
Advances in Intelligent Systems and Computing 1329

Michael E. Auer
Tiia Rüütmann   Editors

Educating Engineers 
for Future Industrial 
Revolutions
Proceedings of the 23rd International 
Conference on Interactive 
Collaborative Learning (ICL2020), 
Volume 2



Advances in Intelligent Systems and Computing

Volume 1329

Series Editor

Janusz Kacprzyk, Systems Research Institute, Polish Academy of Sciences,
Warsaw, Poland

Advisory Editors

Nikhil R. Pal, Indian Statistical Institute, Kolkata, India

Rafael Bello Perez, Faculty of Mathematics, Physics and Computing,
Universidad Central de Las Villas, Santa Clara, Cuba

Emilio S. Corchado, University of Salamanca, Salamanca, Spain

Hani Hagras, School of Computer Science and Electronic Engineering,
University of Essex, Colchester, UK

László T. Kóczy, Department of Automation, Széchenyi István University,
Gyor, Hungary

Vladik Kreinovich, Department of Computer Science, University of Texas
at El Paso, El Paso, TX, USA

Chin-Teng Lin, Department of Electrical Engineering, National Chiao
Tung University, Hsinchu, Taiwan

Jie Lu, Faculty of Engineering and Information Technology,
University of Technology Sydney, Sydney, NSW, Australia

Patricia Melin, Graduate Program of Computer Science, Tijuana Institute
of Technology, Tijuana, Mexico

Nadia Nedjah, Department of Electronics Engineering, University of Rio de Janeiro,
Rio de Janeiro, Brazil

Ngoc Thanh Nguyen , Faculty of Computer Science and Management,
Wrocław University of Technology, Wrocław, Poland

Jun Wang, Department of Mechanical and Automation Engineering,
The Chinese University of Hong Kong, Shatin, Hong Kong

https://orcid.org/0000-0002-3247-2948


The series “Advances in Intelligent Systems and Computing” contains publications
on theory, applications, and design methods of Intelligent Systems and Intelligent
Computing. Virtually all disciplines such as engineering, natural sciences, computer
and information science, ICT, economics, business, e-commerce, environment,
healthcare, life science are covered. The list of topics spans all the areas of modern
intelligent systems and computing such as: computational intelligence, soft comput-
ing including neural networks, fuzzy systems, evolutionary computing and the fusion
of these paradigms, social intelligence, ambient intelligence, computational neuro-
science, artificial life, virtual worlds and society, cognitive science and systems,
Perception and Vision, DNA and immune based systems, self-organizing and
adaptive systems, e-Learning and teaching, human-centered and human-centric
computing, recommender systems, intelligent control, robotics and mechatronics
including human-machine teaming, knowledge-based paradigms, learning para-
digms, machine ethics, intelligent data analysis, knowledge management, intelligent
agents, intelligent decision making and support, intelligent network security, trust
management, interactive entertainment, Web intelligence and multimedia.

The publications within “Advances in Intelligent Systems and Computing” are
primarily proceedings of important conferences, symposia and congresses. They
cover significant recent developments in the field, both of a foundational and
applicable character. An important characteristic feature of the series is the short
publication time and world-wide distribution. This permits a rapid and broad
dissemination of research results.

Indexed by DBLP, EI Compendex, INSPEC, WTI Frankfurt eG, zbMATH,
Japanese Science and Technology Agency (JST), SCImago.

All books published in the series are submitted for consideration in Web of
Science.

More information about this series at http://www.springer.com/series/11156

http://www.springer.com/series/11156


Michael E. Auer • Tiia Rüütmann
Editors

Educating Engineers
for Future Industrial
Revolutions
Proceedings of the 23rd International
Conference on Interactive Collaborative
Learning (ICL2020), Volume 2

123



Contents

Engineering Pedagogy Education

Work-in-Progress: Development of the Discipline “Innovations
in Engineering Pedagogy” as Part of an Advanced Professional
Training for Educators of Engineering Schools in Higher
Education Institutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Guzel R. Khusainova and Mansur F. Galikhanov

