on a device and was tested and analyzed in 
ŘŜǘŀƛƭΦ ¢ƘŜ ŀǳǘƘƻǊǎ ǘǊƛŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ƛǘΩǎ ŦǳƴŎǘƛƻƴƛƴƎ ǇǊƛƴŎƛǇƭŜǎΦ LŦ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ 
continued to appear as a suitable means, it proceeded further.   

4. Searching the Internet resources (teacher blogs, RVP.cz portal, social networks) 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 application 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 these questions:  

¶ Does the application pose a potential to develop communicative competencies?  

¶ What kind of application is it (repetitive, game, testing, presentation, creative, 
etc.)?  

¶ What senses does the user need to receive information from the application 
(images, sound, etc.)?  

¶ What senses does the user need to send information into the application? (touch, 
sound, etc.)  

¶ 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 on main 
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 results of 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) and installed 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 ς 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 
ǎƛƳǇƭȅ ōŜ ŘŜǎŎǊƛōŜŘ ŀǎ ŀ ǾƛŘŜƻ ŜŘƛǘƻǊΦ Lǘ ƛǎ Ƴŀƛƴƭȅ ŀ άŎǊŜŀǘƛǾŜέ ŀǇǇƭƛŎŀtion where the user 
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. The screenshot 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 tracks. The combination of iMovie and so-ŎŀƭƭŜŘ άǎƛƭŜƴǘ 
ǾƛŘŜƻǎέ όǾƛŘŜƻǎ ǿƛǘƘƻǳǘ ǎƻǳƴŘ ǘǊŀŎƪύ ǎŜŜƳǎ ǘƻ ōŜ ǎǳƛǘŀōƭŜ ŦƻǊ ǘƘŜ ǊŜǎŜŀǊŎƘ ǇǳǊǇƻǎŜǎΦ !ǎ ǎǳŎƘ 
it could be presented to students as an activity including a pre-recorded video, where the 
students are to add a 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 
ǘƘŜƛǊ ƻǇƛƴƛƻƴ ŀƴŘ ǘƘŜƛǊ ŀǘǘƛǘǳŘŜ ǘƻǿŀǊŘǎ ƛǘ όYǊƛǎǘƛƴǎŘƽǘǘƛǊΣ нлмфύΦ  

  

 

Figure 1: Navigation in the iMovie application (How to add and edit movie titles in iMovie on Mac and 
iOS)  

ChatterPix  

The ChatterPix application is used for creating simple animated images that are 
accompanied by an audio commentary. The application works mainly 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. This application seems to be both 
motivating and interesting for students. The enclosed screenshot of the application shows 
the basic and simple navigation within the application.  

  

 

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 topics or create spoken presentations. Such activities will 
ǎǳǇǇƻǊǘ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǘƘƻǳƎƘǘǎ ŀƴŘ ƻǇƛƴƛƻƴǎΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ƻǊŀƭ ǎǇŜŜŎƘΦ  

Nearpod  

The third selected application is intended for presentation of the curriculum. This 
application is of an 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 teaching support 
(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 can be for 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 them write an 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 is used for 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 during teamwork in the classroom. Students can 
communicate with their co-solvers using this application. However, it is also necessary to 
ǘŀƪŜ ƛƴǘƻ ŀƴ ŀŎŎƻǳƴǘ ǘƘŀǘ ƳǳŎƘ ƻŦ ǘƻŘŀȅΩǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǘŀƪŜǎ ǇƭŀŎŜ ƛƴ ŀ ǾƛǊǘǳŀƭ 
environment and Chanty is no exception (Chanty).   
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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 also supporting 

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 development of correct 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 variety of videos, speech modules and 
activities.   

¢ƘŜ ŀǳǘƘƻǊǎ ŦƛƴŘ ǘƘŀǘ ǘƘƛǎ ŀǇǇƭƛŎŀǘƛƻƴ ƛǎ ǘƘŜ Ƴƻǎǘ ŀǇǇƭƛŎŀōƭŜ ŦƻǊ ǎǘǳŘŜƴǘǎΩ ƛƴŘŜǇŜƴŘŜƴǘ 
work. This can be, for example, an individual task during a lesson or while doing homework. 
However, the application is commercial which is its biggest disadvantage. Therefore, its 
inclusion in the main research is still to be determined.   

