ISSN 2719-6550
ISSN 2719-7417 online

JOURNAL OF EDUCATION,
TECHNOLOGY AND COMPUTER SCIENCE

No. 3(33)/2022

Journal of Education, Technology and Computer Science is a continuation of
“Edukacja — Technika — Informatyka. Education — Technology — Computer Science” Journal

Publishing Office
University of Rzeszow

Rzeszow 2022



JOURNAL OF EDUCATION, TECHNOLOGY AND COMPUTER SCIENCE
No. 3(33)/2022

INTERNATIONAL SCIENTIFIC COMMITTEE
Wojciech Walat — University of Rzeszow (Poland) — Chair of Scientific Committee
Waldemar Furmanek — University of Rzeszéw (Poland) — Honorary Chairman
Waldemar Lib — University of Rzeszow (Poland) — Scientific Secretary

Mirostaw Babiarz — Jan Kochanowski University in Kielce (Poland)
Henryk Bednarczyk — Institute for Sustainable Technologies in Radom (Poland)
Erik Bratland — Nord University (Norway)

Miroslav Chraska — Palacky University Olomouc (Czech Republic)
Stanistaw Domoradzki — University of Rzeszoéw (Poland)

Milan Duri§ — Matej Bel University in Banska Bystrica (Slovakia)

Olga Filatova — Vladimir State University Named A&N Stoletovs (Russia)
Maria Filina — lvane Javakhishvili Thilisi State University (Georgia)
Nazik Harutyunnyan — Yerevan State University (Armenia)

Slavoljub Hil¢enko — College of Vocational Studies for Teacher and Trainers Education in Subotica (Serbia)
Binbin Jiang — Kennesaw State University (USA)

Krzysztof Kraszewski — Pedagogical University of Cracow (Poland)

Stefan M. Kwiatkowski — Committee of Pedagogical Science Polisch Academy of Sciences in Warsaw (Poland)
Oksana Nagorniuk — Institute of Agroecology and Environmental management NAAS of Ukraine (Ukraina)
Henryk Noga — Pedagogical University of Cracow (Poland)

Mario Plenkowi¢ — University of Zagreb (Croatia)

Czestaw Plewka — University of Technology Koszalin (Poland)

Natalia Ridei — National Pedagogical Dragomanov University (Ukraine)

Cestmir Serafin — Palacky University Olomouc (Czech Republic)

Wiktoria Sobczyk — AGH University of Science and Technology (Poland)

Na Song — Tianjin Conservatory of Music (Chiny)

Maciej Tana$ — Academy of Special Education of Marii Grzegorzewskiej (Poland)
Konstantinos Tatsis — University of loannina (Greece)

Judit Torgyik — Kodolanyi Janos University (KJU) (Hungary)

Jim Wright — Kennesaw State University (USA)

EDITORIAL OFFICE
Wojciech Walat (main editor)
Waldemar Lib (v-ce editor)

REVIEWS
List of reviewers’ names is included at the end of journal papers

CORRECT
Bernadeta Lekacz
Anna Dziama

TECHNICAL ELABORATION
Beata Nisztuk
Arkadiusz Nisztuk

© Copyright by Publishing Office UR, Rzeszow 2022
ADDRESS OF EDITORIAL OFFICE

Uneversity of Rzeszow Center for Innovation and Transfer
Faculty of Pedagogy of Natural Sciences and Engineering Knowledge
Department of General Education and Educational Systems Laboratory of Information Society Problems
Ks. J. Jalowego 24 Street; 35-010 Rzeszow Prof. S. Pigonia 1 street; 35-310 Rzeszow

tel. +48 17 872 1833, e-mail: keti@ur.edu.pl

ISSN 2719-6550
ISSN 2719-7417 online

DOI: 10.15584/jetacomps

ADDRESS OF PUBLISHER
PUBLISHING OFFICE UR
prof. S. Pigonia 6 Street, 35-959 Rzeszow, tel. 17 872 13 69, tel./faks 17 872 14 26
e-mail: wydaw@ur.edu.pl; https://wydawnictwo.ur.edu.pl
Issue I; size B5; publisher’s sheet 10,5; signature 11; editor’s contract 110/2022

Printing and binding: Printing house University of Rzeszéw


http://dx.doi.org/10.15584/jetacomps

We dedicate this publication to the late Professor Jan Stoffa (1937-2022)
a Slovak, Czech, but also Polish engineer and humanist, who in his scientific
work combined the development of technology with the development of
education in the periodic DIDMATTECH conferences.

We are grateful that his chief idea was to build scientific bridges between
researchers not only from European countries but also from around the world.

Editors and Authors



Professor Ing. Jan Stoffa, DrSc.
(*11 July, 1937, 120 July, 2022)

Prof. Ing. Jan Stoffa, DrSc., born on July 11, 1937 in the village of
Samudovce (Michalovce district).

Prof. Jan Stoffa's professional career began to take shape at the Electrical
Faculty of the Slovak Technical University in Bratislava, and in 1967 he suc-
cessfully defended his doctoral thesis at the same faculty and received the degree
of candidate of technical sciences. In 1970, he successfully habilitated in the
field of electrical engineering, and in 1979, he completed his scientific develop-
ment with the DrSc degree of Doctor of Technical Sciences. In 1980, at the age
of 43, he was appointed professor of electrical engineering, which was the first
time in Czechoslovakia that he was awarded the title of professor of electrical
engineering. He worked at universities in both the Czech Republic and Slovakia,
including their immediate leadership. He was the first professor in the history of
the CSSP Military Technical School in Liptovsky Mikulash.

His influence has been significantly applied in the development of the cur-
rent shape of the Department of Technical and Information Education of the
Faculty of Education at Olomouc University, with which he has been associated
as a professor since 1995, and has also served as head of the department since
1996. He has contributed significantly to changing the profile of the faculty and
to the overall increase in its prestige, making the department one of the recog-
nized places of work at home and abroad. In addition to the traditional combina-
tions of disciplines in the teaching process, he is also credited with expanding
the number of dual-discipline combinations in the UP Department of Philoso-
phy. He participated in the teaching of many subjects and also invented and in-
troduced new subjects into the curriculum, such as Electrical Engineering, Tech-
nical Terminology and Scientific and Technical Information. Under his leader-
ship, by the decision of the Accreditation Commission, the name of the field of
study Technical Education was changed to Technical and Information Techno-
logy Education, which ushered in a new era of technical and information tech-
nology education at the Faculty of Philosophy of UP in Olomouc. Under his
leadership, the faculty's scientific activities underwent a fundamental change in
the number and level of grants and projects, which began to focus on solving
current scientific problems, including projects of the General Council for Science.
The level of presentation of scientific results has also improved, especially in the
form of publications and conferences organized by the faculty. He was instru-
mental in establishing three international scientific conferences, DIDMATTECH,
Trends in Education, and Modernization of Teaching in Technically Oriented
Disciplines and Subjects, and contributed to a significant deepening of the De-
partment's cooperation with sister departments at home and especially abroad.



He has also published a remarkable number of scientific and professional papers
that are thematically related to the directions of his scientific interests. Prof.
Stoff's activities and results have been the subject of recognition and awards, and
many of his papers have been cited by other authors in the Czech Republic and
abroad. After his retirement, he was appointed Professor Emeritus of UP in 2009
and continued to work very closely with the UP Pedagogical Department, espe-
cially the Department of Technical and Computer Education.

Prof. Ing. Jan Stoffa, Ph.D., created an indelible and important mark not only
in his original field of electrical engineering, but was also one of the prominent
figures in the fields of technical education didactics, material science, and tech-
nical terminology. Prof. Jan Stoff's career, way of working, and achievements
were, and certainly still are, in many ways stimulating and inspiring, not only in
the technosphere.

Doc. PhDr. Miroslav Chrdska, Ph.D.
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EDITORIAL

The current issue of the quarterly scientific journal Education — Technology
— Computer Science in 2022 consists of four main thematic parts.

Part one, entitled Selected Problems of School Education, features articles
presenting, among other things, research on mapping pedagogical patterns that
can be applied to the teaching of computational thinking, and teacher preparation
in mathematics and ecological education.

The second part, titled Selected Problems of Using Information Technology
in Education, consists of papers presenting, among other things, the concept of
applying QEEG research in evaluating teaching activities in technical education;
the interdisciplinary nature of augmented reality; a research- and problem-
-solving-oriented model for educating students in technical education in a general
education school; and the possibilities of applying new 3D printing technologies
in education.

The third part, entitled Selected Problems of Professional Education, de-
scribes in three articles the experimental verification of a model for the organiza-
tion of professional education of communication management specialists in high-
er education institutions; the assessment of the compatibility of the professional
competencies of graduate-ecologists with the needs of the labor market; and the
need to find a balance between the protection of the fundamental rights of indi-
vidual patients to privacy and dignity and the need for research by the pharma-
ceutical industry.

The fourth part, entitled Selected Problems of Educational Research Con-
ducted in the Doctoral Seminar, describes here, among other things, the practical
requirements for an educator as a diagnostician in an attempt to respond to the
ever-changing regulations on organizing and providing psychological and peda-
gogical assistance in public schools; the use of mediation in the educational space
of the teacher’s work; and examples of the use of information and communica-
tion technology (ICT) tools in physics lessons.

Readers are encouraged to critically analyze and prepare polemical texts with
regard to the various topics of educational research discussed in the pages of the
quarterly.
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Enhancing Teaching Computational Thinking: a Systematic
Mapping of Pedagogical Patterns

L ORCID: 0000-0002-4697-2900, MA, E6tvds Lorand University, Faculty of Informatics, Depart-
ment of Media & Educational Informatics, Hungary

2 ORCID: 0000-0002-8962-1959, Ph.D, Associate professor, vice-dean for Educational Innova-
tion, Eotvos Lorand University, Faculty of Informatics, Department of Media & Educational In-
formatics, Hungary

Abstract

Efforts to enhance understanding Computational thinking (CT) are curtailed by: (i) problem
solving complexity linked to implementing a new subject; and (ii) teaching CT for problem sol-
ving is a new field. Unfortunately, the only support available are pedagogic theories and anecdotal
explaining other’s practice. Implementing these theories can be challenging, hence continuous
research on realistic methods of sharing successful and commendable practice amongst educators,
necessitating this study. Systematic Mapping (SM) was used with the following steps: research ques-
tions formulation; identifying keywords; identifying source databases; defining inclusion and exclu-
sion criteria; constructing the search string; conduct the search; data extraction; and presentation of
results. 22 studies were selected with the majority being solution proposal research. The identified
pedagogical patterns were mapped to the 5Es of Framework of Action. Several patterns for solving
assessment related problems were also identified hence the inclusion of the 6th E (Evaluation).
Keywords: pedagogical patterns, systematic mapping, computational thinking, teaching computa-
tional thinking, framework of action

Introduction

Recently, researchers have progressively reviewed matters related to teach-
ing and learning (Fioravanti, Barbosa, 2016), with computational learning appli-
cations, playing a vital role in teaching and training activities, displaying grow-
ing significance (Svetlana, Yoon, 2009). This includes teaching and learning CT.
Developing CT education necessitates teachers to be methodically prepared as
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regards to designing CT learning activities, teaching and assessing CT, and
teaching CT concepts using technologies (Angeli, Giannakos, 2019). Although
significant attempts have been made in improving the conceptualization of CT,
teaching CT for problem solving is a new domain for most teachers coupled with
complexity of problem solving resulting from executing new subject matter
(Cooper, Gunckel, 2019). There are also challenges resulting from existing and
emerging learning designs as a result of new ideas augmented by utilization of
new technologies (Laurillard, Derntl, 2014).

Despite the challenges, teachers are required to equip themselves with new
subject knowledge (Brown et al., 2013; Sentance et al., 2013; Thompson, Bell,
2013), and embrace new suitable subject delivery pedagogies more so, those
associated with algorithms, programming and development of CT (Sentance,
Csizmadia, 2017). Unfortunately the only support available are the pedagogical
theories and anecdotal explanations of other’s practice (Laurillard, Derntl,
2014). The implementation of these theories and research can be challenging,
hence the continuous research on realistic methods of sharing successful and
commendable practice amongst educators (Philip, 2018).

This paper investigates the existing research on pedagogical patterns, with the
aim of establishing their suitability in enhancing teaching CT. To achieve our aim,
a systematic mapping was performed by analysing scientific papers from various
sources. The results are relevant as more studies on improving the conceptualisa-
tion of CT are still underway. CT teachers just like other teachers require well
documented pedagogical practices that could help enhance their teaching.

The subject matter of the study. Related Studies

Teaching CT has conventionally been perceived as predominantly a con-
structionism undertaking (Bers et al., 2014; Buss, Gamboa, 2017). Construction-
ism posits that by constructing significant projects in a community of learners
and carefully reflecting on the process, deep learning can take place among the
learners (Bers et al., 2014). Thus learners, through technology are accorded au-
tonomy to discover their own interests (Bers, 2008) while exploring domain-
specific content learning and applying metacognitive, problem-solving, and rea-
soning skills (Bers et al., 2014; Papert, 1980). Constructionism is based on the
view that the most effective learning experiences stem from four core activities:
designing, personalizing (Bruckman, 2006; Papert, 1980), sharing (Papert,
1980), and reflecting (Kolodner et al., 2003; Papert, 1980).

As teachers embrace the teaching of CT, novice teachers find it hard and
time consuming matching existing pedagogical practices to existing pedagogical
theories while depending on their insight or pedagogies observed when students
(Maher et al., 2020). Teachers require strategies and supporting documentation
that would enhance the teaching of CT and this include pedagogical patterns.
This study explored the existing pedagogical patterns to identify the relevant
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pedagogical patterns and map them to the 5Es (Explore, Envisage, Explain,
Exchange and bridgE) of Framework of Action. The Framework of Action by
(Benton et al., 2016, 2017), comprising five unordered components dubbed 5Es
that present a guide for establishing the right levels of intervention with the de-
sire to design a constructionist approach to learning (Benton et al., 2017). With
the 5Es giving the intervention points, teachers need a guide on how to imple-
ment the interventions hence the need for relevant pedagogical patterns.

Research methodologies and tools. Systematic Mapping

Studies involving pedagogical pattern, resulting from architectural patterns
(Alexander et al., 1977; Alexander, 1979), have evolved from the building of
patterns and pattern languages (Bergin et al., 2002), to refined studies that
looked at how the existing patterns can be mapped to the problems that they can
solve (K&ppe, 2015; Fioravanti, Barbosa, 2016, 2018). Teaching CT for problem
solving has elicited several challenges, provoking the need for accessible, easy
to use, and adaptable contextualised models and representations (Bennett et al.,
2007; Bower, 2017; Goodyear, Retalis, 2010) such as pedagogical patterns. The
main contribution of this study is to identify the relevant pedagogical patterns
and systematically map them to the 5Es to facilitate the implementation of inter-
ventions required to develop CT among learners.

1.
Research 3 5. Query
Question Databases Search 7. Results

O @ _

2. Key a 6. Search
Words Inclusion and
and Revision
Exclusion
Criteria

Figure 1. The Systematic Mapping Process (Ramirez et al., 2017)

The following steps (Figure 1) were performed in the systematic mapping
(SM) process: (i) three research questions were formulated, (ii) identifying key-
words for the searches in English (iii) the source databases defined, (iv) the paper
inclusion and exclusion criteria and time range defined, (v) defining the search
string, (vi) conduct the search, (vii) Data extraction, (viii) presentation of results.

Analysis of research results

1. Defining Research Questions

In this study, the aim of the SM was to conduct a review on the existing
pedagogical patterns with emphasis on: (i) establishing the patterns that can be
used to teach CT and (ii) map them to the learning activities based on the prob-
lems they can solve. The following questions were raised to guide the study:

Q1: What existing pedagogical patterns can be deployed in teaching CT?
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Q2: What problems do the identified pedagogical patterns aim at solving or
mitigating while teaching CT?
Q3: Where can the pedagogical patterns be applied to enhance teaching CT?

2. ldentifying Keywords for the Search

The following keywords in English were used to obtain better results of the
searches and enable a more comprehensive review in the databases: pedagogical
pattern(s), educational pattern(s), teaching pattern(s) and learning pattern(s).

3. The Source Databases

It is recommended searching several electronic sources (Brereton et al.,
2007). The search was conducted in the following databases: Google Scholar,
ACM, Scopus, Springer Link, Web of Science and ScienceDirect. The databases
are internationally recognised in engineering, computer science and education
research (Ramirez et al., 2017). A generic search string was deployed realising
6,291 hits as distributed in Table 1, out of which 2956 were identified as dupli-
cates and excluded. The remaining 3,335 articles were explored further in the
screening step.

Table 1. Articles per Database Searched

Database URL Acronym Total Studies
Google Scholar <scholar.google.com> GS 2,304
ACM Digital library <dl.acm.org> ACM 289
Web of Science <webofknowledge.com> WoS 554
Springer <link.springer.com> Springer 1,514
SCOPUS <scopus.com> SCOPUS 712
Science direct <sciencedirect.com> ScienceDirect 918
Total 6,291

4. Screening the Articles for Inclusion and Exclusion

To avoid missing out on important studies the time range of the studies was
undefined. Inclusion and exclusion criteria were applied to establish the studies
that possess the potential of answering the research questions.

Inclusion: Primary studies that: (i) contain at least one full pedagogical pat-
tern that can be used in teaching CT; (ii) papers published in journal, confer-
ences, books, book chapters; (iii) papers written in English; and (iv) papers
found in the databases listed and can be downloaded.

Exclusion: Studies that: (i) cannot be downloaded; (ii) not written in Eng-
lish; and (iii) Gray literature.

Out of the 3,335 studies evaluated, 25 were selected for the next step. This
was arrived at by reading the paper to establish if it can help answer the research
guestions.

16



5. Defining the Search String

The search does not involve all the existing pedagogical patterns, but only
those relevant to the teaching of CT. Considering that there are no pedagogical
patterns for teaching CT in particular, search string shown in Table 2 was
formed using generic but relevant terms.

Table 2. Generic Search String

(“pedagogical pattern” OR “pedagogical patterns” OR “teaching pattern” OR “teaching patterns”
OR “educational pattern” OR “educational patterns™)

6. Search Process

The abstracts were read in search for the keywords and concepts that reflect
the contributions of the paper to identify the relevant articles. The classification
was done using two main facets:

Pattern category: used to group the patterns based on their application towards
the development and enhancement of CT. The patterns were organised according to
the 5Es of Framework of Action (Benton et al., 2016, 2017) summarised in Table 3,
that acted as a guide in establishing the right levels of intervention coupled with the
desire to design a constructionist approach to learning (Benton et al., 2017).

Table 3. 5Es of Framework of Action

Component Description
Explore Learners requirechances to investigate concepts by attempting issues on their own and
P correcting errors (Benton et al., 2016, 2017).
Envi Learners should be inspired to project the results before creating the projects and then
nvisage
reflect on the real result.
Explain Teacher as well as peer facilitated opportunities should be availed to the learners using
P reflective questioning (Benton et al., 2017).
Inclusion of significant possibilities for sharing and building on others’ ideas (Benton et al.,
Exchange 2017)
BridE: Ideas are perceived as influential partly due to their link to other fields for example mathe-
gE: matics (Papert, 1980).

Research type: reflects the research approach employed in the articles. An
existing classification of research approaches by Wieringa et al. (2006), summa-
rised in Table 4 was used (Wieringa et al., 2006).

Table 4. Research Type Facet

Category Description
Validation Research Investigate novel techniques for example experiments.
Evaluation Research | Evaluation of already implemented technigues.
A proposed problem solution that can be either novel or a significant extension of
an existing technique.
Draw a new way of viewing existing things by organizing the study in the form of
a taxonomy or conceptual framework.
Opinion Papers Express personal opinion and do not rely on related work and research methodologies.
Explain what and how something has been accomplished in practice, giving the
author’s own experience.

Solution Proposal

Philosophical Papers

Experience Papers

17



7. Data Extraction and Mapping process
Data was extracted from the studies using a data extraction template in Ta-
ble 5 and the results summarised to answer the research questions.

Table 5. Data Extraction Template

Field Name Description RQ to be Answered
Research ID Comprising letter ‘R’ and an integer
Research Title Title of the research
Author(s) & Pub Year Name of the author(s) & year of publication
Research Type Research classification (Table 3)
Pattern 1D Comprising letter ‘P’ and an integer
Pattern Name Name of the pattern RQ1
Application Problem Problem where the pattern is applied RQ2
Pattern Category Pattern application area RQ3

8. Results of the Systematic Mapping
In this step, the summary of the selected articles is presented with the arti-
cles categorised using the research type as shown in Graph 1.

¥ Solution proposal

9%

86%

" Experience Papers

Opinion Papers

Graph 1. Distribution of Selected Studies based on Research type

Solution proposal studies formed most of the selected studies (84%), with
opinion and experience papers constituting 12% and 4% respectively. Validation
research, evaluation research or philosophical papers were missing among the
selected studies. This is evident that even though pedagogical patterns for vari-
ous solutions have been proposed, their validation and evaluation is still lacking.
The selected studies and their information are initially presented in summary
form as shown in Table 6.

The patterns selected were based on the 5Es of Framework of Action (Benton
et al., 2016, 2017) summarised in Table 3, guided by the core learning activities:
designing and creating, personalisation, sharing and reflecting (Brennan, 2015).
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Table 6. Selected Articles

ID Title of the Study Author(s) & Year

RO1 | Pedagogical Patterns for Creative Learning lba et al., 2011

RO2 | Learning Patterns Ill: A Pattern Language for Creative Learning Iba, Sakamoto, 2011

RO3 | Learning Patterns: A Pattern Language for Creative Learners Il Iba, Miyake, 2010

RO4 Educgtional Pa_tterns for Generative Participants: Designing for Shibuya et al., 2013
Creative Learning

RO5 | Educational Design Patterns for Student-centred Assessments Koppe et al., 2020

. . - Koppe, Schalken-

RO6 | Lecture Design Patterns: Improving Interactivity -Pigﬁster, 2013

RO7 | Assessment-Driven Course Design — Fair Play Patterns Bergin et al., 2015

RO8 | Flipped Classroom Patterns — Designing Valuable In-Class Meetings Koppe et al., 2015

R09 | Patterns for Gaining Different Perspectives Bergin et al., 2001

R10 | Continuous Feedback Pedagogical Patterns Larson et al., 2008

R11 | Learning Patterns for Group Assignments — Part 1 Koppe, 2012

R12 | Learning Patterns for Group Assignments — Part 2 Cortie et al., 2013

R13 | Improving Student Group Work with Collaboration Patterns: A Case Study | Koppe, Eekelen et al., 2015

R14 | Patterns of Active Learning Eckstein et al., 2002

R15 | Applying and Developing Patterns in Teaching Bennedsen, Eriksen, 2003
P ical Pattern in Teachin ject Technol

R17 | Active Learning and Feedback Patterns Version 4 Bergin, 2006

R18 | Interaction Design Patterns for Classroom Environments Breuer et al., 2007
Patterns for the creation of e-learning content and activities in

R19 a university setting 9 Holden et al., 2010
Design and Communication Patterns Observed in an eLearnin

R20 Design Team: A Case-Study ’ Rapanta et al., 2010

R21 | A Pedagogical Pattern Language for Mobile Learning Applications Fioravanti, Barbosa, 2017

Rop | Guess my Xand other techno-pedagogical patterns: Toward Mor. 2010
a language of patterns for teaching and learning mathematics '

A total of 73 patterns were extracted and summarised as shown in the ex-
cerpt in Table 7. The table shows the pattern ID, name and problem the pattern is
supposed to solve. The patterns were further categorized according to the teacher
interventions guided by the 5Es of Framework of Action as shown in Graph 2.
Exchanges that cover collaboration, group work and even sharing have the high-
est number of patterns with 37%. This shows how much collaboration has been
prominent in learner-centred learning. Evaluation, which was not one of the 5Es
also had higher % hence forming the 6th E in the study.

Table 7. Excerpt of Patterns and the Application Problems

Palttgrn Pattern name Problem
1 2 3
Discoverv-Driven Suddenly introducing collaborative learning (learner-centred
POl M learning) creates difficult for learners to perform and learn from

Expanding

their experience effectively.
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3

Communication for the collaboration doesn’t always go smoothly

P02 Generative Participant and often stops and sometimes falls into the situation where a
very few members control and others follow it
Student Miners Just presenting a new concept makes it hard for students to relate
P14 (Collaborative Knowledge | this new knowledge to their existing knowledge and keeps them
Construction) in an undesired passive role.
P15 Question Parking Space Handling learm_ars questions that do not <_hrect1y relate to the
content or require a longer or very specific answer.
. It keeps learners passive if you just present the list of content
P16 Collaborative Summary covered to the students and run through all the bullets.
P23 Every Student Solution Students may feel that their work is not considered relevant and
Counts stop handing it in.
You want to give your learners the ability to learn in the future
P25 Explore For Yourself and to communicate their wisdom, but students are often afraid of
taking responsibility for their own learning.
P30 Think...Pair...Share Students’ focus is not on the lesson.
Students might have different expectations of the results and the
P37 Share Expectations way of working on the assignment. This often leads to conflicts or
an inefficient way of working.
There is a dispute between group members, which has a negative
P41 Mediate the Dispute impact on the motivation and the participation. There might be
negative consequences on the project results.
During the execution of a group assignment, insufficient partici-
P42 Keep Motivated pation, bad quality deliverables or simply not getting satisfaction
from the given tasks can be the result of decreased motivation.
A group assignment is given to a group of students. The project
consists of single or multiple deliverables and the quality re-
Regularly Check - . . . .
P44 Requirements Fulfilment quirements for both intermediate and final goals are determined,
d either by the teacher or the students. You are at the beginning,
middle or final phase of the project.
Usually, the teacher is the central point of a training environment.
P49 Invisible Teacher Often the students only trust the teacher and (maybe) themselves,
However, in the work environment the teacher will not be around.
Your best students may often be bored, because they have fin-
P50 Study Groups ished a task quickly while the poorest struggle constantly.
. A lot of concepts are too abstract for students to conceive their
P52 Real World Experience value and learners often doubt the viability of these concepts
Learners expect only one right solution to a problem from the
P55 Nobody is Perfect instructor. However, there is no single answer, but many equally
correct answers.
Explore-Present-Interact- Allows learners to learn new material efficiently and share the
P56 piC knowledge with peers by forcing them into being the teacher for
-Critique (EPIC)
themselves.
How to kick-start the learning design process, create a shared
P58 Play, Reflect, Jump vision for the aims of the course and ensure the overall vision for
the course is reflected in its detailed learning design plan.
Providing direction and support while maintaining the learners’
P73 Soft scaffolding freedom, autonomy and sense of self as well as the teachers’

flexibility to adapt.
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Conclusions and Way Forward

This study presented a mapping of pedagogical patterns to be deployed in
the teaching of CT. The motivation towards pedagogical patterns approach is
necessitated by the need for sharing knowledge and good practices between re-
search literature and the real world, for facilitation and communication purposes
between stakeholders. A systematic mapping methodology was deployed with
the aim of conducting an impartial assessment of the literature. It is worth noting
that the study concentrated in establishing the pedagogical patterns that can be
used by teachers while executing the interventions at the various intervention
points guided by the 5Es of the Framework of Action (Envisage, Explore, Ex-
plain, Exchange and bridgE) in learner-centred learning. Assessment patterns
contributed to 16% of the patterns identified hence necessitating the inclusion of
a new component — Evaluation) forming the 6th E. This study is part of the
study to develop a comprehensive and flexible framework for developing and
enhancing CT among learners in different learning levels and different learn-
ing contexts.
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Abstract

The article is a report on the project conducted by the author, co-financed by the National
Center for Research and Development from European funds POWR.03.01.00-1P.08-00-MOC/18
entitled: A modern mathematics teacher. It was dedicated to teachers of mathematics from all over
the country, teaching in primary and secondary schools, and future mathematics teachers — gaining
qualifications to teach mathematics. The project aimed to improve the quality and efficiency of
mathematics teachers’ work through active participation in innovative e-learning courses — offered
on the navoica.pl platform, concerning new teaching methods based on information technologies.
A short description of the four proposed e-learning courses is presented, as well as an analysis of
the choices made by the participants depending on the subject®.
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Introduction

Cyberspace is remote work, cyber manager — middle and senior manage-
ment. Engineering offices, tax advisers, lawyers, publishing consultants, and
advertising agents are institutions that operate without offices and desks. A huge
disproportion has arisen between the rate of human brain development and tech-
nological progress. In contrast, the biological, behavioral — reactions, and physi-
ological or emotional needs remained at the same level as several thousand years
ago. The enormous progress of civilization and the development of technology

! The author was the project coordinator and the main contractor, so some of the wording used
in the descriptions are similar to those on the WMPSNS UKSW website both as well as to the cour-
ses on the navoica.pl platform (Kandzia, 2019). https://wmp.uksw.edu.pl/pl/node/525 (2.01.2019).
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forces a specific lifestyle. We are bombarded with an enormous amount of in-
formation at a tremendous pace. Our life can be compared to a train traveling at
high speed (Kandzia, 2016, p. 124).

The rapidly changing reality forces the educational system and management
to change. It also influences the methods and forms of work used by teachers. It
requires them to know constructivism as a knowledge, cognition, and learning
theory. Appropriate skills, acquired by educators using new technologies are:
effective contact with learners, arrangement of virtual problem situations that
fully meet the criterion of linking with real life and practice, and finally a relia-
ble evaluation of the achievements of each student (Szafraniec, 2013).

The emergence of the media in human life, and thus in education, changed
the privileged position of the teacher in transferring knowledge. There is no
longer an impeccable expert who wields power over the students. Every teacher
should be prepared to use information technology in their daily work. The com-
puter must be a tool used by all educators. Society demands and needs a new
role model of a teacher. A creative, imaginative, competent, effective teacher,
looking for new constructive and unconventional solutions tinged with huma-
nism, able to apply and use information techniques. It cannot be a person with
computer phobia, (Siemieniecki, 2016), technology related anxiety, and re-
sistance to new challenges. The teacher and educator must adapt his habits and
patterns and be a conscious director of the play entitled Teaching (Kandzia,
2016, p. 74).

The subject matter of the study. Project description

The implemented project (2019-2021) “A modern mathematics teacher”
consists of two editions of four thematic courses each (four of the same). The
courses were aimed at mathematics teachers and future teachers — students of
teaching specialization from all over Poland as well as mathematics enthusiasts
(which happened). They were available on the navoica.pl platform. Participants
could train in the following areas:

1. Multimedia in the work of a math teacher.

2. Mathematical modeling.

3. Competition and Olympic tasks.

4. School algebra in a new version.

One or more courses could be selected. Each of the subjects is 23 lessons
based on didactic lectures and associated exercises for 8/9 weeks. The lectures
were recorded and tagged. The materials for each module were available imme-
diately after the beginning of the course and were active until it ended. Partici-
pants could work at their own pace. The obtained messages were verified by
short tests after each module and an exam at the end of the course. Each partici-
pant had the opportunity to share his observations and impressions on the topics
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proposed by the lecturer in the related forums and during discussions. Comple-
ting the course was conditional on giving 65% correct answers in all tests (in-
cluding the exam) and resulted in receipt of a certificate. There was no grading
applied. It was possible to attempt the individual tests twice while there was only
one attempt for passing the final exam (UKSW, 2019).

Analysis of research results. Characteristics of the courses offered on
navoica.pl platform

Multimedia in the work of a mathematics teacher (MPNM, 2020)

The course was created and performed by the author. The main goal of the
course was to get acquainted with the methodological workshop of a mathema-
tics teacher using digital media while encouraging the application of several
information technology tools. The following issues were considered:

— using application programs to present mathematical problems, with par-
ticular emphasis on heuristic methods,

— lessons using the educational resources of websites dedicated to mathe-
matics,

— creating math quizzes,

— geometric constructions using the interactive mathematical program Geo-
Gebra,

— new basic skills for online learning, including teacher and student compe-
tencies.

