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Dear readers!

Today the job market is forwarding
more serious and demanding requirements
to the graduates of higher education
institutions, i.e. particularly concerning
their professional competencies. Employers
quite often express the opinion that the level
of graduates’ professional competencies
is unsatisfactory, especially, in the case
of graduates completing academic prog-
rammes in engineering and technology.
The quality of engineers training and
specialists with higher education degree
diplomas prepared to work in engineering
positions is hardly advanced. Similarly,
employers feel that graduates entering
the workforce need to be taught all over
again and, in most cases, a rather intensive
period of adaptation is required for a
young specialist at the production site.
Comparing the employer’s production site
to university production scenario, “the
cards are stacked against” the university.
The employer is strongly convinced that
he has received “a university product”
which needs engineering following-up and
supplementary costs. However, “a market-
made product” is ready for fully functional
service.

The reason is the policy of the specialist
training system in engineering and
technology, which is significantly focused
on the class-lesson system itself, i.e.
predominating knowledge competencies,
rather than on the professional activity
aspect, i.e. shaping the professional
competencies of a student.

It should be noted that applying
the knowledge-based approach in the
education system is not counterproductive
comparable to that of the activity approach.
Under certain conditions (talented and/or
capable students, demanding professional
instructors, up-datedfacilitiesand resources,
etc.) this approach ensures training highly-

qualified professionals, whose fundamental
educational background would be the
basis for successful professional activities
for many years.

Such an outcome is essential if we are
training professionals for science (research)
and/or those scope of activities which
do not imply dynamic changes. In the
modern engineering sphere, with explosive
development of technology and relentless
competition, there is absolutely no time for
a young specialist to “reset” himself/herself
into these conditions. This is the reason
why employers are looking for engineering
and technical staff with well-developed key
professional competencies being capable
of ensuring the further success of this or
that enterprise. Unfortunately, it should be
noted that the number of such professionals
is quite insignificant among all the “new-
graduates”.

Conceptually, the challenge facing
higher engineering education is attributed
to the contradiction between the necessity
to provide training of highly-qualified staff
with relevant professional competency,
capable of solving engineering tasks from
the very first days in this or that enterprise,
on the one hand, and the educational
facilities and conditions in the universities,
on the other hand. This situation is
prevailing in both domestic and foreign
technical universities. These training
conditions include such significant factors
as content of academic programs, EdTech
(education technology) and teaching and
learning management systems. These
conditions can be improved via innovative
approach, i.e. innovative solutions within
the framework of the education system
itself. The result of such intentions and
solutions resolves itself into significantly
improving  activity-related  education
components, which, in their turn, could

ensure the solution of the above-mentioned
contradiction and “ease” the acuteness
of the problem. Today, one can observe
numerous examples of different innovative
approaches and solutions to improve and
advance the engineer training system
in both domestic and foreign technical
universities. The excellent examples
are CDIO Initiative, team project-based
learning, interdisciplinary approaches and
projects, problem-oriented and practice-
oriented education, establishment of
the departments at enterprises, modular
training programs and other methods and
techniques.

The current issue of “Engineering
Education” journal (Ne 19) provides the
opportunity  for all  members and
representatives of academic and engi-
neering communities to share their

experience in developing innovative
solutions which involve not only the
improvement of the education program
content and education technology, but
also the organization of the teaching and
learning process system itself in order to
train highly-qualified specialists within the
engineering and technology domain.

The Editorial Board is grateful for
all submitted papers and hopes that the
published articles will be of great interest
and will find a broad response among those
colleagues who are “toiling” for training
prospective highly-qualified engineers.

Sincerely,
Editor-in-Chief,
Prof. Yury Pokholkov
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Support for Elite Engineering Education:
Student Creative Workshops

Novosibirsk State University of Architecture and Civil Engineering (Sibstrin)

0O.V. Solnyshkova

Shukshin Altai State Humanities Pedagogical University

E.V. Dudysheva

The paper considers elite engineering education provided at the higher education
institution of architecture and civil engineering. The elements of the educational
process have been described. The regional employers are supposed to play an
important role in setting learning outcomes, therefore, the questionnaires filled
out by the representatives of civil engineering enterprises have been analyzed. The
paper also describes the results of the poll held among the institution graduates.
The authors of the paper have analyzed the poll data with due regard to the fact
whether the respondent participated in the student creative workshop for designing
and developing e-learning resources on geodetics engineering at Novosibirsk State
University of Architecture and Civil Engineering (Sibstrin). The authors suggest that
student professional creative workshops play a significant part in providing elite
engineering education at the higher education institution of architecture and civil

engineering.

Key words: engineering training, architecture and civil engineering education, student
workshops, student projects, e-learning resources.

Technology-intensive  manufacturing
has lately led to the demand for “elite”
engineers experienced in cutting-edge
research and technologies, in other words,
“the leaders in engineering”, who are
capable of systemic, creative, and critical
thinking and have “the skills necessary to
make a team and manage a project” [T,
p. 188].

There are different approaches to
providing elite engineering education
within the framework of modern education
system [2]. The leading national and
international higher education institutions
design and implement original elite
educational programmes [1]. For example,
in compliance with the Regulations on elite
education at Rostov State University of
Civil Engineering to be found on the official
website, the aim of the elite engineering
education is to train highly-qualified
professionals  possessing  fundamental
knowledge, profound foreign language

skills, with additional education in the
spheres of economics and IT, who can
work in team, conduct research, perform
entrepreneurial and innovative activities
under the changing conditions.

In article [1] the authors analyze the
notion of elite technical education in
detail based on the system of engineering
education developed at Tomsk Polytechnic
University (TPU). The basic attributes
of elite engineering education provided
at TPU are fundamental education with
profound knowledge of natural sciences,
mathematics, economics, and foreign
languages, professionalism in intense
research, creative, and project activities
performed by the students, innovations
based on student’s critical thinking and
initiative, entrepreneurial and leadership
skills [1, p. 201-202].

The system of elite architecture and civil
engineering education is a pilot project
implemented within the framework of
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complex development programme [3] by
Novosibirsk State University of Architecture
and Civil Engineering (Sibstrin). There will
be particular student groups trained in
compliance with demands specified by
the employers, for example, a constructing
engineer with profound knowledge of
economics or a geodesist trained for road
construction.

Therefore, elite engineering education
can include:

B intensive engineering training courses
starting from the first year of study
with an emphasis on fundamental
and professional disciplines;

B educational programme designed in
compliance with two specializations
or profiles;

B team work to perform project and
innovative  activities  simulating
production process;

B intensive foreign language study
(as a rule, English as it is the
language of international business
communication);

B additional training in the spheres of
IT, economics, and entrepreneurship.

It is impossible to train a professional
in demand for civil engoineering industry
without  continuous  monitoring  of
employers’ needs. According to the results
of deep analysis of Russian engineering
education modernization [2], to develop
elite engineering education, “it is necessary
for the governmental and regional
education programmes to be balanced”
(2, p. 18].

There are data of 15 interviews con-
ducted over the period of January-March,
2015 with the heads of civil engineering
enterprises located in Novosibirsk and
Novosibirsk Oblast. There were also eight
other interviews conducted via e-mail
and video communication with the repre-
sentatives of civil engineering enterprises
in Tomsk (two interviews), Moscow (two
interviews), Berdsk (three interviews),
Sochi (one interview). The limitations in
student training identified as a result of the
interviews analysis are as follows:

B incapacity of working with a large
number of engineering documents,
which may involve IC technologies
application;

B |ack of experience in submitting
documents in electronic version
(reports, verification letters, etc.) to the
organizations providing for municipal
and federal control;

B poor skills of analyzing the structure of
databases and interrelation between
different documents;

B |ack of negotiating and business
writing skills, as well as business
communication skills in  general,
including those for international
communication;

B inability to present work outcomes
and successfully defend professional
projects.

Each of the above-mentioned limitations
can be overcome through the application
of the appropriate pedagogical techniques.
Forexample, to improve the communicative
skills of civil engineering students [4],
business games and project work can be
used. In case of elite engineering education
there should be a complex of measures
to prevent all the limitations throughout
fundamental professional training.

To train elite engineering staff
specialized in two profiles and capable of
solving multiple tasks, it is important to
use the educational potential of general
professional disciplines. As for NSUACE
(Sibstrin), one of the general professional
disciplines taught for all civil engineering
students is geodesics engineering followed
by internship.  Therefore, in terms of
pedagogy, geodesics engineering is of
great potential to improve elite engineering
education.

Due to the rapid pace of technology
advancement, educational and
methodological support for engineering
students, asarule, lagbehind and fail to meet
the ever-changing requirements. Therefore,
the adequate form for educational resource
development is e-learning resources.
Development  of  robust e-learning
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resources is labour-consuming, however,
the use of e-learning resources in the
education is time-saving for both students
and teachers and allows releasing hours
for new educational purposes, such as elite
education.

To simulate work with high-tech
geodetic equipment, the Department of
Geodesics Engineering, NSUACE (Sibstrin),
steps up efforts to develop various e-learning
resources. To increase the number of
developed resources, the student creative
workshop  “Geo-S” was  established,
which has been efficiently working over
the past ten vyears. In 2014, NSUACE
(Sibstrin) summarized interim outcomes
of the pedagogic research on e-learning
resource conducted together with Armavir
State Pedagogical University to improve
the quality of civil engineering education.
The research revealed high efficiency of
e-learning resources developed by students
in cooperation with teachers at the student
creative workshops [5].

The e-learning resources developed
at “Geo-S” are “Electronic Notes on
Geodesics  Engineering”,  “Electronic
Geodesic Glossary”, animated educational
resources “Setting out Levels at Pit Bottom”,
“Measuring Line Length”, “Setting out
Design Level”, etc. The resources are
available at geo-s.sibstrin.ru and some of
them are in English.

Students involved in the creative
workshop  participate in  exhibitions
and conferences becoming laureates
and winners. Recently we have had an
opportunity to compare careers of alumni
who, when students, participated in the
creative workshop “Geo-S” with those who
did not. We developed a questionnaire
and held a survey, which involved 42
respondents, 27 of whom live and work in
Novosibirsk, 9 — in Novosibirsk Oblast, 6 —
in other areas.

The questions were as follows:

B Do you work in the sphere you have a
university degree in?

B What was the position you occupied
at first and what position do you
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occupy now (please, specify how
many years have passed since you
graduated the university)?

B Whenatuniversity, did you participate
in any student unions and activities
(workshops, conferences, etc.)? If yes,
please, specify what you did.

B Were the skills and abilities develo-
ped through the above-mentioned
student activities contributive to your
career and professional activities?

B Are you going to take any continuing
professional development course?

Let us summarize the answers. As for
the former participants of the “Geo-S”
workshop, 100% of respondents answered
“Yes” for the first question (note: one of the
answers was “including site engineer”).
Among those who did not use to participate
in the student workshop, 68% do work in
the sphere they specialize in, 7% are on
decree or maternity leave, 15% completely
changed their specialty, and 10% work in
the sphere related to their specialty (for
example, he or she has got a degree in
Industrial and Civil Engineering and works
as a head of the laboratory for construction
material production; or has a degree in
Economics and works as a cost engineer at
a civil engineering enterprise; etc.).

As for the second question, the former
participants of the “Geo-S” workshop
answered in the following ways: “master
hand, site engineer in four years”, “software
programmer, entrepreneur in two years”,
“design  engineer, lead professional
in five years”, “architectural assistant,
project architect in three years”, “software
programmer, head of IT department in
four years”, “section supervisor, head of
production department in five vyears”.
The answers of those who did not use to
participate in the student workshop were
as follows: “master hand, site engineer in
five years” (12% of respondents), “master
hand, the same position after five years of
work”, “master hand, senior master hand
in five years”.