Design and Implementation of the International Center of Engineering
Education at the University of Talca (Chile) Under IGIP
and the Dresden School of Engineering Pedagogy Tradition . . . . . . . . . 11
Claudia Galarce-Miranda, Diego Gormaz-Lobos, Hanno Hortsch,
and Steffen Kersten

Features of the System of Advanced Training and Professional
Retraining of Educators of Higher Technical Schools
in Modern Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
Vladimir V. Kondratyev, Ulyana A. Kazakova, and Maria N. Kuznetsova

IGIP Prototype Curriculum, Teachers’ Professional Development
and Distance Education in Russia During COVID-19 Pandemic . . . . . . 36
Viacheslav Prikhodko and Tatiana Polyakova

The Improvement of Engineering Subject Didactics and the
Didactic Abilities of Teachers for Teaching Social Sciences Students:
Case of Engineering Graphics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
Vida Navickienė

Designing Didactic Orders for Written Examinations - A Topic
for the Didactic Training of Teaching Staff
in the Engineering Sciences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
Marcel Köhler

xiii



A Method for Generation of Multiple-Choice Questions and Their
Quality Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 534
Aleksandr Saiapin

Career Strategies Approach for the Digitalised
World Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 544
Mariia Kuzmina, Andrii Karpenko, Galyna Tabunshchyk, Viktor Kuzmin,
Natalia Karpenko, and Vasyl Popovych

Poster: Engineering Education: Outcomes Assessment . . . . . . . . . . . . . . 552
Diana Giliazova and Elvira Valeeva

Internet of Things and Online Laboratories

Learning Methods Based on Artificial Intelligence in Educating
Engineers for the New Jobs of the 5th Industrial Revolution . . . . . . . . . 561
Horia Alexandru Modran, D. Ursutiu, C. Samoila,
and Tinashe Chamunorwa

Using Competency Mapping for Skills Assessment in an Introductory
Cybersecurity Course . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 572
Sten Mäses, Olaf Maennel, and Stefan Sütterlin

Modern Mobile Interface for Remote Laboratory Control . . . . . . . . . . . 584
Anzhelika Parkhomenko, Myroslav Zadoian, Aleksandr Sokolyanskii,
Artem Tulenkov, Yaroslav Zalyubovskiy, Andriy Parkhomenko,
Heinz-Dietrich Wuttke, and Karsten Henke

Master’s Degrees in Russia: The Reality of the Bologna
System Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 593
Anna Garmonova and Daria Shcheglova

Task-Based Mobile Learning ISC-System: Built-In Coronavirus
Immunity Confirmed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 604
Andres Udal, Martin Jaanus, and Gunnar Piho

Embedded System Learning Platform for Developing Economies . . . . . 617
Tinashe Chamunorwa, D. Ursutiu, C. Samoila,
and Horia Alexandru Modran

Improving the University – Industry Environment by Adopting
the Remote Experiment as a Pedagogical Method . . . . . . . . . . . . . . . . . 628
C. Samoila, D. Ursutiu, M. Ciurea, and R. Müller

Magnetic Measurements in Melotherapy . . . . . . . . . . . . . . . . . . . . . . . . 640
Emil Alexandru Canciu, Botond Szőcs, Alina Corlaci, C. Samoila,
and D. Ursutiu

xviii Contents



Engineering Pedagogy Education



Career Strategies Approach for the Digitalised
World Requirements

Mariia Kuzmina , Andrii Karpenko , Galyna Tabunshchyk(&) ,
Viktor Kuzmin , Natalia Karpenko , and Vasyl Popovych