The author coordinated the remaining courses and conducted the second
edition.

Mathematical modeling (MM, 2020)

The main goal of the course was to discuss the basic tools needed for mathe-
matical modeling of linear problems. Mathematical modeling is a very extensive
topic. Hence, the focus during the course relied on discussion of linear problems.
The participants gained the ability to calculate the maximization of profits in
production plants and the ability to solve further basic mathematical problems
such as backpack problem, and transport problem. In addition they learned how
the Google search engine sorts results and how to measure popularity on social
networks.

The presented issues are:

— introduction to linear programming, presentation of necessary tools,

— discussion of the graphic method,

— discussion of the simplex method with solutions,

— application of the simplex method in Excel, introduction to the Solver
add-in,

— using vectors and eigenvalues, using the Google.com search engine.
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Competition and Olympic tasks (ZKO, 2020)

The main goal of the course was to get acquainted with the mathematical
competition/Olympic tasks of various categories at the level of primary and se-
condary schools. The presented material in each of the sections provides basic
information on a given scope of the material and the analysis of selected tasks
that appeared at provincial competitions, Olympic tasks, or more difficult tasks
from textbooks. The issues discussed are:

— equations and systems of equations,

— in-plane geometry,
combinatorics,
finite probability of events and independent events,

— sequences, arithmetic, and geometric sequence,
polynomials and algebraic expressions.

School algebra in a new version (ASNO, 2020)

The main goal of this course was to acquire the skills needed to solve tasks
in this field and to consolidate the knowledge of school algebra and the content
slightly beyond the degree of difficulty applied by current curriculum. Evidence
for the claims could be found. The course covered topics such as:

— arithmetic of polynomials,

— Bézout theorem,

— numerical sets and equations, number field,

— complex numbers and operations on complex numbers,

— vectors, operations on vectors, dot product and vector norm, basis vec-
tors,

— numerical sets and equations — operations on matrices, matrix determi-
nants, inverse matrix,

— matrices and systems of equations — matrix form of a system of equa-
tions, solving matrix equations.

Analysis of the research results

The study used reports on logins into the platform and a register of issued
course completion certificates. The analysis was made based on four courses for
two editions. This allowed us to verify the research problems posed:

1. What is the relation between the number of math teachers enrolled in
e-learning courses and the number of those completing this form of self-study?

2. Are female math teachers more consistent in achieving goals than male
teachers?

Tables 1 and 2 compare the number of participants with the number of cer-
tificates issued, split by women and men, and the ratio of obtained certificates to
the number of participants, for two editions.
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| edition

Table 1. Comparison of the number of participants with the number of obtained certificates,
divided into female and male participants

Number of Number of Percentage
N fth articipants Together obtained Total of certifi-
ame of the course P P certificates cates
F M % F M %

Multimedia in the work 59 8 67 24 4 8 716
of a math teacher
Mathematical modeling 62 20 82 35 8 43 52.4
Competition and 86 21 107 50 15 65 60.7
Olympic tasks
School algebra in a new
version 55 8 63 43 4 47 74.6
Total 262 57 319 172 31 203 63.6

By analyzing Table 1 it can be stated that most people were interested in
the course — Competition and Olympic tasks — as many as 107 participants,
whereas 82 people chose mathematical modeling. The other two courses had
the smaller number of participants — 67 and 63. The percentage ratio of ob-
tained certificates to the number of participants is slightly different. The most
persistent and consistent were Students of school algebra in a new version —
74.6% and multimedia in the work of a math teacher — 71.6% of the obtained
certificates in relation to registered persons. Participants of the course — Com-
petition and Olympic tasks obtained fewer certificates, which constitutes —
60.7%; the fewest certificates — 54.2% were completed in the course mathe-
matical modeling. It is worth paying attention to the ratio of the participants’
genders: 262 women and 57 men were enrolled. Overall, 172 women — 84.7%
and 31 men — 15.3% passed the course.

Il edition

Table 2. Comparison of the number of participants and the number of obtained certificates

Number of
Number of certificates Percentage of
Name of the course participants Total obtained Total certificates
F M F M
Multimedia in the work 33 8 M 19 5 24 585
of a math teacher
Mathematical modeling 41 20 61 23 12 35 55.6
C'ompetltlon and Olym- 59 29 81 23 9 32 395
pic tasks
Sch(_)ol algebra in a new 39 20 59 23 12 35 593
version
Total 172 70 242 88 38 126 52.1
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In the second edition, the interest in the courses was much lower, although the
course — Competition and Olympic tasks attracted the greatest number of students,
as many as 81. In the remaining three courses, the number of students enrolled was
comparable. Also, the number of obtained certificates was similar. The highest
percentage of obtained certificates was in the course — School Algebra in the new
version — 59.3%; Multimedia in the work of a mathematics teacher — 58.5%;
Mathematical modeling — 55.6% and Competition and Olympic tasks only 39.5%.
In this edition, the training was completed by 88 women, which constitutes 69.8%,
and 38 men, which constitutes 30.2% of the total number of participants.

Table 3. Comparison of participation in the courses with the obtained certificates, divided
into women and men in the 1st and 2nd editions

Edition Number of participants Number of certificates obtained

F % M % F % M %
| 262 82.1 57 17.9 172 84.7 31 15.3
1 172 71.1 70 28.9 88 69.8 38 30.2
Total 434 77.4 127 22.6 260 79.0 69 21.0

Definitely more women continued their self-education compared to men — 434
(74.4%) women and 127 (22.6%) men. 260 (79%) women and 69 (21%) men fin-
ished the courses and obtained certificates. The teaching profession is extremely
feminized, therefore it is a pleasingfact that so many men have faced the courses.
However, the differences between the humber of participants and the number of
obtained certificates for both women and men are similar and hence comparable.

Owomen Elmen
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Graph 1. Percentage comparison of participation in the courses with the obtained
certificates, divided into women and men in the 1st and 2nd editions
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Table 4. Comparison of the number of participants in relation to the number of certificates
obtained during the entire project

Number Number of certificates Percentage
Name of the course - . o
of participants obtained of certificates

Multimedia in the work of a math 108 72 66.7
teacher

Mathematical modeling 143 78 54.5
Competition and Olympic tasks 188 97 51.6
School algebra in a new version 122 82 67.2
Total 561 329 56.9

The most popular course was Competition and Olympic tasks which gathe-
red 188 people and graduated 97. Next: Mathematical modeling — 143 people,
78 graduated; The new version of school algebra — 122 people, 82 graduated and
Multimedia in the work of a mathematics teacher — 108 people, 72 graduated.
561 people participated in the entire project, and 329 certificates were obtained,

which is a ratio of 56.9% graduates.
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Graph 2. Quantitative comparison of the number of participants and the number of obtained
certificates in the entire project

When comparing the number of students enrolled in the course to the number
of obtained certificates, the order is opposite to that in the case of participation.
The lowest percentage is: Competition and Olympic tasks only 51.6%; Mathema-
tical modeling — 54.5%; Multimedia in the work of a mathematics teacher —
66.7%; The new version of school algebra was in the first position — 67.2%.
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Graph 3. Percentage of the number of participants in particular courses which obtained
certificates

Conclusions

The presented analysis allows us to answer the research problems provided:

1. What is the relation between the number of math teachers enrolled in
e-learning courses and the number of those completing this type of self-study?

2. Are female math teachers more consistent in achieving goals than male
teachers?

Ad. 1

Math teachers prepare students for competitions. Therefore it is not surpris-
ing that 188 people signed up for the course on competition and Olympic tasks.
Unfortunately, only 96 of them completed the course and obtained certificates,
which is 51.6%. The situation was similar during the mathematical modeling
course — 143 participants and only 73 exams passed (54.5%). In the other two
courses the discrepancy is smaller, but the tendency is similar. A relatively large
number of enrolled participants certificates. In the first edition, there is observa-
tion made of 319 registered participants resulting in only 103 certificates. In
edition 1l — 242 participants but only 126 certificates. Was it fatigue and aver-
sion to taking tests and exams? Was it discouragement and reluctance to take
tests and exams? It can be assumed that there were only people who wanted to
check what remote teaching looks like in the university edition or compare it to
their actual work and what how they potentially could improve. As a result, even
without finishing the course by passing the exam, they got acquainted with the
materials and this can be regarded as a positive aspect.
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Ad. 2

The analysis of the collected data shows that the majority of participants of
all courses, both in the 1st and 2nd edition, were women, which also translates
into the number of certificates obtained. Furthermore it can be unequivocally
stated that both teachers and mathematics teachers were determined to a similar
degree when it comes to achieving goals. There were 77.4% of women enrolled,
79% completed it; there were 22.6% of enrolled men, and 21% completed it.
The definite difference between the first and second edition shows that there is
less interest in the topic in each of the groups.

Summary

The learning comfort obtained by participants of e-learning courses is very
useful in self-education. The main advantages are:

— work at your own pace,

— refill in the gaps of your knowledge,

— expand knowledge with new content,

— meet your own cognitive needs,

— better prepare for classes, credits, exams, self-education, systematics and
creativity,

— independence in acquiring knowledge,

— self-responsibility of your education process,

— learn to respect the opinions and views of other participants in distance
learning.

Remote learning, despite many advantages, requires self-discipline, motiva-
tion (although it was here — obtaining a certificate), consistency, concentration,
good organization, and creativity.

The courses and certification were completely voluntary. They were not
a ticket to further stages of education. The obtained results are not surprising.
When preparing the project application, the author assumed that the course
would be completed by at least 50% of the participants. Initial euphoria and then
work. Successful participation in e-learning courses requires appropriate compe-
tencies on the part of the students. Not everyone can participate in this form of
education.

In online learning, an e-tutor takes a very important, if not the most im-
portant role. The quality of the didactic process and who the student will
become in adulthood depend on his or her competencies and knowledge. In-
formation and communication competencies constitute an inseparable link in
remote education. Basic skills in this area are necessary for obtaining, evalua-
ting, storing, creating, presenting, and exchanging information as well as for
communication and participation in networks, and cooperation via the Internet
(Kandzia, 2016, p. 72).

33



When talking about e-mathematics teachers and e-learners in mathematics
education, one should remember about mathematical competencies necessary in
mathematics education. Teaching mathematics is not only substantive and peda-
gogical knowledge. It is based on: concept formation, motivations, emotions
(psychology); communication, language in learning and teaching mathematics,
creating symbols, and understanding them (linguistics); equality and diversity
(socio-cultural theories); development of mathematical concepts, historical ob-
stacles to understanding mathematical concepts (history and epistemology); the
use of technology in mathematics, the use of computers in teaching mathematics
(technology) (Kandzia, 2016, p. 136).

It is not enough to place computers “next to” the student or recommend their
use in textbooks. It is necessary to link curricula, teaching aids (textbooks, com-
puters and software) and the methods of their use in teaching mathematics. The
condition for achieving success resulting from the use of computers in education
is full interdisciplinary integration, i.e., the link of information technology con-
sidering every sphere of learning and teaching related to mathematics, in combi-
nation with the ability to work with information.

Among the general tasks of the school in the core curriculum, the following
statement was included: “Teachers create conditions for students to acquire the
following skills: (...) search, organize and use information from various sources,
and use information technology effectively” (Fundamental Program, 2014).
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Abstract

Modern teaching of mathematics tries to eliminate the mechanical memorization of a large
amount of knowledge, and also tends to avoid the formal development of students’ psychological
abilities. It is normal that such teaching implies the development of student abilities, not on worth-
less mathematical material, but on content that is of high quality in terms of education and trai-
ning. Solving problems, which arouses students’ interest and triggers ingenuity, producing experi-
ences of the tension of self-engagement, as a result, necessarily has the triumph of the inventor.
Such experiences can create a tendency for mental work, making an indelible mark on the spirit
and character of a young person.

Keywords: goal of learning mathematics, didactic principle of polyformity, teacher’s role

Introduction

The very conceptof mathematics is in frequent use in various social
spheres. As a teaching subject, it activates logical thinking in students and
thereby contributes to the development of their competences. In this way it pre-
pares them for certain life vocations and choosing their future occupations.
Mathematics teaches us to be wise and to solve problems step by step. It should
be loved, because it is logically tangled and as such presents a challenge to
many people andencourages their readiness to deal with it in different ways.
Each of us can learn math. There is no human activity that does not depend on
mathematics. All secondary schools, and many faculties have mathematics as
a subject. The importance of mathematics is enormous, not only as an educa-
tional subject, but also something that contributes to the development of per-
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sonality. The goals and tasks of the teaching subject are strictly defined, and in
elementary school they are intended for the acquiring of basic linguistic and
mathematical literacy. During schooling, 15% of students express a greater or
lesser need for private mathematics lessons by the time they enter the fifth grade
of elementary school, 25% by the time they enter high school, 40% by the time
they enter college, and up to 90% at the faculties where they study, or more
precisely, listen to this subject. Many researches conducted in Serbia in the last
few years point to a high level of mathematical anxiety among students. More
than half of students worry that they will have difficulties in maths classes and
that they will get bad grades. Indifference, if not resistance to mathematics is, in
essence, a fundamental trait of human beings. That limitation should be taken
into account and adapted to, instead of teachers deluding themselves that a suit-
able presentation will make mathematics interesting. Mathematics is a science
that was created by studying figures and calculating with numbers. It is a scien-
ce that studies structures that it creates itself or which originate from other sci-
ences (most often physics, but also other natural and social sciences) and de-
scribes the properties of those structures. However, mathematics can tell us
many things. There are many prejudices about mathematics. Unlike other sub-
jects, in school mathematicscontinuity is necessary, it is necessary to work con-
stantly. Today’s students, unfortunately, are generally not inclined to work con-
stantly, they are not persistent enough. The role of teachers is also important
here,their readiness to help and their knowledge, ability and talent to do it in the
right way. A large part of the material will never be used by most students, alt-
hough some students will use it all the time. No one can predict exactly how
useful knowledge of the square root algorithm will be in the future. It will pro-
bably be unnecessary, but what if it inspires someone for some future projects?
The number of good ideas is surprisingly small and most of them, after failing
in one form, reappear in new forms. “Unnecessary” ideas that are on the decline
today may be a hit again when today’s students are at the peak of their careers.
And all of them can feel the consequences of the hasty reduction of materials
due to someone’s illusion that the future can be reliably predicted.

The subject matter of the study. The Goal of Learning Mathematics

What distinguishes mathematical thinking from social and natural sciences
is not its flexibility, activity, orientation, economy, depth, breadth, originality,
laconicism, etc., but its characteristic operation with abstractions, i.e. mathema-
tical phenomena, objects, which are devoid of any materiality, and which we
can present in various ways, while only the relations between them are immuta-
ble, i.e. invariant. Of course, those relations are described by mathematical axio-
matics. However, if we keep part of the mathematical phenomena (objects) and
add to them either real or some other abstract objects and apply to them that
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characteristic operation with abstractions, whereby the relations between them
remain invariant, and which we define partly by mathematical and partly by
painting rules, then we get a complete a new mathematical expression, i.e.
polyform mathematical style (Nikolic, Lipovac, Medic, 2022). As we have al-
ready mentioned, knowledge of mathematics does not improve thinking, alt-
hough people who think precisely are usually good at mathematics. But that
connection is a result of an innate tendency for math/precision thinking, not an
effect of math knowledge on thinking. This idea, about the global effects of
mathematical knowledge on other areas of knowledge and life, is part of the
discredited doctrine of “knowledge transfer”, which assumes that acquired
knowledge is easily generalized and transferred from domain to domain, so for
example when a person has mastered the material of formal logic well, that per-
son becomes a master in logical reasoning on every topic. People think concrete-
ly, not abstractly, and it is very difficult for them to apply acquired knowledge to
new contexts. Depending on the school’s goal for students to learn the application
of mathematics, in most cases this application must be specially practiced, be-
cause it cannot be assumed that it arises spontaneously from the knowledge of
mathematics. This also means that students should be specially prepared for all
international mathematics tests based on the application of mathematics and not
for dealing with mathematical concepts. However, the application of mathematics
must not replace knowledge of mathematics, in the sense of dealing with mathe-
matical concepts and techniques, because the purpose of knowledge of mathema-
tics is only that knowledge, which is a necessary condition for all engineering,
a large number of natural and increasingly social sciences. For example, one who
does not know algebra cannot master differential calculus, and one who cannot
master it, can, for the beginning, say goodbye with practically all engineering
professions, a great number of natural sciences and economics. It also permanen-
tly limits his understanding of any field that uses statistics. Mathematical literacy
is one of the key competencies for lifelong learning, defined as the ability to de-
velop and apply mathematical thinking in order to solve a series of problems in
everyday situations (Ani¢, Pavlovi¢-Babié¢, 2011) and to ensure that all students
acquire basic language and mathematical literacy and progress towards the reali-
zation of the appropriate Educational Achievement Standards, as well as to:

— enable students to solve problems and tasks in new and unfamiliar
situations,

— enable students to express and justify their opinion and discuss with others,

— develops motivation for learning and interest in subject contents,

— ensure that students acquire elementary mathematical knowledge that is
necessary for understanding phenomena and laws in nature and society,

— train students to apply acquired mathematical knowledge in solving
various tasks from life practice,
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— represents the basis for successful continuation of mathematics educa-
tion and for self-education,

— contributes to the development of mental abilities, the formation of
a scientific view of the world and the all-round development of the student’s
personality.

In the Republic of Serbia, basic education and upbringing is acquired at
school through the implementation of a curriculum lasting eight years. Class-
room teaching is organized for students from | to IV grades, and subject tea-
ching is organized for students from V to VIII grades. Teaching subjects in the
curriculum are distributed during schooling by classes, and they can be compul-
sory or optional. Mathematics as a teaching subject appears in ancient Greek
schools under the name logistica numerosa. Children in age of today’s primary
school age learned, with the help of an abacus, to count with numbers, which
was useful in their everyday life. Geometry was then a scientific discipline that
was studied in classical schools of philosophy and mathematics. Therefore, in
the teaching of mathematics, the principle of polyformity should have a univer-
sal role, which would be presented by enriching the teaching with various con-
tents, means, procedures and methods (Markovi¢, 2012). Today, mathematics is
a compulsory general educational subject, whose position in relation to other
subjects is indicated by the fact that from | to IV grades, mathematics is offered
five hours a week, while in higher grades the number of hours is reduced to four
hours a week. If we look at the upper grades of elementary school, except for
Serbian language classes in the fifth grade, which is represented by five classes
a week, mathematics together with the Serbian language has the maximum
number of classes. Mathematics in elementary school is determined by contents,
goals and tasks that are determined by the age and psychophysical capabilities
of the students. The transfer of knowledge in class was created with the aim of
leading the student to the correct conclusion and knowledge through the appli-
cation of appropriate teaching forms, methods and tools. As mathematics is
increasingly applied in everyday life, its successful application requires a gene-
ral mathematical education. The new principle of polyformity of school organi-
zation is based on global requirements for effective pedagogical standards,
which enable lifelong learning. Traditional value systems, which, until recently,
reflected different patterns of living environments, are increasingly being im-
posed by a globally acceptable standard of education in modern schools (Ni-
koli¢, Hil¢enko, 2021).

Research methodologies and tools. Didactic Principle of Polyformity

The didactic principle of polyformity is not encountered at all as a didactic
peculiarity, and if it is applied in some places, then it is very rare, intuitive,
spontaneous, singular and accidental in the teaching of mathematics in primary
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school, high school and colleges. The essence of the application of this principle
consists in the permanent insistence on the integral consideration of various
approaches to the comprehension and understanding of the studied teaching phe-
nomena, therefore its exploitation in practice requires from the teacher excellent
knowledge and the skill of applying the most diverse professional-didactic-
methodical possibilities, and induces intensive thinking activity of students ex-
pressed in high-quality self-exalting work and greater motivation. (Markovié,
2008). The effectiveness of the principle of polyformity is based on the evident
psychological fact that changes and diversity in work refreshes teaching, and mo-
notony generally induces a weakening of interest and the appearance of passivity
and boredom. The principle of polyformity, due to the mentioned peculiarities,
represents a universal scientific and teaching principle, whose epistemological
basis is identical to that of the principle of permanence, the law of negation of
negation, whereby the principle of polyformity takes on the characteristics of
a dialectical law. As the principle of polyformity includes all existing didactic
principles, it elevates this principle to the pedestal of universality. That is why the
principle of polyformity should play a universal role in teaching mathematics,
which would be presented by enriching the teaching with various contents,
means, procedures and methods. When we talk about content, we mean the selec-
tion of such tasks that allow for a greater number of diverse approaches to solving
them and using obvious means. However, organizing such classes requires an
adequate application of the polyformity of methodical forms and methodical de-
tails of teaching, i.e. their variations in the same lesson (Nikoli¢, 2021).

Analysis of research results. Application of the Principle of Polyformity
in Mathematics Teaching

The essence of the didactic principle of polyformity is reflected in the per-
manent insistence on the integral consideration of diverse approaches to com-
prehension and understanding of the studied teaching phenomena. Its exploita-
tion in practice requires the teacher to have excellent knowledge and the ability
to perceive the most diverse professional-didactic-methodical possibilities, and
it induces an intensive thinking activity of the students made by high-quality
self-examination work and greater motivation. That is why the principle of
polyformity should have a universal role in teaching mathematics, which would
be presented by enriching the teaching with various contents, means, procedures
and methods (Penavin, 1971). When we talk about content, we mean the selec-
tion of such tasks that allow for a greater number of diverse approaches to their
solution and the use of obvious means. However, the organization of such clas-
ses requires an adequate application of the polyformity of methodical forms and
methodical details of teaching, i.e. Their variations, even methodological inno-
vations in the same lesson. The methodical forms and methodical details that
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the teacher plans and observes during the lesson are based on the timely pulsa-
tion of didactic principles, which is manifested in their simultaneous polyform-
cohesion effect, i.e. integral dialectical unity.

The Role of the Teacher

Learning math is not fun for many people. Mathematics for children of ear-
ly age was “fun because they added numbers”. It was also interesting “when we
drew some boots and then added them together”, as the children say. The reason
why math is boring is, basically, that humans didn’t evolve in modern cities but
rather in small, technologically primitive groups. As a result, natural selection
favored those traits that provided an evolutionary advantage in that environment
— traits that may or may not be adaptive today. For example: for someone living
in a small group of people, knowing information about who did what to whom
is of fundamental importance, and this is the root of the universal human need
for gossip (in the modern environment, this instinct has the unusual consequence
that people collect information about celebrities — people with whom they have no
connection, but who are perceptibly constantly present, which once upon a time
meant really relevant). Thus, indifference if not resistance to mathematics is, in
essence, a fundamental trait of human beings. And that limitation should be taken
into account and adapted to, instead of deluding yourself that mathematics can
become interesting with a suitable presentation. Like writing, mathematics is
a laboriously devised cultural product rather than a matter of natural instinct.
Except in the case of rare individuals, it will not inspire enthusiasm, although
long, regular and thorough work can make its learning less painful. All this
doesn’t mean that the way mathematics is taught is completely irrelevant. There
are good and bad math teachers, but the quality of a teacher is not how well he is
able to entertain the student, but how well he is able to teach him math.

The basic conditions for this are that:

— the teacher himself is good at mathematics,

— the teacher is able to understand what the students do not understand.

The problem in mathematics arises primarily due to omissions in the previous
school material. In an ideal case, the teacher is able to identify the specific fail-
ure, separate the student’s knowledge from ignorance, and using the student’s
islands of knowledge (which, as a rule, exist even in the worst students) repair
the damaged foundations and gradually incorporate new school material.

Problems in Training Procedures

Problems in the training process have a special importance for the teacher
himself. They are mainly related to the simultaneous speed and the large num-
ber of demands placed on the student. According to Vladisavljevi¢ (1986), this
procedure contains processes of analysis and synthesis. In the physiological
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sense, both processes are very complicated and the transformation of one pro-
cess into another, then into a third, is carried out gradually, all the more slowly
if the child is younger. For example, when reading, there must be compatibility
of visual, acoustic and articulatory processes. In this complex integrated circuit
with a large number of functions, errors may occur in certain parts of the system
when transmitting a message. It can be wrongly seen, or if the visual representa-
tion is well transferred to the auditory one, the auditory process can make
a mistake in perception, and therefore gives a wrong command to the speech
organs (or hand), etc. This is why mistakes occur. In order to reduce the possi-
ble or resulting difficulties, it is necessary to simplify and slow down the train-
ing process as much as possible, remove the multitude of impressions and the
multitude of requirements, in order to create a single, but clean and safe engram
(a hypothetical permanent change that occurs on the tissue of living organisms
as a result of the action of external impact). Teaching mathematics has always
been problematic. This applies to students in the classroom as well. Problems
arise at the moment when abstraction exceeds the ability of students to under-
stand the problem, that is, to move from manipulative/concrete thinking to ab-
stract thinking. This happens because the transition in content and work meth-
odology is too fast and unadjusted with the pace of development in students’
learning from visual/motor to abstract thinking. These problems manifest in
content such as units of measure, inequalities, fractions or word problems. Prob-
lems of this type can be greatly overcome if we present dry word problems in
a more interesting way. When learning by way of self-aware polyform heuris-
tics, as a dominant method within the polyform principles of interactive teach-
ing, the content that students should learn is not presented in a finished form,
but must be discovered, preferably in different ways. Then the students’ intel-
lectual power, motivation, activity in learning increases, and, due to the com-
pleted work,the feeling of satisfaction appears. Learning through the method of
self-aware polyform heuristics has greater effects in terms of the acquiring of
content knowledge, and especially process, i.e. applicable knowledge in the
sense of modern taxonomies of knowledge, because the student makes his own
efforts to organize newly acquired information, in his own information system,
and to find the entire range of information he needs, which increases his ability
to organize and arrange data, using deductive, analytical-synthetic approaches
and the application of the same in various problematic and life situations (Ni-
koli¢, 2016). According to numerous researchers, modern teaching, which is
a combination of principled and methodical “knitting”, with the help of compu-
ters, and which is not known or recognized by traditional teaching, contains new
qualities of diverse teaching work, increases the activity of students in the pro-
cess of teaching and acquiring knowledge, affects their greater motivation, initia-
tive, creativity and applicability of acquired knowledge in everyday life, which
are the main goals of modern mathematics teaching.
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The essence of this significant didactic principle is reflected in the perma-
nent insistence on the integral consideration of various approaches to compre-
hensing and understanding the studied teaching phenomena.

Examples of interesting problems in mathematics
1) Task:

Which CODE will open the lock?

One number is correct and in the right place.

One number is correct, but it is not in the right place.

Two numbers are correct, but not in the right places.

There are no exact numbers.

| NN O | &
N (WO =00
O (0 (O |N]N

One number is correct, but it is not in the right place.

A Okmatematics

CODE

Solution: 042

2) Task: circle the geometric bodies seen in the picture
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3) Task — mark the places where the lines intersect

4) Task — let the skier connect these three flags with straight lines
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5) Task — There are 15 apples in a large basket

There are 15 apples in a large basket.

How many apples should be divided into three smaller baskets.

The answer:
you should divide 5 apples each.

Conclusion

The acquisition of mathematical contents by some students is accompanied
by discomfort and fear. For many of them, mathematics is one of their least
favorite subjects. Math anxiety can be defined as a feeling of tension or fear that
interferes with operating and manipulating mathematical facts, numbers or sol-
ving mathematical problems. It manifests itself as a negative emotional response
to the contents of mathematics. Highly anxious people avoid mathematics con-
tent and have negative attitudes towards mathematics, as well as a negative
perception of their mathematical abilities. Negative math experience is a key
factor in the development of math anxiety. Children are essentially motivated to
overcome mathematical concepts, however negative attitudes of the environ-
ment, fear of failure, as well as comparison with peers escalate into negative
feelings. Fear can appear when solving one or more mathematical concepts.
Math anxiety in school-age students is considered a prerequisite stage of math
anxiety in adulthood. Students with math anxiety avoid math and learn less than
students who do not have math anxiety (Ashcraft, 2002). As a result, they show
lower math achievement. Their poor results are due to low competence and
achievement, not increased math anxiety. Therefore, it is very important to ex-
amine math anxiety on different math tasks. Students with a high level of math
anxiety do not have a global deficit in math, they can be successful on one or
more types of math tasks that do not cause them discomfort and fear. Although,
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based on all of the above, mathematics can be experienced as a ghost and an
insurmountable obstacle for most students, it can be overcome with a lot of
work and effort. Both teachers and people involved in educational reforms in
Serbia should contribute to this, as well as students who should understand and
accept that mathematics is a subject that is learned continuously and that it is
a long but rewarding process. Examining the relationship between math anxiety
and achievement on the math literacy scale, Videnovi¢ and Radisi¢ (2011) be-
lieve that math anxiety includes feeling pressure, inadequacy, and anxiety du-
ring solving tasks that involve manipulating numbers and solving math pro-
blems, citing PISA test data.
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Abstract

An indispensable element of the social and economic programme aimed at realising the new
environmentally friendly era is environmental education. The leading principle of the National
Environmental Policy is the principle of sustainable development, implemented through effective
educational, informational and promotional activities. They consist in changing the environmental
awareness of the society and in shaping proper human attitudes towards nature. The idea of sustaina-
ble development is understood as socio-economic development that takes into account the rights of
nature and a dignified life for future generations. The functioning of this global concept is based on
reconciling environmental, economic and social rationales. As a global trend, it ensures peace and
a decent standard of living for all countries of the world. Education emphasises the need to respect
human dignity, to respect diversity, to protect the environment and the resources of our planet.

Keywords: education, goals of sustainable development, environment

Introduction. The role of education in raising environmental awareness
Education is the transmission and acquisition of knowledge, the formation of
skills and values. Education enables us to understand ourselves, those close to us,
and the world we live in. Through education, people all over the world have the
chance for a better future. The International Strategy for Environmental Education
assumes that environmental education is an open-ended process during which

46


http://dx.doi.org/10.15584/jetacomps.2022.3.4
https://orcid.org/0000-0003-0362-8461
https://orcid.org/0000-0002-6694-9142
https://orcid.org/0000-0003-2082-9644

society acquires experience, forms the will to act to solve environmental problems
(Wiatr, Marczak, 2004). In environmental education, it is necessary to understand
the interdependence between ecology and economics, to learn about the conse-
quences of environmental degradation, to represent a lifestyle that respects the
environment. Environmental education is a component of the multifaceted deve-
lopment of the human personality, the formation of a pro-environmental attitude,
an understanding of the threats to the environment, sensitivity and activity in re-
sponding to its degradation (Buchcic, 2009).

Educational establishments at all levels implement teaching and education in
the spirit of respect for nature. In practice, environmental education is a form of
activity aimed at and for the public. In education today, more and more attention is
being paid to practical knowledge, which manifests itself in activating young peo-
ple and involving them in solving environmental problems. These activities help to
shape pupils' sensitivity and responsibility for the environment from an early age.

The subject matter of the study. Principles of the National Environmental
Policy

The principles of the National Environmental Policy determine how it is
shaped and implemented. They depend on the general policy of the country, the
state of the natural environment, the level of development and condition of the
economy, the public mood, international obligations. The leading principle of
the National Environmental Policy is the principle of sustainable development
(http://www.mos.gov.pl). It is enshrined in Art. 5 of the Basic Law of the Con-
stitution of the Republic of Poland, thus gaining constitutional status. In this
article we can read that: “The Republic of Poland shall safeguard the inde-
pendence and inviolability of its territory, ensure the freedom and rights of
man and citizen and the security of citizens, protect the national heritage and
ensure the protection of the environment, guided by the principle of sustaina-
ble development”.