¢ƘŜ ŀōƻǾŜ ƳŜƴǘƛƻƴŜŘ ŀǇǇƭƛŎŀǘƛƻƴǎ ƘŀǾŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ŘŜǾŜƭƻǇ ǎǘǳŘŜƴǘǎΩ 
communication skills and will most likely be utilized in the main research. 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 applications were completely 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 lessons of 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 also in many other countries as well. This paper is a partial step in the 
ǿƘƻƭŜ ǎŎƻǇŜ ƻŦ ǘƘŜ ŀǳǘƘƻǊǎΩ Ƴŀƛƴ ǊŜǎŜŀǊŎƘΦ Lƴ ǘƘƛǎ ǇƘŀǎŜ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘΣ ŀǘǘŜƴǘƛƻƴ ǿŀǎ ƎƛǾŜƴ 
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 for 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. The latest 
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  
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completely different 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 or positive) of an individual. 
In case of a positive impact, how would it be appropriate to use mobile technologies to 
ǎǳǇǇƻǊǘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎǘǳŘŜƴǘǎΩ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǎƪƛƭƭǎΦ ²ƻǳƭŘ ǘƘƛǎ ǘŜŎƘƴƻƭƻƎȅ ƳŀƪŜ ƛǘ 
easier for students to develop such competence? It is these 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 authors present 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 In-Service Teacher Training Center in Bielsko-.ƛŀƱŀ ŀƴŘ ƛǘǎ tŀǊǘƴŜǊǎΦ ¢ŜŀŎƘŜǊǎ 
participating in the project 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 project. Robotics 
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 start of the classes included in the project, and 
qualitative 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 decisive impact on the choice of different research paths at the individual stages of the 
project.  

Keywords  

Constructivism. Engineering Approach. Didactic and Educational Strategy. Robotics.  

INTRODUCTION  

Ϧ!ƴ ŜƴƎƛƴŜŜǊƛƴƎ ŀǇǇǊƻŀŎƘ ƛƴ ŜŘǳŎŀǘƛƻƴϦ όϦtƻŘŜƧǏŎƛŜ ƛƴȍȅƴƛŜǊǎƪƛŜ ǿ ŜŘǳƪŀŎƧƛϦύ ƛǎ 
a strategy of working with students during classes conducted in the areas referred to in the 
English acronym STEM (STEAM) - Science, Technology, Engineering, Mathematics (Science, 

Technology, Engineering, Art, Mathematics).  

The need to apply in education - especially in primary school - the strategy discussed in 
this article stems from the main (primary - according to the authors) educational goal, which 
is to educate creative thinkers and creators.  
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ENGINEERING APPROACH IN EDUCATION  

Usage of robotic kits for development of technical skills of pupils in primary and 
ǎŜŎƻƴŘŀǊȅ ǎŎƘƻƻƭǎ ǿŀǎ ŘŜǎŎǊƛōŜŘ ōȅ hǳƧŜȊŘǎƪȇ ŀƴŘ bŀƎȅƻǾł όнлмрύΦ ¢ƘŜ ŀǎǇŜŎǘǎ ƻŦ ƭŜŀǊƴƛƴƎ 
with educational robotics through co-creative methodologies were presented by Siouli, 
Dratsiou, Antoniou and Bamidis (2019). Applying mechatronic sets to enhancing students 
Ŏƭŀǎǎ ŀǘǘŜƴŘŀƴŎŜ ƛƴ ƘƛƎƘŜǊ ŜŘǳŎŀǘƛƻƴ ǿŀǎ ŘŜǎŎǊƛōŜŘ ōȅ tƛƴǘŜǊΣ aŀǊŀǾƛŏ 2ƛǎŀǊΣ .ŀƭƻƎƘ ŀƴŘ 
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 (Smyrnova-Trybulska, Morze, Kommers, Zuziak and Gladun, 
2016; Zuziak and Smyrnova-Trybulska, 2017).  

¢ƘŜ ǎŎƻǇŜ ƻŦ ǘƘŜ ŀǳǘƘƻǊǎΩ Ƨƻƛƴǘ ǊŜǎŜŀǊŎƘ ƛƴǘŜǊŜǎǘǎ ŎƻǾŜǊŜŘ ŦƻǳǊ ŀǊŜŀǎΥ όмύ ŦƻǊƳŀƭ ŀƴŘ 
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: 
a framework 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 problem of 
ƻǊƎŀƴƛȊƛƴƎ ǎǘǳŘŜƴǘ ǘŜŀƳǎΩ ǿƻǊƪ ŘǳǊƛƴƎ L¢Σ ƛƴŦƻǘŜŎƘƴƛŎŀƭ ƻǊ ǊƻōƻǘƛŎ ŎƭŀǎǎŜǎΦ ¢ƘŜ ŀǳǘƘƻǊǎ ŘǊŜǿ 
attention to the agile methodologies used by programmer teams in self-organization of their 
work. Particular attention was paid to an agile methodology called "Scrum".  