National University “Zaporizhzhia Polytechnic”,
Zhukovskogo 64, Zaporizhzhia 69063, Ukraine

mari.gorodko@gmail.com, karpenko.a.v2@gmail.com,

galina.tabunshchik@gmail.com, kuzmin2v@gmail.com,

natalyakarpenko14@gmail.com, popovic.vasil@gmail.com

Abstract. In the conditions of global digitalization of business, which influence
on the competitiveness of entrepreneurs, on complete regions and national
economies, it is of great importance to implement graduates career strategies. In
the paper authors offer the approach of development a successful graduates
career strategy, aimed in the systematic implementation of the formation of
professional competences of young people.
In the research the questionnaire was conducted among students regarding

their motivation for study and employment, and in-depth interviews based on
open questions were used to identify the main factors influencing the career
development of managers and specialists who are associated with digitalization.
The social features of the development of graduates career strategies are
revealed. One of the main social barriers to the implementation of career growth
strategies is the social stereotypes that exist in society and guide young people in
ineffective career scenarios.
The authors proposed an effective model for the development of the suc-

cessful personal career strategy based on the development of professional digital
competencies.

Keywords: Career strategy � Digitalization � Social factors � Skills � Education

1 Introduction

The rapid socio-economic transformation in modern society, a change in the human
worldview is associated with significant uncertainty in anticipation of the future. The
scientific and technological revolution has led to the emergence of new technologies
that blur the boundaries between the physical, digital and biological spheres.

The works of K. Schwab and N. Davis substantiated the features of radical changes
in technologies that will entail changes in the labor market, in the economy and
education [1, 2]. These forecasts testify to the growing role of human capital, its
intellectual form, on the one hand, and on the other hand determine the requirements
for specific resources that are necessary for its successful accumulation and capital-
ization. Increased competition in world markets and significant differences in socio-
economic development in different countries of the world require special attention to
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human capital and its intellectual assets. It is in these new circumstances that the
intellectual assets of human capital become the main factor in competitiveness and
leadership in the global economic space.

Intellectual assets is a specific component of human capital which the set of cog-
nitive, creative, emotional competencies of the economically active population, pro-
viding value creation and progressive dynamics of profitability and value. All
intellectual assets have an intangible form and competency content, that is, they are
considered in the system of productive qualities of the carrier/owner. Their perfor-
mance provides current and future benefits for the bearer/owner and all levels of the
environment [3]. The development of human capital and its intellectual assets, as well
as their effective use, are ensured in the process of forming the conscious priorities of
the individual through a highly developed technological level of the educational pro-
cess stimulating the continuous development of a person throughout life. The main
factor affecting career strategies and the development of intellectual assets of human
capital is the conscious choice and formation of an active life strategy, its imple-
mentation in a practical plane.

2 Purpose or Goal

The value approach determines the social characteristics of a career as a social phe-
nomenon. It is important to determine the set of values of a person who plans or
implements a career strategy, and it is important to differentiate this value according to
established priorities. The components in its value set can lead to some value reso-
nance, which should be taken into account when planning and implementing career
growth strategies when developing professional competencies of youth.

The decisive changes caused by the consequences of the scientific and techno-
logical revolution require fundamental changes in the worldview of young people, the
formation of a new vector of personality development aimed at developing career
strategies and the formation of professional competence.

It is the quality and timeliness of determining the personal inclinations of youth and
a more conscious approach to career development that affects the success of personal
realization in modern society.

3 Findings to the Study of Human Capital and Career
Strategies

The problems of the formation of human capital and its effective use have been the
subject of discussion for many decades. Particularly increasing attention to this issue at
a time when there is a massive intellectualization of most processes of human life.

The relationship between intellectual capital, innovation, and sustainable devel-
opment was investigated by F. Matos, V. Vairinhos, S. Durst, and R. P. Dameri [4].
A. Bounfour and L. Edvinsson [5] point to the significant value of the modern
development environment, which is closely related to knowledge and intellectual
capital and determines the productivity and competitiveness of the business and the
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public sector. The policy of creating a “smart city” and developing an appropriate
“smart” strategy is justified by R. P. Dameri, F. Ricciardi and B. D’Auria as the only
basis for the development of intellectual capital [6, 7]. P. Mclaughlin, B. Kennedy, A.
Galluzzo and M. Donato reveal the importance of new fast-growing STEM skills
related to adaptive thinking, coding and technology knowledge, project thinking,
integrated problem solving and analytical thinking [8]. It is the quality and timing of
determining one’s inclinations and a more conscious approach to career development
that affects the success of the realization of the potential of the individual.