There are several sectors in the Environmental Policy, dealing with specific
aspects. For example, the Nature Protection and Biodiversity Conservation Poli-
cy is based on the Nature Protection Act of 16 April 2004, which sets out the
following objectives: maintaining the stability of ecosystems, protecting land-
scape values, preserving geological and palaeontological heritage and shaping
appropriate human attitudes towards nature through educational, informational
and promotional activities (Ustawa, 2004). An efficient system for dissemina-
ting information and enabling effective public participation in environmental
protection enables the public to access information and environmental educa-
tion. Popularising environmental issues among children and young people, and
shaping pro-ecological attitudes is the guiding principle of the national envi-
ronmental policy.
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Analysis of research results

Education for sustainable development

Sustainable development is understood as socio-economic development that
takes into account the laws of nature and a dignified life for future generations.
The functioning of this global concept is based on reconciling environmental,
economic and social rationales. As a global trend, it ensures peace and a decent
standard of living for all countries of the world. As we know, there are currently
17 Sustainable Development Goals (SDGs) with 169 Intermediate Goals and
232 Sustainable Development Indicators (SDIs), and the range of goals and indi-
cators is constantly being updated and newly designed (Steward, 2015).
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Figure 1. A flow chart showing the pursuit of sustainable development through
the implementation of selected indicators in the context of diversification of energy sources
(Sobczyk, Sobczyk, 2021)

Sustainable development indicators are an essential monitoring tool, repre-
senting in a measurable way the essence of this development concept. They
make it possible to create a statistical picture of a country from the point of view
of implementing the new development paradigm. The most important feature of
an indicator is the comparability of its values, making it possible to determine
the position of an object/country in relation to other objects/countries. In this
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sense, an indicator is a function of one or more characteristics. Indicators are
implemented within areas (domain), and these in turn form pillars (deals): green,
economic and social. The introduction of eco-development is based on the reali-
sation of the individual deals and the degree of their integrity (interference)
(Sobczyk, Biedrawa, Kowalska, Pawul, 2010). For example, Picture 1 shows
a flow chart illustrating the pursuit of sustainable development through the im-
plementation of selected indicators in the context of energy diversification.

The aim of education for sustainable development is to strive for a balance
between social and economic well-being and the Earth’s culture, traditions and
conservation of natural resources. Education emphasises the need to respect
human dignity, to respect diversity, to protect the environment and the resources
of our planet. Efforts should be made to provide each person with educational
opportunities in accordance with their abilities. The learning process should
instill values without which social sustainability would be impossible. Continu-
ous monitoring of the quality of the education process is a prerequisite.

The implementation of the idea of sustainable development is aided by edu-
cational tools aimed at increasing the public’s knowledge of environmental pro-
cesses and human-environment interactions. Formal education (curricular and
extracurricular) can take place in national parks, landscape parks, botanical gar-
dens. Informal education takes place through mass media, local environment,
NGOs.

Level of environmental awareness among Poles

Can we speak of a high level of environmental awareness among Poles? En-
vironmental awareness is the area of social consciousness directed towards the
relationship between man and the natural environment. The elements of envi-
ronmental awareness are: knowledge, eco-friendly imagination, and a value sys-
tem. Let us look into our household. Almost every Pole declares to sort their
waste. But what does it look like in practice? Are we responsible for the state of
our environment?

Legislative changes introduced 10 years ago are extremely slow to produce
results (Ustawa, 2012). Gradually, individual environmental goals are being
achieved, but the process of improving the functioning of waste management is
proceeding lazily and sluggishly, and its effects will only become apparent in the
future. Long-term observations of the behaviour of a housing estate community
in a large Polish city confirm a sad reality: the awareness of the inhabitants is
very low and the unwillingness to segregate waste is widespread. The containers
for segregated waste contain raw materials that should not be there. Bags of
waste are thrown thoughtlessly anywhere. Waste segregation is a fairy tale from
another world. Society has not been prepared to implement the principles of the
new Waste Act. In the face of the Covid pandemic, the Russian-Ukrainian war,
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the energy crisis, the political situation in the country, the fall of the zloty and
the deterioration of living conditions, the issue of saving the planet has receded
into the background.

Conclusions

The transformation of acquired environmental knowledge into norms for
everyday life, into habits resulting from a natural relationship to the surrounding
nature, is the formation of personality and ethics. Everyday behaviour and ac-
tions should go in harmony with beliefs, and should flow from them. It is not an
easy thing to do. Our attitudes and habits need to be critically evaluated. The
way to do this is through environmental education: creating sensitivity and de-
veloping environmental awareness, creating ethics and self-criticism. Systematic
educational measures must be taken in this regard. In a few years it will be too
late to shape attitudes. Efforts should be made now to do sound educational
work with young people.

Some believe that acting locally has a negligible impact on the future of our
planet. Being aware of being integrated into the environment will allow an emo-
tional approach to environmental issues. An individual should feel part of the
environment and society. Through their everyday behaviour they can do some-
thing good for themselves and for future generations. Each of us should, on
a small scale, take action to minimise our harmful impact on the environment
(Kowalska, Sobczyk, Korzec, 2020). Each of us can make a difference in the
world. The effects of these actions, multiplied on a regional, national or conti-
nental scale, will have a tangible impact.
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Abstract

This text represents working approach to the subject “CHILD AND ECOLOGY” = ,,DETE
| EKOL&GIJA” by applying ICT at preschool institution. The work is reflected in a combination
of discussions about ecology, practical presentation of rules in recycling and sorting of various
waste, projection of the educational film “EKOL@GIJA” and individual solving of play sheets
by children.

Among the others, the aim of the work was to determine attitudes of the educators (on the ra-
ting scale) about the presented approach to the work.

Keywords: education, ecology, recycling, ICT, preschool institution

Introduction — “DETE | EKOLDGIJA”

Accelerated NEGATIVE environmental changes (greenhouse effect, rising
planetary temperature, melting glaciers and rising ocean and sea levels, pollu-
tion of water, air and land...) that occur due to irresponsible behavior of man-
kind, have brought the planet Earth to a dead end.Environmentalists and scien-
tists claim that it is the last moment for humanity to give up fossil fuels and ge-
neral pollution that calls into question the survival of its living world on our
“beautiful blue planet”. In that sense, the recycling and selection of diverse
waste plays a major role.Encouraged by the urgent environmental situation fa-
cing the whole world, and in accordance with the slogan “think globally, act
locally”, we wanted to give our contribution in educating the youngest about
ecology, especially about recycling various waste.
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For these needs, we have created an educational lecture entitled “DETE
| EKOLEDGIJA”, intended for children in preschool institutions using ICT
(Hil¢enko, 2003).

Lecture that lasts = 35 minutes has the following contents and course:

1. Projection of animated educational film (Hil¢enko, 2008) “EKOL(DGIJA”
(2 min.).

2. Discussion on the content of the animated film with a practical presen-
tation of the rules in the process of recycling various waste (15-20 min).

3. Individual solving of play slips by children.

The subject matter of the study. Example of the approach to the subject:
“DETE | EKOL®GIJA”by applying ICT in preschool institution

The animated educational film “EKOL{DGIJA” has the following plot:
The main “character”is a fish, that lives in a clean pond, but due to various
sources of pollution that occur in its immediate natural environment, it gets sick.
Those are:

— wastewater from sewage in the city ends up in the lake,

— air pollution from thermal power plants, traffic...,

— accumulation of waste in landfills causes pollution of the surrounding
land, underwater waters and lakes, and

— excessive pollution of arable land with pesticides ends up in underwater
waters.

In the film “EKOL{DGIJA”, all the negative environmental influences are
accompanied by a clock from the title of the film (Figure 1). When the pollution
reaches its zenith, and the fish gets sick, clock hands (from position 11.55h)
move in the opposite direction, in the direction of possible healing that depends
only on man! This means an alternative to everything that led to the ecological
catastrophe: filters on wastewater, factory chimneys, sorting and recycling of
various waste, use of natural fertilizers in the fields, electric cars ...
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The title of the animated film “EKOL{)GIJA” (picture no. 1) symbolical-
ly contains or refers to “WHO” should be most directly involved in this process,
“T”, ie. each of us ...

The film is a warning to all of us, but it also gives hope that we still have the
opportunity to “heal the planet”.

Hardware-software requirements for the realization of the animated film
were:

The basic (main) animation in “rough animation” and “clean up” was done
in Adobe Animate (Hil¢enko, 2004):

1. Effects and various animated objects were done in Adobe After Effects
(Hil¢enko, 2006).

2. Film length 1:30-2:00 minutes.

3. Resolution 1080 p.i.e., 1920:1080, i.e., Full HD (Hil¢enko, 2009).

4. The project was implemented on the configuration of Intel i5, RAM
8GB, optimally Mac mini M1 computer.

5. Wacom Cintiq 16 graphics drawing board (also a monitor), minimum
Wacom Intuos M. (Hil¢enko, 2010).

On the pictures number 2 and 3, phases in the realization of the animated
film “EKOL{D) GIJA” can be seen.

EROL(NGIJA

P UHE Cwm»mn » [ D)

Figures 2
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Research methodologies and tools

Discussion about the film with a practical presentation of the rules in
the process of recycling various waste should provide educators with feedback
on what children already know about the recycling of various waste, what they
learned from the film, to know where to start upgrading their knowledge. Chil-
dren need to understand the cause-and-effect relationshipsin environmental pol-
lution and what needs to be done about it, in order to restore better environmen-
tal conditions (Hil¢enko, 2011).

In this regard, educators should acquaint children with the process of recy-
cling various waste and the containers in which it is disposed of. At the very end,
children independently practice sorting and disposal of various waste with pre-
pared didactic materials (various waste samples and pictures of containers in
various colors) (Hil¢enko, 2015a).

Individual solving of play sheets by children should enable children to
confirm the adopted contents in which they participated, and educators to gain
insight into the extent to which that knowledge has been improved, and which
parts should be emphasized more in the future. From the prepared folder with 10
play sheets, the educator determines the number of worksheets and in which
period he plans to offer them to the children to solve (Figure 4).

54



@ 5*\',‘ - e;s ) s 2L /&)

TK‘ A L a4

IBBBEB é?_,l""l hj IIIIII @ W s | Iime
ey

4 23 8
z v L
N
id | 1,
E v
|
E i e s e s poosy ... 8 IO, i e S '

Figure 4. Folder layout and 10 play sheets

Analysisresearch results

After the lecture, we interviewed educators (15), asking them to express
their views on the way of work. The answers of educators on the assessment
scale are presented in Tables 1-5.

Table 1

1 2 3 4 5
| never use I rarelyuse | Sometimes | | often use | regularly
ICT in my ICT in my use ICT in ICT in my use ICT in )Y
work work my work work my work
/ o 4 2 / 15
59,94% 26,64% 13,32%

55



Table 2

2 3 4 5
never rarely sometimes often always >
5 8 2
/ ! 33,3% 53,28% 13,32% =
Table 3

1 2 & 4 5)
| don't agree I mostly angehr?{)r 1 mostly | totally >
atall disagree disagree agree agree
8 7
! / J 53,28% 46,62% 15
Table 4

1 2 3 4 5)
| don't agree 1 mostly agf;hﬁgr 1 mostly | totally >
at all disagree disagree agree agree
8 7
J ! J 53,33% 46,62% =
Table 5

1 2 4 5
1 would rarely sometimes Often I would
never 1 would 1 would 1 would regularly >
recommend | recommend | recommend | recommend | recommend
/ / > > > 15
33,33% 33,33% 33,33%

From the answers of (representative number of interviewees) educators, we
can see that 86,58% of them “rarely” or “sometimes” use ICT in their work. All
this speaks of insufficient ICT competencies of educators (Nikoli¢, Hil¢enko,
2021).

On the other hand, 66,6% of educators would “often” and “regularly” use
presented example of the work by applying ICT (Hil¢enko, 2017, 2019).

53,28% of tested educators “predominantly” think, and 46,62% of them “to-
tally agree” that presented wa of the work is suitable for children between 4 and
6 years old.

53,33% of educators “predominantly think, and 46,62% of them “totally
agree” that the presented example of the work sufficiently covered the pro-
cessed topic.
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33,33% of educators would ‘“sometimes recommend”, or “often recom-
mend” or “regularly recommend” presented example of the work.

Conclusion
The presented way of the work on the subject “DETE I EKOL(DGIJA”

represents combination of work using ICT and practical work of educators and
children. According to a larger percentage of surveyed educators, it is a desirable
approach to work that they would like to apply in their practice (Hil¢enko,
2015b).

Our goal is to convince Ministry of Education to implement presented way
of work in all preschool institutions, in order for children to get closer and in this
way get acquainted with this urgent topic — such as “DETE I EKOL{DGIJA”

and recycling of various waste.
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Abstract

The article presents the concept of applying QEEG research in the assessment of didactic ac-
tivity in polytechnic education. In addition, the promotion of EEG research in the field of thera-
peutic activities and as an innovative research method in didactics will be shown.

Keywords: simulation programs, electroencephalographic tests, QEEG, cognitive process, mode-
ling, brain and education

Introduction

The concept of neuroeducation or neurodidactics is more and more often cited
in the category of novelty in pedagogical literature. Neurodidactics seems to be
a concept strictly related to didactics it self, soitcan be concluded that the area of its
interest is not all education, but only refers to a narrower scope, didactics it self.
Other concepts functioning in Polish and foreign literature are: neuroedukacja,
brain and education, educational neuroscience. The thematic scope of these con-
cepts is extremely extensive, but there is no doubt that it brings together knowledge
from various fields of science, in this case neuroscience, cognitive psychology,
pedagogy (didactics), and cognitive science. Neurodidactics, as a new trend in the
development of the humanities, uses the known knowledge about the work of the
brain in the teaching-learning process. It indicates the correlation of brain activity
with the human cognitive process. Information processing processes that take place
in the nervous system, consisting in receiving information from the environment,
their storage and transformation, reflect the attitude of human behavior and its cog-
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nitive activity. Simply put, the more we know about the activity of our brain, its
activity under the influence of external stimuli, the greater our knowledge about the
possibilities of organizing the educational process. With regard to teaching metho-
dology, we have an impact on the targeted and individualized practice of upbrin-
ging and education. No wonder that the more and more frequently emerging possi-
bilities of using specialized information technology encourage research on content.
One of the possibilities offered by current technology is EEG electroencephalog-
raphy. The idea of EEG research and its use in research on didactic effectiveness is
one of the main activities to promote science. An exampleis the cyclical participa-
tion of the author in activities promoting the latest scientific achievements as part of
the Silesian Science Festival Katowice (Figure 1, 2).
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Figure 1. The place of promoting EEG research at the Laboratory of Experimental Research
Biofeedback at Jan Dlugosz University in Czestochowa (own source)

Figure 2. The place of promoting QEEG research —a method of bioelectrical activity
of the cerebral cortex (own source)
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The subject matter of the study

In the Experimental Research Laboratory of Biofeedback in Jan Diugosz
University, EEG and QEEG research has been carried out for many years.
QEEG tests (Quantitative electroencephalography) are a type of EEG tests that
enable the so-called mapping brain activity (Prauzner, 2019-2021). For this
purpose, specialized measuring equipment is used in the research, including
a device called Mitsar 202. The operation of the apparatus consists largely in
reading electrical impulses read on the scalp thanks to sensors placed in the so-
called a bonnet (Figure 3). These are electrodes made of low impedance mate-
rials connected with recording equipment located on the head according to
a specific pattern (Oostenveld, Praamstra, 2001; Olejniczak, 2006).

Figure 3. The QEEG research (own source)

Research methodologies and tools

In the years 2020-2022, complementary QEEG research was carried out
among students in the field of engineering. A total of 34 people participated in
the research, and their small number resulted from pandemic restrictions. The
aim of the research was to evaluate the activity of the brain while working at the
computer. Students were tasked with making a project in the form of a virtual
model in a simulation program. During their work, brain activity was recorded.
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The implementation of the engineering project was associated with several sta-
ges of work, such as: reading the documentation of the exercise, getting to know
the software environment, developing the model in a simulation program, simu-
lating the operation of the model, substantive evaluation of the work. At each of
these stages of work, the activity of the brain was recorded and the results ob-
tained in the form of frequency waveforms of the brain’s work were used to
perform the graphic activity of the brain’s work QEEG. It is worth mentioning at
this point that the activity of the brain is visualized in the form of specific fre-
guencies of electrical potential impulses. In addition, the occurrence of these
frequencies, the so-called waves of activity is related to their location, these are
the waves: Alpha, Beta, Gamma and Theta. The most important in terms of di-
dactic activity are Beta waves (Betal and Beta2, SMR). Betal waves with
a waveform frequency of 16-20 Hz are associated with concentration on one
issue, with an external orientation. If a person is faced with the need to solve, for
example, a mathematical problem (intense mental effort), we will notice that
first the amplitude of the activities will increase around 17 Hz and at exactly the
same time the amplitude of Theta and Alpha (8-10 Hz) will decrease. This
bandwidth correlates with the cognitive activity characteristic of active problem
solving (intense mental effort). Low Betal level accompanies intellectual defi-
cits as well as disturbances in concentration and attention. Too high Beta wave
in the non-dominant (genetically non-dominant) hemisphere disturbs the emis-
sion of the SMR wave, which in turn is associated with emotional disturbance
and attention deficit. Waves 18-36 Hz, the so-called Beta2 — a stressful wave of
anxiety, accompanies us during intense mental work. It is associated with in-
creased emotional tension, because its emission accompanies the release of
adrenaline responsible for the state of readiness of the body. For the above stu-
dies, it was assessed as undesirable (Thompson, Thompson, 2012). The higher
the frequency, the greater the creative stimulation and abstract thinking. We are
aware of external stimuli. The main research goal was to determine the didactic
activity among students of technical studies during practical work with the use
of simulation software. The simulation software allows you to conduct classes in
the IT laboratory thanks to the use of the most modern computer programs, in
this case computer simulation determinists (abbr. DSK). The general (initial)
hypothesis was with high probability that the use of DSK in the course of di-
dactic activities increases the level of cognitive activity in the didactic process.
Computer software was adopted as an independent variable, its features deter-
mining its attractiveness as a teaching means, while an increase in knowledge
and skills of using this software in the implementation of an engineering project
was assumed as a dependent variable. The method of the research was the ob-
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servation and measurement of the results obtained from the Mitsar 202 research
apparatus. The indicator of the dependent variable is the analysis of the occur-
rence of specific waves accompanying the activity of the brain during the stu-
dent’s work. The presence or absence of specific waves indicates a greater or
lesser activity of specific brain structures characteristic of a human’s creative
work. The effects of individual work in the form of technical solutions in the
construction and the course of simulating the operation of a virtual model were
also assessed.

Review of author’s research

In the course of the research, in each of the examined persons, a series of
frequency wave forms, proving the activity of the brain, was recorded. Figure 4
shows an example of the course of one person at different stages of his work.
Figure 5 shows a graphic illustration of the activity of the brain with the division
into the activity of brainwaves. Due to the large number of such runs, the data of
the entire group are presented in the form of Graph 1 and Table 1.
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Figure 4. Frequency waveform of EEG waves

The figure also shows the so-called artifacts, i.e. disturbances in the opera-
tion of the apparatus, which should be removed after registration and then the
results should be graphically interpreted (Figure 5) (Prauzner et al., 2019-2021;
Robbins, Touryan, Mullen, Kothe, 2020)
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Figure 5. Graphical analysis of brain activity (own source)
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Table 1. Percentage share of individual waves and their intensity in the studied group
(own source)

lack of activity | lowactivity | averageactivity considerableactivity | veryactive
WavesTheta 16% 28% 29% 14% 13%
WavesAlpha 19% 25% 23% 19% 14%
Waves SMR 12% 10% 43% 31% 4%
Waves Betal 11% 13% 45% 28% 3%
Waves Beta2 4% 36% 30% 21% 9%
Waves Gamma 3% 12% 34% 31% 20%
Conclusions

The analysis of the results shows that all waves (Theta, Alpha, SMR, Betal,
Beta2, Gamma) occurred in 34 subjects. Of course, as expected, the percentage
of dominant frequencies is different. This condition is influenced by many fac-
tors, including individual and biological predispositions, medical history, medi-
cations taken, etc. However, the quantitative analysis of the data shows that there
is a significant correlation with the occurrence of certain waves (especially Be-
tal, Beta2, SMR) with mental activity in during work. The average and signifi-
cant activity of Betal and SMR waves proves the involvement of all senses simul-
taneously and the state of attention, so in didactic terms it was the moment when
the student was extremely focused on what he was doing. Betal waves appear
very often when the student is doing mathematical or physical calculations. They
are related to concentration on one issue, with an external orientation. Emotional
states are related to arousal and alertness, the mind is focused on solving a task.
Beta2 waves also occur frequently and are usually associated with Betal waves,
but although they are characteristic of the active state of attention, they indicate
increased emotional tension, and thus stress. Of course, stress accompanies crea-
tive work because it is often an experimental stage of work, the obtained results
are not certain and raise concerns about their accuracy. They are related to the
secretion of adrenaline in humans, so their excess determines the state of stress,
which in didactic terms may be a destructive factor. Gamma waves are also fre-
quently observed frequencies. Their occurrence is always related to the active
and cognitive state in humans. It accompanies very active mental work of a per-
son. We are dealing here with a high concentration in humans, creative work.
The remaining types of waves, although their occurrence was also noticed, are
dominant in a smaller number of people. They are associated with a state of
calm, often lack of concentration and information processing, which does not
mean that a person does not learn at this moment. However, they are not so im-
portant in active creative work at the computer. We must remember that working
with a computer is primarily a static and moving image, so the organ of sight is
the basic organ responsible for the information reaching the mind. Added to this
is the problem of using software and computer skills. This conclusion can be
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used for further research related to the usefulness of computer applications in
didactics due to their architecture, data visualization side, difficulty in using
software and many other factors. However, this is a topic for further research
and joint discussion.
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Abstract

This publication attempts to show the interdisciplinary nature of augmented reality. With the
development of technology and the widespread use of smartphones, there has been a great devel-
opment of AR technology. This technology, due to its universal nature, is used in various spheres
of everyday life. Discussing the interdisciplinary nature of this technology within the scope of this
publication, the author focused on the possibilities of its use in education, medicine and marketing.
By pointing out practical examples of the use of AR, the author will show how this technology is
entering everyday life. The choice of the areas indicated is intended to show that AR technology
will be used by the majority of society in the future. This is due to the fact that this technology has
great prospects for development with particular emphasis on the areas mentioned.

Keywords: augmented reality, education, technology, AR in medicine, AR in marketing

Introduction

With the development of technology, particularly telecommunications
technology, which uses increasingly modern devices no longer referred to as
phones but as “smartphones”, the use of augmented reality (AR) has entered
everyday life with a “bang”. The rise of AR and its practical use has certainly
also been influenced by the popularity of the game Pokemon Go, which in
2016 became a global hit in the games market in less than a few weeks (Siwak,
2016, p. 365). The opportunity to use AR in this case is contained within the
broader realm of entertainment. It is just one way of using this form of infor-
mation sharing. For, in fact, AR technology has its applications in various are-
as of life. With this in mind, the main purpose of this publication is to review
the possibilities of using AR technology in relation to education, medicine and
marketing. These areas have been chosen because of the wide range of their
impact on society.
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The subject matter of the study

In the first part of the paper, the issue of augmented reality will be analysed,
followed by the author’s review of the possibilities of its use in order to empha-
sise the interdisciplinary nature of the technology in question. Particular empha-
sis will be placed on the role of AR in education, where the possibilities of using
this technology are numerous. Whether we are dealing with primary or tertiary
education, AR can be an interesting way to make the traditional learning process
more attractive and quality enhancing. Next, the author discusses the possibili-
ties of using HR in medicine, pointing out the possibility of using this technolo-
gy in both theoretical and practical terms. In the last part of the paper, the author
will characterise the possibilities of using AR in marketing.

Research methodologies and tools. Selection and characterisation of the
research method or literature

The author will base his research in the context of reviewing the possibilities
of using augmented reality technology on a literature search, during which he
will focus on analysing available scientific publications and online sources.

Issues related to the use of AR are of interest to researchers all over the
world, so the author will base his analysis on both Polish and foreign literature.
Particularly important in the analyses conducted on the interdisciplinary nature
of AR is the use of foreign literature. This is due to the fact that the use of AR
technology in practical terms is definitely more developed in the USA. A corol-
lary of this, is that there is a far more extensive literature that describes the use
of AR.

The combination of foreign and Polish literature will allow the topic to be
treated comprehensively, which will give the author a good overview of how AR
is used in the areas discussed. It will also contribute to a better identification of
the directions of development of the discussed technology in the future.

Results of analyses of the possibilities of interdisciplinary use of augmented
reality

When considering the possibilities of using AR in an interdisciplinary man-
ner, it is important to start by defining what the technology actually is. In the
literature on virtual reality, the most commonly cited definition is the one deve-
loped by Pardel (2009, p. 35), who believes that AR is “an area of scientific
research in computer science that deals with combining images of the real world
with elements created using information technology. Augmented Reality does
not create a virtual, complete, new 3D world (like virtual reality, Virtual Reality,
VR), but extends and supplements the one we know”.

From an analysis of the definition cited above, we can conclude that aug-
mented reality is intended to complement the image of the real world around us
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by a so-called information layer. This layer is superimposed on physically exis-
ting objects in the real world. These objects form the background for the mes-
sage generated using virtual reality. It is worth emphasising at this point that the
role of this background is crucial, as AR cannot exist without reference points in
the real world. Also noteworthy is the fact that the literature emphasises that the
information presented using this technology is close to the real world view of the
presented world. This is undoubtedly a great advantage in that we do not treat
AR as a “virtual world”, but as a complement to reality, aimed at stimulating
interest and curiosity. This advantage is very often emphasised in the literature
on the subject; many authors, when attempting to define AR, refer to the “Mixed
reality” diagram developed by Miligram and Kishino (1994, p. 1323).

,7 Mixed Reality (MR) —I
| I

[ ——— -—I
Real Augmented Augmented Virtual
Environment Reality (AR) Virtuality (AV) Environment

Reality-Virtuality (RV) Continuum

Figure 1. Milgram and Kishino’s reality-virtuality continuum
(adapted from Milgram et al., 1994).

In this chart, physical reality is placed at one end of the scale, while virtual
reality is placed at the opposite end, with AR and augmented virtuality marked
in the middle of the chart. The positioning of the technology of interest in this
article shows that it is definitely closer to the real world than virtual reality. An-
other aspect that distinguishes AR is the generation of an information layer in
real time, a feature that distinguishes this technology from others. This approach
can be found, among others, in the work of Carmigniani, according to whom AR
is “a real-time direct or indirect view of a physical real-world environment that
has been enhanced/augmented by adding virtual computergenerated information
to it” (Carmigniani et al., 2011, p. 342). Another feature of augmented reality
worth pointing out in the context of this publication is that, as discussed in War-
chol’s publication, defining AR as primarily the visualisation of objects is too
narrow. This author points out that this technology is also the ability to perform
activities previously designed by the designer (Warchol, 2016, p. 185).

AR in education

With the development of AR, more and more new application solutions are
being created and used in various areas of human existence. The use of this
technology in education is particularly interesting. According to Kesy (2017,
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p. 127), the increased interest in augmented reality as a supplement to the tradi-
tional educational process is due to its great visualisation possibilities. These
possibilities can be used, among other things, in the study of human anatomy,
the design of complex technical devices or even in spatial geometry. The lear-
ning process at each level should involve the use of a variety of teaching me-
thods and resources. With help in this case comes AR, which can make education
at each level more attractive by illustrating something that is not easily presented
on the pages of a textbook. Such textbooks can contain “markers” that, when
scanned by, for example, a smartphone with the appropriate software, will give
us complementary multimedia information (Postawa, 2018, p. 114).

There are two forms of AR in education, one is information-locative and the
other is vision-based. The former offers learners digital multimedia to navigate
through a physical area using a smartphone equipped with GPS. Graphics, text,
audio or 3D models are used to extend the physical area in order to narrate or
provide scientific information about a location. Vision-based AR, on the other
hand, presents learners with digital media only when the camera of their
smartphone is pointed at an object with, for example, a QR code (Postawa, 2018,
p. 114). The forms described take advantage of the several possibilities available
through the use of a smartphone (camera, GPS, traceability) to supplement the
real world with an additional layer of information, which creates a very attrac-
tive opportunity to provide content to support teaching and learning.

The use of AR in education, due to its unique nature, has interdisciplinary
potential. The technology is already being used in teaching subjects such as
mathematics, biology, physics, chemistry and astronomy as part of primary edu-
cation (LEE, 2012, p. 14). Also in history education AR finds its application, in
this case it can be used as a technology to develop content in a textbook and as
a guide to historical cities and museums (Dejanka, 2012, p. 31). In addition, the
mentioned technology can be used during field history lessons. An example of
the aforementioned didactic intentions is the project “Warsaw 44 — tracing the
Warsaw Uprising by mobile phone”, which can link selected places in Warsaw
to the events of that period. The project Guide. Lublin 2.0, which also plays an
educational role (Laskowski, 2013, p. 39).

The use of AR technology is also finding its way into higher education,
where students can improve their skills in complex theories or mechanisms
thanks to this highly efficient technology. Liarokapis, for example, has shown
that complex mechanisms and theory can be taught to students using AR tech-
nology by making them more understandable. He used AR technology when
discussing the construction of a valve train, where, thanks to a contextually en-
riched presentation, he discussed a 3D model of the valve train using real engine
components (Liarokapis, 2004, p. 13). Another translation of the use of AR in
higher education is the teaching of human anatomy in medical science. An exam-
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ple of a solution dedicated to medical science, among other things, is the aug-
mented reality-based iSkull app. This application offers the possibility to study
the structure of the human brain thanks to a so-called 360 view.

The use of AR technology in higher education is particularly evident in are-
as where it is important to combine both theoretical and practical knowledge.
Technical and medical sciences are prime examples of this, and it is significant
that AR technology can support both the learning process and the real world.
This dual use of AR technology is particularly evident in the medical sciences,
where it can also be used to guide surgical procedures or operations. The possi-
bilities for the use of AR in medicine are extensive and therefore worth analy-
sing in more depth.

AR in medicine

AR-based technology support in the medical professions is a very popular
activity. Already at the level of medical studies, this technology for presenting
content is being used, which is really only an introduction to the extensive use of
AR in medicine. In addition to the education process and, later on, the training
process of medical personnel, AR can have many important applications. The
technology can be used to support or replace the senses of its users through the
use of sensory substances. With its use, it is possible to assist visually impaired
users or those with low vision based on the use of auditory cues. Similarly, it is
possible to assist the deaf-blind, who can perceive the external world in a wider
range thanks to visual cues (Carmigniani et al., 2010, 342).

AR technologies, due to the wide range of applications they offer, are also
playing an increasingly important role in diagnostics and in supporting the hea-
ling process. According to Pereira (2019, p. 760), healthcare solutions that make
use of AR have made significant advances in the context of providing high-
quality diagnosis or treatment support. In addition, AR supports the development
of preventive medicine, through the use of online consultations, the doctor is
able to conduct real-time surveillance of the patient which, among other things,
increases the possibility of detecting tumours (Omarov, 2022, p. 9854). The
development of the use of AR in Poland is definitely still in its infancy and is
definitely only gaining momentum. It is true that the Polish medical market and
technology are catching up with solutions adopted in the West, although the
prevalence of AR use is much lower. While Polish centres are tentatively star-
ting to make use of AR, more than 200 hip and knee replacement surgeries have
already been performed in the United States, using the ARVIS augmented reality-
-based orthopaedic navigation platform. This platform uses information that is
collected by tracking cameras and presents it on a 3D display combined with
a hands-free interface. This tool was recently approved for commercial use by
the US Food and Drug Administration (Medicalpress, 2022). In addition, the
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development of AR-based m-health services also supports the medication dosing
process through greater supervision and supports rehabilitation processes, which
has been improved through the use of this technology (Ara, 2021, p. 845).