Answering the third question, the
former participants of the “Geo-S”
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Fig. 1. E-learning resources developed at student creative workshop:
a) “Setting out levels at Pit Bottom”
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workshop  mentioned the roles of
coordinator, software programmer, project
web-designer of e-learning resources
and the activities as follows: creating
animation illustrating work with geodetic
equipment, flash programming for geodetic
activities, animating equipment in 3D Max,
recording audio for animation and video
recording, developing tests for Geodesic
Glossary, designing Geodesy website, and
other activities connected with e-learning
resource development and implementation
into professional education. Those who
did not use to participate in the student
workshop, as a rule, answered “No” or
mentioned educational activities only.

Answering question four, more than
half of respondents who used to participate
in “Geo-S” workshop (55%) emphasized a
significant role of the workshop for further
career development, 20% said that the
workshop played a minor part, 25% said
that the workshop did play a certain role,
0% defined the workshop activities as
irrelevant. The other respondents did not
gave any full answers illustrating the effects
of participating in university activities on
further career development. The former
participants of “Geo-S” workshop also
mentioned that designing e-learning
resources for geodetics engineering
allowed them to acquire knowledge
of IC-technologies applicable for their
professional activities, improve business
communication skills, and develop hand-
on projects, which is particularly important
for further employment even without real
work experience.

As for question five, the majority of
“Geo-S” workshop participants  (72%)
said that they would take a continuous
professional development course within
the next three years, 21% would like to
take a course but after a certain event (for
instance, project completion), 6% would
take a continuous professional development
course within the next five years, 1%
could not say precisely, 0% would not
like to take a course. The alumni who did
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not participate in the student workshop
but worked in their degree field gave the
following answers: 95% would take a
continuous  professional  development
course if the supervisor orders, 5% would
like to acquire another specialty with
higher salary. It is noteworthy that in both
cases extrinsic motivation for professional
development predominates over the inner
one.

It should be noted that the activities
performed at “Geo-S” workshop are
supposed to fill education gaps identified
by the employers in the course of the
survey. For example, the workshop
activities performed to improve business
communication skills are expressing one’s
ideasusingprofessionalterminology; project
discussion and group decision making;
preparing supporting documentation to
present or revise a project; keeping project
record; presenting a project for potential
customer; business communication at
different levels; explaining the issue or
task briefly; delegating the subordinate to
present the work results for the supervisor
6, p. 194].

“Geo-S" workshop implements the
components of elite engineering education:
acquiring knowledge of geodetic equipment
and technologies for further numerical
modelling, developing and defending
projects delegating responsibilities and
generating efficient communication at
all levels, designing e-learning resources
with video- and audio-recording using IT,
including those available in English.

Today, employees should meet stiff
professional requirements, however, all
the alumni who as students participated in
“Geo-S” creative workshop are currently
employed. This fact leads us to the
conclusion that student creative workshop
of fundamental discipline profile can
provide the necessary support to efficiently
implement the component of elite
engineering education at civil engineering
institutions and universities.

EDUCATION TECHNOLOGIES
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Thought Process of Engineering “Elite Force”:
Russian Development Technologies

Siberian Federal University
A.V. Kozlov

The paper studies potential of Russian cognitive technologies of creative engineering
thinking. The technologies are based on applied dialectics or the Theory of Inventive
Problem-Solving (TRIZ) and can be applied in the elite engineering education. The
author suggests using tested didactic technologies.

Key words: engineering thinking, convergent technologies, cognitive technologies,
TRIZ, applied dialectics, TRIZ-education, knowledge invention, innovative projects, CAl

programmes.

The task to create “engineering elite
force” was first announced by A.l. Rudskoy,
the Rector of Peter the Great St. Petersburg
Polytechnic University, at the meeting of
the Presidential Council for science and
education on June 23 2014([1]. Itis a crucial
condition to meet prior challenges of
scientific and technological development
of Russia, to achieve the targets mentioned
in [2]. There are a number of papers,
including those issued in “Engineering
education” journal devoted to this topic [3].
They underline the necessity of “jumping
over some steps” to the sixth technological
mode, convergent technology acquisition,
interdisciplinary approach to education
and science development. The authors [3]
consider it very important to train specialists
who would ensure such rapid progress by
means of “new knowledge and cutting-
edge technologies, which are currently
unknown”.  Project-based learning and
interdisciplinary approach are regarded as
the way to keep up with rapidly advancing
technologies, which change faster than
contents of engineering degree courses.

Any goal to be achieved needs a
complex set of tools. The paper reviews
the capacity of the tools invented in
Russia, though now being more effectively
applied in other countries. These tools
are of project-oriented, convergent, and
interdisciplinary nature, which provides

“jump over some steps” both in technology
and engineering education.

First of all, it should be noted that the
idea of engineering “elite force” complies
significantly with the idea of innovative
person, which has been often suggested
recently [4]. The term “innovative
person” was used in the Development
strategy for science and education in the
Russian Federation applicable till 2015. In
particular, itis introduced in the description
of approach Ne 5 ”“Knowledge-active”:
”..the aim is to create an “innovative
person”, who adheres to innovations
and new knowledge regardless his/her
workplace and activity area — industry,
research and science, publicadministration,
and etc.”.

Part V of the Strategy project “Innovative
Russia — 2020” was devoted to this notion.
It says that “innovative skills development
is as important as the sum of all the other
tasks of the Strategy”. The approved
Strategy [5], however, does not contain
the term “innovative person”. The parts
of the project related to the development
of innovative person are included in Part
V  “Development of competencies for
innovative activity”. The creators of the
Strategy may have considered that the
development of these features will not
have resulted in “innovative person” by
2020. It might be the reason for only partial
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development of tools to get this target.

All mentioned above makes it obvious
that it is high time to develop these tools.
Considering possible means, it should be
noted that the tendency to innovation and
new knowledge has at least two aspects.
The first one is the wish and readiness
to constantly perceive new knowledge
and cutting-edge ideas and put them into
practice. This aspect refers to “linear”
engineers. In [5] it is defined as “the ability
and readiness to continuous education,
learning, self-development, professional
development and occupational mobility, in
other words, neophilia”. This aspect mostly
refers to engineering designers involved
in development of standard projects for
different technical devices and systems
that differ from those designed before
only in numerical parameters. The second
aspect, which is becoming more and more
important in innovative economy, is the
wish and stable ability to solve problems
in the area of technological development,
to generate innovative ideas, “know-how”,
inventions, that is all these things that are to
be perceived and acquired by the “linear”
engineers. It is defined in [5] as follows:
“critical thinking ability; creativity”. It is
obvious that an engineer of “elite force”
should belong to the innovative group of
the second aspect.

While analyzing the existing tools to
form the qualities of an innovative person,
it proves that it is a complex of tools
relating to the first aspect that is now being
developed in Russia. These are business
accelerators, business incubators, startup
incubators, technoparks, etc., including
those for students and even for pre-
university students. All these facilities are
provided to accelerate implementation of
the innovative ideas that already exist. It is
thought that there are so many innovative
ideas in Russia that it is impossible to
implement all of them. However, we more
often face the lack of constructive ideas,
especially in student business incubators
[6]. In all the organizations mentioned
above, those who generate the innovative
ideas are proposed to implement them

as well, though the combination of both
these activities does not always fit the
psychological features of one person.

Thus, “to jump over some steps”
it becomes necessary to intensify the
generation of innovative ideas. Until now
there has been applied only one tool to
stimulate the generation of ideas, it is
competitions of innovations. It is important
to develop and implement instrumental
methods for generating innovative ideas
and to train future “engineering elite force”
to apply these methods.

As it is stated in [7], other countries have
the same goals; however, Russia should
“jump over some steps to reach the level
of these countries. Their experience shows
that, first, the methods mentioned above
do exist and have been developing since
the ancient times. Second, it is in Russia,
where the most effective methodology has
been developed. It is applied dialectics or
Theory of inventive problem solving (TRIZ)
[8, 9], that is being more and more actively
used by leading international corporations.
For example, in Samsung Corporation, it is
considered a good practice for an engineer
to be certified by International TRIZ
Association — MATRIZ [10]. To meet the
education demand TRIZ course is provided
in leading international universities,
including the “TOP-100" universities. The
authors of [7] studied the application of
this methodology to form a creative class
and provided its classification according
to creativity level. The engineering “elite
force”, which definitely belongs to the
creative class, take the 3rd or 4th creativity
levels. They also described an innovative
education system of new generation, TRIZ-
pedagogics, which has a competitive
advantage and meet the requirements [5]
for innovative education programmes. The
paper studies the potential of the system
in terms of development of engineering
thinking and other features of engineering
“elite force”.

Under present conditions of transition to
innovative society and sixth technological
mode, itis reasonable to classify engineering
thinking in two levels [11]:
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15t level: standard design of cons-
tructions  similar to  the  existing
constructions.

2nd level: innovative design of
fundamentally new constructions. It is the
level of engineering “elite force”.

In its turn, the second level can be
subdivided into the following sub-levels:

1. New ideas are found by the traditional
“trial and error” method (TEM), which could
be effective with several gifted and talented
people. The number of such people is small.
The lack of intellectually talented people in
conditions of innovative society resulted
in such activity as headhunting. Some
philosophers and sociologists describe the
innovative activity based on headhunting
as “the Intellectual Paleolithic age”, similar
to the Paleolithic age - the age of hunter-
gatherers, the difference being that now
they are “hunting for heads” and “gathering
ideas”.

2. New ideas are found by purposeless
methods (“divergent thinking” method
of focal objects, morphological analysis,
“prain storm”, etc.). Similar to the previous
comparison, this method can be defined as
the “Intellectual Mesolithic age”.

3. New ideas are found by goal-
oriented methods (the combination of
divergent and convergent thinking). TRIZ
and applied dialectics, which refers to
non-anthropogenic systems, contain these
methods. This situation then can be defined
as the “Intellectual Neolithic age”.

The transition from the Paleolithic to
the Neolithic age, from hunter-gathering
to agriculture and cattle-raising finished
about 10 thousand years ago. Alvin Toffler
regards this transition as the beginning
of the First Wave of the civilization [12].
According to A. Toffler, the present days
are the time of the third wave based
on intellectual product. However, the
transition from “the Intellectual Paleolithic
age” to the “Intellectual Neolithic age
are so similar to those that took place 10
thousand years ago, that it makes sense
to discuss the assumption about the Forth
wave. According to A. Toffler, the Fourth
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wave should start with the outer space
exploration. There is no doubt that it will
be a new wave, but it may be the fifth one.

When comparing all mentioned above
with the widely used term “intellectual
thinking” (for example, in [13] it is defined
as “thinking aimed at ensuring innovative
activity, it is realized at cognitive and
instrumental levels and characterized as
creative, socially positive, constructive,
transforming and practical”), it can
be concluded that the second level of
engineering thinking is an essential part of
the innovative thinking.

At the same time, the thought process
based on goal-oriented methods can be
regarded as innovative thinking as well.
It is explained by two reasons. The first is
that this way of thinking is scientific and
technical and is based on fundamental
dialectical laws of development both of
anthropogenic and  non-anthropogenic
systems. It is based on the principle that any
productive idea is the idea of anthropogenic
system development according to laws
of dialectics and applied dialectics. The
second is that a systemic dialectical world
concept is a socially positive concept that
regards the world as a complex of systems
developing in accordance with some laws
that can be discovered and applied to create
more perfect systems. Such a worldview
can be defined as innovative [14].

The engineering “elite force” training
based on goal-oriented methods allows
developing convergent technologies by
integrating sientific achievements from
different field of knowledge. “The big
Four technologies” are considered to be
convergent technologies that include
the information and communication
technology (ICT), biotechnology,
nanotechnology, and cognitive technology.
TRIZ itself and TRIZ-pedagogics are
cognitive technologies, since they develop
thought process and imagination of a
person. The engineering “elite force”
can apply conceptually new class of CAl
programmes that facilitate generation of
new innovative ideas based on TRIZ that
needs to be implemented in innovative
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sphere of Russia. The applied dialectics
allows intensifying the interaction between
cognitive and bio-technologies. In addition
to classical bionics that uses principles of
living organisms in technical structures and
devices, applied dialectics allows studying
natural mechanism of invention by
observing the living nature evolution and
designing fundamentally new biotechnical
systems and biotechnologies. TRIZ has
been successfully applied in molecular
structure design, which shows promise of
TRIZ application in nanotechnologies.