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 Michele Pellerey, 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 who deal with 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 attention. (...) The best school will obviously be the 

one that will allow you to make more mistakes than errors." (Pellerey, 1989, p.137).  

¢ƘŜ ǘŜŎƘƴƛŎŀƭ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŀǊŜŀ ǿŀǎ ŀƴƻǘƘŜǊ ŀǊŜŀ ƻŦ ǘƘŜ ŀǳǘƘƻǊǎΩ Ƴǳǘǳŀƭ ƛƴǘŜǊŜǎǘΦ 
Here, one had to look at ICT tools used when working with students - both hardware and 
software. They quickly turned to visual programming languages (graphical environments) 
ŀŘŀǇǘŜŘ ǘƻ ǘƘŜ ȅƻǳƴƎ ŎǊŜŀǘƻǊǎΩ ŀƎŜΣ ƴŜŜŘǎ ŀƴŘ ŎŀǇŀōƛƭƛǘƛŜǎΦ  

In the psychological and pedagogical area ς when analȅȊƛƴƎ ȅƻǳƴƎ ǇǊƻƎǊŀƳƳŜǊǎΩ ǿƻǊƪ 
- ǘƘŜ ŀǳǘƘƻǊǎ ƘŀŘ ǘƻ ŘŜŀƭ ǿƛǘƘ ƛǎǎǳŜǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǊŜŎƻƎƴƛǘƛƻƴ ƻŦ ŀ ŎƻƭƭŜŀƎǳŜΩǎ ŀǳǘƘƻǊǎƘƛǇΦ 
For this purpose, the idea of a remix of a programming project as understood by Mitchel 
Resnick (MIT, USA) (Zuziak, 2015), the utility of 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 area, in 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 proposed 
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 goals - the student knows from 
the beginning of the course what the expected end product 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 posed - there is more 
than one correct solution ("open endings"); (4) openness to mistakes - because we treat the 
mistake and understanding its causes as a signpost leading to the goal; (5) responsiveness - 
the need for quick response to changing conditions - the teacher is the organizer of the class, 
but must respond quickly to the changes proposed by students; (6) teamwork - the best 
results are achieved when working in teams of 2 or 3 students; (7) product usability - the 
team's work ends with documenting the stages of creating the robot (photos, videos or 3D 
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 well-ƪƴƻǿƴ ŎƻƴŎŜǇǘǎΦ !ƴŘ ǘƘǳǎΥ άŜŘǳŎŀǘƛƻƴ 
is understood as an introduction to responsible self-management, (...) learning as 
understanding differences, teaching as a staging of productive perturbations, knowledge as 

ŀ ǎƛƎƴƛŦƛŎŀƴǘΣ ƳŜŀƴƛƴƎŦǳƭΣ Ǿƛǘŀƭ ŜȄǇŜǊƛŜƴŎŜέ ό.ŜǊƴŜǊΣ нлмрΣ ǇΦнпоύΦ  

The proposed strategy supports the creativity of the student and develops their 
independence, also in the 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 teacher - Sage on the Stage - becomes 

the Guide on the Side (Morbitzer, 2010).  

Using the proposed strategy during robotics classes also fosters devolopment of 
students' competences. Special emphasis is placed on shaping 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 robot straszny!"). 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.  

PROJECT "THE ROBOT IS NOT 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 (basŜŘ ƻƴ [9Dhϯ 9ŘǳŎŀǘƛƻƴ ōǊƛŎƪ ǎŜǘǎύ ƻǊ ƘŀǾŜ 
recently done so.  
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The project's scientific supervisor was dr hab. Eugenia Smyrnova-Trybulska, associate 
professor at the Institute of Education Sciences at the Faculty of Ethnology and Education 
Sciences in Cieszyn at the University of Silesia in Katowice. Project coordinator - mgr 
Wojciech Jan Zuziak, teacher-consultant at the "WOM" Regional In-Service Teacher Training 
Center in Bielsko-.ƛŀƱŀΦ  