Such a wide range of possibilities for the use of AR technology in medicine
will certainly influence its use in the future, not only in the operating theatre but
also in doctors’ offices supporting the process of diagnosis or teleportation.
Market Research Future analysts predict that the augmented reality market in
healthcare will reach a value of more than $11.6 billion by 2030. The average
annual growth rate in the coming years will remain at over 28 per cent (Medi-
calpress, 2022).

AR in marketing

The use of augmented reality also has significant business potential in the
context of marketing activities. Companies using augmented reality in the pro-
motion of their products can improve the quality of sales, both in relation to
traditional sales channels and in e-Commerce. The increased interest in using
AR technology to promote products is linked to the development of mobile mar-
keting and the popularisation of the use of smartphones. This situation has crea-
ted an environment in which AR applications can be freely created and deve-
loped (Gabajova, 2021, p. 42). The use of AR provides the opportunity to obtain
more complete information about a product by using additional layers of data
that can contain any useful information that can be read when viewing the pro-
duct with a smartphone or other mobile device with an embedded camera. For
e-Commerce, augmented reality can become a tool for detailed examination of
goods by the potential buyer in terms of their usability (Vilikna, 2022, p. 58).
A popular example of the use of augmented reality in e-commerce is IKEA’s
“IKEA Place” app. Using the camera on a smartphone to scan an area in a room,
this app provides the opportunity to place the furniture offered by IKEA in the
room. The user of this app will be able to see, free of charge, how the products
offered by the aforementioned company fit into the layout of the flat (Delante,
2022).

Conclusions

In conclusion, the use of virtual reality in the areas of life cited in this publi-
cation has a great deal of potential for use. The use of AR in education is a solu-
tion that is increasingly boldly entering the teaching of various subjects at every
level of education. There is great potential in the development of this technology
in the context of education, which will influence its greater use in the teaching
process. In the opinion of the author of this publication, the prospects for the
development of AR in education are very high and this technology should be
used more and more boldly in the teaching of more subjects.
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Augmented reality in medicine is actually already a thriving industry, the
development prospects of which are described in this publication. This technolo-
gy will certainly become more popular in Poland in the future in line with trends
in the United States. These trends in the use of AR accelerated during the
COVID-19 outbreak, when there was a surge in demand for this technology in
North America. As a result, the author predicts that the level of interest in the
technology in question in the broader medical field will also increase significan-
tly in the coming years.

In a highly competitive market, companies wishing to increase their sales
and thus their profits must use ever more modern methods of reaching the cus-
tomer’s imagination. The answer to these needs is definitely the popularisation
of the use of AR technology in marketing activities. Therefore, in the opinion of
the author of this publication, the potential for the development of AR technolo-
gy in marketing activities is also high, especially at a time when market satura-
tion with this technology is not yet so high, and the need to stand out from com-
petitors is constantly growing.

In conclusion, this publication presents the interdisciplinary nature of aug-
mented reality technology, demonstrating that the technology has very high de-
velopment potential. The projected development of AR technology in the sectors
discussed will make the technology an indispensable element of human life in
the future. This prediction is supported by the fact that the Augmented Reality
(AR) Industry is already being talked about globally. And the interdisciplinary
nature of this technology will be an advantage that will give AR the opportunity
to grow in other fields.
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Abstract

In this paper, attention is paid to the inquiry-oriented model of students’ education in the sub-
ject Technique in lower secondary education. The proposed model reflects the long-term needs of
students’ education in the subject Technique, which, in spite of the updated content of the curricu-
lum in the Educational Standard of the subject Technique, have not yet been fulfilled. These issues
are addressed within the KEGA project No. 006UMB-4/2022 in the years 2022—-2024. The project
is funded by the Ministry of Education and Science of the Slovak Republic. In the article we pre-
sent basic information about the background, objectives, about the research team and the planned
outputs of the problem.

Keywords: elementary school, model of education, subject Technique, technical education, experi-
ment

Introduction. Current state of the issues

One of the aims of education in primary and secondary schools is to prepare
students for practical and real life so that every graduate has an equal opportuni-
ty to join the workforce in today’s evolving information society, knowledge
economy and globalisation. Currently, the still prevailing transmissive way of
teaching and the assessment of students with a grade requires, due to the on-
going school reform from 2015 and the changes in the curriculum with a specific
focus on the educational scope of Man and the World of Work, to implement
elements of research-based learning and new assessment practices in the tea-
ching process.
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Based on the decision of the Ministry of Education, Science and Higher Educa-
tion of the Slovak Republic, starting from the school year 2015/2016, the technical
education began to be implemented from the 5th class of the primary school (PS) in
line with the innovative State Educational Programme (iSEP) according to the inno-
vative Educational Standard (iES) of the subject Technique. The subject Technique
in lower secondary education has its firm, specific and irreplaceable place in the
system of teaching subjects, which cannot be replaced by any other subject.

As stated in the iISEP, the subject Technique must be based not only on theo-
retical knowledge but above all on practical activities. Its content is targeted at
skills and habits for students’ employment and society further in life. It is based
on students’ creative participation and cooperation. It adds an important compo-
nent to basic education by laying the foundations in technology that are essential
for further study and for students’ performance in real life. Students learn to
plan, organise and evaluate work activities both independently and in groups.
The content of the subject Technique continuously provides students with im-
portant information and helps them to make responsible decisions about their
future career and life choices.

The objectives of the subject Technique formulated in the iSEP reflect the
content of the subject in grades 5-9 of primary school. From the aspect of sol-
ving problems in the project, we are primarily interested in fulfilling the follo-
wing objectives in the subject Technique:

— students experiment with ideas, materials, technologies and techniques,

— students distinguish and safely use natural and technical materials, in-
struments, equipment and tools,

— students apply creativity and their own ideas in work and experimental
activities,

— students acquire the necessary knowledge and skills relevant to employ-
ment opportunities, the choice of their own professional direction and further
professional and life orientation.

Innovative Educational Standard for the subject Technique in 5th-9th grades
of PS within individual thematic units also includesso called Performance
Standard, which formulates performances that determine what the student should
know at the end of a given year within a given thematic unit should know and be
able to perform.

Experience and our own knowledge from pedagogical practice, as well as
the results of extensive research in the Slovak Republic (Duri§, Stadtrucker,
Pandurovi¢, 2019; Pavelka et al. 2020) lead us to a conclusion that the objectives
of the subject Technique and the required performances formulated in the Per-
formance Standard have not yet been met.

This state has not been significantly affected in a positive sense by the pub-
lication and commercial dispatch to PS (not to all PS in the Slovak Republic) of
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the following methodological materials for the subject Technique (Workbook for
5th and 6th grades, 2015, Workbook for 7th, 8th and 9th grades, 2016 — from the
publishing house Dr. Josef Raabe Slovensko, s.r.o. Workbook for 5th, 6th and
7th grades, 2017, Textbook for 5th and 6th grades — from the Taktik, s.r.0.).

Among the causes of thisstate,we can include mainly the unqualified tea-
chers teaching the subject Technique, still prevailing transmissive method of
teaching and evaluation of students with a grade, the absence of textbooks for
the subject, insufficient material equipment for the subject and others.

In pedagogical practice, we most often encounter the application of summa-
tive assessment of students in the teaching process, which is usually associated
with a classification. Students are often stressed by its application, they learn
only for good grades, and they are often only passive objects of examination and
evaluation. The aim of students’ assessment cannot simply be to assess their
performance at the moment, but should be directed towards formative assess-
ment and self-assessment.

The essence of self-assessment is that students are responsible for their
learning and are actively involved in the learning process. From a didactic point
of view, self-assessment can be seen as a competence that promotes students’
self-activity and independence from the teacher.

Self-assessment and self-controlare the most important motivational means
for the students. Formative assessment of students in the teaching process aims
at obtaining feedback on the students’ progress in learning, on shortcomings and
mistakes, with the aim of their eliminating. As stated by several authors (Turek,
2014; Kalag, 2013; Shute, Kim, 2014; Duri§, Stadtrucker, Pandurovié, 2019),
formative assessment of students should be used more extensively because it
improves the quality of students’ knowledge and skills.

Since the existing models of education in the subject of technology fail to
meet the stated objectives of the subject, it is necessary to perform the teaching
process not only in a demonstrative and age-appropriate way, but especially
experientially with the application of creative thought participation and coopera-
tion of students. This requires the need for active participation of students in the
teaching process, which can be achieved, for example, by means of research-
-oriented teaching. Another need is to carry out activities of an experimental na-
ture with use of available and unexpensive tools. We also propose to methodically
process the proposed activities of an experimental nature with the application of
formative assessment of students (self-assessment sheets for students) with a focus
on comprehension and specific transfer of learning in the cognitive domain.

The subject matter of the study. Project focus and description

The project focuses on the design and implementation of students’ experi-
mental activities using formative assessment and students’ self-assessment within
a research-oriented model of learning in the subject Technique in lower secondary

79



education. The proposed experimental activities and their implementation will
serve to improve and consolidate students’ knowledge and skills (fixation phase)
and application in practical tasks and life situations (application phase), thus em-
phasizing the integration of students’ learning and self-evaluation. It also implies
a “shift” from simply verifying the students’ state of knowledge towards activating
their higher cognitive abilities in solving tasks requiring creative thinking.

In the learning process of a student, feedback on what he/she has learned is
very important for him/her. This information enables to regulate his/her own
learning and, if obtained by the student him/herself, has a significant impact on
his/her level of self-assessment and self-awareness. The implementation of
a research-based model of learning in the subject Technique represents an inno-
vation in the formal assessment of the student in the teaching process. On the
one hand, the student applies his/her knowledge and skills from the exposure
phase of teaching in practical situations, which is required of the student in the
field of technical education and, on the other hand, the student receives imme-
diate feedback on the success or failure of his/her learning. In this way, students’
learning outcomes can be improved in synergy with the application of experien-
tial learning. At the same time, students’ experimental activities are aimed at
promoting their key competences and 21st century skills (creativity and innova-
tion, creative and critical thinking, problem solving, etc.).

The experimental activities will be focused on the thematic unit Technical ma-
terials and working procedures of their processing, which is included in the updated
Educational Standard for the subject Technique in the 6th and 7th grade of PS.
Emphasis will be placed primarily on the Performance Standard in which the per-
formances are formulated in a given thematic unit, determining what the student
should know and be able to do at the end of a given school year in a given thematic
unit. Part of the formulated performances is also the implementation of simple ex-
periments that should significantly influence the acquisition of knowledge and
skills of students in the higher levels of the taxonomy of educational objectives,
which are necessary for further education and life in the 21st century.

As this is applied research, the aim of its implementation within the pro-
ject will be to verify the effectiveness and efficiency of the proposed research-
-oriented model of education, the proposed experimental-oriented practical
activities and activities of students with the application of formative assess-
ment of students, in selected fully organized urban and rural primary schools
through the main research method - natural pedagogical experiment. The re-
search will be carried out through partial research activities of the members of
the research team.

Research methodologies, tools and research Team

The solution of the given problems in the project and the gradual fulfilment
of the set objectives should also be applied in the undergraduate training of fu-
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ture teachers of the subject Technique at the FE CFU in Nitra. Another reason is
the implementation of the verification of the proposed research-oriented model
of education in the subject Technique also in primary schools in the regions, for
which the FE CFU in Nitra prepares their teachers for the subject Technique.

All members of the research team have recently published not only universi-
ty textbooks, but also important scientific works (scientific monographs in do-
mestic and foreign publishing houses), scientific studies at home and abroad in
renowned journals, as well as in journals included in the scientific databases
Web of Knowledge or Scopus. Numerous published outputs have been ac-
claimed at the national and international level.

The project team consists of teaching staff, experts in the field of didactics
with a focus on didactics of scientific technical subjects (prof. PaedDr. M. Duris,
CSc., doc. PaedDr. J. Stebila, PhD., doc. PaedDr. V. Tomkova, PhD., doc.
PaedDr. J. Depesova, PhD.) and focusing on the field of scientific technical sub-
jects (prof. Ing. A. Ockajova, PhD., Ing. P. Kvasnova, PhD., Ing. M. Kucerka,
PhD.) from two departments (Department of Technology of the Faculty of Natu-
ral Sciences of Matej Bel University in BanskaBystrica, Department of Tech-
nique and Information Technologies of theFaculty of Education of Constantine
the Philosopher Universityin Nitra). The need to involve the collaborating de-
partment (FE CFU in Nitra) into the research team results mainly from the fact
that this department prepares students in the accredited study programmes
Teacher of Technique (Bachelor and Master studies) for the position of teacher
for teaching the subject Technique in lower secondary education.

Since the members of the research team have achieved excellent results in
the KEGA and VEGA projects in recent years, there is a presumption that they
are a guarantee of high expertise and quality of the project outputs and also, to
achieve the set project objectives in the research area of Educational Sciences.

Within the framework of international cooperation, the research team will
collaborate with foreign partners:

1. Prof. PaedDr. Jarmila Honzikova, Ph.D. (University of West Bohemia in
Pilsen, Czech Republic).

Participation and assessment of research activity proposals including the ap-
plication of formative assessment of students focusing on comprehension and
specific transfer of learning in the cognitive domain, which will be included in
the publication Workbook for the subject Technique with exemplification tasks.
Expertise and assessment of the proposed scientific monograph aimed at defi-
ning the theoretical basis of experimental activities in the selected content of the
curriculum and at interpreting the results of the experimental validation of the
research-oriented model of education in the subject Technique.

2. Doc. PhDr. PaedDr. Jifi Dostal, Ph.D. (Palacky University in Olomouc,
Czech Republic).
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Participation and assessment of research activity proposals including the ap-
plication of formative assessment of students focusing on comprehension and
specific transfer of learning in the cognitive domain, which will be included in
the publication Workbook for the subject Technique with exemplification tasks.
Expertise and assessment of the proposed scientific monograph aimed at defin-
ing the theoretical basis of experimental activities in the selected content of the
curriculum and at interpreting the results of the experimental validation of the
research-oriented model of education in the subject Technique. Collaboration in
publishing the results of the problem solving in the international journal JTIE —
Journal of Technology and Information Education.

3. Dr hab. prof. Wojciech Walat (University of Rzeszow, Faculty of Mathe-
matics and Natural Sciences, Department of Modern Educational Technologies,
Rzeszow, PL).

The aim of the cooperation, apart from the mutual exchange of information
on the latest developments in the field of didactics of technology focused on
research activities in Polish primary and higher education institutions, will be the
presentation of the achieved results at an international conference entitled Edu-
cation — Technology — Computer Science. Main Problems of Technology and
Professional Educatin. Rzeszow. Part of the cooperation will include the publica-
tion of outputs from the solution of the given problem in the international journal
Education — Technology — Computer Science.

Analysis of research results. Objectives of the project

The main objective of the project is to design and validate experimental activi-
ties that will be part of a research-oriented model of students’ education in the sub-
ject Technique in lower secondary education. Other important objectives of the pro-
ject are the development of the methodology of the proposed exploratory activities
with the application of formative assessment of students (students’ self-assessment
sheets) focusing on the understanding and specific transfer of the selected content of
the curriculum in the cognitive domain. The experimental activities will involve the
development of strategies for solving practical learning tasks that are aimed at pro-
moting and developing key competences and skills of 21st century students (creati-
vity and innovation, creative and critical thinking, problem solving, etc.).

Intangible objectives of the project

1. Development of theoretical basis for the design of research activities in
the selected content of the subject Technique with emphasis on the development
of competencies and skills of students in solving application and problem-
-solving tasks.

2. Creation and incorporation of selected chapters from didactics of tech-
nigue focused on innovations in the assessment of students in the teaching pro-
cess into the study in accredited study programs Teaching Technique, preparing
future teachers of the subject Technique.
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3. Creation of conditions in the undergraduate training of future teachers of
subject Technique and for selected groups of teachers in the framework of life-
long learning also in the form of conferences, methodological days, or profes-
sional seminars and workshops.

Tangible objectives of the project

1. Creation of a set of experimental activities, experiments focused on the
selected content of the curriculum (thematic unit Technical materials and work-
ing procedures of their processing) in the subject Technique in lower secondary
education with the application of formative assessment of students — Workbook
for the subject Technique with exemplification tasks.

2. Creation of an information sheet for a compulsory elective course focu-
sing on activities of an experimental nature for the field of technology and mate-
rials processing, which will form a part of the future accredited study pro-
gramme Teaching Technique. The compulsory elective subject will complement
the compulsory subject in its content.

3. Creation of a scientific monograph aimed at defining the theoretical
foundations of experimental activities in the selected content of the curriculum
in the subject Technique and the analysis and interpretation of the results of the
experimental validation of the research-oriented model of education in the sub-
ject Technique.

Conclusions. Planned application of outputs

The application of the project outputs in practice is in the form of a publica-
tion entitled Workbook for subject technique with exemplification tasks. The
publication will contain designed and methodically processed students’ explora-
tory activities, experiments in the selected content of the curriculum with the
application of formative assessment of students with a focus on understanding
and specific transfer in the cognitive domain.

Another output will be the design and production of an information sheet for
a compulsory elective course focusing on experimental activities for the field of
technology and materials processing (wood, metal, plastics). The information sheet
will form part of the future accredited study programme Teaching Technique.

The final output of the project will be the publication of a scientific mono-
graph aimed at defining the theoretical foundations of research activities in the
selected content of the curriculum in the subject Technique and at presenting the
results of research aimed at experimental verification of the proposed research-
-oriented model of education in the subject Technique.

The publications produced will respect:

— requirements that are aimed at promoting and developing key compe-
tences and skills for 21st century learners (creativity and innovation, creative
and critical thinking, problem solving, etc.),
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— based on these requirements, didactic resources and teaching materials
will include new modern teaching elements (formative assessment, problem
tasks, PISA tasks, experimental support for teaching, etc.),

— the requirements of the guarantors of individual study programmes fo-
cused on the teaching of subject Technique and the current requirements of indi-
vidual departments (FNSof Matej Bel University in Banska Bystrica, FHNS of
University in PreSov, FEof Constantin the Philosopher University in Nitra),

— publications will take into account the impact of the school reforms of
regional and higher education that have taken place in Slovakia in recent years.

The created publications will be used not only in the undergraduate training
of future teachers of the subject Technique, but also in the framework of lifelong
learning of teachers teaching the subject Technique, also in connection with the
introduction of new content of the curriculum according to the updated Educa-
tional Standard of the subject Technique in lower secondary education.

The problem solved in the article is part of the KEGA project No. 006UMB-
-4/2022 and the VEGA project No. 1/0629/20.
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Abstract

Early childhood education is an essential stage in the life of every child. Thanks to participa-
tion in lessons and school life, the child not only gains knowledge and various skills, but also
shapes his personality, establishes bonds, and learns how to function in a social group. At the
beginning of March 2020, the current order, also in the field of education, was disrupted by the
outbreak of the Covid-19 pandemic. By decision of the state authorities, schools and many other
public facilities were closed. Education has changed its current form by moving completely on the
virtual plane, which has never happened before. The extremely fast turn of events caused huge
chaos in both the pedagogical environment and among parents and their children. This has become
a contribution to the theoretical and research considerations of many people.

Keywords: education, distance, learning, help, early education, student

General statement of the problem

The broadly understood concept of education is an extremely complex sub-
ject matter because it includes not only providing students with didactic mate-
rials from various fields necessary to acquire knowledge and skills in specific
areas, but also affects the personality of each individual, taking into account
their cognitive abilities, interests, attitudes, values, and generally speaking all-
round intellectual development (Kupisiewicz, 2002, p. 28).

Subject of research

The subject of the research was the theoretical aspects of remote learning in
grades I-111 of primary school. Due to the outbreak of the Covid-19 pandemic,
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schools and many other public facilities have been closed by the decision of the
state authorities. Education has changed its current form by completely moving
to the virtual plane, which has never happened before. The extremely fast turn of
events caused huge chaos both in the pedagogical environment and among pa-
rents and their children. This has become a contribution to the theoretical and
research considerations of many people, including ours. In this study, we have
presented an initial outline of the studied phenomenon, focusing our considera-
tions on the school, teacher, and student.

Publication analysis

Education understood in this way is usually implemented through institu-
tional education, and while it is possible to implement it in stationary conditions,
i.e., within the institution, it is necessary to reflect on the situation when such
conditions cannot be met. Remote education, distance learning, e-learning or
other terms meaning basically the same, i.e., teaching away from the institution
using computer technigues and the Internet, or also supporting teaching with the
use of computers, multimedia techniques, and the Internet. A very detailed defi-
nition of this process was proposed by Kubiak (2000, p. 34) who wrote that “dis-
tance learning is a method of conducting the didactic process in conditions when
teachers and students (students) are distant from each other (sometimes signifi-
cantly) and are not in the same place, using to transmit information — in addition
to traditional means of communication — also modern, very modern telecommu-
nications technologies, sending: voice, video image, computer data, and printed
materials. Modern technologies also enable direct contact in real time between
the teacher and the student by means of audio or videoconferencing, regardless
of the distance that separates them”. Until recently, this method of education was
an additional element supporting the didactic process and was aimed at increa-
sing its attractiveness for students or increasing their interest and motivation in
relation to the content they are learning, or increasing their IT competences.
Education ministers from countries of the European Union developed an educa-
tional strategy, the tool of which was to be distance education, and the imple-
mentation deadline was 2010, while the following goals were set:

— Improving the quality and efficiency of education systems in the EU;

— Widening access to the education system;

— Making education systems accessible to the wider community (Bednarek,
2008, p. 16).

Thus, it can be concluded that more than ten years ago the huge potential of
distance learning was noticed. It is worth noting that it was supposed to be a tool
to improve and broaden didactic horizons. There was no question of completely
replacing the existing education with a remote form because there are diame-
trical differences between these types of education; for example, in terms of the
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cognitive aspect, it is not difficult to see that in online education the role of the
image received is increasing, while the position of handwriting, which is popular
in the traditional model, in addition, providing ready-made images may some-
how limit the recipient’s imagination. In favor of distance education, however,
there is the fact that the possibilities of supporting the memory process in all its
phases are ensured. Distinctive features of distance education are:

— Maintaining the same objectives as in traditional education, but elimina-
ting formal barriers to recruitment;

— Complementing the programs developed by the school;

— Using various information media and other possible methods of commu-
nication and transmission;

— Flexibility in the selection of methods, forms, and modes of education;

— Widely available selection of training materials;

— Adaptation to the individual needs and abilities of the student;

— Ability to contact the student with the teacher via the Internet, both in
synchronous and asynchronous mode;

— Possibility of individualization of education;

— Time and place adapted to the needs and capabilities of both parties
(Cecelek, 210).

Over the years, distance learning has been developing, and the organization
of didactic work has been carried out in various ways, thus taking the form of:

— Correspondence courses, which were based on training materials deli-
vered by post;

— Teaching of correspondence based on specially prepared learning materi-
als sent to students;

— Videoconferencing systems coupled with a computer network;

— Teaching via radio or television;

— Courses made available on the channels of the educational cable televi-
sion network;

— Teaching via radio or television with additional telephone or other inter-
action (Bednarek, Lubina, 2008, p. 95).

Remote education used as an additional form to supplement traditional
teaching has its advantages and disadvantages. Undoubtedly, they speak in their
favour:

— High flexibility as to time, place, and pace of learning;

— Increasing the efficiency and effectiveness of education;

— Improving IT skills;

— Attractive form of classes.

However, there is also the “other side of the coin”, because in addition to the
positives, you can also see the negative aspects of distance education, which are
undoubtedly:
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— Lack of direct contact with the teacher and other students;

— Weakened emotional bonds with peers;

— Barriers related to lack of IT competence or technical problems.

Despite some of the above-mentioned inconveniences, many students will-
ingly used the additional form of education that was distance learning to provide
themselves with additional learning opportunities. This form seemed quite at-
tractive as long as it was a voluntary choice of the student, did not limit his per-
sonal space, and did not disturb his current habits and basic development needs.

Presentation of the material

The beginning of 2020 brought with it difficult conditions for education and
its participants. Due to the appearance and very rapid spread of the SARS-CoV-2
virus, the Ministry of National Education decided to introduce distance learning
in order to prevent the development of the pandemic, therefore, the relevant
regulations were issued:

— amending the regulation on the temporary limitation of the functioning of
educational system units in connection with the prevention, counteraction, and
combating of COVID-191

— on special solutions during the period of temporary limitation of the fun-
ctioning of education system units in connection with preventing, counteracting,
and combating COVID-192 (www.dziennikustaw.gov.pl).

The solutions proposed therein were to allow the organization and course of
education to be carried out using distance learning methods and techniques so
didactic and educational tasks could be performed and the core curriculum imple-
mented despite the limitations resulting from the specificity of distance learning.

In addition, the Ministry of National Education has also created a guide ad-
dressed to all participants in remote education, i.e. headmasters, teaching staff,
parents, and students. Each of the above-mentioned sides of education received
appropriate advice and materials to positively influence the effectiveness of the
didactic process. Initially, the responsibility for children’s education fell on the
shoulders of parents. Teachers were only supposed to be the initiators of certain
activities by proposing activities and exercises to parents or by sending work-
sheets. The guardians, on the other hand, had to introduce their children to the
current situation, explain all the unknowns, create conditions, and, of course,
implement remote education into their lives so far (MEN, 2022).

Due to this situation, the entire educational system at all levels required
a complete reorganization. Looking at the structure of education, it is obvious
that many participants take part in it, and each of them should be perceived from
a completely different perspective, because they have different rights, obliga-
tions, and points of view. The basic members of remote education are, of course,
the student and the teacher, but speaking of the early school stage, the partici-
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pants of this process are also parents or legal guardians, who play a huge role in
education, especially those in the online form. Each of the parties mentioned
above had to reorganize their lives as a result of the situation. It was necessary to
adjust one’s own lifestyle related to both the personal and personal sphere. Edu-
cation has also different methods and techniques, which have also had to change
because those used so far have ceased to be useful. Both teachers had to adapt to
working with new tools, and students needed time to adjust to receiving
knowledge and learning in a completely different way than before.

From the point of view of all participants in education, the prospect of
online learning was a huge shock. Teachers who had no contact with this form of
teaching or knew little about it had to do a lot of work to implement, at least to
a small extent, the methods and tools for remote education. According to the
reports on this subject, it can be safely stated that no detailed guidelines on how
to organize remote learning have been provided by the government, and no sup-
port has been provided. As a result, some of the teaching staff tried to train on
their own by participating in online training and webinars; there was also
a group of teachers who did not take up the challenge and stopped teaching
when schools were closed and switched to remote mode. Such activities had an
impact on the recipients, i.e., students, and therefore in the first case, education
could continue, although perhaps in a slightly reduced form, but it still occurred,
students did not lose the chance and opportunity to acquire knowledge and skills,
and in the second case, the echo of teacher training resulted in tragic conse-
guences, pupils were left to fend for themselves, disoriented, and deprived of the
possibility of further education in this situation. This image shows how im-
portant the teacher is in remote education. Much depends on his willingness and
motivation to improve himself and overcoming obstacles encountered in his
development path. Interestingly, many educators who wanted to meet the needs
caused by the pandemic set up Facebook groups in which they shared with other
teachers their ideas for working with students under current conditions, advised
each other what tools could be used to make lessons interesting and effective,
and provided each other with mutual mental support, which was also essential in
such a difficult time (Buchner, Wierzbicka, 2020).

Another party involved in education is, of course, students who have been
placed in a very difficult and incomprehensible situation. many questions and
unknowns were born in their heads, as well as a lot of fear and anxiety related to
the presence of a pandemic. They demanded explanations from teachers and
parents; they could not understand and accept the situation in which they found
themselves. It is worth noting an important issue, not only the way of education
has changed for them, but also their relationships between peers, which at the
early school stage are an extremely important element of the development of an
individual, have been severely limited. It was also very difficult to adapt to les-
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sons at home; many students did not want to show their surroundings in front of
the camera or had to share the space with their siblings. A big barrier was also IT
competences, which at this age, for obvious reasons, were not yet developed and
the help of household members was necessary here. All these aspects make the
education process very stressful and difficult for students to manage. The children
were faced with quite a challenge — they had to assume the role of a fairly inde-
pendent participant in education, responsible, caring for their educational path.

Early childhood education is a special stage, because students are already
obliged to acquire knowledge, but they are just learning this process and need
a lot of support. in “normal” conditions, it is given by the teacher who tries to
observe the student’s work on an ongoing basis and correct mistakes made; as
a result of switching to remote mode, this task fell on the shoulders of parents
and legal guardians, so it is worth mentioning how important they were in the
process of remote education. Their tasks included not only reconciling profes-
sional life with remote teaching of their children. They had to organize a space at
home adapted to learning, take care of the mental aspect of their charges, explain
the situation to them, and, of course, help them get used to remote education.
Often it was the parents, on their own, who first had to undergo training in the
tools proposed by the school in order to be able to show their children how to
use them (Plebanska, Szyller, Sienczewska, 2020).

As you can see, all participants in remote education played essential roles
and it would not have been possible without the participation of any of them.
Everyone had to do a lot of work and adapt to existing conditions so that dis-
tance learning could function and bring about results. The cooperation of the
above-mentioned parties is necessary for remote education to exist, despite their
cooperation, there are still other barriers that need to be overcome so that stu-
dents can learn from home; these include:

— access to technology,

— preparing teaching staff and students for virtual education;

— maintaining an appropriate level of communication and participation,

— student progress checks and exams (pie.net.pl, 2020).

Conclusion

For remote education to exist and bring effective achievement, three basic
elements must be met:

— technical capabilities on both sides of the process, i.e., both the student
and the teacher. These possibilities should be understood as access to equipment
and the Internet, as well as remote education management software;

— educational resources;

— competences of teaching staff in the field of organizing education in
a remote form (Pyzalski, 2020, p. 43).
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Bearing in mind the above elements, the readiness of the current school and
students for distance learning in each of the above-mentioned points should be
considered, and if not, whether and what steps should be taken to achieve this
readiness.
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Abstract

The article describes possibilities of 3D printing using at educational process. It focuses atten-
tion to alternative creation of new specific teaching aids as well as motivation of pupils and stu-
dents towards study of: informatics, programming, using of CAD programs, design of new pro-
ducts, etc. Working principle of 3D printer and cardinal information concerned to successful using
of new technology is described shortly.
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Introduction

For the most effective educational process there is need to present knowledge
to students by style, so as obtaining knowledge would be desire for students.
High quality education is based on knowledge and using of different devices and
teaching aids for teaching. Teachers employ didactic equipments and do not rely
only to verbal and non verbal communication with students. Material tools and
models are basic elements of didactics. It is integral part of teaching process and
it has big influence to realization of educational aims. One of the most important
didactic principles is principle of object teaching that is realised mostly by tea-
ching aids and models.

An improvement of technologies makes it possible to use them in educa-
tional system. 3D printing is one of new methods that can be used to create dif-
ferent products. The technology of 3D printing offers efficient alternative of
large amount of models creation by actual needs of education based on natural
creative invention, hardware and in bounds of solid expense. An 3D model is
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possible to use for assistance at active education with practical manipulation
with models at standard teaching. It is possible to make easier learning for pupils
with visual in sufficiency or reduced space orientation.

The subject matter of the study. Exploitation of 3D printing at school

3D printing is possible to use at educational system as teaching subject or
as component of other related subjects (informatics, construction drawing, de-
signing, engineering, etc.). But also as alternative of creation of teaching aids
for teacher (for example for subject as: chemistry, physics, geometry, electrical
engineering, etc.). Probably, the most suitable of 3D printing at school is crea-
tion of models with pupils that will be used as didactic aids at different study
subjects.

