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In the 21 century engineering is seen both as an art and a science. The science
comprises the careful and knowledgeable use of scientific principles, physical materi-
als, and design techniques to produce devices and systems, and their operating ar-
rangements, to perform useful functions in a reliable and affordable way. These can
range from smart grids to computer networks; from mobile phone applications to in-
telligent meters; from motor drives to wireless credit cards. The art lies in creating
new directions in human activities by perceiving non-traditional applications of sci-
entific knowledge, combining different fields of knowledge in unique ways, introduc-
ing new technologies and managing a variety of technical resources to produce inno-
vative outcomes.

In other words, engineering is about developing, providing and maintaining in-
frastructure, goods and services for industry and the community, and about helping to
identify and implement directions for sustainable future. Professional engineers nor-
mally work in interdisciplinary teams and are supposed to cope with risks and take
social responsibility for the results of engineering projects. New pedagogies for deep
learning that are available in the 21% century are aimed at training specialists prepared
to work creatively in the global economic community and respond to the unpredicta-
ble challenges of the time for the sake of the stable and sustainable development [1,
2].

Deep learning skills (also termed as 21% century skills and competencies) are
composed of 4 groups of skills, which include: ways of working: communication and

326



collaboration; ways of thinking: critical thinking, problem solving and metacognitive
skills; tools for working: information and communication literacy; and ways of living
in the world: global citizenship and civil responsibility, as well as cultural awareness
and competence [3]. International and Russian standards for professional engineering
competence require that university graduates must demonstrate generic areas of com-
petence, also designated as transferable skills. These include knowledge and under-
standing, design and development of processes, systems, and products, responsibility
and management, communication and interpersonal skills, and professional commit-
ment. They also include planning the process of self-learning and its results, improv-
ing performance, as the foundation for lifelong learning and continuous professional
development [4, 5, 6].

In 2012 the Institute of Power Engineering at Tomsk National Research Poly-
technic University jointly with Czech Technical University in Prague launched the
double degree master programme in electric power engineering and electrical engi-
neering. One of the compulsory courses constituting the programme is the course
,,Philosophical and methodological issues of science and engineering* originally de-
signed and realized as a multidisciplinary course that provides master students with
knowledge, experience and practice in deep learning skills and competencies required
for professional specialists in the area of electric power engineering. As a result of
successful completion of the course the students will be prepared for understanding
the role of philosophy in the development of science and engineering (Objective 1);
analyzing tendencies relating to the development of science and technological pro-
gress and their societal and global impact (Objective 2); and improving intercultural
skills relating to the professional area (Objective 3). Among a complex set of out-
comes incorporating knowledge, abilities and experiences, the students will develop
competencies in critical thinking and applying creative problem-solving techniques
for the purposes of engineering, interpreting and presenting the results of multidisci-
plinary group projects. Mention should be also made that the course is presented in
English, and master students are exposed to improving their English and communica-
tion skills alongside with developing intercultural awareness and competence.

Following the policy of the European Union that is aimed at facilitating stu-
dents’ autonomy and supports the strategy of life-long learning and continuous pro-
fessional development, the learning process is remodeled according to the principles
of learner-centered pedagogy, which is based on students’ backgrounds and experi-
ences, focusing on self-directed learning and developing metacognition, involving el-
ements of collaborative learning (pair and group work, peer assessment and support),
and others. The facility to learn autonomously is understood as interactive practice
for the purposes of acquiring job-relevant skills and competencies, taking responsibil-
ity for the achievements and outcomes of the learning process [7].

The above mentioned key competencies for successful professional career can
be developed and mastered through the modules of the course, among which the fol-
lowing topical areas: responsibility and ethical issues in engineering, risk taking and
consequences of engineering solutions, entrepreneurship and project management in
engineering. The agenda of themes for discussion within the mode of group projects
comprises a variety of burning issues in the area of electric power engineering: smart
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grid trends, eco-friendly energy generation, micro grids, electric vehicle technologies,
smart metering 2.0, perspectives of alternative fuels, energy storage trends, green-
powered projects and others.