The training is interdisciplinary,
since the basic TRIZ principle is its
multidisciplinary application in problem-
solving and idea generation. To ensure this
principle, databases of physical, chemical,
geometrical and other effects have been
created. Biological, psychological and
other databases are being in development
stage.

According to the 5-level invention
scale by G. Artshuler, the solutions based
on interdisciplinary approach refer to the
highest levels. Thus, the engineering “elite
force” training should be interdisciplinary
and project-based, with students of
different specialties working together
on a project for a company under the
supervision of faculty members, which
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Reform of higher education system
is continuing, although reversal of
the education itself is absent. The
development trends of engineering
education remain the same, and, in most
cases, the existing transfer from 5-year
to 4-year education system reveals the
fact that the professional content of
most education programmemes remain
practically unchanged. To implement
the principle of continuing education,
to integrate and apply the diversity
of education programmemes, and to
enhance further qualification of engineer-
graduates (receiving a Master degree),
a new schematic model of developing
innovative education programmes has
been proposed comparable to the
existing programmes. An overview and
brief justification including the basic
principles of such programmes are being
discussed further.

The market expectations of the
engineering workforce  within  Russia
revealed the fact that Russia is lagging
behind the leading countries within
engineering and technology domain
[1]. One can observe such a factor as
noncompetitive low-quality and expensive
product output governed by low efficiency
and weak performance (production rate).
In Russia today the existing labor market
requires no highly-qualified graduates
due to the orientation towards resource

economy. At the present moment there is a
market flooding of low-demand specialists,
including engineers. One of the major
drawbacks of this situation is the unbalance
between higher engineering education
content and modern society economic
development goals.

The economic development of any
country is directly interlinked with the
technological infrastructure and automation
of present-day production, application and
implementation of innovative and energy-
efficient technology At this stage the
development trend of global economics
is determined by advancing high-quality
production, promoting  knowledge-
intensive industry, updating materials,
technology and techniques, and developing
conceptually new industry sectors.

The infrastructure of any production
involving technology and sophisticated
techniques is impossible without qualified
engineering and technical HR (human
resources). The utmost task of professional
education is the personnel training,
oriented on the needs and demands of
developing production and society. The
technological modernization of economy
and industry is marked by the demand
for new generation engineers. Today’s
knowledge-intensive production requires
such specialists that could develop and
implement conceptually new engineering
and technological approaches based on the
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integration of different science domains;
could perform research, development,
design, and engineering tasks and provide
the functioning of complicated engineering
systems. Consequently, the integration of
innovation approaches into the education
system is essential in training specialists
for high-tech and knowledge-intensive
industries.

Allin all, the target-oriented
requirements  involve improving the
professional engineering training system
itself. At the present moment this system
is based on the principle of continuous
professional education. However, this
system itself is being improved due
to the uprising of different education
system levels. One major integration
stage of a sophisticated system could be
considered the development and design
of an engineering education and training
system within the framework of technical
universities under the guiding, counseling
and mentoring of well-educated and
highly-qualified personnel.

So, what should this innovative
engineering education system be? First and
foremost, it should be as dynamic as science
and technology in its development; it
should enhance innovative transformations
within  engineering and  technology
domains; it should provide flexible and
mobile education programmes relevant
to the employment market requirements;
it should ensure equal opportunities of
receiving qualified higher education for all
social groups through flexible educational
paths and alternative paths within the
framework of different education system
levels.

To design the innovative engineering
education system, one should consider the
fact that the technological modernization
of the economic processes involves
the acceleration of new engineering
knowledge, i.e. progressively fundamental
theory is being applied in practical purposes
and further transformed into engineering
principles. The present-day engineer should
have fundamental understanding of nature
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of things and core phenomena, on the
one hand, and possess a vivid imaginative
mind in solving difficult technical and
engineering production problems, on the
other hand. It should be noted that only
a well-educated person could be socially
protected in the expanding information
world. It is a person that is capable of
changing his/her profile and always being
involved in life-long learning. During a
lifetime a person could change his/her
sphere of professional activities. In the post-
industrial society information, knowledge,
research and development have become
the basic production resources. It is the
results of fundamental research that
ensure high production development,
prospect of new engineering sectors, as
well as so-called “industry saturation”,
which, in itself involves instrumentation,
research, monitoring, modernization and
automation. Under these circumstances
it becomes evident that the transfer
from functional to fundamental learning
is vital and could be based on both
learning and practical acquisition of the
basic development principles of natural,
technological, and social systems [2,
3]. The emerging engineer status in this
developing society should optimally
meet the requirements of the new social-
structure: good fundamental training base,
being the major distinctive characteristic
feature of university education would
ensure the graduate’s success not only
in the professional but also in the social
sphere, promoting his/her welfare due to
possible professional activity orientation.
The first higher education level
(Bachelor) should involve the function of
developing the future specialist unique
potential to select his/her profile from
the far-reaching range of professional
specializations. Accordingly, the Bachelor
graduate (in engineering and technology)
is eligible to take a Master degree
programme in any university. In this case
basic engineering discipline invariance is
required. Growing extent of information,
updated IT occurrence, access to
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knowledge database, electronic manuals,
journals and guidelines, and possible
e-learning necessitate modification  of
not only the education content but also
learning technology itself.

Based on the above-mentioned aspects
the major developing innovative education
system principles are the following:

1. continuity;

. multiple-level system;

. fundamentality;

. proactive training;

. flexibility and diversity;

6. development of economically in-
demand engineering education profiles.

Based on the described analysis it
is possible to specify and distinguish
the dominating functioning engineering
education system concept which includes
a diversity of education programmes.
The proposed innovative education
programme would be one of the most
important components in this system,
focusing on improving the engineering
training quality.

The economic analysis of developed
countries revealed the fact that there are all
possible alternatives in future automated
and robot-based engineering-production
process development growth. In the
environment of the North more or less
competitive productions could exist only
by using limited manpower energy-efficient
technology and backyard production.
Many  branches of production are
mechanized, however, their productivity is
rather low since they are not modernized to
the existing local climatic conditions. For
example, in the construction and mining
sectors mechanization is popular, but
only involving transportation, drilling, and
other similar processes. Predominately,
technologically continuous linked systems
are not so widely used in production. These
technological system are not automated
and each is managed separately. There
are no robot-based systems. To implement
sophisticated  industrial ~ (technological)
processes, new  generation trained
engineers are necessary, i.e. specialists

g~ w N

in design & development and automated
system production & operations. Training
such specialists is a multi-stage process
which requires an advanced fundamental
base to assimilate knowledge-based
technology.

Thus, designing innovative education
programmes is closely connected with the
future-oriented development of advanced
economic areas, such as automated and/
or limited manpower productions which
involve a wide application spectrum of
mechanized, automated, robot-based
production systems emerging as a module of
different mechanisms. The most appropriate
education programme (curriculum)
within the framework of the Bachelor
level is “Applied Mechanics” as it fully
accommodates to the above-mentioned
principles. The programme project was
designed within the context of education
modernization principles involving the
transfer fromfunctional learning to universal
fundamental training. The new project
model based on the “Applied Mechanics”
programme includes  disciplines in
mechanics relevant to machinery design.
However, it is elaborated, specifically
pertaining to fundamentalization  of
professionally-oriented  disciplines. The
basic disciplines in the curriculum include
basic engineering disciplines in mechanics,
which involve an intensive education
programme. A student could obtain basic
knowledge in mechanics, kinematics,
dynamics, interaction of different linking
mechanisms and preliminary skills in
computation and modeling. The major
objective is training students for further
Master degree programmes in Russian
and foreign universities. In view of this
fact the core (professional) module in the
education programme also includes basic
engineering disciplines. This approach
ensures basic fundamental education,
which, in its turn, offers an opportunity
to continue one’s professional learning in
different in-demand engineering profiles.
Within the framework of such a programme
the students also learn the essentials of
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IT, principles of automation, including
computer  programmeming  skills -
this is the third discipline module. Another
important aspect of this programme is
developing competencies, i.e. in-depth
understanding of technical knowledge,
domestic and/or  foreign  experience
pertinent to the engineering discipline
through courseware, science literature and
journals. To accomplish this, integrated
methodology and  English  language
learning are included - fourth education
module. Integrated methodology includes
three English learning levels- basic
(1-2  courses), university component
(3 course) and teaching engineering
disciplines in English (3-4 courses).
After completing the Bachelor degree
programme students would have the
opportunity to continue their education in
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Master degree engineering programmes in
any university abroad.

Thus, innovative engineering
education  programme includes four
professional-oriented modules: mechanics,
fundamental-profes-sional, modeling and
programmeming, and communicative.

The implementation of the proposed
innovative programme enables a student
to enter any engineering Master degree
programme after completing the Bachelor
degree programme. The basic innovative
education programme provides universal,
diverse, fundamental and basic engineering
education in effective modeling of
different linking system mechanisms. This
advanced education major would boost
the development of innovative engineering
education within North Eastern Federal
University in Yakutsk.
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Techno-humanitarian balance conditions the prospects of human survival as well
as competitiveness of Russian industry on the global market. This balance depends
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The engineer of the 21% century is a
key figure in social and economic space
of modern Russia headed for technical
and technological breakthrough in science
and industry, import substitution, upgrade
of engineering education. The vector
of thinking, ethical priorities, reflexive
position of a future engineer influence today
the choice of techno and humanitarian
balance both as a condition of survival and
prospects of mankind, and as a solution of
the local problem of competitiveness of the
Russian industry in the world market. The
dialogue of natural-science, technical and
technological, and humanitarian thinking,
logic of interrelation of professional
and socio-humanistic knowledge and
experience, personal potential of the
engineer,  their  implementation in
engineering practice is set by the order
and nature of the acquired knowledge to
meet challenges of fast transformation in
social and technological practices and
actual trends of an engineering profession;
they serve as prerequisites of the solution
of this fundamental problem. Today highly
specialized training of the engineer with
a dominant of engineering intelligence
under «laboratory conditions» of acquiring

knowledge and experience becomes
insufficient for adaptability to new types
of knowledge, change of the purposes
and means, ethical priorities, activities in
professional practice.

Professionalizing and personal qualities
of a modern specialist in general depend
on methodology and effective technologies
of his education and transfer of professional
knowledge in engineering practice. The
relevance of research in personal potential
formation modality of the engineer of
the 21% century and opportunities of its
reflexive provision in modern Russian
higher education is caused by a block of
theoretical and practical factors. The first
one is the essence of reasons, certificates
of theoretical knowledge as a development
of socio-humanistic technology in the
self-developing environment of higher
education institution, formation of personal
potential of the engineer, relevantto modern
social and economic requirements with a
high level of creative engineering thinking,
presenting professional socialization, a set
of professional abilities, personal resources,
values. The second block considers a
problem of transfer, implantation of
educational experience of the 21st century
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engineer personal potential formation to
the interval of innovative processes in
current and future professional practices.
Fast aging of engineering personnel,
change of its quality structure, outflow
of young qualified specialists from the
specified areas to other spheres of social
activities are observed. This circumstance
does not allow meeting social and
technical and technological challenges of
the present time — competitiveness of an
engineering product in the sphere of high
technologies, systemically reproducing
and hiring the engineering personnel with
the adequate complex of competences
that are transformed due to social and
economic practices and allows performing
engineering, research, socially important
functions in the mode of «society of
knowledge», «heuristically» (reflexively)
and  taking  professional  decisions.
Therefore, the problem solving of young
engineering and research personnel deficit
prepared for effective professional activity
under the conditions of constant practices
transformation in the sector of production,
science and higher education becomes
a priority task of the Russian science,
education, and industry.