It is possible, by 3D printing, to create basically any object. It is reason why
different educational aids can be created for different study subjects for basic
and secondary schools. There is possibility to teacher to create models that serve
to purpose of student motivation. A teacher does not have to create models from
the beginning. Today, there are lot of models that are ready. A model can be
copied from source, adapted for specific type of 3D printer and printed. Some
exhibits from museum can be copied for example by this way as well. There are
some fields of learning topics that are not easy for students usually. Mostly it is:
models and diagrams that are displayed by 2D version at text boxes. It is usually:
different kind of mathematical and chemical models and diagrams. There is pos-
sibility for better understanding for students by the possibility of 3D printing and
creation of three dimensional models. It brings motivation that is able to change
dynamics of all class. It is not possible to avoid changes of size of some parts of
models (for example to reduce size of machines or on other hand to expand
models of atoms, molecules, etc.). Observations of students can be distorted by
the change of dimensions. However, manipulation with model, it is lot of times
the only way how to know presented object at least.

Research methodologies and tools

The research was carried out using the analysis of commonly available IT
solutions regarding technology and software to support 3D printing. It is conve-
nient to exploit for example projects that support introduction of 3D printing into
schools, considering financial status of educational system. These projects are
often financed by technological companies or dealers of technological equip-
ment. They organise education for teachers moreover. There isn’t obligation to
buy expensive software to 3D printers within educational system. Software is
oftentimes available to copy free, or there is possibility to use online CAD edi-
tors that is not obligation to install. Some producers of commercial software
enable special educational editions by bargain prices of cost free.
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Analysis of research results. The principle and basic characterization of 3D
printing

3D printer uses X and Y axes on plane as standard printer, but adds third axis
Z — height. Said very simply, complex future object is decomposed into horizon-
tal slim measures (slices) that are during printing stocked at each other. Each of
slices has outside contour in X-Y plane in shape of future object at correspon-
ding height. Material object is created by process that particular segments are
stocked on each other step by step. Different restrictions originate depending up
used material and 3D printer and other factors. In spite of all restrictions, 3D
printing has lot of advantages in comparison with standard methods of produc-
tion of three dimensional models. Compared to casting — there is for example
saving of time and financial resources needed for preparation of cast up, stan-
dard machining — saving of waste material. Lot of patterns is complicated to
produce by standard methods and 3D printing offers proper alternative. 3D prin-
ting method is not universal of course. It is required to consider properly, what
will be printed by 3D printer and what is expected from resultant printed models.

A material is supplied in the shape of printing filament. It is extruded by
heated nozzle in head of 3D printer — it is the most common technology of 3D
printing and also the most cheep alternative. The price of such 3D printers is
from hundreds Euro (printers used at home)to tenths thousands Euro (profes-
sional). The technology of 3D printing is convenient for printing of functional
models and prototypes that are after printing ready to be used immediately.
A material for 3D printing is from thermoplastic, twisted in coil. Material is
gradually supplied into extruder — printing head.

Figure 1. 3D printer and filament with different colours

A plastic is warmed to required temperature in printing head and coated on
a base at axis X-Y. When one whole layer is deposited the system is shifted
along axis Z and next whole layer is printed. This way of printing is not precise
and separate layers are often visible. This can be adapted by adjusting of layer
height or by treatment of completed model.
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Figure 2. Basic principle of 3D printing (layer over layer)

Specific disadvantage is necessity to create supporting skeletons when
plates that exceed fundament of printed model are printed. Advantages are
price availability of printers and printing material, proportions of printers that
is suitable for using at office or at home. There is possibility to print coloured
models thanks to possibility to change filaments during printing. Changing of
filament is possible to do by hands (printers of lower cost) or automatically
(printers with more feed blocks). Materials for printing are more sorts at pre-
sent. Materials for printing have different characteristics and are produced
from: plastics, metals, alloys of metals, ceramics, concrete, paper, different
sorts of bio materials, etc.

PLA is the most frequently used filament probably. Its popularity results not
only from low cost but large assortment and good properties for printing moreo-
ver. It is efficient for printing of small and detailed objects. Considering small
temperature expansion of this material, printed models do not screw, crack and
come unstuck from plate. PLA is robust and breakable all at once. It has low
temperature resistance — it comes plastic at 60°C. It is least long live material to
weather conditions among the most used materials.

PETG combine properties of PLA and ABS properly and it is suitable for
recycling. It has lower temperature expansion but it is more stabile to tempera-
ture and mechanical stress. Models are soft elastic this is why they do not crack
immediately by mechanical impact. A model made from PETG has bright sur-
face comparing to PLA.

The 3D printer is selected by more criteria:

— Technology of printing — what material is used for printed model,

— Largeness of printing plane,

— Speed of printing (mm/s) —it depends on resolution and other facts,

— Resolution — details on printed model makes printing longer,

— Proportions of printer,

— Possibility to print by more colours — usually in separate slices,

— Possibilities of printer connectivity (including connection to data network),

— Using of display to control of printer,
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— Software and its upgrade,

— Price of printer, etc.

Process of 3D printing consists from three main steps that follow to each other:

1. Creation of model of printed object in digital shape — obtaining of model
from internet, creation of 3D model by using CAD software, transformation of
existing matter to digital version by 3D scan or by photogrammetry.

2. Conversion to format determined for printing — the object is represented
in it by three dimensional networks of reciprocally interconnected points. The
model can be modified and edited at any time. As many points are in the net-
work, that represents object, thereby model is more precise, but resulted file is
bigger and operation with it is more complicated and demanding to computer
power. Consequently, the file is transformed into format generally used for pro-
gramming of CNC machines (sequence of text instructions, printer use instruc-
tions to provide individual transactions). In the programme, that divide model
into separate horizontal segments (slicer) it is possible to set lot of parameters
that bear relation with printing. A printing can be modified in light of printing
duration, cost, visage and robustness of model. Parameters are for example:
temperature of printing head, speed of printing head, thickness of one layer,
robustness of surface, format and thickness of filling, format and situation of
supports, situation of model on plate, etc.

3. Printing:

— The temperature strait relates with speed of printing and diameter of jet
and can be adapted to dimension of printed object. Small precise objects are
preferable printed with lower speed and lower temperature then bigger objects
that can be printed with higher speed and higher temperature.

— A layer height affects resolution in Z axes. As higher is height of one layer
as more visible are separate layers. A height of 0,15mm is used usually, but differ-
ent values can be used as well. The height of one layer influences time needed for
printing significantly. As lower are layers as longer is time needed for printing of
the some model. A width of layer relates with its height (100% = width of printing
head). Higher robustness can be obtained by extension of width of layer.

— An infill influences speed of printing, filament consumption and robust-
ness of resultant object. An infill density is usually 10-20% (0% is hollow ob-
ject, 100% is solid object). As higher infill density is as heavy and robust against
pressure object is. A shape of infill pattern: line, grid, honeycomb, etc. influ-
ences situation also.

— Supports uphold parts of models that without support would suspend in air.

Most of printed models are possible to be used directly after printing.
Treatment of printed model makes it possible to improve mostly visual quality
of product where are higher demands to this parameter. It is mostly: abrasion,
cementing, gluing, smoothing by chemical process, colouring, etc.
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Figure 3. Printer and model after 3D printing

Advantages of 3D printing that are possible to exploit at educational system
for preparation of teaching aid are: cheaper and mere quick production, local
production by requirement, controllable quality, more clear presentation, com-
petitive advantage, fast economic return of investment, care to environment, etc.

The exploitability of 3D printer at school relates with education, when
a printer is didactic instrument studied by students as taught subject, eventually
as device used at after school activities to produce different kind of objects. Ex-
ploitation of modern technologies increases prestige of the school as an institu-
tion, what can be positive at recruitment of new students and pedagogues.

An application of didactic aids is integral component of effective and quali-
tative process of education. School surrounding should educate modern technol-
ogies as much as possible with aim: to prepare students for life in reality of ac-
celerated technological improvement of society.3D printing has its future. It is
one of new, useful technologies suitable for using at school. An improvement of
educational process on the base of results reached at science, research, advance-
ment and application of effective modern pedagogical approach should be one of
basic principles of education.

Conclusion

Basic purpose of the article is to inform pedagogues about possibility to use
3D printing as new dynamically unroll technology in favour of education. There
are two basic possibilities — production of new teaching aids and education of
students at field of software creation by using CAD programs, principles of CNC
machines programming and creation of new design models. Focus is orientated
to practical creation and by that motivation to active performance.
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Abstract

The article analyse errors which occur when airborne instruments are used and it creates basic
idea about a chance of a man (pilot) to receive correct indication to his activity. The article intro-
duces simplified model of numbers of measured values perception at short time and some possibi-
lities of activity simplification which can lead to bigger lucidity and efficiency of measured values
using. As a result is an alternative design of optimization of measured values estimation by a man
who is influenced by stress situation, mostly by time.

Keywords: measurement, airborne instrument, probability, optimization

Introduction Educational merit of the article

The analysis in this article can improve communication between teacher and
pilot student. In the beginning of pilot study, a student has not optimal idea
about processing of lot of dates at short time and stress situation. A student has
to understand what is important — he has to have sense (even though not exact)
about complex situation at each moment. When he has enough time, he can
solve different situations more precisely. The analysis shows complexity of deci-
sion making and its phases from very simplified version to more complex and
more natural (fuzzy) view. Student can see, and understand at one place, conver-
sion from simplified problem solving to more natural solving by estimation (but
estimation needs experience). This analysis shows to student how estimation and
experience are connected. As soon as possible student penetrates this fact, as
better for his progress.

A cooperation of pilots or a pilot with pilot student is based on effective,
strict and clear verbal communication. Any bigger size misunderstandings and
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inaccuracies can conduce not only to troubles from human point of view (influ-
ence of an overload which can tend up to the senselessness, jumps of the move-
ment and impacts or injury resulting from it) and technical also (aeroplane par-
ticular parts damage as for possibility of air crash with all fatal effects). Pilots
and air traffic control personnel are using human language, not exact number
values, not only for communication but also at thinking and solving of different
situations. This is a reason why lot of estimations and predictions of variables
values, which do not have exact value but use some degree of precision, are at
their thinking. These values are changing continuously at the time in addition.

The subject matter of the study. Causality of measurement errors of airborne
instruments

An example: pilot is using deflections of elevator to control aeroplane flight
at longitudinal plane and control of aeroplane altitude at specific situation. As
input variables can be used values from aerometric altimeter and vertical speed
meter. Both measuring instruments, in form of pressure sensors frequently at
present time, measure barometric pressure at relevant place of aeroplane sur-
roundings. Pressure sensing is influenced by errors which are originated by:

1. Changes of an air flow round pressure sensing place influenced by
changes of velocity, temperature and pressure of air flow.

2. Changes of atmospheric moisture and water vapour condensation, even-
tually icing formation.

3. An angle of air flow stream is not constant round pressure sensor in de-
pendence of aeroplane manoeuvring.

4. Location of pressure sensing places is not identical on different types of
aeroplanes which induce variation even though the same sensors are used.

5. Pipes between place of pressure sensing and aerometric instruments in-
fluence a measurement when classic instruments concept is used.

6. When classic concept of aerometric instruments is used, there has to be
specific pressure change to deform barometric boxes which induce position
change of indicator pointers by transmission mechanism.

7. When electronic principle of instruments is used, indicated value is influ-
enced by exactness of computing algorithm and tempo of computing system
(time delay of computed value indication).

Inherent instruments involve errors and sense with specific accuracy. Mea-
sured values are influenced by errors resulting not only from principle of mea-
surement and instruments construction, but additional occasions influence mea-
surement on a board of an aeroplane moreover:

1. A temperature is changing depending up altitude of flight which causes
changes of mechanical characteristics of particular instruments parts (expansion,
elasticity, etc.).
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2. Condensation of air humidity, caused by intense changes of temperature
depending up flight altitude, produces surface moisture which influences fun-
ction of instrument in light of short and long time moreover.

3. Different values of overload affect to all parts of instruments during
flight. That mean, forces affect measured values, because forces influence during
different time periods to not absolutely compensated parts of instruments at three
dimensions.

4. It is similarly with influence of vibrations which are originated by turbu-
lent atmosphere but also by all technical systems of an aeroplane. Frequencies of
vibrations are important in respect of natural resonant frequencies of separate
parts of instruments but instrument as a unit also.

5. Significant influence has electric and magnetic fields generated by all
electric and electronic equipment including generation and distribution of elec-
tric energy on aeroplane board.

It is well known, man is bringing biggest errors to measurement outcomes
by his inaccurate performance:

1. Man read out measured value inaccurately.

2. Man estimates value between number representations inaccurately.

3. Man do not observe an instrument from reasonable position.

4. Man estimates a position of instrument pointer when it is not stabilized, etc.

There are facts which make pilot activity difficult:

. Pilot has usually short time to read up value shown by instrument.
2. lllumination of instruments is changing.
3. Sun blindness of pilot eyes is changing.
4. Vision of pilot is changing by overload influence:
Visual angle width is on decrease
A competence to discriminate colours is on decrease until total vision end
in dependence of very small or lot of blood in pilot brain caused by overload.

5. There are changes of quality of seen information performance by pilot
brain caused by influence of different stress factors:

— Coldness,

— Heat,

— Big amount of tasks,

— Threat of life:

= Crash,

= Impact during flight in: clouds, at night, above sea when pilot has not
visual contact with ground,

— Down shoot, etc.

6. Degradation of brain oxygenation in dependence of smaller oxygen con-
centration when air pressure is smaller.

[
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7. An implementation of completely digital indicators was not successful,
because a pilot needs to have schematic idea about complex actual situation.
Creation of this idea is strongly supported by an analogue presentation of situa-
tion by indicators, which is supplemented by precise numeric data, that a pilot
can see when he has time enough.

Research methodologies and tools

By given analysis, a pilot can differentiate whole scale span of instrument
into certain number of sectors, which pilot is using when he analyses actual situ-
ation and he do approximate calculations of particular flight parameters by his
brain. Very approximately said, whole scale span of instrument is represented by
rectangles and one of them represents an input variable into pilot reflection at
actual situation.

Analysis of research results. The simplified model of measured values
perception by a pilot

A centre of a specific rectangle is at position of instrument pointer and
measured value is plus minus round this centre. Rectangle length is caused by
negative influences to measurement mentioned above. That would means, rec-
tangles are moving according to actual situation which would think and real
activity of pilot considerably embarrass.

0
0% 100%

Figure 1. Division of a whole scale span of an instrument into certain number of sectors

A pilot needs sophisticated and well trained reactions to basic situations in
advance, which can help to evaluate input data from instruments to him. That
means, what are actual positions of instruments pointers (at least approximately)
which indicate particular parameters of flight. This is a reason, why it is prefera-
ble when centres of relevant sectors of particular instruments (situated only in
pilot brain) are stable and relevant value is situated insight of relevant rectangle.
A probability of relevant value is lower in the direction out from the centre of
sector that means probability of problem solving by corresponding value is lo-
wer. Probability, that measured variable is assuming value of adjacent sector, is
increasing continuously which tends to idea that situation should be solved by
another plan sophisticated in advance. Such arrangement of thinking about
measurement is possible to express highly simplified by triangular shape with
peaks of triangles at centres of sectors.
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Figure 2. Substitution of rectangular shape sectors by triangle shape as expression
of value truth

Decrease of probability measure of specific value is not linear and equal tri-
angle. This fact results from analyse of negative effects to measurement which
are additively and multiplicatively combined, and from which producer specifies
instrument accuracy for predetermined conditions, for example +1%. However,
this condition is not possible to keep whenever which is a reason why tolerance
of measurement can be bigger. Within the tolerance frame is needed to consider
truth of variable at level 1. That means the peak of a triangle is not a point but
certain sector, which is reason for trapezoid probability function of measured
variable creation.

o

0% 100%

Figure 3. Decomposition of truth probability of instrument value

A number of considered instrument scale sectors affect problem solving ex-
pressively. If there are only two input variables and instrument scales are divided
into five sectors there is 5 x 5 = 25 possible solutions. If there are more sectors
7x7=49;9x9=2_81;11 x 11 = 121, the number of solutions increases radically
and there is a question: how many solutions pilot can have prepared in advance.
Situation, when there are only two input variables is considerably simple. Decision
making of pilot is influenced by more input variables usually. For example, if
there are three input variables: 5 x 5 x 5=125;7 x 7x7=343;9 x 9 x 9=729;
11 x 11 x 11 = 1331. By given analysis, there exists an obligation to select ap-
propriate number of sectors of measured variable and by this way reasonable
sensitivity and preciseness of variable determination for standard solution:

1. 5 sectors mean one central and two towards higher and lower values.
Such decomposition of instrument scale is relatively coarse and resulting solu-
tion will probably be fairly distant from optimal activity.
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2. 11 sectors mean one central and five towards higher and lower values. It
asks relatively large demands for estimations which are done at high speed acti-
vities and relatively big number of solutions for decision making at short time.

3. 9 sectors mean one central and four towards higher and lower values.
Four sectors towards centre are possible to estimate really, but number of possi-
ble solutions is relatively large for decision making.

4. Adequate optimum is 7 sectors probably, which mean one central and three
towards higher and lower values. This is possible to estimate really and resulting
number of solutions is 49, which is approaching to abilities of trained pilot.

If 100% of measuring range is divided into 7 sectors, then one sector is 14%
of measuring range. If top of trapezium is +2% and it is subtracted from 14% of
sector that results in +5% for side part of trapezium from measuring range.
Aforementioned alternative optimization of simplified sensing model could be
accepted in the case, when trapeziums do not overlap. However it is convenient,
when probability of one variable decrease then probability of neighbouring va-
riable increase. That mean: 90% of particular value and 10% of neighbouring
value, 50% of particular value and 50% of neighbouring value, etc. It results in
side part of a trapezium is 10% of measuring range for probability change from
1t00.

1A AAA%
J AN AN AN AN AN

0% 100%

Figure 4. More real decomposition of truth probability of instrument value

A number and variety of negative effects to measurement preciseness indi-
cate that mentioned shape of a trapezium is not kept from point of view of mea-
surement errors distribution probability. From theory of measurement and pro-
bability used for measurement evaluation results, the most probable distribution
of one sector is in the shape of the Gaussian curve.

IDA 2424
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0% 100%

Figure 5. Decomposition of truth probability of indicated variable
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However, the Gaussian curve shape is difficult for evaluation and technical
realization in term of computation. This is a reason why it is preferable to substi-
tute it by a trapezium again. But shape of a trapezium should be modified so,
that difference of the trapezium to the Gaussian curve is minimal along whole
curve.

: 1 7 : TN
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Figure 6. Substitution of the Gaussian curve by the trapezium

By this way there was created the trapezium with the shape optimized for
problem solving with approximately identified measured values. Peripheral tra-
peziums of maximal and minimal values do not have descending parts towards
extremes, their tops extends to extremes in consequence: a measurement of ex-
tremes is least precise and extreme values require extreme solution in wider
measure.

Conclusion

The article describes suggestion of alternative model of measured value
sensing by a man (pilot) when measured value is quickly seen (estimated) from
instruments. This model can be used for high speed handling of measured values
for approximate computation by a man, who is working with time lack and with
high speed decision making. Simultaneously, the model is efficient base for ex-
ploitation at technical field to problem solving by fuzzy technology. Fuzzy tech-
nology uses similar principles as natural thinking of a man is, including estima-
tion of values with specific probability of truth.
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Abstract

The article substantiates, develops and experimentally verifies the model of the organization
of professional training of communication management communications specialists in higher
educational institutions in the synergy of functional and purposeful, content and methodological,
organizational and technological as well as relevant subsystems. It clarifies and improves concep-
tual and categorical apparatus that belongs to the scientific thesaurus and vocabulary regarding
information security in the field of education, science and innovation of the research apparatus.
The communicative and motivational, participative and conative as well as informational and
noospheric criteria have been determined. The following levels have been defined: medium, suffi-
cient and high for the professional competence formation of communication management and
communications specialists in higher educational institutions. The paper also defines educational
and content modules of disciplines for communication management and communication specialists
— management and educational policy, methodology of scientific research and training of profes-
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sionally oriented disciplines; forms, methods and means for organizing educational and scientific
as well as cognitive activity.

Keywords: professional competence, training of communication management and communica-
tions specialists, organization of educational process.

General statement of the problem

The legislation of Ukraine defines the top priorities that deal with imple-
mentation of the National Informatization Program, including the creation of the
legal framework of information and technology support, the personal data and
copyrights protection system as well as the development of national standards in
the field of digitalization of economy and education, science and innovation.
They also include formation of information and telecommunication infrastruc-
ture, network and platform organization of institutional activity, system deve-
lopment of the latest broadcast channels, fiber-optic and satellite systems of inter-
active online communication, development of computer-organized network of
education system, science and innovation, as well as academic culture as a ge-
neral component of the global network of scientific and metric Internet resources.
The Program ensures information security measures of social and cultural, edu-
cational and scientific forms and systems, web and scientific-metric potential of
academic schools of higher educational institutions (hereinafter referred to as
HEI), including the personal data protection as an education applicant, scientific
and social services, participants in the educational process, interested parties in
the quality management system of education and scientific research as well as
other involved representatives, including communication management and
communications specialists.

Subiject of research

The aim of the research is to substantiate theoretically and methodically the
organization of professional training of communication management and com-
munications specialists in higher educational institutions. The object of the re-
search is the professional training of communication management and commu-
nications specialists in higher educational institutions. The subject of the study is
the process of formation of professional competence among communication
management and communications specialists in higher educational institutions.

Analysis of recent publications

The scientific and theoretical background of the study related with the for-
mation of professional competence of future communication management and
communications specialists in higher educational institutions is presented in the
works of the following scientists: V. Andrushchenko, V. Beh, V. Bykov,
A. Gurzhii, V. Kremen, V. Madzigon, V. Sydorenko (philosophy of education,
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educational, humanitarian and social policy and didactics of higher education);
H. Bilyavskyi, V. Horlynskyi, N. Demishkant, L. Melnyk, L. Moiseyev, N. Ridei
(lifelong education and sustainable development); W.J. Duncan, J.E. Meya,
F.J. Roethlisberger, G.A. Simon, R. Likert, F. Fiedler, P. Lawrence, J. Lorsch
(fundamental ideas of management); A. Averin, V. Bakumenko, M. Bilinska,
M. Bratko, G. Honcharuk, L.Hogina, R.Dyakiv, L. Kalinina, S.Knyazev,
V. Malinovsky, N. Protasova, V. Troshchynskyi (administration of HEI). Parti-
cularly relevant researches are in psychological and pedagogical as well as phi-
losophical fields in the course of content analysis (B. Berelson, P. Meiring,
K. Neuendorf, A. Kumar, P.J. Stone, K. Krippendorff, M. White, E. Marsh,
S. Stemler, H. loffe, L. Yardley) and event analysis of the information database
of the educational and political phenomena development (I. Artyomov,
V. Bakumenko, K. Borishpolets, S. Vyrowyi, S. Lacey, |. Reiterovich, D. Riff,
S. Semin, S. Teleshun, O. Tytarenko, B. Watson, F. Fico); educational process
planning (F. Henri); research of subject-object and subject-subject relationships
(L. Baxter); ways of coding analyzed texts (K. Carli) and visualized images
(P. Bell) in social interaction of participants of system processes (B. Prasad).

Presentation of the main material

The vocabulary related to information security in the field of education,
science and innovation has been systematized. It is interpreted from the author’s
point of view as: ,,information and communication security of social and cultural
forms of organization, administration, professional training of communication
management and communications specialists” that is defined as an integrated
system of hardware, software, information and technological support of organi-
zational legal and regulatory means. They must be aimed at ensuring the protec-
tion of: informational space of the state, communities, social activities as well as
separate citizens guaranteeing them self-esteem and national self-identity. The
definition also includes cross-border, regional, national, informational and com-
munication resources, the semantic purpose of information and telecommunica-
tion systems of professional training, informing and educating different cate-
gories of the public, who are guaranteed the right to access any information,
especially educational, scientific and cognitive in the fields of science and
knowledge of managing systemic social activity on the basis of sustainability. It
is also considered to be an integral component of state sovereignty and national
security, which characterizes the state of national interests, state protection in the
information field, establishment of communicative harmonization, external and
internal interaction.

Thanks to the methodological substantiation of the scientific thesaurus of
the research, the definition of “professional competence” has been specified
using verbal and non-verbal means to achieve the strategic goal of communica-
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tive interaction in professional problem situations, which is singled out as a cri-
terion of the communicative readiness of future communication management
and communications specialist with information and communicative skills of
establishing connection of professional and communicative interaction. The
above mentioned definition is regarded as an integrated result of formation of
dynamic complex of communicative qualities, abilities, skills, knowledge, ha-
bits, readiness,capabilities and responsibilities, which are necessary and suffi-
cient to ensure communication in the process of performing functional and pur-
poseful professional tasks by future communication management and communi-
cations specialists (communicative demonstration of which are the multimodal
component of communication, semantic dynamics, accessibility and openness of
the universalization of information technology support means). The event analy-
sis was carried out to analyze the double series of processing information base of
the communicative interaction of the administrative management organization in
the HEI, which is determined by the classification features: managerial predomi-
nance of the subject phenomenon of leadership; functional purpose of the mana-
gement entity; organizational and managerial influences on the object in relation
to which the subject acts; transparency in the sequence of the system of analyti-
cal and informational monitoring of the status, development of forecasting and
modeling of systems of different levels, as well as in the types of organization of
the aimed designation.

Content and event analysis established that the main means of technical regu-
lation are international standards of general impact of communicative interaction
in the guality management system in the field of education regarding the regula-
tion of safety, resource conservation, labor and information protection, verifica-
tion of laboratory and testing activities and their reliable proof, environmental
and energy management with guarantee of social responsibility as harmonized
and ratified in regulatory and legal documents related to the implementation of
Ukraine to the world organizations of quality regulation and their standardiza-
tion. Another group of international standards includes special impact of infor-
mation and analytical basis of ensuring communicative interaction in systems of
different levels, types of organizations and management according to the aimed
designation as well as in different types of using natural resources (social and
cultural forms, educational and scientific systems of bio-social, urban, techno
and agro purposes). They are similar to international standards of the Open Geo-
spatial Data Consortium (eng. OGC), which regulates the requirements of tech-
nical regulation.

Standards of the general and special impact of technical regulation of infor-
mation and communication technology (hereinafter — ICT) are designed for stu-
dent-centered learning of portable educational programs, scientific and social
services of the academic potential of higher educational institutions, which en-
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sure compliance of professional training and organization of the educational
process by means of ICT support in accordance with international and state li-
censing as well as accreditation requirements for the professional competence
formation of future communication management and communications specialists
under the conditions of harmonization in the fields of education, science and
innovation.

The model of the organization of professional training of communication
management and communications specialists in higher education institutions has
been developed, substantiated and experimentally verified in accordance with
the requests of social and economic order for the harmonization in educational,
scientific, innovative fields as well as in social activity of sustainable develop-
ment. It is regarded in the functional and targeted subsystem through the imple-
mented fundamentals of methodological principles: scientific knowledge of
system methodology, organization of the educational process, educational and
cognitive activity, system analysis of quality; semantics of professional training:
administrative management of professional training, educational, scientific, cog-
nitive activity as well as communicative relationship.

The content and methodological subsystem with the developed educational
and content modules of technological support disciplines for communication
management specialists as well as for information and communication relation-
ship (informational and analytical monitoring of the educational process, infor-
mation and technological support, ICT in education and social activity) has been
substantiated. It also includes management and educational policy (educational
management and policy, communication management, personnel management,
information and communication management, computer engineering and soft-
ware, telecommunications and radio engineering, information technology mar-
keting and entrepreneurship). The subsystem also involves methodologies of
scientific research and training of professionally oriented specialized disciplines.
Management is among them (field of knowledge 073) which covers methodolo-
gies of pedagogical, social, psychological and communicative, public manage-
ment, information and digital, system analysis of the constituent components
quality of the research methodology, statistics, enterprise economics, teaching
methods of telecommunications engineering, information and communication
technology of communication relationship and telecommunications, postal
communication, computing and programming technology, information and ana-
lytical monitoring, educational monitoring and metrics of quality policy, logis-
tics of communication relationship, Internet marketing, ethics of business com-
munication management as well as rhetoric).

According to Ford’s method, the organizational and technological subsys-
tem is specified in the components of the system and process implementation of
educational technologies, ICT management, partial management procedures for
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the realization of higher educational institutions academic potential, algorithms
of technological organization of educational process (information and analytical,
administrative and organizational as well as relevant) institutional regulations of
higher educational institutions. 296 people took part in the experiment at the
stages of pedagogical research (motivational, communicative interaction, audit,
ascertaining, formative, conative as well as relevant).The incentive and motiva-
tional stage of communicative interaction involved checking the state of stu-
dents’ motivational reflection aimed at ensuring success (goals) or fear of failure
to achieve the tasks according to the improved A. Rean’s questionnaire.

Thanks to the modified method of diagnosing the motivational level of en-
suring social communication and overcoming frustration (according to L. Was-
serman and V. Boyko) with the applied rubric questionnaire, the degree of dis-
satisfaction was identified — interaction, which made it possible to evaluate its
social and communicative support of the individual’s life activities with the re-
sults of percentage division (in %) of very high level — 17, increased — 20, mode-
rate — 18, uncertain — 15, reduced — 10. Very low level and no satisfaction made
up a total of 20% of respondents.The audit stage was devoted to the screening of
the components of professional competence of future communication manage-
ment and communications specialists by audit diagnosis of integral, general and
special components. Medium, sufficient and high levels have been determined,
which made it possible to distinguish and diagnose professional abilities, skills
and capabilities according to the state standards in the field of knowledge 07
“Management and administration” specialty 073 “Management” of education
seekers involved in the pedagogical experiment.The audit stage of the pedagogi-
cal research proved the stability of high, sufficient and medium levels of the
professional competence components of future communication management and
communications specialists, which were synchronized and evenly distributed
between the experimental (hereinafter — EG) and control (hereinafter — CG)
groups. The ascertainment stage established the state of the entry level of the
professional competence formation among future communication management
and communications specialists in higher education institutions according to the
above stated criteria. According to the survey data, the level of formation of the
components of professional competence among the students at the ascertainment
stage was almost aliquot. The verification of the levels of formation of profes-
sional competence among future communication management and communica-
tions specialists in higher education institutions was held at the formative and
conative stage according to the communication and motivational criterion. It was
studied in the context of the positive impact of the developed educational and
content modules of the disciplines on the delta of level growth. The generaliza-
tion of the results on the formative and conative stage of the pedagogical expe-
riment testified the dynamics of the levels transformation of professional compe-
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tence formation of future communication management and communications
specialists in higher education institutions in EG (Graph 1).
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Graph 1. Levels of formation of professional competence among future communication
management and communications specialists in higher educational institutions
at the formative and conative stage of the experiment in EG and CG

Significant differences in the obtained results in the EG and CG groups and
between them were confirmed by K. Pearson’s test (y?) with a reliable probabi-
lity of 0.95 in favor of the EG group, which proves the effectiveness of the deve-
loped model. The relevant stage of the research was organized using expert evalu-
ation of the implementation and establishing the reliability of the effectiveness of
the applied modules and the model. Expert opinions, which were conducted ac-
cording to the protocol of the examination of the dynamics of the professional
competence formation among communication management and communications
specialists, confirmed the positive experimental results which were evaluated at
85 points on a 100-point scale.

Conclusion

The article has revealed the theoretical and methodical principles of profes-
sional training of communication management and communications specialists
which are defined as special professionally-oriented training with information
and telecommunication support for communicative interaction according to the
functional and purposeful aim in communicative types of social relations at the
levels of the organization of communication, the transfer of information and
analytical data based on harmonization in the fields of education, science and
innovation. They are also founded on the following approaches: methodological
(systemic, structural and functional, program-targeted, informational-innovative);
educational and cognitive (transparent, participatory, diversive, bilingual, quality
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management). The principles of scientific knowledge of system methodology
(fundamental and philosophical, general, specific, scientific), the organization of
the educational process (sequence, continuity, systematicity, prognostication and
innovativeness), educational and cognitive activity (historical retrospective in
the fields of science and knowledge, the potential of the level of knowledge),
system analysis (system hierarchy, elementalism, general interaction of deve-
lopment, integrity, systematicity, formalism, normativity, goal setting). Infor-
mation and communication manager of the new generation is a professionally
oriented or mobile specialist who thinks progressively and innovatively, deter-
mined to work in a team with personal responsibility, motivated by the positive
result of performing professionally oriented communicative tasks of harmoni-
zing social activities in the field of education, science and innovation.Professional
training of communication management and communications specialists is con-
ducted in organizational and pedagogical conditions: student-centered ICT envi-
ronment with acceptable means of technological support that enables the ac-
commodation of multimodality, polysemantics, continuity, consistency, context,
the connection of theory with the practice of scientific knowledge between the
provider and the recipient of educational-scientific, portable, student-centered
services of network, mixed, mobile as well as distance learning of divisional,
translational, kaleidoscopic forms of organizing the educational process.