Project work is seen as a universal combination of innovative pedagogies of the
21% century: learner-centered approach, autonomous learning, collaborative learning,
and experiential learning. Being involved in project-based learning, students are able
to use the English language to achieve a real purpose, which can make students both
more independent and confident; develop a much wider knowledge of the world
through content-based learning which can feedback into improving and supporting
their general educational needs; develop very valuable critical thinking skills by tak-
ing information from different sources, re-evaluating and restructuring it that can then
be transferred to other subjects; develop their collaborative skills, which can have
great social value, work as part of a team and take responsibility for the results of
their joint activity; solve problems, using techniques for generating and sorting out
ideas; communicate ideas clearly and meaningfully; do self- and peer assessment.

Another advantage of project work is that it provides sufficient opportunities
for implementing different problem-solving techniques. To become a confident prob-
lem solver the student should learn how to approach the problem correctly and go
through the main steps in solving it: first, defining the problem, second, generating
alternative solutions, then analyzing, evaluating and selecting alternative solutions,
and, finally, implementing the selected solutions. The most effective and commonly
used techniques in solving problems embrace brainstorming, affinity diagrams, mind-
mapping, flow charts, lateral thinking, SWOT analysis and others. Brainstorming is
an efficient tool for practicing creativity and facilitating dynamics of the project team.
The facilitator (or the leader of the group) should follow the structure of the brain-
storming session and obey the rules in order to lead the group through the following
stages: defining and agreeing the objective; brainstorming ideas and suggestions
within a limited time period; categorizing and refining the suggested ideas; assessing
their effects and results; prioritizing the options; agreeing actions and time; and moni-
toring the follow-up.

Master students were offered the following activities for brainstorming ses-
sions: ways of modernizing university buildings according to the norms and standards
of smart houses, promotion of city gardening in the university campus, pros and cons
of electric vehicles in Siberia, activities of university lab researching on the efficiency
of renewable energy sources, promoting green jobs in electric power engineering,
ways of generating energy in the remote locations, etc.

The SWOT analysis is an extremely useful tool for understanding and deci-
sion-making for all sorts of situations in business, industry, and organizations. SWOT
Is an acronym for strengths, weaknesses, opportunities, and threats. The SWOT anal-
ysis headings provide a good framework for reviewing strategy, position and direc-
tion of a company, business proposition, innovative project, or any other idea.
Strengths are those positive aspects of the project, which the team can build upon, for
example through doing innovative work or creating new products. Knowledge and
skills of team members are valuable assets in the project. Weaknesses are those defi-
ciencies in the present skills and resources of the team which need to be corrected and
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action taken to minimize their effect on the project. Opportunities usually arise from
the nature of the environmental change. The team needs to be sensitive to the prob-
lems of managing a project and responsive to change in the planned activities, prod-
ucts or outcomes. Threats are the converse of opportunities and refer to external de-
velopments which are likely to endanger the operations of the team, for example the
drop out of the team member.

Whatever the application, students need to be sure to describe the subject (or
purpose or question) for the SWOT analysis clearly so they remain focused on the
central issue. This is especially crucial when others are involved in the process. Peo-
ple contributing to the analysis and seeing the finished SWOT analysis must be able
to understand properly the purpose of the SWOT assessment and the implications
arising.

One of the teams of master students was involved in a group project aimed at
planning an experimental laboratory researching on the efficiency of renewable ener-
gy sources. They made the SWOT analysis in the following way. As strengths they
listed several positive aspects of joint work, including teamwork, knowledge of elec-
tric power engineering, knowledge of management, knowledge of design, and open-
ness to creativity. Weaknesses incorporated insufficient business knowledge, high
cost of research and development activities, and costs for staff training. Opportunities
involve creating marketable products, working with people in other teams, possibili-
ties for diversifying the activity of the laboratory, making contacts with new people.
Threats embrace communication difficulties, time management, uneven workload
within the team, and difficulties relating to meeting deadlines.