According to the assumptions - the project "The robot is not so scary as 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 
ŎƻƳƳŜƴŎŜƳŜƴǘ ƻŦ ǿƻǊƪ ǿƛǘƘ [9Dhϯ 9ŘǳŎŀǘƛƻƴ ǎŜǘǎ όмл ǘŜŀŎƘƛƴƎ ƘƻǳǊǎ ŦƻǊ each school 
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 co-created by Partners and primary schools invited to participate. The 
partners included: (1) "WOM" Regional In-Service Teacher Training Center in Bielsko-.ƛŀƱŀΤ 
όнύ !Y/9{ 9ŘǳƪŀŎƧŀ YǳǊȊȅŎŀΣ tƛŀǎŜŎƪƛ ǎǇΦƧΦΣ tǊȊŜȋƳƛŜǊƻǿƻ όƴŜŀǊ tƻȊƴŀƵύ - official 
ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ [9Dhϯ 9ŘǳŎŀǘƛƻƴ ƛƴ tƻƭŀƴŘΤ όоύ tǊƛƳŀǊȅ {ŎƘƻƻƭ bƻΦ 10 of the M. Rej School 
Society in Bielsko-.ƛŀƱŀ - in the first edition and (4) Ϧ!ƪŀŘŜƳƛŀ ÀŀƪƽǿϦ tǊƛǾŀǘŜ tǊƛƳŀǊȅ 
School in Bielsko-.ƛŀƱŀ - in the second edition.  

In the 2017/2018 school year, 14 primary schools were invited to participate in the 
project: 9 in the first 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 
ƭŜŘ ōȅ [9Dhϯ 9ŘǳŎŀǘƛƻƴ !ŎŀŘŜƳȅ ǘǊŀƛƴŜǊ όмл ǘŜŀŎƘƛƴƎ ƘƻǳǊǎύΤ мп observations and 
discussion of classes in 2 partner primary schools (28 teaching hours); 14 workshops for 
students, during which teachers participating in the project conducted robotics classes with 
the help of teacher-consultants (42 teaching hours).  

In the conference part, participants familiarised themselves with the principles of the 
ŜƴƎƛƴŜŜǊƛƴƎ ŀǇǇǊƻŀŎƘΣ ŀƴŘ ƛƴ ǘƘŜ ǿƻǊƪǎƘƻǇ ǇŀǊǘ ǘƘŜȅ ǿƻǊƪŜŘ ǿƛǘƘ ŀ [9Dhϯ 9ŘǳŎŀǘƛƻƴ 
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 observing and discussing classes at the school 
that was a Partner in the project and the active practice - workshop classes in robotics at 
the Regional In-Service Teacher Training Center "WOM" in Bielsko-.ƛŀƱŀΣ ǿƘƛŎƘ ǿŜǊŜ 
conducted by teachers from schools submitted to the project, with the support of two 

teachers-consultants 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 were attended 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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¶ initial quantitative research ς using the diagnostic survey method ς carried out in 
respect of all project participants before the project activities were commenced;  

¶ 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 being studied, 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 (change 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; an 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 and 
qualitative research and follow this principle in describing the course and results of the 
project.  

RESULTS OF THE RESEARCH  

Stage #1. A survey of teachers - participants of the first edition of the "The robot is not 
so scary as it is painted!" project was conducted in September 2017 and a survey of teachers 
- participants of the second edition of the project - in January 2018.  

An electronic questionnaire was prepared, which was made available to N1 = 25 people 
(principals and teachers) from schools submitted 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 programming kits?" - as many as 88% of respondents in the first edition 
and 83% in the second - answered "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 the respondents to the question: Why do you think children can enjoy learning and 
playing with robots? What determines this?  

Id Answers 
Number of answers (Share) 

N1 = 25 N2 = 12 

A the ability to build your own models (creative work) 24 (96%) 9 (75%) 

B 
the ability to give commands to the robot, control it, program 
its behavior 

19 (76%) 11 (92%) 

C 
the opportunity to imitate real life situations and looking for 
ways to solve real problems 

7 (28%) 3 (25%) 

D the ability to simulate unusual situations 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). Slightly fewer (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 can - in your opinion - trigger children's activities (learning, playing) 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 emotions can - in your opinion - 
cause children to learn (learn, play) with robots?  

Id Answers 
Number of answers (Share) 

N1 = 25 N2 =12 

A 
satisfaction with the completed project - the robot built (my 
robot works!) 

23 (92%) 11 (92%) 

B satisfaction with acquired new knowledge (I know more!) 12 (48%) 5 (42%) 

C 
pride of a job well done, willingness to show the effect of work 
to others - photos, videos (see what I can do!) 

19 (76%) 10 (83%) 

D joy of having fun (learning) with a friend (we are a great team!) 19 (76%) 8 (67%) 

E certainty of acquired skills (I can - I did it!) 13 (52%) 8 (67%) 

F 
curiosity, how else you can modify the robot you just built (this 
will be a robot!) 

18 (72%) 7 (58%) 

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%) respondents 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 decide - according to teachers - 
about the usefulness of robot classes and an engineering approach in teaching (learning). 
The respondents could also choose several answers. The results are summarized in Table 3.  
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Table 3: Answers of the respondents to the question: What can decide - in your opinion - about the 
usefulness of robot classes and engineering approach in teaching (learning)?  