The formation of professional competence of future communication mana-
gement and communications specialists in higher educational institutions is pos-
sible under the following organizational and pedagogical conditions: favorable
ICT environment for student-centered learning of portable and educational pro-
grams of scientific and social services (cloud technologies that depend on type
of system catalog, web metric services of coverage and functionality in the con-
text of service access to IT); harmonization in the fields of education, science
and innovation (global cross-border, regional, national academic potential of
scientific heritage and mobility of academic community members , development
of modern methodological directions of the prevailing social development para-
digms based on sustainability with prolonged employment throughout life).
They also include implementation of the policy of vocational training in the
system of management of the education quality, safety, resource conservation,
labor and information protection, verification of laboratory and testing activities
and their reliable proof, environmental and energy management with a guarantee
of social responsibility. The model of the organization of professional training of
future communication management and communications specialists in higher
educational institutions has been verified. During the formative and conative
stage of the pedagogical experiment, it was found that for o = 0.05, all observed
values of the x2 criterion exceed its critical value. Therefore, it can be asserted
with 95% confidence that the communication management and communications
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specialists in EG (compared to CG) had a significant (24.47%) increase in high
and sufficient levels of the professional competence formation. The results of the
study gave grounds for substantiating proposals regarding the prospects of pro-
fessional training of future communication management and communications
specialists in higher educational institutions.
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Abstract

The purpose of the study is to assess the compliance of professional competencies of gradu-
ates — environmentalists with the needs of the labor market. The work is based on the results ana-
lysis of a sociological survey conducted among graduates and stakeholders. The authors conducted
a survey of graduates and their potential employers on their priorities among the professional
competencies. The authors have analyzed professional opportunities of graduates-ecologists and
the employers’ requirements related to their competencies. In this regard, we calculated a rating of
competencies significance for employers. The article compares professional expectations of the
graduates and their employers. Conclusions. The authors conclude that students attach great im-
portance to competencies, providing opportunities for professional growth, mastery of new tech-
nologies and application of innovations. Employers bring teamwork skills, professional skills and
knowledge in the professional sphere to the fore.

Keywords: ecologist, competence, educational process, profession, polls

Introduction

Global changes in the world community (rapid technological progress, in-
creasing anthropogenic pressure on the environment, waste accumulation and
depletion of resources, etc.) increase the involvement of the Ukrainian society in
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global processes, on the one hand, and on the other — exacerbate the need for
highly qualified and professionally competent specialists. As Anufrieva rightly
notes, education, above all, must meet the interests and demands of the society,
and therefore, one of its main tasks is specialists’ training aimed at the needs
of today.

Unfortunately, sometimes in modern conditions, the “product” of the peda-
gogical system is a university graduate endowed with low cognitive and profes-
sional motivation, underdeveloped self-control and professional self-awareness
as well as a formal attitude to acquiring a profession. This affects the develop-
ment of personal and professional qualities (key competencies) of the future
specialist, indicating the need for their formation during training at the vocation-
nal education institutions . Scientific and pedagogical literature pays much atten-
tion to the problem of professional competence formation.

Formulation of the problem

Professional competence means the unity of knowledge, skills, abilities, as
well as readiness to act in a difficult situation and solve professional problems
with a high level of uncertainty. It also includes ability and readiness to achieve
a better result of work, attitude to the profession as one of the key personal va-
lues (Maksymenko, Titenko, Utkina, Nekos, Shkaruba, 2019). The level of pro-
fessional competence is determined by the ability of the individual to be realized
as a successful and effective specialist.

The concept of competence is broader than knowledge or skills, and im-
plies the ability of a specialist to use acquired knowledge, skills, educational
and life experience in a particular situation. We should also mention mastery
of methods of finding the necessary information, ability to analyze it, see pro-
blems and solutions, self-efficacy, and an understanding of the need to learn
throughout life.

Thus, the successful performance of their functional responsibilities in-
volves a set of special knowledge and certain professionally significant persona-
lity traits. These components of professional competence are interrelated.

Competence is not specific subject skills, not even abstract mental actions or
logical operations, but distinct, vital, necessary for a person of any profession
and age.

The level of education, especially in modern conditions, is not determined
by the amount of knowledge, their encyclopedic knowledge. From the stand-
point of the competency approach, the education level is determined by the abi-
lity to solve problems of varying complexity based on available knowledge. The
competency approach does not deny the importance of knowledge, but it empha-
sizes the ability to use it.

The main components of competence are:
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1. Knowledge, not just rapidly changing information. Varieties of know-
ledge to be able to find and direct to their activities.

2. Ability to use this knowledge in a specific situation; understanding how
this knowledge can be acquired.

3. Adequate assessment — yourself, the world, your place in the world,
specific knowledge, its need for their activities, as well as the method of
obtaining or using it.

A number of objective and subjective factors that depend on the society’s
level of development, the attitude of society to the area of activity under consi-
deration, including the banal one — the level of payment for the future profes-
sion, influence the effectiveness of professional competencies formation. The
article singles out pedagogical conditions created in a specific educational insti-
tution, in a specific specialty and in a professional environment.

The professional competence of the future specialist forms on the basis of
theoretical knowledge, practical skills, significant personal qualities and life
experience, which ensures his/her readiness to perform professional duties and
ensures a high level of self-organization. Many factors determine the meaning of
this concept, in particular, general civilization processes, globalization of eco-
nomic, social and environmental problems, the study of which is one of the main
tasks of the EPP (educational and professional program).

Analysis of the pedagogical literature on the essence of environmental com-
petence reveals a fairly wide field of interpretations of this term. Thus, Tytarenko
(2007) considers environmental competence of students as “the ability to apply
environmental knowledge and experience in professional and life situations
guided by the priority of environmental values and non-pragmatic motivation to
interact with the environment based on the awareness of personal involve-
ment in environmental problems, responsibility for environmental consequences
of their own professional and household activity”.

Traditionally, the learning process in higher education is organized as fol-
lows: acquaintance with the theoretical material in lectures, its consolidation
during practical or laboratory classes, study and reproduction on the examina-
tions.

Quite often, after graduation, the graduate forgets all the received infor-
mation because it becomes outdated or does not allow to solve current profes-
sional problems — passively acquired knowledge does not give an opportunity to
form their own opinions. In addition, training and skilled work are different
forms of activity requiring different skills and abilities. For example, a diligent
student may not be able to solve creative tasks as required by the conditions of
professional activity (Yermakov, 2009).

Taking into account the analysis of theoretical sources and research results,
the authors have established that the most important in the individual is the mo-
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tivational sphere — a system of value orientations, a set of needs and goals that
determine ways to develop and express potential abilities. The issue of motiva-
tion is one of the key issues anywhere, and the degree of motivation is consi-
dered one of the most important factors of successful activity.

Motivation is one of the fundamental problems studied by psychologists and
educators. Its significance relates to the analysis of the individual’s activity
sources. The complexity and multifaceted nature of the motivation problem de-
termines the multiplicity of approaches to understanding its essence, nature,
structure, use of methods of its research.

Employers have recently been involved in the educational process to moti-
vate the students. They participate in the formation of educational and profes-
sional programs, lectures and practical classes, including those at their work-
places, holding student internships, as well as training, master classes, etc.

It is important for employers to participate in formulating requirements for
learning outcomes for a specific educational program, namely — professional
competencies. Students’ dreams do not always coincide with the needs of em-
ployers. An article is devoted to the study of this problem, the purpose of which
is to assess the compliance of professional competencies of graduates — envi-
ronmentalists with the needs of the labor market. The work is based on the re-
sults of a sociological survey conducted among graduates and stakeholders of
the Educational and Scientific Institute of Ecology, V.N. Karazin Kharkiv Na-
tional University (Ukraine).

Results of the research

V.N. Karazin Kharkiv National University has been training ecologists for
more than a quarter of a century, majoring in 101 Ecology. Due to the high level
of acquired knowledge, graduates are employed in various institutions, enter-
prises and organizations both in our country and abroad. Training of environ-
mentalists in Ukraine is now carried out in accordance with two standards:

1. Standard of higher education of Ukraine: first (Bachelor’s) level, field of
knowledge 10 — Natural sciences, specialty 101 — Ecology, which was approved
and put into effect by the Order of the Ministry of Education and Science of
Ukraine dated 4.10.2018 Ne 1076;

2. Standard of higher education of Ukraine: second (Master’s) level, field of
knowledge 10 — Natural sciences, specialty 101 — Ecology, which was approved
and put into effect by the Order of the Ministry of Education and Science of
Ukraine dated 4.10.2018 Ne 1066.

All students master one list of disciplines, perform course and qualification
work, undergo training and internships, etc. However, the career of each of them
develops differently. What does it depend on? Which of the competencies is
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a priority for the employer? What competencies do students prioritize? Our re-
search, the results of which formed the basis of this article, is devoted to the
search for answers to these questions.

The educational process in a higher education institution aims to train highly
qualified specialists. Qualification is the ability to perform the tasks and respon-
sibilities of the relevant work, determined by the name of the profession. To
systematize the professions available in Ukraine, the current Classification of
Occupations DK 003: 2010 of 01.11.2010 is used, based on the International
Standard Classification of Occupations (ISCO 88: International Standard Classi-
fication of Occupations/ILO, Geneva), which facilitates the international ex-
change of professional information .

Ecology is a complex science that is not only based on diverse knowledge,
but can also be part of various industries and areas of the economy. Table 1 pre-
sents a list of environmental professions according to the current Classification
of Occupations.

Table 1. List of environmental professions (Classifier of professions, 2011)

code Professional job title
2148.2 Specialist in geosystem environmental monitoring
2148.2 Specialist in remote sensing and aerospace monitoring
2149.2 Environmental engineer
2149.2 Research engineer
2211.2 Ecologist
2211.2 Ecology expert
2213.1 Junior researcher (agronomy, zootechnics, forestry, nature reserve)
2213.1 Researcher (agronomy, zootechnics, forestry, nature reserve)
2213.1 Researcher-consultant (agronomy, zootechnics, forestry, nature reserve)
2213.2 Engineer for the reproduction of natural ecosystems
2213.2 Engineer for the protection of natural ecosystems
2213.2 Forest protection and conservation engineer
2213.2 Wildlife conservation Engineer
2213.2 Environmental engineer
2213.2 Specialist in environmental education
2359.2 Organizer of extracurricular and out-of-school educational work with children
2411.2 Environmental auditor
2419.2 Specialist in economic modeling of ecological systems
2419.3 Civil service specialist
24422 Environmental management specialist
2447.2 Specialist in project and program management in the field of tangible (intangible) production

The study of normative disciplines defined by the standard allows students
to form competencies that present them in the labor market. There are 2 groups
of competencies: general and professional
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Table 2. General and professional competencies of the master’s specialty 101 Ecology
(Standard of higher education of Ukraine, 2018)

General competencies

Professional competencies

Ability to learn and master
modern knowledge

Awareness at the level of the latest achievements required for research
and/or innovation in the field of ecology, environmental protection and
sustainable use of nature.

Ability to make reasonable
decisions

Ability to apply interdisciplinary approaches in critical understanding of
environmental issues.

Ability to generate new
ideas (creativity)

Ability to use the principles, methods and organizational procedures of
research and/or innovation.

Ability to develop and
manage projects

Ability to apply new approaches to the analysis and prediction of complex
phenomena, critical understanding of problems in professional activities.

Ability to communicate in
a foreign language

Ability to prove knowledge and own conclusions to specialists and non-
specialists.

Ability to search for, process
and analyze information
from various sources.

Ability to manage the strategic development of the team in the process of
carrying out professional activities in the field of ecology, environmental
protection and sustainable use of nature.

The ability to motivate
people and move towards
a common goal

Ability to organize work related to environmental assessment, environmen-
tal protection and optimization of nature in conditions of incomplete infor-
mation and conflicting requirements.

Ability to conduct research
at the appropriate level

Ability to self-educate and improve skills based on innovative approaches
in the field of ecology, environmental protection and sustainable use of

nature.

Ability to develop environmental projects independently through creative
application of existing and generation of new ideas.

Ability to assess the level of negative impact of natural and anthropogenic
environmental hazards on the environment and humans.

Karazin University and Luhansk National Agrarian University conducted
a study of the competence expectations of students to find out which of the ac-
quired knowledge the graduates have the highest hopes for. We compared the
results with the results regarding the competence expectations of the main em-
ployers. The initial precondition of the study is the fact that all masters are al-
ready familiar with the work of organizations and institutions focused on the
employment of environmentalists. According to the curriculum of the Bachelor’s
degree’s students underwent internships.

The survey is continuous, as it involves the entire staff of full-time masters.
Students were asked to choose 5 out of 10 competencies, which, in their opinion,
can provide them with successful employment. The same conditions are set for
employers.

According to the results of the survey, the authors compiled a rating of ge-
neral competencies. It turned out that the majority of masters put the ability to
communicate in another language (70%) in the first place. In addition, more than
50% of respondents to the main competencies of the general group included:
ability to motivate people and move towards a common goal; ability to generate
new ideas (creativity).
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Professional expectations of masters were assessed in points from 1 to 5 de-
grees of significance, in their opinion, of each of the competencies in future em-
ployment. Table 3 shows the results of the survey: frequency of responses to
a particular assessment for each of the criteria.

Table 3. Assessments of the competencies importance by students

Rating

Competence 5 7 3 21
Awareness at the level of the latest achievements 6 12 3
required for research and/or innovation in the field o N o
of ecology. (30%) (60%) (15%)
Ability to apply interdisciplinary approaches in 11 5 4
critical under-standing of environmental issues. (55%) (25%) (20%)
Ability to use the principles, me-thods and organiza- 6 9 5
tional procedu-res of research and/or innovation. (30%) (45%) (25%)
Ability to apply new approaches to the analysis and 12 5 3
prediction of complex phenomena, critical under-
standing of problems in professional activities. (60%) (25%) (15%)
Ability to prove knowledge and own conclusions to 8 5 7
specialists and non-specialists. (40%) (35%) (35%)
Ability to manage the strategic development of the 8 10 2
team in the process of carrying out professional o o N
activities in the ecology. (40%) (50%) (10%)
Ability to organize work related to environmental
assessment, environ-mental protection and optimi- 6 9 5
zation of nature, in conditions of incomplete in- (30%) (45%) (25%)
formation and conflicting requirements.
Ability for self-education and training based on
innovative approaches in the field of ecology, 6 8 6
environmental pro-tection and sustainable use of (30%) (40%) (30%)
nature.
Ability to independently develop environmental 8 10 2
projects by creatively applying existing and generat-
ing new ideas. (40%) (50%) (10%)
Ability to assess the level of negative impact of 10 6 4
natural and anthropogenic environmental hazards on o o o
the environment and humans. (50%) (30%) (20%)

After statistical processing of the received array of questionnaires, the au-
thors calculated recurrence of the answers of a certain assessment on each of the
criteria and rated the growth of the importance of each of the competencies ac-
cording to the calculated average score (Table 4).

The analysis of the table shows that students prioritize the practical skills of
applying knowledge, as well as the personal characteristics of the specialist as an
organizer and manager. One should also note that the importance of professional
training for all students is rated quite high (over 4.0 points). This can be ex-
plained by the confidence of masters in their professional knowledge and placing
great hopes on them.
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Table 4. Rating of the average weight of each competence with the students’ opinion

Ne Competence Average
score
Ability to apply new approaches to the analysis and prediction of complex phenom-
1. P : - . L 4.45
ena, critical understanding of problems in professional activities.
Awareness at the level of the latest achievements required for research and/or innova-
2. S - - - : 4.35
tion in the field of ecology, environmental protection and sustainable use of nature.
3 Ability _to apply interdisciplinary approaches in critical understanding of environ- 435
' mental issues. '
Ability to manage the strategic development of the team in the process of carrying
4. out professional activities in ecology, environmental protection and sustainable use 4.3
of nature.
5 Apili'ty to develop er_wironmgntal projects independently by creatively applying 13
) existing and generating new ideas. )
6 Ability to assess the level pf negative impact of natural and anthropogenic environ- 43
) mental hazards on the environment and humans. '
7 Ability_to use t_he principles, methods and organizational procedures of research 405
) and/or innovation. '
8. Ability to prove knowledge and own conclusions to specialists and non-specialists. 4.05
Ability to organize work related to environmental assessment, environmental protec-
9. tion and optimization of nature, in condi-tions of incomplete information and con- 4.05
flicting requirements.
10 Ability to self-educa@e and improve ski!ls based on i_nnovative approaches in the 4
" | field of ecology, environmental protection and sustainable use of nature.
Table 5. Assessments of competencies importance by employers
Ratin
Competence 5 2 3 51
Awareness at the Ie\_/el of the Iqtest achieve—ments' required 6 10 3
for rese_arch and/or innovation in ecology and environmental (30%) (50%) (15%)
protection.
Ability to apply interdisciplinary approaches in critical under- 11 5 4
standing of environmental issues. (55%) (25%) (20%)
Ability to use the principles, methods and organizational 6 9 5
procedures of research and/or innovation. (30%) (45%) (25%)
Ability to apply new approache_s_to the analysis _and predic- 5 3 12
:IOFI Qf comple)g phenonjenq, critical understanding of prob- (25%) (15%) (60%)
ems in professional activities.
Ability to prove knowledge and own conclusions to specia- 5 7 8
lists and non-specialists. (35%) (35%) (40%)
Ability to manage the strategic development of the team 10 2 8
while carrying out professional activities in the ecology. (50%) (10%) (40%)
Ability to_or_gan_ize work relatgd to en_v_iron-me_ntal assess- 9 5 6
ment, optimization of_na_ture, in (_:ondltlons of incomplete (45%) (25%) (30%)
information and conflicting requirements.
Ability to self-educate and improve skills based on innovative 8 6 6
approaches in ecology and environmental protection. (40%) (30%) (30%)
Ability to independently develop environ-mental projects by 10 2 8
creatively applying existing and generating new ideas. (50%) (10%) (40%)
Ability to assess the level of negative impact of natural and 6 4 10
ﬁr&tr:;%;;ogemc environmental hazards on the environment and (30%) (20%) (50%)
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A similar survey was conducted among employers, the results of which are
given in Table 5. Respondents were asked to choose 5 competencies from the
above list, which in the opinion of employers, are the most important for the
employment of masters. The rating of employers is shown in Table 6.

Table 6. Rating of the average weight of each competence according to employers

Average
Ne Competence SCore
1 Ability to apply interdisciplinary approaches in critical understanding of environmental 435
issues.
Ability to organize work related to environmental assessment, environmental protec-
2. tion and optimization of nature, in conditions of incomplete information and conflicting 4.15
requirements.
3 Awareness at the level of the latest achievements required for research and/or innova- 41
" | tion in the field of ecology. )
4 Ability to manage the strategic development of the team in the process of carrying out 41
) professional activities in the ecology. )
5 Ability to self-educate and improve skills based on innovative approaches in the field a1
) of ecology. )
6 Ability to develop environmental projects independently by creatively applying exist- a1
" | ing and generating new ideas. )
7 Ability to use the principles, methods and organizational procedures of research and/or 405
) innovation. )

8. Ability to prove knowledge and own conclusions to specialists and non-specialists. 3.85
9 Ability to assess the level of negative impact of natural and anthro-pogenic environ- 37
) mental hazards on the environment and humans. )
10 Ability to apply new approaches to the analysis and prediction of complex phenomena, 365
" | critical understanding of problems in professional activities. )

Ability to assess the level of negative impact of natural and 4
anthropogenic environmental hazards on the environment... 3,7
Ability to develop environmental projects independently by
creatively applying existing and generating new ideas.

Ability to self-educate and improve skills based on innovative 4,05
approaches in the field of ecology, environmental protection... 4,1
Ability to organize work related to environmental assessment,

environmental protection and optimization of nature, in...

Ability to manage the strategic development of the team in the
process of carrying out professional activities in the field of...

Ability to prove knowledge and own conclusions to specialists 43
and non-specialists. 3,85

Ability to apply new approaches to the analysis and prediction
of complex phenomena, critical understanding of problems...

Ability to apply interdisciplinary approachesin critical
understanding of environmental issues.

Ability to use the principles, methods and organizational 4,35
procedures of research and / or innovation. 4,05

Awareness at the level of the latest achievements required for 4,45
research and / or innovation in the field of ecology,... 41
0 1 2 3 4
mstudents = employers

Graph 1. Comparison of employers “needs and students” expectations
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The analysis of the obtained results showed that the employers rated the ability
to apply interdisciplinary approaches in the critical understanding of environmental
problems and the ability to organize professional work in conditions of incomplete
information and conflicting requirements. Awareness of the latest advances in re-
search and/or innovation in the professional field is also important for practitioners.

Employers rated the lowest the ability to consider professional problems
critically. A comparison of graduates “expectations and employers” needs is
shown in Graph 1.

Conclusions

Based on the study, the authors have found that students attach great im-
portance to competencies that give opportunities for professional growth, ma-
stery of new technologies and the application of innovations. Employers bring
teamwork skills, professional skills and knowledge in the professional sphere to
the fore. The most important general competencies include good command of
foreign languages, the ability to motivate people to do work and creativity.
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Abstract

Most of our medical records are being processed electronically, centralised and easily acces-
sible. In this paper, we will discuss the advantages of the system for research, as well as its poten-
tial challenges.

Keywords: health data, privacy, data protection, GDPR, security, information, research, EMR,
EHR, European Data Hub

I. The purpose and benefits of digital health data

1. Electronic Health Record (EHR) or Electronic Medical Record
(EMR)

An electronic medical record (EMR) is a digital version of a chart with pa-
tient information stored in a computer and an electronic health record (EHR) is
the systematised collection of patient and population electronically stored health
information in a digital format. These records are shared through different coun-
tries and different medical departments. An EHR is a digital version of a pa-
tient’s paper chart. EHRs are real-time, patient-centred records that make infor-
mation available instantly and securely to authorised users. Hand-written data is
replaced with electronic records to maintain the constant flow of patient-related
data. Introduced in 2009, Today, over 80% of points of medical care are using
this technology for billing and entry point of medical information. EHRs are
built to easily share information with other health care providers and organisa-
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tions — such as laboratories, specialists, medical imaging facilities, pharmacies
allowing better diagnostics and patient outcomes based on the patient’s medical
history. It also improves patient participation, care coordination, and is cost sa-
ving. For instance, EHR alerts can be used to notify providers when a patient has
visited the hospital, allowing them to proactively follow up with the patient.
Every health provider can have the same accurate and up-to-date information
about a patient. This is especially important with patients who are seeing multi-
ple specialists, receiving treatment in an emergency setting or making transitions
between care settings.

It can reduce medical errors and unnecessary tests and reduce the chance
that one specialist will not know about an unrelated (but relevant) condition
being managed by another specialist. An EHR not only keeps a record of a pa-
tient’s medications or allergies, it also automatically checks for problems when-
ever a new medication is prescribed and alerts the clinician to potential conflicts.
It can help providers quickly and systematically identify and correct operational
problems. In a paper-based setting, identifying such problems is much more
difficult, and correcting them can take years.

2. Individual patients’ electronic records processing for wider scientific
research projects

In data protection terms when data collected for one purpose is then de-
ployed for a new, unrelated, purpose, we are engaging in secondary processing.

The secondary processing of personal health data for scientific research in
the medical field is coveted for research and new treatments that improve public
health. Its legal status, however, is far from unproblematic. An unclear status in
law of data reuse is compounded by a shift in research towards decentralised
clinical trials: deployment of new artificial intelligence technologies is leading to
a rethinking of biomedical research from what was traditionally organised. This
shift is all the more important as classical research tends to be questioned fol-
lowing various health scandals. Fewer people are willing to participate in medi-
cal trials. In digital research, Al tools are preferably deployed in the exploitation
of databases to explore patient records, via medical imaging or connected medi-
cal devices. The analysis of the various data sets with more efficient computing
capabilities makes it possible to increase the speed of discoveries, acting as an
accelerator of research. Clinical procedures are simplified, time is spared, and,
above all, the physical integrity of individuals is preserved. This shift, for in-
stance, has allowed discovery of an antibiotic molecule capable of bypassing
antibiotic resistance in February 2020 (Internet 1; Internet 2).

The primary advantage of digitalising research data is the increased ease of
participation in research. Many studies struggle to recruit and retain sufficient
participants. Less and less patients take part in clinical trials. A survey by CISCRP
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(Internet 3) indicates that physical distance to research sites is one of the main
barriers to increased participation.

The second advantage is the amount of data from a larger number of partici-
pants that a decentralized study can generate. Finally, decentralized clinical trials
attract a more inclusive variety of participants. If the advantages are obvious,
they are not inconvenient. Apart from the digital divide excluding the popula-
tions with less access to technology, data quality, security and strong medical
ethics are required. Big data analytics, based on larger data sets, using tools or
algorithms are big assets for medical and scientific research. Paolo and Binco-
letto (2021) examine the secondary processing of personal health data for scien-
tific research in the medical field. Looking at the controllers’ obligations to
comply with the data protection framework to safeguard fundamental rights and
freedoms. After comparing the implementation of EU regulation into the French
and lItalian national legislations, they propose “a proactive, legal-technical
e-health solution that complies with the rules and principles of the legal frame-
works and empowers the individual’s control over personal health data while
promoting medical research. To this end, the data protection by design concept
plays a central role, and an interdisciplinary approach is fundamental in combi-
ning legal and technical perspectives”.

The case of Yoti illustrates the potentials for research and dangers for
the data (Internet 4)

For many years, immigration departments have struggled with physical de-
termination of the age immigrants claiming to be minor. Such determination by
physical examination have never been accurate. The algorithm the company Yoti
has created claims to have achieved the goal with high accuracy. For doing so,
a large world wide database of children aged between 12 and 19 years old. Has
be created. Admittedly some parents have received financial compensation in
exchange of pictures of their children with month and year of birth. By creating
a data set of children of various world ethnic faces, the algorithm can determine
the face of a minor. So far, the software has been commercialised in supermar-
kets for the sale of alcohol or cigarettes. They are expanding with cinemas and
other places where age verification is necessary. As mentioned, the software can
be useful for immigration departments. Scientific research could certainly bene-
fit from such database to study the ageing process in various ethnic groups. The
dilemma here is how to create and store large scale biometrics data allowing
a sensible secondary use of the information.

3. Big data and scientific research friend or foe

As indicated above, scientific research benefits from large scale data from
various sources. This has been made easier and more cost effective thanks to
digitalisation of information and cheap data storage. Big Data is defined by
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Zulkarnain and Anshari (2016) as “datasets whose size is beyond the ability of
typical database software tools to capture, store, manage, and analyze”. In
Kaislere, Armour and Espinosa (2016), “Big data is data too big to be handled
and analyzed bytraditional database protocols such as SQL”. Big Data are par-
ticularly large, complex datasets with high analytical potentials that automated
processing can analyse at higher speed than traditional processing.

“Big data analytics in medicine and healthcare allows analysis of the large
datasets from thousands of patients, identifying clusters and correlation between
datasets.Moreover, improving predictive models using data mining techniques”.

Big Data has large potentials helping medical research to create new growth
opportunities including in predictive healthcare. This is not without posing si-
gnificant challenges such as the loss of privacy and confidentiality. Privacy and
security are key concerns for individuals and all corporations involved.

However, open access to health data is beneficial to scientific research. We
will further discuss the European initiatives. The following sections will draw
data protection lessons from several European initiatives.

4. The requirement of quality data an essential parameter to integrate

Data accuracy is paramount for quality research results. Human or algorithm
errors/biases or sometimes technology outcomes can alter results. This issue has
been pointed out by the European Union Agency for Fundamental Rights (FRA,
2020) that raised serious concerns about the quality of medical data and the re-
sulting risk of medical errors. “The quality of data in EMR/EHR also raises
some concern. Studies where patients were shown their medical files and asked
about their accuracy found that up to 50 % of information was incomplete or
erroneous. Too many important data in EMR/EHR is unstructured in the form of
free text, which further reduces data quality”. See also Miller (2019).

In order to be validly processed, row medical data requires to undergo initial
“cleansing” (Stoger, Schneeberger, Kieseberg, Holzinger, 2021). In this paper,
the authors take “an interdisciplinary look at some of the technical and legal
challenges of data cleansing against the background of the European medical
device law, with the key message that technical and legal aspects must always be
considered together in such a sensitive context”.

These authors initially enumerate the typical data quality issues they suggest
the cleansing operation should tackle: absence of data, dummy/default, noise
(a.k.a. the “butterfly effect”, wrong data, inconsistent data, cryptic data, dupli-
cate primary keys, non-unique identifiers, multipurpose fields, violation of
(business) rules.

With reference to the ECJ and the German Supreme Court (Bundesge-
richtshof) there are potential legal consequences for faulty data in medical Al,
engaging the liability of the notified body towards third persons like patients in
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case that an assessment procedure has been carried out without sufficient dili-
gence (Case C-219/15 Elisabeth Schmitt v TUV Rheinland LGA Products GmbH
ECLI:EU:C:2017:128; BGH 17 February 2020, VII ZR 151/18).

The authors then suggest five necessary steps to use the raw data and transforms
it into information that can be worked with in the subsequent analytical steps:

Parsing, Correcting, Standardizing, Matching, Consolidating.

Without going into further detail into these techniques, they suggest applying
standardisation and corrections to data sets sometimes from unstructured infor-
mation like manual diagnosis data to then compare and match to avoid duplica-
tion to finally solve inconsistencies. The quality of this cleansing process will
have legal consequences as they point that any damage caused by malfunctions
or other service provider due to these “faulty” data, will create a liability for the
manufacturer of the medical device mostly under the Medical Devices Regula-
tion (MDR). It is required that the product in question “shall be safe and effec-
tive and shall not compromise the clinical condition or the safety of patients”.
GDPR data accuracy requirement will not apply to the training data as data is
mostly anonymised.

This has led the European Parliament to propose that developers should,
where feasible, implement quality checks of the external sources of data and
should put oversight mechanisms in place regarding their collection, storage,
processing, and use of data (Art. 17 para. 3 European Parliament, Framework of
Ethical Aspects of Artificial Intelligence — n 46).

Also, in its report on the safety and liability implications of Artificial Intelli-
gence, the Internet of Things and Robotics, the European Commission has noted
that Union product safety legislation now “does not explicitly address the risks
to safety derived from faulty data. However, according to the ‘use’ of the pro-
duct, producers [in terms of the MDR, manufacturers] should anticipate during
the design and testing phases the data accuracy and its relevance for safety fun-
ctions” (Commission, ‘Report on the Safety and Liability Implications of Artifi-
cial Intelligence’ — n 18). The Report and the Whitepaper also call for product
safety legislation to “provide for specific requirements addressing the risks to
safety of faulty data at the design stage as well as mechanisms to ensure that
quality of data is maintained throughout the use of the Al products and systems”
(Commission, COM (2020) 65 final —n 3 — 15).

5. When Clinical Trials Go Digital, Ethics Is Needed

The pandemic accelerated the digitalisation of clinical research and wide-
spread decentralised clinical trials have brought many improvements while pri-
vacy and ethics challenges took a back seat.