The methodology of professional
training of the future engineer has to be
guided by basics of modern philosophy
of science and technology, principles
of  post-nonclassical rationality —and
interdisciplinarity [3, p. 20-25] correlated
with the environmental paradigm of the
human self-developing systems [1, p.
7-13], ethics of self-developing reflexive
and active environments [2, p. 46-50].
Such a methodology of training demands
personal potential formation by means
of socio-humanistic technologies in the
self-developing environment of higher
education institution.

The tools of  post-nonclassical
methodology are for the first time approved
in our practice-project approach to
preparation of engineering personnel; the
key components of personal potential of
the engineer are commensurated with the
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self-developing environment of higher
education institution, reflexive activity
at the three stages of higher education
(@ bachelor degree, master course,
postgraduate study) and engineering
practice. Theoretically, the research serves
for expansion of socio-humanistic paradigm
in professional engineering education, a
concept of «the personal potential of the
engineer», and also for determination of
constellation features of prepotent personal
qualities of the engineer, relevant to the
self-developing environment of higher
education institution. Scientific knowledge
growth implies development of engineering
personnel training model by means of the
socio-humanistic  reflexive  technology
converging personal, professional
competences and ethical priorities of the
engineer which corresponds to the role of
engineering education, modern trends of
engineering practice development, tasks
of global competitiveness of the Russian
industry. The scientific and applied project
results in development and implementation
of information model of the self-developing
environment of higher education institution
with disclosure of the purpose of all the
subjects of engineering personnel training,
designing of «subjects assembly» and
implementation of the project practices
in the three-stage educational space of
technical higher education institution
and engineering practice to develop of
personal and professional resources, unite
engineering mentality of the 21st century.
Our project of engineering personnel
training is initiated due to the following
problem. The issues of the law of techno
and humanitarian  balance violation
of the anthropogenous crisis which is
initiated by technical and technological
intervention at the beginning of the 21st
century are widely discussed in the sphere
of humanitarian knowledge and science
today. The current situation with the
consequences, unpredictable for mankind,
may be partly overcome by solving the
fundamental problem of natural-science
and humanitarian paradigms dialogue via
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understanding the prospects of mankind
survival, harmonization of technically
oriented engineering intelligence and
humanitarian and reflexive mentality based
on anthropological, social, and ecological
values. The solution of these problems
is strongly connected with the issue of
engineering personnel training meeting
the purposes and standards of domestic
engineering product competitiveness in
world economy and industry. In its turn, it
actualizes the research of methodological
tools for analysis of the engineer of the
21st century, constellation of personal
and professionally important qualities
of the engineer, diagnostics of special
knowledge measure and socio-humanistic,
reflexive experience in the self-developing
environmentof higher education institution.
The self-developing environment of higher
education institution means interaction of
all subjects of the engineer professional
training  (higher education institution,
engineering practice (enterprises, business
community) on the basis of consistency
in the purposes of engineering ethics,
reflexivity and all subjects assembly,
organization of communicative space,
which initiate project identification of
engineering mission. The construct of
personal potential developed in domestic
philosophy,  socio-humanistic  science
by means of reflexive technologies can
be helpful to explain the «basket» and
dynamics of the professional personality
characteristics ~ commensurability — of
engineering competences and engineering
practice challenges [4, p. 8]. The personal
potential of the engineer is considered as
a generalized (personal, subject, cognitive)
opportunity for self-determination, self-
development, self-management in the
professional and social environment [5, p.
32-36]. Such interdependent variables as
the developed reflexive activity, autonomy
(self-determination),  creative  activity,
project identification, responsibility, trust,
communicative capabilities, which are most
brightly demonstrated in the «nonlinear»
professional situations are implicit for the

construct of personal potential.

Professional activity of the engineer
in modern life is accompanied by fast
transformation of social and technological
practices. This circumstance initiates
cognitive  flexibility —and accelerated
adaptability to new types of knowledge,
change in the purposes and means,
ethical priorities of activities, and also
meets the two complementary purposes
of education: first, orientation of training
process to extremely broad development
of the person and formation of personal
qualities, secondly, discovery of individual
opportunities for permanent cognitive
search and maintenance of high level
professionalism.  Achievement of the
specified purposes seems probable in
case of reproduction of such educational
and cultural invariants in training process
of the engineer, which provide world
outlook and methodological depth for the
ordered process of fast and high-quality
learning (through reflexive and critical
review) of the most different cultural and
technological innovations, and also initiate
a synergy of natural-science, technical
and humanitarian mentality, priorities
of engineering ethics. This reproduction
is set by the tools of post-nonclassical
rationality, interdisciplinary  paradigm
by means of the reflexive technologies
creating a fundamental basis for perception
and translation of any sociocultural and
professional models, values of world
cultural development.

As a result, the main objective of the
project is to develop a socio-humanistic
technology of personal potential formation
of the engineer in the self-developing
environment  of  higher  education
institution, to study systematically the
main components of the engineer personal
potential, features of its constellation in
the educational process and engineering
practice with complementary definition of
possible mechanisms of reflexive impact on
this process. Aggregation of the «basket»
of competences of the future Russian
engineers, determination of knowledge
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priority will be directed to development of
the model of engineers’ professional training
converging personal and professional
competences, professional identification in
the self-developing environment of higher
education institution. The self-developing
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Issues of Fostering Students’ Artistic Taste
in the Process of Engineering Education
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The article justifies the need to develop such personal skills of future engineers,
as the artistic taste, the sense of beauty, and the inner personal culture. The basic
requirements towards mechanical components, connection joints and structures
are addressed allowing the creation of not only technically ingenious, but also
eye-catching products that would be notable for their harmonic configuration and
beauty. Special emphases are put on the phenomenon of golden ratio, inherent to
the most attractive and beautiful items created by nature or by human.

Key words: artistic taste, aesthetic culture, visual appeal, expression, beauty, golden

ratio.

Owing to the modern rapid develop-
ment of science and technology there is
a possibility of an occurring tendency
towards lower requirements for the artistic
taste of an engineer with respect to his/
her engineering decisions. This may lead
to the decrease of the aesthetic qualities
of developed items. Finding successful
solutions to modern issues of new technical
systems’ design is only possible in the case
of increasing inner aesthetic culture of
engineers.

It may seem at the first glance that issues
of aesthetics, that need to be solved by a
technical specialist, could be handed over
to designers or application-oriented artists.
However the practice indicates that these
specialists, who lack basic engineering
knowledge and engineering support, are not
capable of creating aesthetically ingenious
technical systems [1]. On the other hand,
in case if such specialists do not have an
opportunity to get direct involvement in
the design and development of technical
products, engineers are required to take
over their functions. Therefore, an engineer
has to be specifically trained to conduct
these tasks, as well as to be ready to
cooperate with professional designers.

As a result higher education institutions
have an arising need for sufficient

enhancement of engineers’ aesthetic
culture.

In order to enhance aesthetic education
of mechanical engineering students it is
necessary to emphasize and demonstrate
the most relevant, highly ingenious and
beautiful technical decisions within the
teaching process of basic engineering
and specific professional courses. Such
demonstration of technical items’ beauty
standards with relevant comments would
form and foster students’ taste and sense of
beauty in the field of technology. Besides,
this would assure the most efficient and
solid understanding and acquisition of
study material, since it would be obtained
via two channels simultaneously — through
the thoughts and logical thinking and
through the feelings.

Thus, when designing new mechanical
products it is necessary to ensure not
only the technical excellence (that is
the main indicator of product’s quality),
but also the coinciding appearance, its
visual attractiveness. Advertised technical
excellence of a product would be
acknowledged only in the process of its
exploitation, but the external appeal of a
product, reflected in a showpiece or on a
picture in the company’s catalog would, in
no doubt, affect the customer’s decision on
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purchasing a particular type of mechanical

product. Therefore, the focus on aesthetic

excellence of products may spike their
competitiveness.

The key components of the external
appeal of a technical product that need to
be taken into account by engineers when
creating new mechanical products are, first
of all, predefined by:

B The material of the product, the choice
of which is usually strictly limited by
the functional attributes. However
when choosing the form and method
for item production it is necessary to
strive for exploiting the natural beauty
and the texture of the metal.

B The structure of the surface that
depends, in most cases, on the tooling
method, and in some cases — on the
texture of the design or hard-wearing
surfaces.

B The overall dimensions, their
correlation, and the correlation of
dimensions of the product’s parts.
These parameters are usually defined
by the functional purpose. However,
in any case, it is necessary to strive for
a maximum correlation of product’s
dimensions with the dimensions of
the space, where this product will be
exploited.

B The spatial outline that represents
a mix of spatial “hard-lined” (cube,
prism, pyramid, etc.) and “soft-lined”
(cylinder, cone, solid sphere, etc.)
geometrical forms [2]. Designers
usually tend to “soften” the edges and
corners by rounding them; that, except
for its external expression, contributes
to decrease in stress concentration,
increase of fatigue endurance,
preservation of the surface, and
allows to keep the product’s surface
clean easier.

B Thecontour (silhouette) of the product,
which is designed to be balanced
and beautiful. It should be taken into
account that horizontal lines on the
product leave an impression of its
stableness and sustainability, whereas
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the vertical lines — an impression of
slenderness.

B The existence of small cymatium on
the main surfaces of the product that
may serve for different functional
purposes. They tincture decorative
value and have a positive aesthetic
effect on human.

B The color scheme. The use of a
few different and at the same time
harmonic colors strengthens the
aesthetic impression and significance.
Besides the aesthetic criteria of color,
it is worth to take into account the
corrosion  resistance requirements,
durability of paints and surfaces, as
well as the technology and economy
of the color decorations.

B The combination of light and shades
on the product’s surface that should
consider the character and the
intensiveness of the light needed for
product’s exploitation.

B The inscriptions, symbols and digital
data imposed on the front sides of
the product. A well-done inscription
makes a positive emotional impact.

Besides ensuring external attractiveness
of product’s elements, product design
engineer should keep track of the product
indicators’ originality in order to create the
sense of its dissimilarity and uniqueness, its
individuality,  recognizability, and
specific historical novelty. At this, the
appearance of the product should create
an impression of harmony and consistency
with the surrounding equipment elements
and other hardware.

It is worth noting that most of the
previously  outlined components  of
technical items’ external attractiveness
should consider an opportunity to
exploit such distinguished psychological
phenomenon influencing human’s
perception of the product’s appearance, as
the “golden ratio”.

It has been since the Ancient times
that people have noticed a certain
quantity responsible for the ratio of
overall dimensions and dimensions of
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particular parts of the most ingenious
and beautiful creations of construction
workers, architects, sculptors and artists.
This ratio was named the “golden ratio”.
It is common that such “beauty” had
appeared accidently, so to say, intuitively
in the works of the creators; and the latter
analysis discovered the existence of the
“golden ratio” in their works.

The history of material and spiritual
cultures of the humanity accounts a few of
irrational numbers that take up a special
place, since they reflect some ratios
that are universal and occur in the most
unexpected phenomena and processes of
the material and biological worlds. These
numbers include: the number 7, the ratio
of a circle’s circumference to its diameter,
the Euler’s number e that is the base of the
natural logarithm, and also the one known
from the ancient science — the number d —
the “golden ratio” or the “golden section”,
according to Leonardo Da Vinci.

Since the “golden ratio” phenomenon
occurs and is used in many spheres of
exact sciences, biology and art, there
are many studies devoted to it [3]. At the
same time, it should be admitted that an
insufficient time is spent on exploitation of
the “golden ratio” in new product design
and engineers’ training in terms of the
art of creating technically ingenious and
beautiful structures.

The principle of finding “golden
ratio” is the following: divide the AB line

segment with a point C so that the ratio of

&andA_C

line segments is equal. When

transforming this setting to the mathematical
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format, the following quadratic equation is
true:

d-d-1=0,
where the positive root is
d=1.61803...

which is called the golden ratio.