Id Answer 
Number of answers (Share) 

N1 = 25 N2 =12 

A 
clarity of goals - build and program the robot (at the end of the 
classes the robot should work!) 

20 (80%) 11 (92%) 

B 
free access to information sources - seeking inspiration in the 
world and on the Web 

10 (40%) 4 (33%) 

C variety of possible solutions 15 (60%) 5 (42%) 

D 
the possibility of making mistakes, making corrections in the 
construction and program of the robot 

17 (68%) 9 (75%) 

E 
the need to react quickly by changing the robot's design or 
program to new circumstances arising during the testing phase 

9 (36%) 6 (50%) 

F teamwork 18 (72%) 8 (67%) 

G 
usability of the resulting product: you can document the stages 
of creating a robot (photos or 3D instructions), which others 
may use in the future 

10 (40%) 2 (17%) 

H other 0   (0%) 0   (0%) 

The three most frequently chosen answers are: clarity of goals (A) - 31 out of 37 
respondents (84%), team work (F) and the possibility of making mistakes, making 
corrections in the design and program of the robot (D) - 26 (70%).  

The smallest number of people - 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 more - 14 (38%) - chose free access 
to information sources (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 teacher-consultant) was present during classes being observed by the 
teachers participating 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 participants) were seen to participate in class observation in the 
following ways: (1) a passive observer; (2) an active observer - would approach the pupil 
teams and ask them questions, was interested in individual stages of the work on the 
project; (3) a teacher assuming the role of a participant - paired with another teacher 
(project participant), works with a robotics kit; (4) a teacher assuming the role of 
a supporting 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 needs and concerns reported by teachers after classes observed by them.  

A problem - a need or a concern reported A remedy - an activity planned for implementation 
in the project  

Need to familiarize oneself with a robotics kit 
before a given class period with pupils which is 
scheduled as a subsequent project stage. 

An opportunity was provided to lend a robotics kit 
to teachers so that they can prepare for their first 
robotics class with their pupils. 

Concern regarding the degree of engagement 
during upcoming project classes on the part of 
pupils from the school where a given teacher 
(project participant) works. (For many pupils that 
was to be the first time they would work with 
robotics kits) 

During post-observation discussions, both the 
teachers who taught the classes and the teacher-
consultants answered questions from teachers 
(project participants), providing extensive 
explanations on the stages of a typical robotics 
class.  

Need for additional support from an experienced 
teacher during the first robotics class. 

As part of the project provision was made for the 
presence of teacher-consultants during the first 
class the teachers participating in the project 
would teach to their pupils. 

Concern regarding lack of ideas on how to run 
robotics classes. 

Providing teachers with software and ready-to-
use ideas for lessons as well as information on 
sources of inspirations for robotics classes. 

Stage #3. After the project had been completed, a problem-centred interview was 
conducted with three teachers who taught the classes that were observed by project 
participants. Tables 5, 6 and 7 contain their selected comments in the form of a matrix of 
attributes on which the interview was concentrated. The tŜŀŎƘŜǊǎΩ comments have the 

descriptions of importance (in relation to each ǘŜŀŎƘŜǊΩǎ beliefs before the project started). 

Table 5: Selected factors determining that children like learning and playing with robots. 

Attribute Teacher #1 Teacher #2 Teacher #3 

(C) Opportunity to im-
itate real life situations 
and looking for ways to 
solve real problems 

When working with 
pupils from younger 
grades, we use simu-
lations of real events. 

Younger children not 
always enjoy real-life 
simulations and 
problem solving. 

The pupils focussed 
more on performing 
the construction tasks 
in accordance with the 
instructions. 

Change of importance Equally important Is not as important Is not as important 

(D) Ability to simulate 
unusual situations 

That was especially 
evident in situations 
where a pupil was able 
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 is 
less common is more 
fun than real-life 
simulations. 

An experiment is one 
of the core principles 
of working with 
children. 

Change of importance  Significantly more 
important 

Equally important Equally important 

Interpretation of teachers' opinions: attribute (C) - decrease in importance, attribute 
(D) - slightly increase in importance. 
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Table 6: Selected positive emotions which can be elicited in children by activities with robots? 

Attribute Teacher #1 Teacher #2 Teacher #3 

(E) Certainty of acquired 
skills (I can - I 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,  
programming). 

The pupil is not so 
much aware of having 
acquired new abilities 
as is happy that the ro-
bot is working, and this 
is what stimulates her/ 
him to further ex-
periments. 