In June 2021, the World Health Organization published a guidance on Ethics
& Governance of Artificial Intelligence for Health (Internet 5) outlining six key
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principles for the ethical use of artificial intelligence in health. The 20 leading
experts in ethics, digital technology, law, human rights, as well as experts from
Ministries of Healthrecommended the technology must put ethics and human
rights at the heart of its design, deployment, and use.

Artificial intelligence’s potentials in healthcare are undeniable: from AI medi-
cal imaging, scanning patient health records to predict illness, monitoring devices
to systems that help track disease outbreaks. Accessing medical speciality consul-
tations to help evaluate symptoms in remote areas. Just to mention a few (Wets-
man, 2019). The outbreak of the COVID pandemic also saw the surge of techno-
logical tools that were revealed to be controversial if not unnecessary tracking.
The Bluetooth technology widely used was inappropriate to detect the contact
tracing. In Singapore, the government admitted that the contact tracing application
collected data about health that was repurposed beyond the original goal.

Additionally, some databases were hacked, and medical data were accessed
by unlawful criminals (Internet 6). A report by WHO Ethics and governance of
artificial intelligence for health warned about Al tools developed by private
technology companies (like Google and Chinese company Tencent) that have
large resources but not always the necessary ethical incentives. Their focus may
be toward profit, rather than the public good. “While these companies may offer
innovative approaches, there is concern that they might eventually exercise too
much power in relation to governments, providers and patients” (Internet 7).

The report recommended six ethical principles: protect autonomy, promote
human safety, ensure transparency, foster accountability, ensure equity, and
promote Al that is sustainable.

In parallel, the new European regulation on Al, the Al Act (Internet 8)
which could come into effect in late 2024 is a proposed European law on artifi-
cial intelligence (Al) — the first law on Al by a major regulator anywhere. The
law assigns applications of Al to three risk categories (Internet 9). The Artificial
Intelligence in Healthcare report (Internet 10) supports the European Commis-
sion in identifying and addressing any issues that might be hindering the wider
adoption of Al technologies in the healthcare sector. The study has highlighted
six categories where the European Commission is suggested to focus to support
the development and adoption of Al technologies in the healthcare sector across
the EU. These include:

1) a policy and legal framework supporting the further development and
adoption of Al aimed at the healthcare sector in particular;

2) initiatives supporting further investment in the area;

3) actions and initiatives that will enable the access, use and exchange of
healthcare data with a view to using Al;

4) initiatives to upskill healthcare professionals and to educate Al develo-
pers on current clinical practices and needs;
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5) actions addressing culture issues and building trust in the use of Al in the
healthcare sector;

6) policies supporting the translation of research into clinical practice.

The GDPR allows for code of conduct to be approved by national superviso-
ry authorities. These can strengthen clinical research and pharmacovigilance.

The Spanish Code of Conduct (Internet 11)

A first national Code of Conduct was promoted by Farmaindustria in Spain
regulating the processing of personal data in the field of clinical trials and other
clinical research and pharmacovigilance. The code of conduct, regulates how the
promoters of clinical studies with medicines and the CROs that decide to adhere
thereto must apply the data protection regulations. Data controllers and data
processors that adhere to the code of conduct are obliged to comply with its pro-
visions.

The UK Code of conduct for data-driven health and care tech

Following a consultation, the UK Government has published a code of con-
duct for data-driven health and care technology to enable the development and
adoption of safe, ethical and effective data-driven health and care technologies:
“We have some truly remarkable data-driven innovations, apps, clinical decision
support tools supported by intelligent algorithms, and the widespread adoption
of electronic health records. In parallel, we are seeing advancements in techno-
logy and in particular artificial intelligence techniques” (Internet 12).

The Government has set out the behaviours expected from those developing,
deploying and using data-driven technologies in the health and care systems:

1. Understand users, their needs and the context.

2. Define the outcome and how the technology will contribute to it.

3. Use data that is in line with appropriate guidelines for the purpose for
which it is being used.

4. Be fair, transparent and accountable about what data is being used.

5. Make use of open standards.

6. Be transparent about the limitations of the data used and algorithms de-
ployed.

7. Show what type of algorithm is being developed or deployed, the ethical
examination of how the data is used, how its performance will be validated and
how it will be integrated into health and care provision.

8. Generate evidence of effectiveness for the intended use and value for
money.

9. Make security integral to the design.

10. Define the commercial strategy and consider only entering into commer-
cial terms in which the benefits of the partnerships between technology compa-
nies and health and care providers are shared fairly.
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6. The case of the French Health Data Hub and the COVID research

The French government has contracted the processing of health data with
Microsoft, a US corporation. Microsoft is said to have the processing capabilities
currently no other European company could have. Scientific research needs data
on COVID patients to study the spread of the virus, the scale of long term
COVID, the category of the population mostly affected or the effects of the va-
rious vaccines administered.

Several legal limitations had to be considered. First the question of the tran-
sfer of European data outside the European Union. United States being deemed
a country of non-adequate data protection since the invalidation of the Privacy
Shield agreement allowing the flow of data between the two continents. The
French data Protection Supervisory authority, The Commission Nationale In-
formatique et Libertés (CNIL) published an opinion expressing their concerns.
They recommended this measure to be only temporary, requiring further guaran-
tees from Microsoft. The French Health Minister requested the data to be stored
in data servers located within the EU. A measure that has limited protection as
regardless of the localisation of the data, US NSA Section 702, The US Cloud
Act and the Executive Order 12333 would apply.

If these are technical necessities to comply with the General Data Protection
Regulation, basically requiring the same level of data protection wherever data
travels, sharing data with a foreign company represents further challenges.

This is a consequence of the loss of data sovereignty that the European
countries are facing. Dependence on foreign corporations for processing health
data is by itself an issue. The quasi-monopolistic position of these corporations
gives them excessive power of control over data. Data is processed, possibly
monetised. The security of the data can be compromised as any database created
is data at risk.

The GDPR has several principles applying to lawful data processing, from
data minimisation, access limitation or ensuring data integrity. Big data analytics
or algorithms are by essence thirsty for data. Scientific research benefits from
the largest data sets. How to conciliate the legitimate needs of research with data
protection principles?

7. Technical means of protecting medical data: encryption, anonymisa-
tion or pseudonymisation

With data becoming increasingly digitalised and widely accessible, securing
health data is paramount. The first supplementary measure to secure data when
transferred abroad is to apply a strong encryption, keeping the encryption key
out of the reach of the US internet communication services. This is in fact diffi-
cult to realise when data needs further processing.Cybersecurity attacks and
ransomware against hospitals are becoming a common threat. Health data have
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high value and are regularly targeted by cyber criminals. Cyberattacks in the
healthcare environment have tripled since 2018 to reach 45 million individual
victims in 2021.

Medical data is collected from various sources:

- imaging techniques for diagnosis;

- electronic health records;

- robotics in surgical procedures;

- telehealth for efficiency or reaching patients in more remote locations;

- wearables to monitor individuals’ health with various Internet connected
devices with often weak security.

The use of open data sources is also instrumental in the field of genomics,
where data related to genetic makeup, biomarkers and bioinformatics is used to
derive better therapeutic solutions.

European healthcare requires stronger protection and security measures to
protect health data.

Pseudonymised personal data are data where identifiers such as names are
replaced by codes the research institutions keep. A ‘code key’ that is the link to
the individual person is kept separately from the research data in order to protect
the privacy of patients. Only fully anonymised data escape from the General
Data Protection Regulation (GDPR) requirements. In the case of data for re-
search, full anonymisation might render the data useless. Therefore, it is often
not a possible option.

Pseudonymised data and even anonymised data are not exempt from re-
identification. Even when name, date of birth or national security numbers are
“anonymised”, a full health history will reveal patients’ age, gender, the places
where they have lived, their family relationships and aspects of their lifestyle.

Privacy-enhancing technologies such as homomorphic encryption, differen-
tial privacy, federated analyses and use of synthetic data offer new ways for
protecting the privacy of individuals. New promises are seen in synthetic data
(Internet 13), still not exempt of criticism (Chen, Lu, Chen, Williamson,
Mahmood, 2021). Issues of anonymisation and de-identification need to be ad-
dressed and appropriately managed (Internet 14).

Health data being more sensitive, requires extra layers of protection and ap-
propriate security measures such as encryption. The GDPR applicability to the
data set has implications in the free flow of data to countries outside the Europe-
an Economic Area (EEA. This is a problem, for example, with researchers at
federal research institutions in the United States. Transfers to international or-
ganisations such as the World Health Organization are similarly affected (Inter-
net 15). The European scientific academies have recently published a report
explaining the consequences of stalled data transfers and pushing for responsible
solutions. (The European Academies Science Advisory Council, the Federation

136


https://onlinelibrary.wiley.com/doi/full/10.1111/coin.12427
https://www.nature.com/articles/s41551-021-00751-8

of European Academies of Medicine & the European Federation of Academies
of Sciences and Humanities (2021) (Internet 16; Bentzen et al., 2021).

The case of the Canadian PHIPA experience

Occasionally, there are privacy investigation decisions that stand out be-
cause of their precedent setting nature (Internet 17). One example is the PHIPA
Decision 175 (Internet 18) which details an investigation into the sale of de-
identified data by a health information entity to a third-party corporation. The
data protection supervisory became aware of the situation through a news article
and launched an investigation under the Personal Health Information Protection
Act (PHIPA). It is admitted that de-identification is considered to be a use under
PHIPA.

Such use for de-identification does not usually necessitate individual con-
sents. Health information custodians, who have custody and control of personal
health information have to be transparent to clearly and explicitly inform pa-
tients about their practices in their public notice. The necessity of transparency is
emphasised. It is safe to consider de-identification to be considered data pro-
cessing under the GDPR definition. Although, patients’ consent is required in
most cases. We will now take a deeper dive into the specific situation of the
European health data and its challenges. How to reconcile the need to share data,
open free access to the database, and keep data secure.

Il — The paradigm of the European data sovereignty

The last few decades, we have witnessed major developments in the fields
of internet communication and data digitalisation. Europe has dragged behind
US or Chinese corporations. Our dependency on US corporations for cloud sto-
rage (AWS, Microsoft, Apple iCloud, etc...) or computer operating systems
(Microsoft, Apple iOs or Google) or data analytics is undeniable. It’s with the
COVID pandemic that EU governments have had a wakeup call, realising the
complexities of creating a contact tracing app without the help of a Google App
or its ID verification Captcha. The de-centralised tracing application could not
be successful. Since the European Court of Justice decision in July 2020 invali-
dating data transfers to the US, the use of US internet communication services
became problematic. European countries are re-thinking data processing and
data storage solutions including in the fields of health data and research.

1. European health data initiatives promise to open new perspectives
for medical research

A — EU Health Data

New initiatives are underway for the EU Health data centre and common
health data to be accessed more efficiently. “Early lessons learnt with COVID-19
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have shown that the current system has not ensured an optimal response at EU
level to the COVID-19 pandemic”.

“Regarding health data, its availability and comparability, the Covid-19
pandemic revealed that the EU has no clear health data architecture. The lack of
harmonisation in these practices and the absence of an EU-level centre for data
analysis and use to support a better response to public health crises is the focus
of this study. Through extensive desk review, interviews with key actors, and
enquiry into experiences from outside the EU/EEA area, this study highlights
that the EU must have the capacity to use data very effectively in order to make
data-supported public health policy proposals and inform political decisions. The
possible functions and characteristics of an EU health data centre are outlined.
The centre can only fulfil its mandate if it has the power and competency to in-
fluence Member State public-health-relevant data ecosystems and institutionally
link with their national level actors. The institutional structure, its possible acti-
vities and in particular its usage of advanced technologies such as Al are exami-
ned in detail”.

Study by Henrigue Martins of ISCTE-Lisbon University Institute and Facul-
ty of Medical Sciences, UBI Portugal, was made public at the request of the
Panel for the Future of Science and Technology (STOA) and managed by the
Scientific Foresight Unit, within the Directorate-General for Parliamentary Re-
search Services (EPRS) of the Secretariat of the European Parliament is stagge-
ring (Internet 19).

Sadly, the finding of this study is striking : the absence of harmonisation de-
spite new initiatives such as the ‘European Health Union’ umbrella, or the EC
proposal for the creation of a new European Health Emergency. “There is NO
comprehensive health data governance at the EU level, and very few MS [Mem-
ber States] could be said to have one at the national level as well while a centra-
lised governance structure is needed to deal with large scale data for preventive
and curative actions”.

The suggested model could be Preparedness and Response Authority (HERA)
(Internet 20). On 3 May 2022, the Commission published the Proposal for a Re-
gulation of the European Parliament and of the Council on the European Health
Data Space Act (“the Proposal”).

European Data Protection Board (EDPB) and the European Data Pro-
tection Supervisory (EDPS) were required to give their opinions on this
project (Internet 21)

Since the European Data Strategy for the creation of a single European Data
Space for primary use of medical data, all EU citizens will have access to their
electronic health records by 2030 thanks to the EU’s central eHealth platform
linking national contact points to the MyHealth@EU infrastructure and efficient
national digital health authorities.
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B — Joint Action Towards the European Health Data Space — TEHDAS

The European Health Data Space (EHDS) could enormously impact health
research if it can overcome barriers to cross-border secondary use of health data
and create trust amongst citizens, according to a Finnish health data stakeholder
(Internet 22). The TEHDAS project, based on the European Commission’s
Health Programme 2020, develops European principles for the secondary use of
health data from early 2020. Carried out by 25 European countries and co-
ordinated by the Finnish Innovation Fund, Sitra (Internet 23).

European health projects will ease the share of data flow, with standardisa-
tion and the creation of a central authority. Free access to this data will benefit
innovation at the European and international level.

I11. Access to data for research

Re-using data and open science:

1- International cooperation

1.1 — Within the National and international initiatives supporting medical
data health is the International Medical Informatics Association (IMIA) Open
Source Working Group (OSWG) (Internet 24), “a voluntary group supported by
IMIA that brings together researchers and practitioners from multiple countries
with a diverse range of informatics experience but common interest in the adop-
tion of open approaches to advancing the use of informatics to improve
healthcare”. This has led to the development of an open access database of Free,
Libre, and Open-Source Software (FLOSS), called MedFLOSS (Internet 25)
(www.medfloss.org), to apply in the medical domain to accelerate medical re-
search.

1.2 — Harmony Alliancepromise to accelerate scientific research in
Haematology

HARMONY claims to be the Next-generation science, sharing data and
knowledge “To accelerate scientific research on Hematologic Malignancies
(HMs), broad cooperation between all healthcare stakeholders is urgently needed.
Each single piece of the puzzle, namely each set of data, might turn out to be the
missing piece that will make it possible to treat the disease faster and better.

The HARMONY Alliance (Internet 26) has created a transparent and secure
repository for data from various clinical studies. Everybody can contribute and
help fight HMs”.

“Sharing data is crucial to further research in Hematological Malignancies
because many of these cancers are heterogeneous in terms of their genetic profile.
Moreover, many genetic profiles are rare; many account for < 10% cases. In order
to ascertain the prognostic or predictive value of genetic biomarkers, researchers
need to study large cohorts of patients. This is only achievable by sharing da-
ta,” says Anthony Moorman, Newcastle University, one of the HARMONY Key
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Opinion Leaders for Childhood Leukemia and Project Leader of the HARMONY
Research Project entitled ‘Use of Big Data to improve outcomes for patients
with Acute Lymphoblastic Leukemia (ALL) (Internet 27).

A — Call to Remove obstacles to sharing health data with researchers
outside of the European Union (Internet 28)

Scientific academies in Europe (the European Academies Science Advisory
Council, the Federation of European Academies of Medicine, and the European
Federation of Academies of Sciences and Humanities) [The European Acade-
mies Science Advisory Council, the Federation of European Academies of Medi-
cine & the European Federation of Academies of Sciences and Humanities (In-
ternet 29) have joined forces to call attention to the challenges that affect not
only European scientists but collaborators worldwide.

In this paper (Internet 30), the co-authors,Bentzen et al. develop the necessi-
ty to levy data sharing barriers: “COVID-19 has shown that international colla-
borations and global data sharing are essential for health research, but legal ob-
stacles are preventing data sharing for non-pandemic-related research among
public researchers across the world, with potentially damaging effects for citi-
zens and patients. International sharing of pseudonymized personal data among
researchers is key to the advancement of health research and is an essential pre-
requisite for studies ofrare diseases or subgroups of common diseases to obtain
adequate statistical power”.

Certainly, the way forward requires a move from the US. “The United States
should be encouraged to establish enforceable data subject rights and effective
legal remedies for European and other non-US research participants whose data
are processed by US researchers. The voice of the health-research community
must be heard by decision-makers at the national level, at the EDPB, and within
the EU Commission Directorates-General involved, such as in the areas of jus-
tice, health and research. Without a quick resolution, European research poten-
tial will not be realized, and European citizens will fall behind”.

We saw the importance for EU research to benefit from EU health data.
Currently, European health data is targeted by US corporations. A situation that
has been criticised.

B — GAFAM US Corporations access to EU health data
1 — The case of the NHS data agreement with DeepMind before Palantir
In this paper, The Privacy and Security Implications of Open Data in
Healthcare A Contribution from the IMIA Open Source Working Group, the
authors, Shinji Kobayashi, Thomas B. Kane and Chris Paton, raise the issue of
data anonymisation, and other ethical, and governance challenges (George,
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Whitehouse, Duquenoy, 2013; Hopia, Punna, Laitinen, Latvala, 2015; Menviel-
le, Audrain, Menvielle, 2017).

The paper reveals how in 2003, NHS England launched care.data in order to
combine all healthcare records stored by general practitioners with all infor-
mation stored by social services and hospitals. All data was held into the natio-
nal Health and Social Care Information Centre (HSCIC) databases.

The Hospital Episode Statistics dataset on the other hand collects and curates
data from 125 million individuals in England every year. If this data set can have
huge potentials for research, it raises the methodology of conservation questions.

UK Care.data has been criticised for sharing data with pharmaceutical com-
panies, insurance companies, health charities, hospital trusts, think tanks, and
other private companies. In 2014, it was disclosed that anonymous, pseudony-
mous, and identifiable data was sold to 160 organisations (Bahatia, 2014). In
response to a Freedom of Information request, HSCIC stated: “We recognise
that there will however remain a latent risk that when combined with other
sources of data, the identity of the individual may be ascertained”. Care.data was
closed in 2016 following general criticism and opt out.

In June 2017, Taunton and Somerset NHS Foundation Trust and DeepMind
Healthcare signed a 5-year contract to develop and evaluate a system able to
detect early signs of kidney-failure (Internet 31). Over 1.6 million live NHS data
records were given to Google, via DeepMind.

In November 2017, the UK Information Commissioner ruled that the Lon-
don’s Royal Free hospital failed to comply with the Data Protection Act when it
handed over personal data of 1.6 million patients to DeepMind (Internet 32).
A DeepMind spokesperson said the firm “underestimated the complexity of the
NHS and of the rules around patient data”. According to the ICO, Elizabeth
Denham, their “investigation found a number of shortcomings in the way patient
records were shared for this trial. Patients would not have reasonably expected
their information to have been used in this way, and the Trust could and should
have been far more transparent with patients as to what was happening”. The ICO
warned that such work should never be “a choice between privacy or innOvation”.

Despite privacy advocates’ hopes, this ruling did not exclude the use of the
app. ‘Streams’ that has since been rolled out to other British hospitals, and
DeepMind has also branched out into other clinical trials, including a project
aimed at using machine-learning techniques to improve diagnosis of diabetic
retinopathy (Internet 33), and another aimed at using similar techniques to
better prepare radiotherapists for treating head and neck cancers.

Google’s DeepMind Health systems have potential benefits for patients,
nurses, and doctors (Internet 34). The DeepMind ‘Streams’ app allows clinicians
to be informed when patient vital signs deteriorate using data from patient-
monitoring technology that deliver in real-time significant patient life-sign indi-
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cators to the clinician’s mobile device. If the medical potentials have major be-
nefits, they raise data ownership, secondary usage and ethics concerns.

Julia Powel, from the Faculty of Law and Computer Laboratory, University
of Cambridge, was one of the early scholars warning about the ethical issues of
Stream App (Internet 35) sharing NHS data with Google DeepMind.

Google DeepMind and healthcare in an age of algorithms (Internet 36)

“Data-driven tools and techniques, particularly machine learning methods
that underpin artificial intelligence, offer promise in improving healthcare sys-
tems and services. One of the companies aspiring to pioneer these advances is
DeepMind Technologies Limited, a wholly-owned subsidiary of the Google
conglomerate, Alphabet Inc. In 2016, DeepMind announced its first major health
project: a collaboration with the Royal Free London NHS Foundation Trust, to
assist in the management of acute kidney injury. Initially received with great
enthusiasm, the collaboration has suffered from a lack of clarity and openness,
with issues of privacy and power emerging as potent challenges as the project
has unfolded. Taking the DeepMind-Royal Free case study as its pivot, this arti-
cle draws a number of lessons on the transfer of population-derived datasets to
large private prospectors, identifying critical questions for policy-makers, indu-
stry and individuals as healthcare moves into an algorithmic age”.

In a more recent episode, the NHS body was again criticised for being re-
sponsible for delivering IT strategy that struggled to ensure patients understand
that medical data held by their GPs will be copied into a central database to be
shared with third parties unless they opt out by 23rd of June 2022. Conflicting
messaging overshadows NHS Digital’s attempts to inform the public about pa-
tient data slurp (Internet 37).

When a new UK project came up, as reported by The Guardian (Internet
38), “more than a million people opted out of NHS data-sharing in one month
in a huge backlash against government plans to make patient data available to
private companies, the Observer can reveal. The General Practice Data for Plan-
ning and Research scheme is now on hold with no new date for implementation,
and NHS (Internet 39). Digital has made a series of concessions to campaigners
to try to salvage it”.

The Guardian published an article by EerkeBoiten titled Our personal
health history is too valuable to be harvested by the tech giants (Internet 40).

In December 2019 The Observer revealed (Internet 41) how UK medical da-
ta was allegedly sold to American drug companies with little transparency or
accountability around the process. “US drugs giants, including Merck (referred
to outside the US and Canada as MSD, Merck Sharp and Dohme), Bristol-Myers
Squibb and Eli Lilly, have paid the Department of Health and Social Care, which
holds data derived from GPs’ surgeries, for licences costing up to £330,000 each
in return for anonymised data to be used for research”.
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These revelations raise big questions over the transparency and claims of
anonymity in NHS data transfers through the research scheme used by the
health service. It appears that individual-level. NHS Digital has announced GP
medical records in England would be collected via a new service called Ge-
neral Practice Data for Planning and Research (GPDPR) (Interned 42). It will
replace the General Practice Extraction Service (GPES), which has operated
for over 10 years.

More recently, it was revealed that Palantir awarded £23m deal to continue
work on NHS Covid-19 Data Store (Internet 43) “The two-year contract was
first reported today by (Internet 44) who have campaigned for transparency sur-
rounding deals between the NHS and big tech firms”. openDemocracy and Fox-
glove claim the contract was “secretly” signed “in apparent violation of their
[the government’s] prior promise to conduct future contracts between the NHS
and big tech via a full and open public tender”.

Medical data harvesting in France

The US Palantir’s projects are not limited to the UK. It has been reported
that US data giant Palantir is on a mission to seduce France’s start-ups”. Fears
might not be unfounded as Palantir is said to be one of the most secretive com-
panies in the world. Palantir (Internet 45) has expertise in big data analytics hav-
ing initially worked for the US armed forces and intelligence services.

More recently, French investigative journalists (Internet 46) revealed how
medical data was sold including drugs sold by pharmacists to Iqvia (Internet 47).
The group had been tracking each patient via a unique identifier number to carry
out “analyses of sales of health products aggregated by typologies of pharma-
cies, by main types of prescribers and by geographical areas”.

Following the broadcast of the program, the French data protection authori-
ty, CNIL, referred the case to the Paris Judicial Court (Internet 48) asking Inter-
net Service Providers (ISPs) to block access to a site hosting health data of near-
ly 500,000 people. The CNIL, which has already carried out three controls on
this data leak, is continuing its investigations.

In April 2022, the French CNIL fined Dedalus 15 million Euros for their
lack of security measures having led to the breach of medical data of 500.000
individuals online (Internet 49).

AMAZON, US online retailer coming big in the health data market
medical data

The acquisition of One Medical gives Amazon access to more data. One
Medical built its own electronic medical records system, and it has 15 years’
worth of medical and health-system data that Amazon could tap.
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In the US, it is reported that Amazon Pharmacy (Internet 50) has partnered
with Blue Cross Blue Shield plans in five states and pharmacy benefit manager
Prime Therapeutics to offer a prescription discount savings card (Internet 51).

Amazon’s access to these medical data has to be considered in the context of
the mass of various data the corporation has access to (Internet 52).

Medical data have high value. They are naturally targeted by big pharma-
ceutical companies.

As increasingly pseudonymised or even anonymised data have the potential
to be re-identified, the share of such sensitive data is not without controversy.
Article 29 working party (Internet 53) has specified that “to identify if a person
is identifiable, account should be taken of all the means likely reasonably to be
used either by the controller or by any other person to identify the said person”.
This is at the centre of the question of patients’ data security. Patients might
have personal reasons to remain anonymous therefore it is paramount the securi-
ty and confidentiality of often sensitive medical data to be respected.

Conclusion

A balance must be struck between protecting individual patients’ fundamen-
tal rights of privacy and dignity, the need for research to access data, and for the
industry to study the impact of medical data on health improvement. Applying
privacy by design, privacy enhancing technologies, anonymisation and encryp-
tion in full transparency and respect of individual needs and wishes is para-
mount. Health data has huge value. “Regulators” vigilance to monitor data han-
dling is essential. EU health data sovereignty will not only improve the privacy
of patients and protection of their data, it will also impact the European research
capabilities.
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Abstract

The article presents, present , practical requirements towards educationistsas diagnosticians. It
is an attempt to answer constantly changing provisions in thematter of organizing and providing
psychological and pedagogical help in publicschools. The work includes description of specified
test exercises, from IntegratedMeasurement of Psychological Variables System (SDP-System),
which based onvalidation analysis so far were acclaimed as accurate and reliable. In System,
testexercises are built inter alia based on test modules using graphic marks, presentingpictures and
psychomotor exercises. These exercises may be successfully usedby educationists and technical or
vocational education teachers in order to determinepredispositions, potential and students apti-
tudes.
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Introduction

Computer assisted diagnosis allows educationists to objectively evaluate
students, with relatively small time expenditure and effort spent on collecting
and analyzing data. Educationists’ decisions based on quantitative data are con-
sidered as fundamental in improving effectiveness and minimizing bias in their
work (Van der Kleij, Feskens, Eggen, 2015).

School is an environment, in which order and support for students are pro-
vided in the first place. In Poland the change of laws was proposed, concerning
psychological and pedagogical help in public educational institutions. Underli-
ning challenges placed before educationists. According to new laws, school edu-
cationists should do examinations and diagnostic activities connected to recog-
nizing inter alia. Needs, predispositions, interests and students problems. Addi-
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tionally specialists in that area should attend in determining necessary learning
conditions, specialized equipment, using inter alia. Information and communica-
tion technologies (Decree MEIN, 2022). That claim of competence is without
a doubt a great organizational challenge for schools, and also specialists who
work there.

Research concerning psychological and pedagogical diagnosis are consid-
ered as mostly rooted in modern education, as regards practical research. Cur-
rently described kind of diagnosis is an organized process of collecting and ana-
lyzing data, which is specified by cognitive activity. Diagnostic activity is
a connection of so-called cold knowledge (scientific, theoretical) and the hot
knowledge (experiences), (Wysocka, 2013). Pedagogical diagnosis used in the
process of education is an activity having to describe a given state of affairs and
explain the mechanisms that condition specific phenomena. Drawn conclusions
are also classified to specific types, categories and characteristics (Skibska,
Wojciechowska, 2014).

Unfortunately, psychodiagnostics conducted by educationists in schools, is
often directed by coincidence and not based on psychometric tools, which we
can see for example in psychological and pedagogical clinics. Use of modern
methods and technologies, would contribute nor only to deepening psychodiag-
nostic component, but also development of teacher’s professional activity
(Minakhmetova, Pyanova, 2016).

The subject matter of the study

Presented work is a voice in the discussion about uses of practical psycho-
metric methods in schools, thereby improvement of the teachers diagnostic
workshop. Palka (2010) has written that reflection over pedagogicalexamina-
tions methodology should be a continuous process. Diagnostics should also be
a field to search for new ways to practice the science in spaces rarely used to this
time. The key contents in the voice taken, should concern inter alia how educa-
tionists can manage the challenges before him. With the help come technological
solutions, specifically a possibility to use specific tests of integrated psychologi-
cal and pedagogical systems, named SDP-System.

Research methodologies and tools.Practical requirements towardsdiagnos-
tician, use of psychometric tests in pedagogical diagnosis

Strength of practical pedagogical diagnosis is its right use in the education
process,such as determining a student’s strengths and weaknesses, wordingof
learning plans, tracking his progress and relay the bright feedback. Essential-
lythis process applies to three questions: Where am | going?; How to get there?;
Where next? (Hattie, Timperley, 2007). Educationists, practical specialists can-
smoothly carry out a student’s thought this way.
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Wysocka (2013) gives the criteria that pedagogical diagnosis should meet in
terms of practice, should be: practical; decisive; complete; valuing; permanative;
descriptive-explanatory; dynamical; interdisciplinary and multifaceted. These
types of requirements are met by the testing method, more specifically psycho-
metric diagnosis. Should be emphasized, that as in psychology , as in pedagogy
— the term of test is identical with a tool, which meets the terms of standardiza-
tion, objectivity and normalization. Diagnosis using psychometric tools, which
meets methodological criteria, minimizes the risk of abnormality while evaluat-
ing a child’s capabilities. It enables an objective measure of examined traits for
educationists (Stemplewska-Zakowicz, 2009).

Both traditional psychometric tools, as well as these implemented by com-
puter technology, provide a possibility of organizing pedagogical diagnosis on
a new level. Nowadays, school educationists not only don’t have access to com-
puter diagnosis systems, but have limited resources for traditional tests, or they
may be not allowed to use some psychometric tests. In pedagogy the term of test
is used wider than for example in psychology and concerns both normalized
diagnosis, as well as informal. These tools may have the form of questionnaire,
achievement tests, tests of unfinished sentences or inventory (Niemierko, 2009).
Among them we can enumerate psychometric tools, to which educationists have
full access. It’s for example Cognitive function diagnosis battery-PU1 LTE;
Battery for methods of diagnosispsychometric development of children from age
of five to six — BATTERY-5/6¢ and others (PTPiP, 2022). Availability to the most
of the tests is however restricted, or for the people with a psychology profession
diploma, or necessity for paid training. Among such tools we can list: Verbal
Fluency Test or TMK — Raven Matrices Test in the color version. Listed example
methods concern cognitive functioning diagnosis and psychometric efficiency
and are meant for individual examination of children and school youth.

The answer for current legal requirements, methodical, put before an educa-
tionist working in education may be the use of computer technology, based on
an integrated test system, available for every specialist. Creation of multi-scale
computer systems for screening diagnosis may be involved with technological
challenges and organization. Technology must be able to serve a wide range of
systems, devices, and school browsers. One of the examples of use compatible
systems in schools was software Expert 3.0, including automatic pedagogical
tests. Automatic diagnosis technology is a testing strategy oriented for pedagogi-
cal diagnosis, integrated with the school grading system. Software Expert 5.05 is
a Ukrainian product, based on inter alia mathematical tests. Advantage of this IT
system is its modular design, which allows the test position author to create and
add data. The system’s database is based on test subject base, so it refers inter
alia to monitoring student’s achievements. After the examination, the diagnosti-
cian gets statistical data about every knowledge element. Data is presented with
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the help of a graph in a spreadsheet. It also includes information about student’s
strengths and weaknesses and possible recommendations about further diagnosis
(Bilousova et al., 2020).