Its derivatives are also widely used.
Thus, its ascending series is the following:
&L od, & .., d =1, 1618 2.618,
4.236, ..., 1.618"
and the descending series is:

d, d', d? .. d" =1, 0618, 0.382,
0.236, ..., 1.618™.

In the context of training future
mechanical design engineers it is worth
noting that the design of new products in
all cases has to, first of all, encompass an
analysis of a possibility for the dimensions’
ratio to be the “golden ratio” without
decreasing products’ workability.

Itshould be mentioned that an externally
attractive product is not particularly
required to have the overall dimensions’
ratio precisely equal to the number stated
above: unlike the m and e constants, the
golden ratio may differ within a certain
range and not be exactly equal to the
d number or its derivatives. At this, the
psychological influence of such products
would still be significant.

Overall, when training engineers, who
will be involved in the creation of new
mechanical engineering products, it is
necessary to foster their will to take into
account the “golden ratio” phenomenon
indicators as often as possible when
designing new products.
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The paper examines the issues concerning preparation and holding of professional
skill competitions between experts in automotive repair. It also provides the
assessment of auto mechanic training in terms of its conformity with the global
requirements to technical specialists of the automotive service industry.
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The design of cars is constantly
becoming more complicated that de-
mands improved training of car service
professionals — mechanics. Development
of car design is possible to trace by the
example of VAZ cars: from VAZ-2101
model of 1970 (Fig. 1) to Lada Kalina Il of
2014 (Fig. 2).

While analyzing the design of these
cars, it may be noted how configu-
ration, engine, fuel system, transmission,
and suspender have changed. Besides,
the esthetic side of expectations and
requirements of the carownerhas increased.
The electronics was used in all systems of
the car; compactness of units and mounts
has increased. However, meanwhile the

Fig. 1. VAZ-2101, 1970

system of mechanics training has not
changed, which is obviously connected
with the ‘left-over principle’ of financing
educational institutions of the vocational
education (SPE).

In the system of AVTOVAZ technical
support service which preceded a modern
dealer network of the Volga automobile
factory, the level of training could be
estimated by results of the professional skill
competition. Now traditional professional
skill competitions were changed by the
competitions under the auspices of the
movement WorldSkills.

WorldSkills International (WSI) — an
international noncommercial association
aimed at increasing the status and standards
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Fig. 2. VAZ-2194 Kalina Il, 2014

1414

of vocational training and promoting

working  jobs  through international

competitions. The association was created
in 1946, the first championship was held
in 1947 between Spain and Portugal. Now

WorldSkills is the world’s largest competi-

tion of professional skills. The primary

activity of WSI is holding the Skill World

Cups WorldSkills for young people aged

from 16 till 25 years; it happens every two

years. These competitions are figuratively
called «The Olympic Games among those
who can work with hands».

This movement is now developed
in Russia replacing domestic compe-
titions of professional skill. The first All-
Russian  competition of  professional
skill «The national WorldSkills Russia
championship — 2013» took place in the
spring of 2013 in Togliatty. More than
three hundred participants aged from
18 till 22 years — students of vocational
education establishments, winners of
regional competitions — participated in
the championship. At the beginning of
2015, Russia submitted the application for
holding the World Cup of 2019 in Kazan.

Three WSI competences on car repairs
are actual for domestic specialists of car
service:

B «Automobile Technology» (according
to the WorldSkills International Ne 33
classification) [2],

B «Auto body Repair» (Ne 13) [1],

B «Car Painting» (Ne 36) [3].

The lists of works which these experts

have to be able to do are as follows:

1. Automobile Technology (auto-
mechanic) — service, repair of mechanical
and electric part of the engine, transmission,
and running gear of the car including
electronic and hydraulic systems.

2. Auto body Repair (auto body repair
technician) — replacement, recovery of the
bearing and hinged elements of the car
body including preparation for coloring
and replacement of electronic security
system elements.

3. Car Painting (car painter) — coloring,
recovery of the paint coating and drawings
on the body details of the car, including
plastic ones.

The most widespread and demanded of
the listed professions is No. 33 «Automobile
Technology». The WorldSkills competitions
in competence «Automechanic» involve
the following modules:

A. Diagnostics and repair of the control
system of the gasoline or diesel engine.

B. Diagnostics, repair and adjustment of
the steering system and suspender.

C. Fault tracing and repair of electrical
and electronic onboard systems.

D. Repair of the mechanical systems of
the head and engine block.

E. Diagnostics and repair of the braking
systems and road-holding ability.

G. Repair of the main units and auxiliary
systems of transmission.

In the Auto body Repair competitions
(auto body repair technician) the participant
of the competition has to show a range of
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abilities in the field of body repair. The
WorldSkills competitions in competence
«Auto Body Repair Technician» include
the following competitive modules:

A. Check of geometry and repair of the
bearing components of the crashed car
body.

B. Replacement of the detail of the
bearing body framework using welding,
deseaming, and preparation for coloring.

C. Replacement of the external detail
of the body using welding, deseaming, and
preparation for coloring.

D. Repair of the crashed external detail
of the body and preparation for coloring.

E. Diagnostics and replacement of the
elements of passive safety systems (pillows
and safety belts).

In the Car Painting competitions (car
painter) the participant of the competition
has to show a range of abilities in the field of
body repair. The WorldSkills competitions
in competence «Car painter» involve the
following competitive modules:

A. Preparation and coloring of a new
body detail.

B. Fault clearing of the paint coating
with local coloring.

C. Repair of the painted detail with
masking and coloring inside and outside.

D. Selection of color and color matching
including determination of the color code
and preparation of the test plate.

E. Preparation and coloring of the
nonmetallic (plastic) detail.

F. Drawing on the body details with
polishing.

It is interesting to note that in the
description of the competitive tasks for
competence «Automechanic», there is a
list of modules which cannot be included
there: such as works with the fuel atomizers
and high pressure pumps, conditioner
filling up, replacement of oil etc. By the
way, the unskilled official translation of
the technical specifications into Russian
strikes; it causes bewilderment of domestic
professionals, and it can provoke some
mistakes of competition participants.
As an example, it is possible to list new
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terms formed by literal translation of
phrases «compressionnoe zazhiganie»
or «structurnye/nestructurnye elementy»
though these concepts are well known
and clear for many years in the Russian
technical language.

The regulations of the international
competitions are rather accurately and
scrupulously registered (here the official-
English version of the documents is
already meant) including the course of
the competition, observance of safety
requirements, and even the ethical
moments [4]. The point-based system using
objective and subjective evaluation criteria
is applied for assessment of the performed
works at the WorldSkills competitions,
the subjective criteria are not applied for
automechanics among the three considered
competences.

The key figures at the WorldSkills
competitions are the contestant (participant)
andexpert. The pupilsof initial, average, and
highest professional establishments, and
also the young working professionals who
have achieved good results in work may be
contestants according to the regulations of
the competitions [5]. The expert is a person
possessing experience in any specialty,
profession or technology representing the
participant at the professional competition.
It is necessary to call a problem of expert
training who, speaking the language of
sports, connect the function of the trainer
and judge in the field.

My personal experience of participation
as an expert in the regional competitions
in competence «Automechanic», allow me
to note two moments: first, the contestant’s
victory is unambiguously defined by his
extensive practice (trainings), and secondly,
the choice of the representing expert is
important for successful performance of
the contestant. The requirements to the
expert are practical work in this domain,
theoretical ~ knowledge,  pedagogical
(trainer’s) abilities, and physical endurance
(it is desirable, if the person is young). The
simulators for practical skills training [6]
are perspective.
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The problems which were revealed due
to the first participation of the Russian team
on WorldSkills International World Cup
final are noteworthy. In 2013 the winners
of the national championship in Togliatty
went to Leipzig. According to the results
of the competitions in Leipzig, the Russian
team had the 41-st place with Chile,
Estonia, Iceland, Kuwait, Oman, and Saudi
Arabia.

After the analysis of the results it turned
out that our participants have conceded
slightly in the quality of works, but they
could not compete in the speed as some
tasks were performed for the first time.
Moreover, even the experts who had
arrived with the participants were not
familiar with them. Besides, the tools of our
participants technologically lagged behind
the tools of their competitors. Some long-
competing contestants even brought the
tools constructed and manufactured by
special orders; it allowed them to do work
more efficiently.

The teams of experts from other
countries, unlike Russia, were mostly
specialists of industrial enterprises. It
was attributed to the fact that they better
knew the equipment and technological
processes. The Russian team of the
experts for WorldSkills-2013 comprised
academic staff of educational institutions,
but not specialists from enterprises. The
training content of the current vocational
education could not ensure the victory in
the championship; and it proves again the
fact that the production workers should be
directly involved in qualified personnel

training. To compare, there is a system of
dual education where study means not only
theoretical, but also practical preparation
work, and business actively participates in
financing such education in the three of the
winner countries in the championship of
2013 (Switzerland, Austria, and Germany).

It should be noted that WorldSkills
not only develops professional skills
and competences, but also determines
professional standards in the areas of
production presented in the championship.
Domestic FGOS SPO in the specialty
23.02.03 «Maintenance and repair
of motor transport» fails to meet the
international standards of WSI in terms of
the requirements for modern car service
[7]. The excellent student of our SPE will
not be able to perform a half of competitive
WorldSkills modules without additional
training.

The Ministries of Labor and Social
Protection of the Russian Federation
published a list of 50 new, perspective, and
most demanded jobs in 2015 [8]. There
were only two professions of car service
in Top-50: «Mechanic» and «Specialist in
service and repair of automobile engines».
Unfortunately, car painters and auto body
repair technicians were not supported by
the Ministry of Labor.

Conclusion

Holdingthe WorldSkills Olympic Games
in Russia leads to positive tendencies now;
it increases the training quality level of car
service technical specialists and stimulates
development of the system of vocational
education.

This work was supported by the grant Ne 16-12-63003 of the Russian humanitarian

scientific fund.
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Electronic Presentation as a Factor to Improve
Learning Outcomes in Mathematics:
the Case of Elite Engineering Education

National Research Tomsk Polytechnic University

O.V. Yanuschik, E.G. Pahomova
National Research Tomsk State University
N.Y. Galanova

The paper describes the dependence of the quality of mathematics education
on the methods applied at lectures delivered for elite engineering students. Two
approaches to giving lectures, conventional and presentation-based, are compared.
The academic progress performed by students within the frameworks of these two
approaches is assessed. The assessment is based on the comparative analysis of
the results achieved by students doing theoretical tasks in different sections of the

course.

Key words: electronic presentation, mathematics education, lectures, elite engineering

education.

Tomsk Polytechnic University (TPU)
is one of the leading higher education
institutions in Russia: it ranks fifth among
national engineering universities. Since
2008, TPU has had the status of national
research university, which implies that
the university graduates, besides having
a bulk of knowledge, have developed
the abilities to analyze and summarize
the information obtained, integrate the
knowledge acquired through studying
different sciences, conduct research, and
create new products. Therefore, the most
important of university’s objectives is to
train highly-qualified professionals, who
are aware of modern trends in science and
manufacturing, have an ability to reflect on
their work, and are in demand on the labor
market [1]. There should also be graduates
with the potential to conduct scientific
research.

Starting with the first years of professional
activities, the educator should be focused
on achieving the major objectives, even if
facing challenges. One of the difficulties
to be overcome when teaching first year
students is different levels of student’s

background knowledge. Some students
acquired profound knowledge at school
while the others failed to obtain sufficient
knowledge even in the disciplines which
are majors at technical universities
(mathematics and physics).

Diverse levels of student’s background
knowledge result in different numbers of
academic hours necessary to study new
material: some students comprehend new
information quickly and easily, while the
others lacking sufficient basic knowledge
need much more time. To solve this
problem, TPU has implemented the system
of three pathways for studying mathematics
and physics: basic, adaptive, and profound.