The brief review of the interdisciplinary nature, technologies of learning and
perspectives of interactive learner-centered pedagogy applied within the course

“Philosophical and methodological issues of science and engineering,, provided
at the Institute of Power Engineering at Tomsk Polytechnic University demonstrates
the potential of educational programmes to train specialists with understanding, skills
and competencies they need to cooperate in managing the challenges of the 21st cen-
tury.
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P®OPMUPOBAHME IT-KOMIIETEHTHOCTH C IOMOLIbIO
COBPEMEHHOI'O BBICHIEI'O OBPA30BAHUA
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3agava hopmupoBaHus U pa3BUTHUS [T-KOMIETEHTHOCTH CHEIUATUCTOB SIBJISI-
€TCSl OYeHb BAXXHOU JUIsl BY30B, MIPHU MOJATOTOBKE OyAyIINX CIelUaaucToB. [lefcTBy-
[o1Me 00pa3oBaTeIbHbIE CTAHAAPTHI BHICIIETO 00pPAa30BaHMS OCHOBBIBAIOTCS HA KOM-
NETEHTHOCTHOM MOJXOJ€ K MOAroToBKE crenuanuctoB. [Ipouecc ¢popmupoBanus u
pa3BUTHS TPO(PECCHOHANBHBIX KOMIETEHIIMN paccMaTpUBAaeTCs KaK CPEACTBO J10-
CTHIKEHHSI HOBOT'O KadecTBa o0pa3oBaHus.[1]

Tepmun «IT-KOMIETEHTHOCTB) OMpENEIsIeTCS KaK «CIOCOOHOCTh M YMEHUE
CaMOCTOSTENIbHO HMCKaTh, aHAJIM3UPOBaTh, OTOMpPATh, 0OpabaThiBaTh W IepeaBaTh
HEOO0XOIMMYI0 MH(OPMAIIMIO MPU MTOMOIIU YCTHBIX U MUCHhbMEHHBIX KOMMYHHKATHB-
HBbIX MH(OPMALIMOHHBIX TEXHOJOTU». C 3TUM TEPMUHOM TECHO B3aMMOCBSI3aHBbI IO~
Hatus [T-rpamotHocTs M IT-KynbTypa. IT-rpaMOTHOCTE CTYZIEHTOB SIBJISIETCS OCHO-
Boi (popmupoBanus IT-KOMIETEHTHOCTH U BKJIFOYAET B C€0S COBOKYITHOCTh 3HAHUH,
YMEHUM, HABBIKOB CTYJIEHTA, MO3BOJSIOMUX 3P(HEKTUBHO HCHOIB30BATH MHPOpPMa-
LU0 JIJISl YCTICIIHOTO BKJIIOUEHHSI €€ B pa3HOOOpa3Hble BUJIbI IEATEIbHOCTH. TexHo-
Joru4ecKasi HOJAroTOBKa OYyIUX CIEIHUAINCTOB B YCIOBUSX COBPEMEHHOM BBICOKO-
TEXHOJIOTUYHON wuH(pOopManmoHHo-o0pa3oBaTenbHOl cpenbl (MOC), peanuszyemas
MyTEM BBITIOJHEHUS! 3HAYUTEIHHOM YacCTH Y4YEOHBIX JCHCTBUN C HCIOJIH30BAHHEM
cpenctB MHGOPMAIMOHHO-KOMMYHUKaMoHHbIX TexHonoruit (MKT), mpeamonaraer
00s13aTeIHbHOCTD HaYaIbHOU | T-rpaMOTHOCTH CTYJIEHTOB, TIPOSBIISIOICICS HE TOIHKO
B OBJIQJICHUM HaBBIKAMH HCHOJIb30BaHUs B CBOEU JEATEIBHOCTH COBOKYITHOCTH TEX-

330