Development (analysis of research results). Uses of specific tools SDP-
-System in pedagogical diagnosis

Objective, suitable, exact, consistent and free from prejudices — these re-
quirements should be fulfilled by computer systems including psychometric
tests. These requirements are possible by the Polish invention: SDP-System. It’s
an Integrated Measurement of Psychological Variables System. It consists of
three elements: Test Apparatus, consisting of exhibition monitor and keyboard;
Computer and Professional software. Serves inter alia to measure cognitive and
psychometric functions and it’s a proposition for all specialists, for whom over-
all assessment of human function is necessary. Main goal of SDP-System is to
create a possibility of projecting and making tasks for testing mental, cognitive
and motor capabilities of a human, in relation with evaluation of his capabilities
in different areas of activity and diagnosis of possible deficits. Adopted psycho-
metric tests, of which advantage of authoring tools — may successfully, without
any license restrictions, be adopted in school educationist or technical education
teacher’s practice. Below a couple of example tools are included in SDP-System
are presented, which based on validation research among adults, confirmed high
reliability and accuracy (Horoszkiewicz, Korchut, 2020), confirming at the same
time the requirements related to so called goodness of psychometric test
(Brzezinski, 2002).

Number location test

This test evaluates efficiency of operating memory and observation. Tool
consists of two boards separated into square fields, in which two-digit numbers
are placed. Task requires us to memorize numbers from the first board, after
which we search for them on the second board. In order to do the task, the diag-
nosed person moves the displayed frame using the keyboard. Software registers
the execution time and the amount of repeated reactions in order to improve
erroneous reactions. In order to evaluate reliability of the test, the system uses
a method of repeated measurement. Homogeneity of test positions was also
specified by calculating Cronbach’s reliability coefficient. Based on the execut-
ed Kolmogorow-Smirnow test, the average reaction time in the Number location
test was specified,; it is also characterized by appropriate relevance.

The line test

The line test may be used as a way to measure the reliability of the visual
receptor. A significant variable measured by this test is shifting and concentra-
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tion of attention. It lets us evaluate the observation capabilities of the examined
person by concentrating on a “detail” of the presented picture. During the test,
there are 9 boards exposed, differing from each other by the amount of horizon-
tal, thin and black lines placed on a white background. The task requires us to
count the lines and to write down their amount using the keyboard. To evaluate
accuracy of the test, the test-retest was used. The homogeneity of the test posi-
tions was specified by calculating Cronbach’s reliability coefficient. In the con-
text of accuracy the results got by statistics analysis encourage a careful ap-
proach to the results in this test task.

Simple Coordination Test

It is a modified method of visual-motor examination and precision of
moves. Numbers are shown successively on the monitor, on which we have to
react by pushing the keyboard button with the exposed number. In the task two
examination modes can be used: imposed, where pace of exposition is stable and
forced mode, where the next exposition has its place after the right reaction of
the examined person. To evaluate reliability of the test, method test-retest was
used. The homogeneity of the test positions was specified by estimation of the
Cronbach’s reliability coefficient. Based on the execution of the Kotmogorow-
Smirnow test it was also specified that average reaction time in Simple Coordi-
nation Test is an accurate indicator.

Complex Coordination Test

It’s a method of psychometric efficiency measurement extended by the ele-
ment of thinking. Exposed stimulus is based on simple mathematical tasks,
based on adding and subtracting single numbers. Task of the examined person is
a specific reaction by pushing a button with expected result. Method demon-
strates the thinking time component in psychometric reactions. To evaluate the
reliability of the test, test-retest was used. Homogeneity of the test positions was
specified by the estimation of the Cronbach’s reliability coefficient. Based on
the execution of the Kolmogorow-Smirnow test, it was also specified that the
average reaction time in the Simple Coordination Test is an accurate indicator.

Precision and Thinking Indicator (PiM)

Is an amount of correct reactions in test tasks concerning simple and com-
plex coordination at a forced pace. Results are showing a general level of visual-
motor coordination efficiency that requires precision and fast thinking. To eval-
uate reliability of the test, the test-retest method was used. Homogeneity of test
positions was specified by estimation of a Cornbach’s reliability coefficient.
Based on the execution of the Kolmogorow-Smirnow test it was also specified
that PiM variable is an accurate indicator differentiating the results in the scope
of this variable.
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Conclusions

In education institutions there is a constant need for information about stu-
dents. Concerning their abilities, potential, changes, constraints, predispositions
or capabilities. Diagnosis was always a daily educational element. School educa-
tionists, in order to assess the student, often prepared and used their own, intui-
tive diagnostic tools (McMillan, 2003). Criteria of that opinion’s objectivism
was often unfulfilled. In a situation with lack of diagnostic tools, educationists
led students for preliminary diagnosis to the closest Psychological and Pedagog-
ical Clinic. Currently introduced provisions in terms of organization and provid-
ing psychological and pedagogical help in public schools, are a big challenge for
education employees.

Pedagogical diagnosis in schools should be based inter alia on test tools, and
thus quantitative diagnosis, guaranteeing objectivism, reliability and result accu-
racy. Additionally, this type of tests shouldn’t be time consuming, which would
prompt educationists and teachers to use them more often.

Since the answer for current and methodical provisions put before educa-
tionists working in education may be use of computer technology — proposition
of use of integrated psychometric tests seems to be reasonable. Use of specified
tests tools likeSDP-System, should be preceded by numerous validation exami-
nations amid polish students, in order to confirm their psychometric goodness
according to this age group.
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Abstract

This article deals with the use of mediation in the educational space of the teacher's work. It
discusses the essence of mediation and the contemporary transformations and difficulties that are
taking place in school institutions, directly related to the person of the teacher. The quintessence of
the considerations is the presentation of mediation in the context of challenges for the teacher, as
an alternative method to improve dialogue and alleviate emerging conflicts and misunderstandings
especially in teacher-student, teacher-parent, and student-student relations.
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Introduction

The school is an institution that, right after the home environment, repre-
sents one of the most important stages in everyone's life and is thus an area of
constant change. It is also a space where various misunderstandings and con-
flicts occur on many levels. Nevertheless, conflicts are an integral part of every-
one's life, so it is impossible to exclude them completely, especially from school
life. They are also an indispensable part of social functioning because every
person is different, has a different personality, or is characterized by different
experiences, so in the face of conflicting individual conditions, misunderstan-
dings are formed in all aspects of life. Therefore, there is a need for the introduc-
tion and use of an alternative method to enable constructive resolution of disa-
greements through mediation.

Furthermore, using this tool, any difficult situation can be used to educate
students and develop certain competencies. It is also becoming noticeable that
the introduction of mediation activities into the school and peer environment has
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many positive effects, not only on the resolution of misunderstandings and pre-
vention of violence, but also significantly improves cognitive and social skills
among both students and teachers.

Theoretical foundations of mediation

Mediation is a scientific field that is viewed in various aspects and in con-
nection with which one can find many definitions. The very phrase mediation
means to mediate a dispute (Latin: mediare) or impartial, middle (Latin: medius)
(Kalisz, Zienkiewicz, 2009, p. 43).

The Mediator's Code of Ethics defines this process as a voluntary and confi-
dential search for agreement for people who are stuck in a common conflict with
the help of an impartial and neutral mediator. The main goal of this mediation is
primarily to assist the mediating parties in deciding to bridge the disagreement in
a mutually acceptable way (Polish Mediation Center, 2020). Mediation is also
a platform that creates conditions for the peaceful resolution of disputes, and
especially creates a space for conversation, during which everyone can outline
their concerns, needs, or simply express their opinions honestly. This is also due
to the fact that mediation is described as a tool for innovative and effective man-
agement of conflicts that have occurred, while the role of the mediator himself is
to listen to the conflicting parties and direct the conversation in such a way as to
lead to the resolution of the dispute, the development of a settlement and a sense
of victory by both parties (Jastrzebska, 2014(3), p. 3).

There is also an educative definition of the interpretation of mediation,
which is defined as some kind of exchange that takes place between parties hav-
ing difficulties in their mutual correlations (Swiatkowski, 2012). In the approach
discussed above, the mediator's role largely boils down to creating a sense of
security in which this exchange can naturally occur. Mediation proceedings are
also characterized by a specific approach to conflict because it is seen in the
context of something natural, but not negative — it seeks positive change. In view
of this, the conflict itself (from Latin conflictus — event) is identified with the
problem to be solved, which at the same time is the foundation for clearing the
situation, relationship and understanding of the other party, including realizing
the existence of the conflict and starting to work on it (Morek, 2009, pp. 15-29).

It should also be noted that mediation is systematized in legal norms and is
included in the Code of Civil Procedure, Criminal Procedure, or in juvenile cases
(this is related to the type of case in which the proceedings are conducted). And
in the case of a school institution, mediation is included in the Regulation of the
Ministry of Education as an effective tool for psychological and pedagogical
assistance (Regulation of the Ministry of Education, 2017, Art. 24, para. 6).

In order to be able to talk about a properly conducted mediation procedure,
despite the fact that it is an informal activity, five main principles should be ob-
served, which should be absolutely respected.
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The principle of voluntariness manifests itself in the informed and inde-
pendent consent of the parties to the conflict to participate in the mediation pro-
ceedings, as well as the specific person of the mediator. This consent can be
changed at any time during the proceedings.

The principle of confidentiality applies to all persons participating in the
mediation (the parties to the conflict and the mediator), which guarantees that all
information obtained in the course of the activities will not be used in any way.

The principle of acceptability is expressed in the widely understood ac-
ceptance of the person of the mediator, as well as the fact that this is a person
whose goal is to help level the existing conflict.

The principle of impartiality refers to the equal and uniform treatment of the
parties to the conflict by the mediator. In this procedure, each participant has
equal rights.

The principle of neutrality means that the mediator does not have the ability
to impose solutions on the parties. Any terms of settlement are formulated by the
clients, while the mediator only helps to clarify the given solutions, as mediation
puts the dexterity in the hands of the conflicting parties (Polish Mediation Cen-
ter, 2020).

Difficulties in teacher's present work as a challenge for mediation

School is a place where students spend a great deal of time acquiring not on-
ly knowledge but also appropriate social behavior and proper interpersonal rela-
tions. However, more and more often it is the school that is becoming the point
of complex, various conflicts, and misunderstandings. Because over the years
there are huge changes taking place in society, related both to changes in the
political and political system, but most importantly in the way children and
young people behave, parents' expectations of the role of teachers, including
a decline in the authority of the teacher through which many disputes arise in the
relationship teacher-parent, management-parent, and student-student (Wajerowska-
-Oniszczuk, 2003(4)).

In the student-student relationship, it is increasingly possible to see an inten-
sifying rivalry between students, which takes the form of negative emotions in
the form of jealousy, dislike of the other person, and even hostility, resulting in
ridicule, quarrels, and malice. There is also the use of aggression and violence,
as well as overtly presented intolerance (due to appearance, origin, or dress)
towards the otherness of other students.

Among the currently emerging conflicts in the school space on the teacher-
parent line can include inadequate requirements for the tasks of the teacher be-
cause due to the emerging problems of care and education, parents (often too
busy) require not only that the teacher perform the teaching function, but also
the educational function. In addition, they direct all the responsibility for aca-
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demic performance towards teachers. Thus, in the situation of emerging learning
difficulties, inappropriate social behavior, or non-acceptance of the required
rules, then a double conflict arises between student-student and teacher-parent.
This is the reason why more and more often parents do not feel the educational
role of their own children, diverting this entirely to the institution of the school,
as a result of which there are resentments and conflicts that accumulate on the
teacher.

The most noticeable conflict in the management-parent area at the moment
is the issue of placing religion (which is an optional subject) in the middle of the
lesson plan. This controversial subject is expanding the scale of the conflict, in
which many more people are involved. The ground for disagreements arises on
the grounds of organizing care or arranging time for students who do not partici-
pate in the aforementioned lesson (Kowalczyk, 2021).

Also, at the early elementary and school stages, there are numerous misun-
derstandings in the teacher-student context because due to what is presented in
the home environment regarding the person of the teacher, so very often the
child translates it to the school environment. Unfair grading, “the lady is picking
on you”, are the most common areas in which conflict arises both in the case of
the teacher-student and then the teacher-parent, because observing the growing
attitudes of entitlement to the person of the teacher, the parent unscrupulously ,
“attacks” without knowing the whole truth (Wozniak, 2021).

In view of the above, the planes where conflicts most often occur are listed,
and it becomes apparent that the modern teacher not only has a huge amount of
top-down duties to fulfill but also faces the challenge of maintaining appropriate
relations with the external environment. In addition, the examples cited are also
a confirmation of the need for and definition of the space eligible for mediation.

Mediation in the school environment

Two of the most common types of mediation can be distinguished in rela-
tion to the educational space. These are school mediation and peer mediation, in
which the mediation action is similar, while the difference lies in the party who
is involved in the dispute (Ombudsman for Children, 2017, p. 4). The first of
these, school mediation, occurs when a disagreement is mitigated by an adult
prepared to do so, i.e. with the appropriate competence and knowledge (e.g.,
management, teacher, educator), and arises on the line of student-student, teacher-
-student, teacher-parent, management-parent, teacher-teacher, teacher-director. It
is also worth noting that this is an important task that falls under the responsibil-
ity of the school establishment because, despite everything, mediation with chil-
dren is much more difficult and demanding than with adults. This is due to the
fact that the mediator not only accompanies, helps to resolve a given conflict
situation, but also influences the formation of attitudes towards both the conflict
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and the possibilities of its mitigation or leveling, which can be used in the future
by the student. Therefore, also in this case, the teacher has a real influence on the
creation of attitudes of his students.

Peer mediation (less common), on the other hand, occurs when the conflict
arose between students, and the role of mediator is played by another student
who has been prepared for this activity (thus meeting the relevant criteria such as
being over 13 years of age, or characterized by a gentle disposition, responsible,
and most importantly — having the appropriate communication skills), but is also
assisted by a school mediator. It is used when the cause of the conflict is a dif-
ference of opinion on the issue under discussion. This happens when the conver-
sation turns into a conflict of values because neither of the parties can accept the
other point of view, being convinced that they are right. This type of mediation
definitely makes it easier for young people to open up and discuss the problem,
because they have a sense of equality with the mediator, thus the person coordi-
nating the course of the dialogue.

There is no doubt that the school and especially the person of the teacher,
for it is largely with him that the school period is identified, should meet the
emerging difficulties, conflicts, and helplessness that affect students and their
home environments. It should be shown that conflicts can be resolved, but in
a different way from what students are currently doing. Aggression and violence
are an unconstructive approach to the problem. The method used by schools, on
the other hand, is to put the issue in the hands of the “school referee”, who is
usually the headmaster or a teacher. His role boils down to asking “what hap-
pened?” and “who started it” and then imposing the appropriate punishment. As
a result of such a procedure, there is no discussion of the situation, no deeper
analysis of the situation, and ultimately the conflicted parties do not reach
a common understanding of each other and a sincere agreement (Wozniak, 2021).

The mediator, on the other hand, listens, facilitates the conversation, partici-
pates in the meeting, and helps to develop an agreement that is accepted in its
entirety by both parties to the conflict. Mediation also makes it possible to voice
one's point of view, in the literal sense of, “face the conflict” and then provides
an opportunity to outline solutions on one's own, which seems extremely im-
portant both in the context of the educational process carried out by the teacher
and with regard to the further development of the child. Undoubtedly, it is a time
for both parties (the perpetrator and the victim, in the case of violence) to under-
stand the situation that has arisen and to realize the reasons for behaving in the
way they did. Mediation proceedings teach not only to speak but first of all to
listen, which is sorely lacking in everyday communication, and is undoubtedly
an important skill in the process of shaping young personalities (Wajerowska-
-Oniszczuk, 2003). Therefore, it becomes extremely important that both the
school and the teacher are open to innovative work methods and actively use the
available alternatives to bring order and social order.
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Mediation as a challenge and benefit in teacher's work

The benefits that accrue from the use of mediation both in the work of the
teacher and in the school institution as a whole are numerous. It significantly
influences the improvement and development of communication skills, which
then translates into the creation of correct interpersonal relations both with re-
gard to students and mediators, i.e., teachers, management, or other school em-
ployees. Participants in mediation learn to be assertive in expressing their fee-
lings and needs, but at the same time are able to listen to the other side. With
regard to students, this is important because the mediation space provides an
opportunity for students themselves to understand their own behavior and atti-
tudes, to realize that conflict does not necessarily mean something negative.
Mediation leads to learning how to analyze and draw conclusions and, above all,
how to deal constructively with the conflicts encountered. This lays the founda-
tion for the proper functioning of the child in adulthood, because if at the school
stage (at which time the child is susceptible to the formation of his personality
and the assimilation of acceptable patterns) he acquires knowledge of dispute
resolution, then it will certainly be easier for him to find his way in various situ-
ations in the future. This is crucial, since the school stage is the time to formulate
and teach appropriate attitudes, while this opportunity is severely limited in ado-
lescence, where behavior is heavily influenced by the peer group, as well as the
rebellious period.

In addition, mediation also provides a space to counteract the occurrence of
violence, aggression, or “hate” at school. Because during the conversation, there
is an opportunity to look at the problem in a multifaceted way and positive rela-
tionships are created. This has a huge impact on the whole situation, as the me-
diator limits negative emotions, giving the feeling of an “adult” approach to the
problem — not a childish insult or complaint, or an independent, often forceful
solution. Mediation, therefore, teaches to resolve disagreements without using
violence. Surely this brings more benefits than the attitude of a “judge-
teacher/director”. Undoubtedly, too, such an approach influences a lasting un-
derstanding between students minimizing the occurrence of a similar incident in
the future (Raszewska-Skatecka, 2013, pp. 71-83).

The mediation process also introduces a proper culture of dialogue and fos-
ters friendly relations between all those associated with the educational institu-
tion, i.e., teachers, parents, management, or other employees, even in the face of
the occurrence of differences in opinion. Because mediation protects the inter-
ests of the parties, accepts their rank and importance on an equal footing. Media-
tion is a method that also significantly affects the creation of a positive image of
both the school and the person of the teacher, as it provides an opportunity to
talk, and therefore to take into account every rationale, so that no one feels left
out or their position disregarded (Czyzowska, 2018(34), pp. 1-10). Through the
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opportunity for constructive conversations with parents, there is a chance to
discuss all expectations and solutions, so that cooperation goes as well as possi-
ble, and thus the teacher is actually free to realize himself in his work.

It is also worth emphasizing the advantages that arise from conducting these
proceedings for the teacher himself. Well, with the conduct of mediation, teach-
ers undoubtedly have the opportunity to develop even more strongly their skills
in understanding the point of view of another person. In addition, it also influ-
ences the expansion of self-awareness in the emotional plane, i.e. they more
consciously use in their daily work the fact that emotions significantly affect the
behavior of students (Ibarrola, Iriarte, 2013, 180-189).

Performing this role of mediator is not an easy function; however, a teacher
is a profession that is characterized by those qualities that are most important in
mediation. Thus, a teacher should treat all students the same, inspire develop-
ment, express empathy, understanding, actively listen, and respond adequately to
the needs of students. Thus, these are priority qualities for the mediator’s perso-
na because, just like the teacher, the mediator accompanies the student in mak-
ing actions and decisions. Therefore, it can be said that the role of the mediator
is anchored in the role of the teacher. In view of this, fulfilling oneself as a me-
diator is not only a challenge, but also a mission that the teacher faces.

Conclusions

Undoubtedly, mediation used in the school space is an alternative method
for resolving conflicts of various backgrounds, reducing the negative effects of
misunderstandings, and at least to some extent preventing the increase of vio-
lence and aggression among students. It is also worth noting that it has a positive
impact on both students and teachers, as it enables cognitive, moral, and emo-
tional development. Furthermore, the use of this process can contribute to im-
proving relations with parents of students, including respect for common needs,
which will certainly translate into the overall functioning of the child in the
school. Adequate dialogue is the way to a proper joint relationship, which is of
great importance especially in the early childhood and school stages. And, by the
same token, such an attitude will definitely facilitate the work of teachers.

Nevertheless, mediation is not the answer to all problems that arise at the
school level, because it is voluntary, so no one can be forced into it. However,
looking at mediation in a broader context, analyzing its advantages and the good
resulting from it, its existence should be popularized in Polish education.
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Abstract

The constant changes taking place in society, digitization, the use of ever newer technolog-
ical solutions, should also generate changes in the way knowledge is transmitted to students.
The article presents examples of information and communication technology (ICT) tools used in
physics lessons. The ways and advantages of using the modern ICT tools discussed are also
presented. The use of modern ICT tools should facilitate the understanding of physical phenom-
ena and concepts.

Keywords: ICT tools, physics, key competencies, smartphone

Introduction

The last decades of the 20th century brought intensive development of mod-
ern technologies. Today’s students belong to the first generation growing up
surrounded by modern technology and communication tools. They spend a sig-
nificant part of their lives with a smartphone or other mobile device. Today’s
young people use the latest tools of the digital era, which have already become
an integral part of their lives. There has been a radical change in students’ be-
havior, perception of the surrounding world and students’ perception of stimuli
(Prensky, 2001, p. 1). A number of terms are known in the literature about mod-
ern students. Digital Natives (Prensky, 2001, p. 1), the Homo Zappiens genera-
tion (the generation of multimedia children), the Millennial Kid (the child of the
turn of the millennium) (Tanas$, 2004, p. 7), Homo Interneticus (the modern man
connected to the Internet) (Walat, 2016, p. 236).

The article will present selected ICT tools, examples of application and the
benefits of using a specific tool during a physics lesson. Simulations of exper-
iments, physical measurements using applications available for smartphones
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and other applications that introduce an element of surprise during the lesson,
interactive games to test the knowledge acquired by students will be discussed
in detail.

The subject matter of the study. Modern technologies in education

The key competencies established by the European Parliament and the
Council of the European Union have become a response to the continuous de-
velopment of modern technologies and the constant changes in society. Key
competencies are called a combination of knowledge, skills and attitudes appro-
priate to the situation, which are necessary for self-realization and personal de-
velopment (Council Recommendation of 22 May 2018 on key competences for
lifelong learning. Official Journal of the European Union C189/7, 2018). Eight
key competencies were specified, among which were digital competencies.

Analyzing the information, from the recommendations of the Parliament of
the European and the Council, it should be noted that having digital competen-
cies is essential for living in a modern society. Key competencies are necessary
when communicating, seeking creative and innovative solutions. It is also im-
portant to be aware of the opportunities offered by modern digital tools, the limi-
tations, consequences and risks associated with their use (Council Recommenda-
tion of 22 May 2018 on key competences for lifelong learning. Official Journal
of the European Union C189/9, 2018).

Key competencies, including digital competencies, should be formed during
the teaching-learning process, in the course of each lesson. The problem of using
modern tools of technology and communication in the daily work of the teacher,
was also included in the Integrated Skills Strategy 2030 (Integrated Skills Strat-
egy 2030, p. 31).

Research methodologies and tools

The research was conducted using the analysis of commonly available solu-
tions regarding the possibility of using ICT in teaching physics in the school
environment.The priority task of a modern school is to develop key competen-
cies among students, which in the future, will allow them to function inde-
pendently in a digital society. This raises the question of how to integrate mod-
ern ICT tools into the educational process. ICT tools should become an integral
part of every lesson.

Analysis of research results. ICT tools in teaching physics

The necessity of using modern technology and communication tools is ac-
centuated in many scientific studies. Similarly, the advantages of using these
tools during lessons. The article will present selected applications of ICT tools,
with a particular focus on physics lessons and the benefits of incorporating
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a particular tool into the teaching-learning process. Physics is classified as
a natural science. The task of physics is to learn about the laws governing nature,
physical phenomena, properties and transformations of matter and energy. When
considering the use of ICT tools during physics lessons, it is worth starting with
one of its most essential elements — experience, since observation and experi-
ence are among the basic research methods in physics.

Physics lessons should educate a scientific view of the surrounding world.
An experiment, an experiment conducted during a lesson, is an indispensable
part of it. In the curriculum basis for teaching physics, there are numerous refer-
ences to performing experiments during lessons, such as planning and carrying
out observations or experiments and making inferences based on their results
(Regulation of the Minister of National Education of February 14, 2017 on the
curriculum basis for kindergarten education and the curriculum basis for general
education for elementary school, including for students with moderate or severe
intellectual disabilities, general education for an industry first-grade school, gen-
eral education for a special school for work, and general education for a post-
secondary school, Journal of Laws 2017 item 356, p. 153).

The above quote emphasizes the necessity of conducting experiments in the
course of a physics lesson. Unfortunately, the reality of the classroom introduces
many constraints on how to conduct an experiment during a lesson. The school’s
physics lab may not be equipped with the right equipment for the number of
students in the class. Some experiments pose a danger during the lesson. It is
also worth noting the need to explain a given experiment, which is not an easy
task for students, especially at the molecular level. In the described situations,
simulations of experiments, animations, virtual laboratories, e-experiments be-
come very helpful. The teacher has a wide choice of websites, where modern
multimedia tools are available that will accurately reproduce the experience in
question. Appropriate to the topic of the lesson and thoughtfully simulations of
experiments help students understand physics.

American physics didacticians N.D. Finkelstein, K.K. Perkins, W. Adams,
P. Kohl and N. Podolefsky in their research showed that a group of students in
which the teaching process was supported by simulations achieved better results
and understood physics to a greater extent, compared to students taught by tradi-
tional methods (Sokolowski, 2009, p. 43). The author of the aforementioned
article referred specifically to PhET simulations (Internet 5).

PhET simulations are a free tool available to both student and teacher. The
authors provide dozens of interactive simulations in physics and other science
subjects. For example, using a simulation on diffusion, a teacher can explain the
phenomenon to students, illustrating the process of mixing of molecules, which
is invisible to the human eye. The user can choose the appropriate parameters of
the experiment, setting, for example, temperature, mass and other physical quan-
tities depending on the simulation (Figure 1).
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Figure 1. PhET simulation showing the diffusion process

Other physical simulations are also available. Worth mentioning are the in-
teractive tools provided by the Czech teacher Vascak (Internet 14). The site of-
fers simulations and animations of physical experiments on many school topics,
such as the principle of the hydraulic press (Figure 2).
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Figure 2. Simulation showing the principle of the hydraulic press

At this point it is also necessary to introduce the three-dimensional
e-Experiments in Physics, made available free of charge on the website of the
Gdansk University of Technology (Internet 1). Using the e-experiments, for
example, one can perform an interactive experiment to investigate what the period
of oscillation of a mathematical pendulum depends on (Figure 3).
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Figure 3. Simulation showing the creation of an experimental set-up to study the dependence
of the period of oscillation of a mathematical pendulum on selected factors

A physics teacher can also use a number of other websites where simula-
tions and animations of experiments are available. Some examples include:
physics classroom (Internet 13), Apps on Physics (Internet 15), Virtual Physics
Laboratory (Internet 2).

Measurements also play a very important role in physics. Referring again to
the core curriculum for teaching physics: a student distinguishes between the
following concepts: observation, measurement, experiment; carries out selected
observations, measurements and experiments using their descriptions (Regula-
tion of the Minister of National Education of February 14, 2017 on the core cur-
riculum for pre-school education and the core curriculum for general education
for elementary school, including for students with moderate or severe intellectu-
al disabilities, general education for an industry school of the first degree, gen-
eral education for a special school for special needs, and general education for
a post-secondary school, Journal of Laws 2017 item 356, p. 153). In the imple-
mentation of the presented requirements from the core curriculum, students’
smartphones are becoming helpful.

Modern smartphones are equipped with numerous sensors that, with the use
of appropriate applications, allow the user to perform a specific measurement.
An application that is very popular among physics teachers is phyphox (Internet
6). Using the application, one can, for example, record raw data from a magne-
tometer, determine acceleration and position. The app’s authors have also of-
fered ready-made guidelines for conducting an experiment, often with instruc-
tions in the form of a video. Among the proposed experiments are a free fall test,
elevator speed test, among others.
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Another application available for smartphones is the Physics Toolbox Sensor
Suite. This app provides similar measurements to the phyphox app described earlier.

When discussing the apps available for smartphones, it is worth noting the
apps that allow generating sounds of a set frequency, as well as creating oscillo-
grams of sounds of different heights and volumes. Referring again to the provi-
sion from the core curriculum: the student experimentally observes oscillograms
of sounds using various techniques (Regulation of the Minister of National Edu-
cation of February 14, 2017 on the core curriculum for pre-school education and
the core curriculum for general education for elementary school, including for
students with moderate or severe intellectual disabilities, general education for
an industrial school of the first degree, general education for a special school for
special education and general education for a post-secondary school, Journal of
Laws. 2017 item 356, p. 158), applications will be presented that enable the im-
plementation of this requirement using ICT tools.

These functions are available in both phyphox and Physics Toolbox Sensor
Suite applications. There are also applications designed exclusively for the
aforementioned measurements. Among them are Frequency Generator, Sound
Analysis Oscilloscope, for example. Figure 4 shows sample oscillograms of
sounds, created successively in the Sound Analysis Oscilloscope application
(Figure 4a) and Physics Toolbox Sensor Suite (Figure 4b).

a) b)
Sound Analysis Oscilloscope : Oscyloskop ®© o S

ot

Figure 4. Smartphone screenshot showing oscillograms of sounds, sequentially
in the a) Sound Analysis Oscilloscope app, b) Physics Toolbox Sensor Suite app
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In order to increase students’ interest during the lesson, to introduce an ele-
ment of surprise, it is also worth introducing online tests and other ICT tools for
getting immediate feedback from students. Mind maps (mind mapping) are be-
coming increasingly popular. The purpose of creating a mind map is to increase
the effectiveness of remembering and reproducing messages, through the pro-
cess of organizing knowledge and linking information to previously acquired
knowledge (Marian, 2008, p. 100). Creating a mind map together with students
will work well during a lesson summarizing a section. Mind maps can be created
using traditional techniques and by using modern tools available online for this
purpose, such as Miro (Internet 4), Mindomo (Internet 12) applications. Also of
great interest among students are online tests that introduce elements of game-
based learning (game-based education) during lessons. One of the most popular
platforms for creating online tests is kahoot (Internet 3).

Using the kahoot platform, an interactive test can be created for students.
A great advantage for both the student and the teacher is the immediate feedback
on the correct and incorrect answers given by the students. Other exemplary
educational platforms for creating online tests are wordwall (Internet 9), quizlet
(Internet 8). The advantage of the wordwall platform is the creation of quizzes,
using various templates, such as wheel of fortune, find a pair, true or false, miss-
ing word. Quizlet allows the creation of tools such as fiches, picture cards, sup-
porting the learning of concepts and definitions, which in the case of teaching
physics is also of great importance.

Another tool for conducting a quick question in the classroom is Plickers
(Internet 7). The unquestionable advantage of this tool is the need for only one
smartphone — the teacher, unlike previous apps. Each student is given a unique
pre-printed code, which he or she must point in the direction of the teacher. The
student indicates one of the answers (A, B, C, D) by setting the code with the
corresponding edge up. The teacher immediately receives the results in the form
of a bar chart and the answer given by each student.

Conclusions and generalizations

Summarizing the previous considerations, it should be said that modern ICT
tools enable interesting solutions during lessons. ICT tools modify the teaching-
learning process. By integrating ICT tools into the teaching process, the teacher
can increase the effectiveness of teaching and directly influence the process of
students’ understanding of physics. ICT tools can be used in various combina-
tions and teacher-student, teaching-student activity interactions. Focusing on
physics lessons, it is important to appreciate the role of simulations, animations
and other interactive tools, the use of which will allow students to present exper-
iments that previously could only be carried out in well-equipped laboratories. In
the process of teaching-learning physics, the smartphone has also become a use-
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ful tool. Thanks to the sensors hidden in the smartphone, it can be successfully
turned into an accurate measuring device. It is also worth remembering to use
the smartphone as a tool for communication, as well as a tool for solving online
tests and building interaction during lessons.
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