For the formation of socio-emotional competence of the individual, which is a
necessary critical factor for targeted actions in the future, preventive impacts in the
learning process are necessary [9]. Important is the study conducted by A. Godwin, G.
Potvin, Z. Khazari and R. Lok, which proves that a person’s career choice is confirmed
by gender characteristics and his ability to develop over a certain period [10]. Con-
clusions E. Ruzek, C. Hafen, J. Allen, A. Gregory, A. Mikami and R. Pianta, make it
clear that emotional support from the teacher contributes to the development of a
greater ability to be independent in matters of everyday life and have a more positive
relationship with peers [11]. That is, behind the conclusions of White R.W., motivation
promotes the learning process, effective interaction with the environment and the
development of relevant competencies [12]. The conclusions of E. Deci, A. Olafsen
and R. Ryan are important, which reveal the characteristics of internal motivation of an
individual and externally controlled motivation and influence the choice of priorities
for career development [13].

C. Christensen noted the significant success not only of companies, but also of
individuals in the development and implementation of development strategies [14, 15].
Subsequently, C. Christensen, along with J. Allworth and K. Dillon, proposed a series
of guides on finding the meaning of life and happiness. C. Christensen points out the
importance of using knowledge and time in training for developing a life strategy [16].
Christensen C. also substantiates the leading role of universities in personality devel-
opment, the development of its key skills and intellectual capital as a whole based on
innovative changes [17]. When planning a career as a person, as R. Sutien points out, it
is important not to go out of fashion, but to find a field of activity, a profession in which
a person can be better or better than others [18, 19]. In accordance with this, an
important role in this area should be given to professional competence and personal
career strategies – the ability to generalize and implement them and find a field of
activity, a profession in which a person can be better or better than others. Career
strategies due to the systematic process of coordinated actions have a high probability
of optimal investment of time and money.

The effectiveness of the choice and implementation of a career strategy (or a group
of them) is determined by the quality orientation of young people and the conscious
determination to form appropriate professional competencies. Career success, which is
described by two indicators: the goal - the manifestation, which is wages and career
advancement, and the subjective - career satisfaction is provided mainly by profes-
sional competencies, although soft skills are important. Of particular note are the
following 6 career competencies that affect the integral assessment of career success
[20]: the ability to update your career; career reflection; ability to relate to career
aspirations and values; study of work; career planning and the ability to evaluate the
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impact of training and work processes on its course; the ability to build the necessary
contacts and connections for career development. Thus, the formation of a career
should take into account the individual characteristics of the actors involved in the
process, and the corresponding promotion strategies, as well as a system of measures
for building your own and unique career history, focused on the personal needs of the
system.

Increasing the rate of intensification of socio-economic interaction is changing the
very essence of career strategies. This process directly depends on the reproduction of
labor, as it forms certain career archetypes. They form the image of a successful career
strategy, which is taken as a template when planning its personal form [21]. In par-
ticular, today the nature of the reproduction of labor has changed, it is required mature
personality with a high intellect, modern culture and a high level of commitment to
effective work. That is, new career strategies for Ukrainians should be based or
adjusted taking these factors into account. In the end, a person’s career strategy is part
of his image and, therefore, can influence the planning of youth career development
strategies that are adequate to the current conditions of social development. To prevent
social imbalance, it is necessary to develop certain sociocultural codes and, more
specifically, update a specific type of culture, which should include sociocultural
reflections on career strategies. In our opinion, this type of culture may be a techno-
logical culture, which we propose to consider as a special type of culture that combines
social technologies for the development of social interaction in certain areas of
sociocultural life.

4 Approach

A survey was conducted of students of Ukrainian universities with digital knowledge
skills (n = 440) and the types of motivation to study and find a job were identified
(Fig. 1). The first group (about 15%) includes the “best graduates” who have developed
business and personal qualities and, as a rule, by the time they graduate, already have a
small private business or have several current offers from different employers. They are
a kind of benchmark for the rest of the student population. The second group (about
40%) are “careerists,” who are oriented toward success in their professional activities,
have their own work experience and positive employment practices. The third group
(approximately 30%) is students who are not able to develop their careers, the so-called
“disadaptants”. As a rule, they are not ready to make efforts to find work and are
independent in making their own decisions, employment in general. The fourth group
(approximately 15%) was formed by unmotivated student youth with vague plans for
professional growth.