Compared to the basic pathway, the
adaptive one implies more academic hours
and is designed to fill in the gaps in school
knowledge, which hinder comprehension
of new material.

The profound pathway for studying
mathematics is implemented as elite
engineering education (EEE) [2]. One of the
EEE project targets is to distinguish students
eager to solve original research tasks and
to create special conditions for nurturing
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student’s research potential.

The type of pathway is determined via
entry testing which is held for first year
students over the first days of studies. The
unified state exam (USE) results do not
always reflect the level of knowledge,
which is attributed to the fact that USE tasks
are typical and applicants are simply trained
to solve the tasks of a particular pattern.
The tests for students are also developed
to check the knowledge within the scope
of school programme, however, they are
diverse and, as a result, are more efficient
in identifying the level of background
knowledge. The students who get less than
50% of points then follow the adaptive
pathway and the rest of the students follow
the basic pathway. The students who get
more than 90% can take an additional test
and be selected for EEE. As a result, EEE
is for students with profound background
knowledge who find the educational
process within the basic pathway tiresome
since they need less time to understand
theoretical issues and develop practical
skills. Therefore, compared to the basic
pathway, the EEE programme is more
sophisticated.

The EEE programme is more than
10 vyears. In compliance with the
programme, over the first four semesters,
the student acquires profound knowledge
in mathematics and physics. In general,
the blocks within the disciplines are the
same as those within the basic pathway
programme, but they are taught in detail
and the tasks are more complicated.
Moreover, there are some topics that go
beyond the scope of higher mathematics
programme developed for the majority of
specialties (mathematical statistics, partial
differential equations, etc.).

At higher education institutions, the
educational course on mathematics
includes lectures and practical tasks,
with lectures being particularly important
component at Russian universities [3].
As a rule, lectures take 50% of discipline
academic hours. The lecturer plays a major
part as he/she presents the developed
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educational material with the emphasis on
theory. It is at the lectures where students
learn to conduct a logical argument,
which is an essential skill for a prospective
engineer.

Over the first two years of the EEE
programme  implementation,  students
were taught in compliance with a classical
scheme, i.e. the lectures were given in the
form of the lecturer’s monologue on basic
concepts, theorems and their proving.
The lectures served as foundation for
solving practical tasks. At the end of each
semester, there was a final test to assess the
knowledge obtained by students following
the basic and the profound educational
pathways (the results are given in Fig. 1).

As seen in the diagram, the outcomes
of the basic education and the EEE
programmes are similar, with better
results of EEE students being attributed to
successful performance in solving practical
tasks. The level of theoretical knowledge
was approximately the same, however, the
potential of EEE students was higher and they
were supposed to achieve better results. To
identify the reason for such unexpected
performance, we conducted a survey
among EEE students. The questionnaire
was developed to identify the challenges
students face during the lectures. None of
the students answered that they faced no
challenges and the difficulties specified
were as follows:

1. Difficulties in making notes due to
the lecturer’s fast speech (34%).

2. No visual aids for concepts presented
(38%).

3. Difficulties in  understanding
theoretical material and following the
lecturer’s logics without any visual aids
(69%).

4. Difficulties in formulating clear
questions to the lecturer (32%).

5. Insufficient number of examples to
illustrate the theoretical material studied
(67%).

6. No time to reflect on new material
(64%).

Based on student’s answers analysis,
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Fig. 1. Learning outcomes of students following basic and profound educational
pathways over the first two years of EEE programme implementation.

First semester

B Basic educational pathway
B Profound educational
pathway (EEE)

430
39%389% 3% 0%

excellent good satisfactory excellent

we identified the disadvantages of
lectures given in the form of the lecturer’s
monologue:

1) passive perception of information
provided;
2) while lecturing, the lecturer fails to
adjust the pace to student’s individual
needs: some students have enough time
to reflect on the information while the
others can only make notes;
3) the lecturer does not get any feedback
from students and cannot monitor the
educational process;
4) educational forms and methods at
school and university are different: at
school, the emphasis is put on practical
skills and students often have poor
knowledge of theory, which causes
challenges for first year students.

The disadvantages identified, it is
necessary to eliminate them and improve
educational process to obtain the expected
learning outcomes.

The lecture can be enhanced via
introduction of active learning forms and
methods [4]. The lecture should not be
a monologue but a conversation with
students. The lecturer should address
students with questions, involve them in
discussion. When answering a question, the
student reflects on the information obtained
and changes his role of passive listener for
the active participant of education process.
This allows making shift from transmitting

Second semester

| Basic educational pathway

B Profound educational
pathway (EEE)

Third semester

B Profound educational
pathway (EEE)

42% 42%
38%

36%  37%38%

good satisfactory excellent good satisfactory

information to developing cognitive skills
and elaborating scientific methods of
information processing.

At the end of the lecture, it is also
important to ask a number of questions on
the studied material so that the students
can identify the key points.

Another tool to improve the lecture
efficiency is to make historical references
when giving a definition or explaining a
theorem. This is due to the fact that students
lose concentration when processing a bulk
of theoretical information, while historical
facts and practical examples allow
deviating from the main topic for a while
and then concentrating on the studied
material again.

Technology advances and modern
devices (computers, projectors, etc.) the
classrooms are equipped with can also
improve the lecture performance.

In our opinion, one of the effective
tools is electronic presentation [5]. Over
three years we were experimenting with
different types of presentations on different
mathematical topics. The aim was to
determine what kind of material should
be put on slides and identify the best way
to present the material. Having analyzed
the experience obtained [6], we made a
conclusion that the adequate information
to be put on slides is definitions, theorems,
and figures. As for theorem proof and
examples, they are to be given on the
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board. The reasons for this way of material
presentation are as follows:
1) The definition and theorems are
given on slides using quantifiers and
contractions, therefore, the information
is conveyed concisely and can be easily
comprehended. Moreover, this concise
information is perceived as a figure
visualizing the knowledge obtained.
2)  Electronic  presentation allows
avoiding lecturing heavily with a fast
pace: the lecturer has enough time to
comment the definitions and theorem
given on the slides since he/she need
no time for writing.
3) There are opportunities to emphasize
key ideas and new terms via changing
font and colour.
4) When there is a bulk of information
to be processed, the student inevitably
loses concentration and stops following
the lecturer’'s logics.  Electronic
presentation  conveys  information
concisely, and this creates an illusion
that there is less information to be
comprehended, which results in more
efficient cognition.
5) The lecturer has more time for giving
examples and discussing new topic with
the audience. The dialogue between the
lecturer and student clarifies how well
the material is comprehended, which
information should be revised or added,
and what attention should be paid to
when doing practical tasks.
6) Electronic presentations are available
and students can look through them in
advance, think of the questions to be
asked, which significantly improves
student’s cognitive skills.
Results
The experiment was conducted over two
years and involved two groups comprising
48 and 43 students, respectively. For
these groups, the lectures on mathematics
were given with and without electronic
presentations. In the first semester, the first
group had lectures on Linear Algebra and
Analytical Geometry (LAAG) supported
with slides and lectures on Differential
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Calculus (DC) given without presentations.
In the second semester, the same group
had lectures on Integral Calculus (IC)
presented with the supportive slides and
the course on Differential Equations (DE)
given without. The second group had
lectures on Differential Calculus (DC) and
Differential Equations (DE) supported with
slides and lectures on Linear Algebra and
Integral Calculus (IC) without presentations.
The aim was to identify the best way to
comprehend the theory, therefore, the final
exam comprised the tasks of two types.
The fist type was developed to check the
knowledge of theory: the students had to
give a definition or formulate and prove
the theorem previously explained by the
lecturer. The other type was theoretical
task developed to determine the level
of theoretical knowledge: the students
had to prove the statement based on the
theoretical knowledge obtained. The exam
results are given in Fig. 2.

As seen in the diagram, the numbers
of students giving answers for theoretical
questions slightly differ in two groups.
However, the number of students coping
with tasks is higher in the group which
attended lectures supported with electronic
presentations. This proves the idea that
electronic presentations used as visual aids
for lectures lead to more efficient cognition:
the students can not only give answers to
the question on theory (since they learned
some definitions and theorems), but are
able to reflect on the information obtained
and can use it appropriately, which proves
a high level of theoretical knowledge.

The experiment results indicate
that  electronic ~ presentations  are
very contributive to improve lecture
performance. Over the past five years, we
supplied all the lectures on mathematics
with visual aids (electronic presentations)
and assessed the efficiency of lecture
performance via developed theoretical
tasks. Fig. 3 presents the results of these
innovations.

These data prove the idea that electronic
presentation significantly improves
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Fig. 2. Lectures with and without electronic presentations and final exam results

B Lectures with electronic presentations
B Lectures without electronic presentations

87% 86% 86%
0
84% 81% 83%
76% 76%
71% 71% 69%
I 62%
1 1 1 1 1
T T T T T
Question Task Question Task Question Task Question
on LAAG on LAAG on DC on DC on IC on IC on DE

student’s knowledge of theory.

Conclusion.

All TPU classrooms are equipped
with multimedia devices, which allows
supplying lectures with visual aids, i.e.
electronic presentations, which improves
the education provided.

Based on the experience obtained, we
can say that electronic presentation used
to provide visual aids for lectures allow
students:

1) to better understand the information
due to its being conveyed concisely;

2) to spend more time on reflecting of
the information since there is no need to
make notes on definitions and theorems;

3) to prepare for lectures in advance
since all presentations are available;

4) to perform efficiently at practical

classes as electronic presentation facilitates
information processing, which is important
for solving practical tasks.

Electronic  presentations used in
educational  process improve lecture
performance. As the lecturer need not
write down definitions and theorems, he/
she can focus on explaining new material,
giving comments and examples. Since the
presentations are available and students
can look through them in advance, they
can participate in discussion, which makes
student’s work at lecture more effective
and ensures profound comprehension.

Therefore, electronic presentation is
a tool to visualize education content. It
improves interaction between lecturer
and students and lead to more efficient
acquisition of theoretical knowledge.

Fig. 3. Practical tasks accomplished within different blocks of the course

79%
77%
75%

72%

Practical tasks accomplished within
different blocks of the course

69%

LAAG DC IC

chief series complex variable

theory (CVT)
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Unification of Engineering Education Programmes

Cherepovets State University
V.S. Gryzlov

The article deals with the unification of engineering academic programmes. It
provides a professional functional map and generalized analysis of the competencies
included in FSES in engineering. The author suggests a unified engineering education
model developed in terms of the structure of basic competencies and including

competency-based modules.

Key words: unification, engineering education, functional map, competency, credit-

modular structure, education programme.

The concept of improving the Russian
higher education system, involving the
transition to FSES (Federal State Education
Standards) HE  (Higher  Education),
multitiered-level education and integrating
the competency-based approach were
defined in the strategic objective itself: “the
development of fundamentally-oriented,
practice-oriented and innovative
higher education”. This also includes the
industrial-innovative strategy, i.e. uniting
the development strategies of education and
science with the development strategies of
different economic sectors.

The three above-mentioned strategic
aspects could be defined as:

B fundamentally-oriented - unifying
the programmes within the framework
of sciences and developing the
basic education modules (units)
for fundamental student training in
terms of the best Russian education

traditions;
B practice-oriented -  developing
industry-functional models of

professional activities as formalized
requirements in organizing the
educational process with in-depth
practical dominance instrument;

B innovative - competency-based
model for future specialist based on the
principle of productive competency
to shape professional skills and further
professional experience.

Professional  engineering education
is technically — oriented, based on
the fundamental principles of natural
sciences, theory of human activities and
interpersonal relations, knowledge of
project management methods and active
communicative skills. This predetermines
the unification factors of basic engineering
education system, its cognition and
fundamental orientation.