After the project was 
completed, my opin-
ions and beliefs were 
further confirmed. 

Change of importance Equally important Equally important Equally important 

(F) Curiosity, how else 
you can modify the robot 
you just built (this will be 
a robot!) 

[The pupils] would of-
ten move by them-
selves on to the next 
stage which the 
teacher had planned. 
Their curiosity was so 
intense that they 
would not wait for 
further instructions. 

I never expected curi-
osity could drive pupils 
to action so pow-
erfully. 

Pupils who are fas-
cinated by the topic 
want more. 

Change of importance Significantly more im-
portant 

Significantly more im-
portant 

Always of key im-
portance  

Interpretation of teachers' opinions: attribute (E) - importance is retained, attribute (F) 
- significant increase in importance. 

Table 7: Selected factors determining the usefulness of engineering approach in education 

Attribute Teacher #1 Teacher #2 Teacher #3 

(A) Clarity of goals - build 
and program the robot 
(at the end of the classes 
the robot should work!) 

The pupils 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 decide for 
themselves what 
[path] to take when 
working towards the 
goal. 

A clearly set goal al-
lows pupils to focus on 
action. In addition, a 
time limit stimulates 
greater commitment 
and motivates pupils 
to complete the task. 

Change of importance Equally important Equally important Significantly more im-
portant 

(C) Variety of possible 
solutions 

This is well demon-
strated in activities 
where LEGO blocks are 
used, and is also used 
in other fields - there is 
ƴƻ ǎƛƴƎƭŜ άǊƛƎƘǘέ ǇŀǘƘΦ 

I never thought that it 
was so important for 
pupils to come up with 
something different 
than their schoolmates 
have. 

Initially [pupils] did not 
understand that vari-
ous solutions might be 
developed and each of 
them would be cor-
rect.  

Change of importance Always of key im-
portance  

Significantly more im-
portant 

Significantly more im-
portant 

Interpretation of teachers' opinions: 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 of the usefulness, in everyday life, of 
knowledge as well as mathematical, technical and digital  skills acquired at school. It also 
ŎƘŀƴƎŜǎ ǘƘŜ ǘŜŀŎƘŜǊΩǎ ŎǳǊǊŜƴǘ ǊƻƭŜ ƛƴ ǘƘŜ ǘŜŀŎƘƛƴƎκƭŜŀǊƴƛƴƎ ǇǊƻŎŜǎǎΦ ¢Ƙƛǎ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ 
the specific features of the described strategy - 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 respect of 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 
with the Possibility of Own Content Development  
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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 card 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 adds support for text 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 long-time proven flashcard method, but in a much more 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 sets, 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 learning, where it is 
important to store a larger number of different paired facts into the long-term memory. 

Keywords 

Memory Game. Application. Smart phones. Gamification. Memorizing. Drill. Flashcards. VARK. 

INTRODUCTION 

The Memory Game (also known as Pexeso, Pelmanism, Shinkei-suijaku, Pairs, 
Concentration gameΣ Χύ ƛǎ ŀ ŎƭŀǎǎƛŎ ŎŀǊŘōƻŀǊŘ ƎŀƳŜ ǘƘŀǘ ƘŜƭǇǎ ǘǊŀƛƴ ǎƘƻǊǘ-term memory. 
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 the obverse. 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, otherwise the cards are turned back to face down. όYǳōŠƴŀΣ нлмлύ 

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 children, ŦƻǊ ŜȄŀƳǇƭŜ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ŎƘŀǊŀŎǘŜǊǎ ŦǊƻƳ ǘƘŜ ǇƻǇǳƭŀǊ ŎƘƛƭŘǊŜƴΩǎ 
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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 age ό²ƛƭǎƻƴΣ Ŝǘ ŀƭΦΣ нлммΤ IǳōłƭƻǾǎƪłΣ нлмрΤ 
IǳōłƭƻǾƪłΣ Ŝǘ ŀƭΦΣ нлмрΤ IǳōłƭƻǾƪł ŀƴŘ IǳōłƭƻǾǎƪȇΣ нлмсύ. 

 

Figure 1: One-year child playing the memory game 
on the tablet. 

 

Figure 2: Seven-year schoolgirl trains fruit and 
vegetable names and classification with memory 

game. 

 

This game can have another educational 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 significant information that is for players desirable to retain in long-term 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). 