Thus, almost half of the graduates have some conflict between the desire to work in
their specialty and the degree of readiness to fulfill this desire. Many students want to
get a job by profession, but because of their own passivity, they do nothing for this.
The possible reasons are that they do not plan to work in their chosen field of study at
all, passively waiting for employers to “pay attention to them”. At the same time, more
than half of graduates have clear career growth strategies, with young specialists
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focused not only on the size of their wages, but also on the possibility of further career
growth in the labor market.

Interviews of managers and specialists who are associated with the implementation
of digital skills confirms the presence of these 4 groups among potential candidates for
employment. At the same time, a group of factors is justified, among which one of the
most important is the presence of career strategies among young people regarding the
acquisition and effective use of digital skills in the work process.

The authors modeled career strategies for students who take into account the level
of their personal activity:

– an individual-career strategic behavior model, which is characterized by the desire
to achieve personal success in life. Graduates who choose this model of career
strategy, as a rule, simultaneously study and work. They focus only on themselves
and try to achieve everything on their own. Many young people are interested in
such active and proactive youth;

– an indefinite strategic model of behavior, characteristic of young people who have
not decided on their own professional life and did not realize what exactly they
want, sometimes not completely adequately assessing their capabilities. Employers
usually lose interest in those candidates who unreasonably overestimate their
requirements for the required job or are ready to consider offers for various posi-
tions in various fields of activity;

– a non-independent strategic model of behavior typical of graduates, in most cases
very capable and prepared, but not guided by the requirements of the modern labor
market, not possessing job search technologies.

Educational institutions should influence the ratio of active and passive career of
student youth. Universities should create a highly effective corporate culture that will
encourage students to learn and form their own career strategies. It is important to use
six main motives: play, goals, potential realization, emotional impact, economic impact
and inertia [22].

The pattern of forming a strategy for a successful personal career based on the
development of professional competencies is proposed (Fig. 2).

Top 
graduates

15%

Careerists
40%

Disadaptants
30%

Unmo vated
15%

Fig. 1. Groups of students according to the carrer strategy
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the modern labor market

Descrip�on of the real state of socializa�on and 
determina�on of the "reference" state of professionaliza�on of 
objects, performance of the main types of work; taking into 
account possible barriers and criteria of socializa�on 
(prepara�on of objects for successful adapta�on in the modern 
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professionaliza�on

Fig. 2. The model of a successful career strategy development of a person
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Despite the elements of social transformation that exist in modern Ukrainian
society, it should be noted that today society is undergoing several global transfor-
mation processes. All these social transformations significantly change the conditions
for the implementation of career strategies of members of modern Ukrainian society,
but for better orientation in the new conditions for the implementation of career
strategies, society requires specialized institutions – universities. The education system
and, in particular, higher education should be the key to ensuring the implementation of
career strategies. Education and higher education should be of high quality and meet
the basic requirements of the labor market and economic development for this. Edu-
cational technologies should develop competencies, knowledge and skills that will help
students find effective algorithms to implement their own career strategies.

5 Conclusions

In the process of global digitalization, there are taking place global changes in the
reproduction of the workforce and new social conditions are developing for the
implementation of personal career strategies. The authors have disclosed the social
features of the development of personal career strategies are. One of the main social
barriers to the implementation of career growth strategies is the social stereotypes that
exist in society and guide young people into ineffective career scenarios.

The most powerful factor influencing the strengthening of youth career strategies is
education. Educational technologies today should primarily develop digital skills,
knowledge and skills that will help young people find effective scenarios for imple-
menting their own career strategies. Universities must create a highly effective cor-
porate culture that will encourage students to learn and shape their own career
strategies.

The authors proposed effective technologies for the formation of successful per-
sonal career strategies based on the development of professional digital competencies.
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