Universality of numerous engineering
activity functions promote the application
of the integrative approach in the education
process for training engineering Bachelors.
The aim in this case is to develop a unified
teaching-learning model, determining
the standard engineering education
requirements, regardless of this or that
programme and to recommend a body of
relevant activities (actions) in developing
integrated academic programmes.

Instructional  research in  shaping
the conceptual framework for unified
engineering education programmes has
been conducted in Cherepovets State
University. The experimental base involved
four Bachelor programme tracks: 08.03.01.
Civil engineering [1],13.03.02 Power
and electrical engineering [2], 15.03.01
Mechanical engineering [3] 22.03.02
Metallurgical engineering [4].

The following tasks were solved:
development of universally functional
map; classification of competencies and
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development of universally functional
engineer’s map; credit-modular structure
design of the education process.

The development of the universally
functional engineer’s map was based on the
qualification requirement generalization of
industrial-occupation standards, job profile

EDUCATION PROGRAMMES

diagram (system of attributes describing
this or that type of engineering activity),
recommendations  of internationally-
recognized engineering certification system
(for example, APEC Engineer). The results
of obtained generalization are illustrated in
Tab. 1.

Table 1. Basic universal functions of specialists in the domain of engineering

and technology (functional map)

Universal functions

Content

1. Non-technical and
professional ethics

Associated with informative, civil-social, social-
labor, cultural-leisure and communal activities.

2. Standard technical

Representing the science-based foundation to

EDUCATION PROGRAMMES

In engineering educational programme
tracks (FSES HE) the professional functions
are described in the section — “Professional
activity characteristics” (Tab. 2).

Generally speaking, the functional map
should be designed within the framework
of the professional domain standards,
which, in its turn, would assign a system
of indicators establishing the conformance
extent of a worker’s professional activity
relevant to the existing employment
market requirements. This includes a set
of typical professional functions of this or
that professional activity which a person
preforms in one specific profession (job).

Performing the professional functions
would promote the acquisition and
development of those competencies which
shape the professional competency of this
or that employee.

A set of competencies is a group of
related behavior indicators incorporated
into several units, and, depending on the
conceptual content, form a definite structure
of integrated group of basic competencies.
Based on the stated competencies in
FSES HE, the basic competency groups
were unified and structured in analogue
to professional functions (Tab. 3). It is
evident that some are industrial-based

Table 2. Professional activity characteristics of Bachelor in Engineering

knowledge

perform research assessment and technological
forecasting, systematic R&D and conceptual
technological product management.

3. Assessment and
technological forecasting

Focused on identifying the technological
contradictions and production requirements.

4. Engineering activity research

Involves the identification of the process flow
diagram, strategy method of “inscribing” the
planned task in the frame of natural and engineering
science laws.

5. Engineering development

A body of well-known engineering techniques
and elements which embrace newly high-quality
functional attributes.

6. Engineering design

Technological concept attains its final form
as a contractor drawing which completes the
engineering planning production.

7. Technological (engineering)

Associated with the interaction of technical- work
processes, which, in its turn, minimizes time and
material consumption due to the interaction of
human resources and technologies, and, furthering a
more effective operation of the engineering systems.

8. Production management

On-the-spot organization of employee-employee
teamwork and subordinating one specific
engineering problem-solving to on team.

9. Operation and maintenance

Debugging and maintenance services of machines,
automatons and production lines; monitoring
operation regimes.

10. Economic-investment

Constant assessment and planning of the economic
results; improving production efficiency and gaining
a foothold in the market.

and Technology (FSES HE)

Engineering educational program track (FSES HE)
08.03.01. 13.03.02
No o .03. .03.
Civil Power and Iv\1e5cl(1)jn(i)c1a| Mgtzal(l)jroizcal Integrated
engineering electrical . S : & N characteristics
S . engineering engineering
engineering
non- non- non- non-
1 technical and | technical and | technical and | technical and intellectual-
professional professional professional professional corporate
ethics ethics ethics ethics
. research;
experimental .
2 research research research experimental-
research .
analytical
research and
research and research and R&D and
3 development . R&D
development development analytical
(R&D)
4 technological | technological | technological | technological technological
production production production production production
5 production production production production production
management management management management management
installation-
6 set-up and operation and operation and
operation- maintenance maintenance
service
- | entrepreneur- economic-
ship investment

* it should be noted that no business activity type has been established in FSES HE
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competencies, however, they are practically lists the practical-oriented tasks which the
identical to the mentioned competencies in  engineer association and employers set for

the system model.

the engineer training of higher education

The proposed functional map simply institutions.

Table 3. Structured competencies for Bachelor in Engineering and Technology
in the education program tracks: 08.03.01, 13.03.02, 15.03.01, 22.03.02
(competency - based map)

EDUCATION PROGRAMMES

Basic
competencies

Competencies

1. Intellectual-
corporate

(BCC-1) Ability to apply knowledge of fundamentals of philosophy in
developing one’s worldview approach.

(BCC-2) Ability to analyze the basic stages and principles of society
historical development to enhance active citizenship.

(BCC-3) ability to apply basic economic knowledge in different social
spheres.

(BCC-4) Ability to apply basic legal knowledge in different life-
sustaining activities.

(BCC-5) Ability to communicate effectively and to use written / oral
communication in Russian and English to solve interpersonal and
intercultural problems.

(BBC-6) Ability to function effectively as an individual and as a
member or leader of a team in multi-disciplinary settings (social, ethic
and diverse cultural).

(BCC-7) Ability to recognize the need for, and have the ability to be
engaged in independent and life-long learning.

(BCC-8) Ability to apply the methods and techniques of physical
training to ensure full social and professional activities.

(BCC-9) Ability to apply first aid and protection methods in case of
emergency situations.

Basic Competencies
competencies
4. R&D (PC-1) Ability to contribute and manage engineering project

activity relevant to technical specifications and technical standard
documents; be aware of different technological and ecological
requirements.

(PC-2) Proficiently apply industry-standard software to the planning
and execution of project work.

(PC-3) Ability to plan and quantify performance over the full life-
cycle of a project relevant to technical documentation, conditions
and other regulatory documents; to conduct preliminary technical
and economic assessment of sustainable outcomes in all facets of
the engineering project work.

2. Research

(BPC-1) Understanding the underpinning natural and physical sciences
applicable to the engineering discipline; applying mathematical
analysis methods and design, theoretical and experimental research.
(BPC--2) Conceptual understanding of information in the
development of a society; fluently applying relevant investigation
analysis, interpretation, assessment, measurement and knowledge
management of information from different sources and database and
presenting it in relevant format via computer and network technology.
(BPC-3) In-depth understanding of technical knowledge , domestic
and/or foreign experience pertinent to the engineering discipline.

3. Experimental-
analytical

(BPC-4) Fluent application of measurement methods relevant to
performance conditions; ability to design and conduct experiments,
analyze and interpret result data and formulate reliable conclusions.
(BPC-5) Shility to interpret and ensure compliance with relevant
meteorological regulations and rules; to meet the requirements of
national and international standards; to conduct patent research.
(BPC-6) Ability to prepare high quality engineering documents as
progress and project reports; implement results of investigations and

5. Technological
production

(PC-4) Ability to plan technical and production documentation via
updated instrumentation; to determine the technological parameters
and performance regime of engineering activity facilities.

(PC- 5) Ability to ensure required regimes and specified
parameters of the technological process; address broad contextual
constraints as environment, human factor as well as health and
safety and sustainability as an integral part of the process.

(PC-6) Ability to understand the need for monitoring process
specification, quality management of technological regime
parameters, service and performance of technological equipment;
to apply quality control management in engineering activity and
prepare all documents for quality management.

(PC-7) Ability to perform the engineering development and
implementation of technological processes into new product line;
to monitor the quality of installation and set up during testing and
commission of new samples and facilities.

6. Production
management

feasibility studies.

(PC-8) Should competently address all problems in the
organization and work standardization, apply process approach,
develop core planning of primary production departments,
analyze the cost benefit of these departments, design technical
documentation, as well as prepare registered form of reports.
(PC-9) Should operate all basic protection methods from all
possible accidents and natural disasters

(PC-10) Should function as an effective member or leader

of engineering team and apply the principles of production
management and human resource management.

(PC-11) Should design technological documents (employment
schedules, instructions, budget, plans, estimate requirements for
materials and equipment) and prepare registered form of reports.
(PC-12) Should understand the need to perform standard programs,
certification of engineering software tools, systems, processes,
equipment and materials; organize metrological provision of
technological processes by using standard quality monitoring.
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Basic
competencies

Competencies

7. Operation and

maintenance : WV
introduce facilities.

equipment.

systems.

(PC-13) Ensure per-commissioning activities, provide
technological workplace with relevant equipment; utilize

(PC-14) Monitor the technical condition and limited life
performance of processing facilities; organize preventive
maintenance inspection and current repairs and maintenance of

(PC-15) Understand the need for systematic management of
the acquisition, commissioning, operation, upgrade, monitoring
and maintenance of engineering plant, facilities, equipment, and

8. Economic-

investment . >U!
economic efficiency.

departments.

budget.

(PC-16) Conduct preliminary feasibility studies of project solutions;
develop measures in improving enterprise technological and

(PC-17) Enhance the investment potential of engineering projects;
to analyze and evaluate the activity results of different production

(PC-18) Apply the legal organization principles in management
and entrepreneurial activities, plan human resources and salary

* BCC- basic cultural competencies; ** BPC- basic professional competencies;

*** PC- professional competencies.

Solving these tasks involves shaping
professional thinking of the future engineer
based on the acquisition of the basic
competencies, while the decision-making
mechanism itself is implemented through
education programmes and curriculum
modules developed by a university.

Universal engineering education is
often based on the logical sequence of
the achievement levels [5], which provide
conditions in attaining the potential
abilities as initial competencies to develop
a student’s professional thinking. During
the learning process the student’s thinking
transforms from basic educational, i.e.
“ability to assess one’s learning process”
to professional-oriented, i.e. “ability to
solve applied problems in a specialized
professional domain” (Tab. 4). However, it
should be noted that student competency
acquisition is a cyclic, integrated and
accumulating process, which involves not
only education content (standards) but also

cognitive learning technology; and, only
after the completion of an educational
programme the student’s success could be
evaluated.

Teaching  credit-modular  system
is the basis in designing engineering
education programmes. The curricula
include a combination of academic
courses (subjects), practicum (practical
training), assessment, courseware, etc.
Based on basic competencies they are
divided into basic courses (non-technical,
compulsory technical) and elective courses
(professional-oriented, professional-
applied).

An important factor of module
technology is the graphic, understandable
and applicable content presentation. The
structure of a programme module should
be relevant to the professional activity of a
specialist; reveal the scope of professional
functions  and  reinforce  in-depth
understanding of these functions through
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Table 4. Flowchart of transformation of engineering student abilities

in the learning process

Bachelor Master
4-course 1-2- courses
T-course 2-course 3-course
. L ) Level of Level of enhanced
Presentation Acquisition Reproduction .
level level level knowledge & specialized
skills knowledge & skills

=
Shaping professional thinking

1. 2. 3. 4. 5.

Ability to Ability to Ability to solve | Ability to select Ability to solve
assess one’s generalize experimental- | the conceptual | applied problems in

selection scientific theoretical industrial specialized-industrial

of the principles in problems in solutions domain

professional | the structured | the industrial-

learning subject model | oriented domain

domain

Fundamentals of education | Fundamentals of industrial-based Fundamentals of
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the acquisition of professional competen-
cies. In this case the name of the module
and successive learning performance
should further distinct understanding of a
student’s future job. Thus, this results in
distinct knowledge orientation within the
framework of education programmes based
on the generalized engineering functional-
competency model [6].

Accordingly, the author has proposed
a list of academic modules of basic and
elective courses within the framework of
academic programmes and relevant to the
specialization training domain (Tab. 5).

The structure overview of an academic
programme and successive learning
acquisition of these courses is illustrated in
Fig. 1.