 

Sydney Opera House 

 

a car 

el carro 

 

The Starry Night 

Vincent van Gogh 

 
priority oncoming 

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 short-term memory to the long-term 
memory when playing the same set of cards repeatedly (Barondes 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 this game is 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 so-called flashcard method (Wissman, et al., 2012), where 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 



tŜǘǊ ±ƻōƻǊƴƝƪ 
New Modern Application for Gamified Memorizing Paired Facts by More Fun form of Memory Game with the 
Possibility of Own Content Development 

 

DIVAI 2020 ς The 13th international scientific conference on Distance Learning in Applied Informatics. 219 
ISBN 978-80-7598-841-6 ISSN 2464-7470 (Print) ISSN 2464-7489 (On-line) 

fact (e.g. English and Spanish word, mathematical example and its result, historical event 
name and its year, chemical symbol and an element name, etc.). In some cases, one or both 
of these data can also be represented graphically as an image (e.g. a geometric figure and a 
mathematical formula to calculate its surface or content, images and their authors, road 

signs and their meaning, blind maps and names of countries/cities/rivers etc.; see Fig. 2). 

Learning through flashcards, sometimes also called as memorizing or drill (Palombella 
and Johnson, 2005), an 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 return back to try it again 
later. With the appropriate delay between attempts and the correct number of repetitions 
of each of them, by so-called the spaced repetition method (Settles and Meeder, 2016), this 
form of learning is very effective (Kornell, 2009). Many of computer programs exist to 
calculate the right and most efficient parameters (e.g. number of repetitions and delays 
between them), such as SuperMemo (Wozniak, 1990), Anki (Hanson and Brown, 2019), 
Memostation (Cakula, et al., 2013) etc. ό±ƻōƻǊƴƝƪ ŀƴŘ bŠƳŜŎΣ нлмфΤ bŠƳŜŎΣ Ŝǘ ŀƭΦΣ нлмсŀΤ 
bŠƳŜŎΣ нлмтύ 

Transforming flashcards into the Memory Game, i.e. dividing a two-sided card into two 
pair cards, which are needed to be found and identified, can be beneficial in several cases. 
First, it allows, or rather requires, 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 succeed in the game at all. 

METHODS 

The methods implemented in Own Memory multimedia application to streamline the 
educational components όaƛƭƪƻǾłΣ нлмнύ of the game include flashcard method (Kornell, 
2009)Σ ŀ ƳƻŘƛŦƛŜŘ ǾŜǊǎƛƻƴ ƻŦ 9ōōƛƴƎƘŀǳǎΩǎ ŎǳǊǾŜ ƻŦ ŦƻǊƎŜǘting (Ebbinghaus, 1885) for 
simulating artificial intelligence for automatic opponents and the method using multiple 
perception channels to effectively memorize related data όYƛƳ ŀƴŘ DƛƭƳŀƴΣ нллуΤ bŠƳŜŎΣ 

2019), so partly also the VARK method (Othman and Amiruddin, 2010). 

The development of the Own Memory application has been implemented by means of 
the multi-platform technology of Xamarin.Forms (Hermes, 2015). It allows a common code 
in language C#, respectively the XAML design definition, to compile into a native application 
for operating systems of Android, iOS and Windows 10 (UWP ς Universal Windows 
Platform). ό±ƻōƻǊƴƝƪΣ нлмфύ 

RESULTS 

Own Memory1 application in the first stage was created as this classic game (Borkovec, 
et al., 2013) for finding two identical images that gamers could import themselves from their 

 
1 Official website of the Own Memory application is www.own-memory.com. The app is available on 

Google Play and the Microsoft Store. 



tŜǘǊ ±ƻōƻǊƴƝƪ 
New Modern Application for Gamified Memorizing Paired Facts by More Fun form of Memory Game with the 
Possibility of Own Content Development 

 

DIVAI 2020 ς The 13th international scientific conference on Distance Learning in Applied Informatics. 220 
ISBN 978-80-7598-841-6 ISSN 2464-7470 (Print) ISSN 2464-7489 (On-line) 

own photo gallery on a mobile device or computer (see Fig. 4). Gradually the app was 
extended to include all the above-mentioned educational possibilities, plus some others. 
Emphasis was also placed on the overall openness and versatility of the solution, providing 
the possibility of using third parties. 

 

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. These sets 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 edit sets without 
these limits outside of Own Memory app, a classic ZIP archive was used as the format for 
storing these sets, that only has changed file extension from ZIP to OMS (Own Memory Set) 
for file type resolution. All you have to do is select images on your computer 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 the application, 
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 the pair 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 named card2~a.jpg and card2~b.jpg, or car~en.png and car~es.png. The files with 
pictures in the set can be named arbitrarily, 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 and used 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 national settings 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 639-1; Morey, 
et al., 2013) at the end of file name. E.g. if there are card3.en.jpg, card3.es.jpg and card3.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 a picture manually, the picture would be unnecessarily data-intensive, 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 text file with 
an extension and format of XML (Bray, et al., 2008). Its 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 (element textύΣ ƛŦ ŘŜŦƛƴŜŘΣ ƛǎ ǎƘƻǿƴ ƛƴ ǘƘŜ ŎŜƴǘǊŜ ƻǾŜǊ ƛǘǎ ŜƴǘƛǊŜ ŎŀǊŘΩǎ ǎǳǊŦŀŎŜΦ ¢ƘŜ ŎŀǊŘ 
label (element bottom) is the text on the bottom of the card. Additional information 
(element info) 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 (attribute textColor) can also be changed to make it readable, and/or the 
background color of the card (attribute background)  around the image, respectively below 
its completely or partly transparent pixels, or instead of whole image. Both colors can be 
defined including the alpha channel value, i.e. the degree of transparency. 
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Figure 5: Form for editing XML card 
details. 

Figure 6: Example of rendered 
card without picture and in 
combination with picture. 

Figure 7: Form for editing 
set information. 

 

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.jpg and card4.xml). This allows to define only the label of 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 everybody a combination of both (Kim and Gilman, 2008; 
bŠƳŜŎΣ Ŝǘ ŀƭΦΣ нлмсōΤ bŠƳŜŎΣ Ŝǘ ŀƭΦΣ нлмсŎύ. Especially when learning foreign languages, 
listening to the pronunciation of vocabulary words is very important (Yeh and Wang, 2003). 
For this reason, support for audio files has been added to Own Memory app. 

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 back 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  

Supported extensions of the files for specific card types are: 

¶ Images: JPG, JPEG, PNG 

¶ Audio files: MP3, WAV 

¶ 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 may 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 used only 
when some cards do not explicitly (individually) define them. 

¶ _info.* (data) ς information about set (name, description, author, license, URL 
and color settings of the play board; see Fig. 7) 

¶ _back.* (image/data) ς image and/or text data for back of cards of the whole set 
(if absents, default background image from the app will be used) 

¶ _theme.* (image) ς image that is used in the sets list (see Fig. 11) 

¶ _default.* (image/data/audio) ς 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 
ŎŀǊŘ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴΣ ƻǘƘŜǊ Ƴŀȅ ōŜ ŘŜŦŀǳƭǘǎύΤ ƛŦ ǘƘƛǎ ƴŀƳŜ Ƙŀǎ ŀ ǎǳŦŦƛȄ όŜΦƎΦ άϤŀέ ƻǊ 
άϤōέΣ ƛΦŜΦ ǘƘŜǊŜ ŀre files _default~a.jpg and _default~b.jpg) then these default 
images (or data or audio) will be linked with all cards with the same suffix 

¶ _turn-card.* (audio) ς a default sound for turn a card 

¶ _pair.* (audio) ς a default sound when the whole pair is turned 

¶ _pair~yes.* (audio) ς a sound when the pair of the same cards is founded 

¶ _pair~no.* (audio) ς a sound when the pair of a different cards is turned 

¶ _end.* (audio) ς a default sound for the end of the game 

¶ _end~human.* (audio) ς a default sound for the end of the game when human 
wins over computer 

¶ _end~computer.* (audio) ς a default sound for the end of the game when 
computer wins over man 

¶ _end~both.* (audio) ς a default sound for the end of the game when computer 
and man has the same score or when plays computers only 

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 specific pair (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 be inserted into the set: card5~a.xml, card5~b.xml, 
card5.jpg and card5.mp3. 

This optional system of gradual settings properties can minimize the need to repeat the 
same files in the set (see Fig. 8). 

 

Figure 8: Example of hierarchical validity of properties and cards content settings from the most general 
(left) to the most specific (right) for the card~x. 

application 
defaults

_dafult.* _dafult~x.* card.* card~x.*
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Game options 

The conditions under which the game will run can be also set in the Own Memory app 
(see Fig. 9). The timing of the pauses between moves can be specified, 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 same player 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 of the 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. 

When this option Show all cards at the beginning is enabled, 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 their turn to 
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 ends displays a table with a summary 
of each playeǊΩǎ ǎŎƻǊŜ ŀŦǘŜǊ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ƎŀƳŜΣ ōǳǘ ǘƘŜ Play again button launch a 10-
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 the setting 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 
ŀƎŜƴŎȅ ǇƘƻǘƻǎ ƻŦ ŘŜǎǘƛƴŀǘƛƻƴǎ ΧύΣ ǘƘŀƴƪǎ ǘo this function, it can be projected on an 
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. 


















































































































































































































































































































































































































































































































































































































































































































