The characteristic feature of the
proposed credit-modular structure for
Bachelor engineering programmes is that
it is comparable with the basic courses of
fundamental higher technical education

level in general, as well as the elective
courses developing the fundamental
professional-oriented education. All in
all, this provides the conditions for the
unification of education programmes which
not only embrace the selection of the basic
academic disciplines, but also involves
the didactic acquisition techniques for
professional-oriented disciplines. A student
choosing an engineering education path
develops the possible social-professional
mobility in terms of his/her personal
interests and according to the existing
regional market demand.

Within the framework of the education
programme credit-modular structure stu-
dent ability development flowchart
considered as a  mechanism  of
successive accumulation of acquired
competencies  reveals the  cause-
effect relation of three engineering
education components: abilities, basic
competencies, and academic modules
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Fig. 2. Cause-effect relation flowchart of competency modular model
of engineering education
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Competency-Based Approach to Education
Programme Development: the Case of Technology
and Engineering Teacher Qualification
(Technology of Light Industry)

Kirovohrad Volodymyr Vynnychenko State Pedagogical University

O.V. Ezhova

The article is devoted to development of competency-based education programme to
train technology and engineering teachers with regard to prospects of light industry
development. The developed model includes general and professional competences.
The general competences comprise instrumental, interpersonal, systemic, informational,
communicative, and legal ones. Professional competences include professional,
pedagogical and special competences: engineering and production technology.

Key words: competency, technology and engineering teacher, vocational education,

light industry, industry forecast.

Problem statement. Development of
competency-based education programmes
in the frame of Bologna process is one
of the challenges for the contemporary
higher education in Ukraine. Competency-
based  approach  allows  reaching
general understanding of qualification
requirements and learning outcomes for
a particular professional activity, as well
as ensuring consistency, comparability
and transparency of European education
programmes. To obtain a license for
educational activity, a project group of an
educational institution should develop a
number of documents, with a curriculum
being a key one. The curriculum
development should include some stages.
First of all, it is necessary to make a list of
competencies and learning outcomes the
graduates are to acquire and show as a result
of education. The second stage implies
determining the subjects (internships) that
should form the curriculum with regards to
the developed list of competencies.

Specialty 015.17 “Professional
education. Technology of light industry”
in Kirovohrad State Pedagogical University
is being under way for being licensed.

The faculty staff has the task to develop a
model of a graduate’s competency taking
into account the prospects of the industry
development and employers’ requirements.
Thus, to determine a set of competencies
required for a Bachelor of vocational
education and training (B.V.E.T.) is a topical
task of pedagogical design.

Analysis of modern research and
publications. Competency-based approach
to  engineering education  standard
development is in focus of Ukrainian and
Russianeducators. Thearticle[1] determines
competences for Master’s programmes in
standardization, metrology and certification
as cultural and professional. The cultural
competences involve  personal and
professional development, communicative
competences, the competence of thought
process and information culture, and
systems thinking.

Participants of TUNING project [2, p.
8] identified 30 general competencies of
higher education graduates, which were
classified in 3 categories: instrumental,
interpersonal and system. In addition to
the general competencies, there are special
ones that are unique for each professional
area. In particular, the Bachelor should
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“know the basis and history of the basic
subject, implement the methods and
technologies typical for the professional
area”, and be able to understand and
implement the methods of scientific
analysis and theory [2, p. 9-10].

We acknowledge undeniable
theoretical and practical values of the
publications mentioned above, and
consider them a theoretical foundation
in meeting our challenge. However,
there is a difference between two notions
“competency” and “competence”. In this
paper we use the following definitions [3]:
Competency is a set of skills and abilities
that ensure effective professional behavior
(or rights to take decisions). Competence is
an integrated personal quality resulted from
development of a number of competencies
(professional integrity).

According to [4], the basic competencies
of educators and scientists are: professional,
informational, communicative, and
legislative. Communicative competency is
apparently distinguished due to the specific
features of pedagogical activity. However,
the competency list of TUNING project
regards informational and communicative
competencies as constituents of the
instrumental one.

The paper [5] presents a competence
model of a vocational training teacher
(specialty- ~ Hospitality ~ management)
based on the analysis of competencies
of Bachelor in hospitality management
and teacher of vocational education.
The model incorporates general and
professional competencies. The latter,
in its turn, are divided into pedagogical
and specialty-oriented. We consider such
competence model to be the optimal one
for the specialties combining pedagogical
and engineering activities.

Thus, the review of publications proved
that the issue on competence model
development (for B.V.E.T. in light industry)
has not been fully studied yet and needs
theoretical development.

The aim of the article is to justify
the use of learning outcomes as a list of

competencies of B.V.E.T. (specialty 015.17
“Professional education. Technology of
light industry”).

The qualification of teaching engineer
refers to the sphere of “education”, though it
implies skills and knowledge of engineering
activity. Bachelors of vocational education
should be able to perform the following
activities: technological, technical, training,
predictive, research, project, management
etc. in vocational colleges and at light
industry enterprises.

A B.V.E.T. (specialty 015.1) can take the
following positions: at a vocational school —
teacher of professional training, training
technologist, master of vocational training,
senior master; at an enterprise — production
supervisor, technology technician,
laboratory technician, design technician,
safety engineer, and clothing manufacturer.

The education programme of specialty
015.17 is intended for training specialists
both for vocational schools (teaching
activity) and enterprises of light industry
(design, management, production,
technological and research activities).

A competence model of vocational
teacher (hospitality ~management) [5]
was taken as a base for developing the
competence model of vocational teacher
(specialty “light industry”) so far as it relates
to general competencies and teacher’s
professional competencies. To identify
the specialized professional competencies
related to light industry we take into
account the forecast of changes in content
of education of clothing industry specialists
[6]. In particular, the basic scenario of
clothing industry development predicts
preproduction automation and automation
of separate production areas as well as
development of online custom tailoring.
It requires developed informational skills,
using professional software, internet surfing
for new important job-related data and its
processing. Thus, it is not enough for a
prospective teaching engineer to have only
basic computer skills as described in [2].
The content of informational competency
is enlarged for the Bachelors to be able to
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apply informational technologies in light
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Apart from the competencies mentioned

industry, in particular, CAD system. The in Tab. 1, some scientists also identify
competence model for a teaching engineer  the following competencies: axiological,

is shown in Tab. 1 and includes a list of  socio-economic, life- and health protective,

competencies (Column 1) and learning  polytechnic, managerial, etc. We do not

outcomes (Column 2).

distinguish them as the basic ones in the

Table 1. Basic competence constituents of teaching engineer
(specialty - light industry)
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Competency

Learning outcomes

Communicative

— ability to ensure effective relations and feedback from students of
different ages and their parents;

— ability to develop communicative strategies, methods and
techniques to ensure effective interaction between team members;
— ability to persuade and defend its own position;

— official language skills, elocution, professional etiquette, skills of
public presentation of work results;

— native language written and oral communication;

- second language skills.

Legal

— skills to apply legislative and regulatory documents related to
professional activity.

methodological,
and
technological)

Competency Learning outcomes
General competencies
Instrumental — ability to analyze, synthesize, organize and plan;
(cognitive, —basic knowledge in humanities and social science, fundamental

and natural science, and economy;
— fundamentals of professional knowledge;
— problem-solving and decision-making.

Professional competencies

Pedagogical

— effective solving of typical professional pedagogical problems;
— application of educational technologies, techniques of
pedagogical diagnostics, and correctional psychology;

— constant improvement and implementation of new pedagogical
and education ideas into educational process;

— implementation of reflective practice.

Special professional competencies

Engineering

— general technical and technological knowledge, engineering
graphics;

— efficient application of special knowledge and skills to complete
educational, design, technical and creative professional tasks;

— ability to develop technical and design documentation for
products of light industry taking into account the development
prospects of the industry;

— good knowledge of basic technology and history of a costume;
— understanding and ability to implement methods of scientific
analysis, predict technology of light industry.

Interpersonal — ability to criticize and self-reflect;
— ability to work in a team including interdisciplinary
and international ones;
— skills of interpersonal relations;
— ability to perceive cultural diversity;
— commitment to humanistic, democratic and ethic values.
System — ability to apply theory to practice;
— research skills;
— learning ability;
— ability to rapidly adapt to new conditions or environment;
— ability to generate new ideas (creativity);
— leadership;
— understanding culture and traditions of other countries;
— ability to work and learn independently;
— project development and management;
— self-starter quality and entrepreneurial skill;
— focus on quality;
— need for achievement.
Information — effective information search and structuring, data adaptation to

training or production process conditions;

— skills to use information resources, and software packages;

— skills to use automated workplace of the teacher, designer, or
production manager;

— skills to conduct distance educational and project activities;

— skills to apply computer and multimedia technology, as well as
digital educational resources in educational and production process;
— maintenance of engineering and design documentation and
documentation relevant to education process on an electronic data
carrier;

— skills to apply CAD system in light industry product design.

Production
technology

— good knowledge of methods of professional activity and their
adequate choice;

— ability to choose and use modern equipment in accordance with
their characteristics and production aims;

— ability to choose and treat modern tissues and materials taking into
account available range, characteristics and market development
prospects;

— ability to plan the production technology in light industry;

— ability to implement design methods and production technologies
in light industry using modern equipment and technologies, to
ensure quality control, meet health and fire- and electric safety
requirements;

— ability to identify and improve technical and economic indexes
of products, to improve economic efficiency, and to promote the
products on the market.
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paper; however, some of their elements
are incorporated in the competencies
described above.

Conclusion. The research resulted in
a new competence model of a teaching
engineer in the sphere of light industry
technology. The model is distinguished
from other similar models by introducing
such new parameters as prospects of
innovative development of light industry.
The model takes into account the review
of publications related to competence-
based approach, and meets the Ukraine
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education regulations and standards.
It includes general and professional
competencies. The general ones embrace
instrumental, interpersonal,  system,
information, communicative, and
legislative. Professional competencies are
subdivided into pedagogical and those
related to professional activity: engineering
and production and technological. Further
research will be focused on the competency
development model for a teaching engineer
in light industry.
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The methodological foundation for the analysis of courses dependencies within the
university curriculum has been studied. To build an effective curriculum, a model of
disciplines correlation analysis based on Spearman’s rank correlation using students’
assessment as input information was proposed.
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Introduction

One of the main goals of University
control automation is to develop a
curriculum. It provides initial data for
dean’s offices.

While implementing the new federal
state educational standards of higher
education (FSES HE) in the education
system, it is necessary to take into account
the relations between studied subjects to
develop new curricula. These relations are
reflected in the terms of “prerequisites” and
“post-requisites”.

Prerequisites are subjects that are
required to be studied beforehand.

Post-requisites (co-requisites) are the
subjects that should be studied after a
particular subject.

In most cases, prerequisites and post-
requisites are chosen by a faculty member
without taking into consideration the
interrelations between these disciplines.
Thus, the curriculum can only partially
reflect the relations between the subjects,
which leads to inconsistent assessment
and auditors’ claims in the framework of
education quality management system.

1. Approaches to  curriculum
development with regard to logical
coordination and consistency of subjects

Let us consider some approaches to
effective development of curriculum in

higher education institutions with regard to
logical coordination between subjects.

The aim of curriculum enhancement
is to choose the most essential content
for a particular professional activity and
distribute it throughout the academic terms
in an optimal manner.

It should be noted that curricula can
be presented as directed graphs, tables,
or matrix, which conditions the variety of
approaches to curriculum design [1, pp.
16-28].

Works [2, pp. 90-97, 3, pp. 111-116,
4, pp. 134-143, 5, pp. 179-185] offer
algorithms of curriculum design with
regard to interrelations between studied
subjects and developed competencies.
While developing curricula, the value of a
subject, faculty qualification, and sequence
of subjects are taken into consideration.
However, it is a user who determines the
dependency between the subjects. Thus,
the issue of adequacy of such relations
remains open.

Mathematical models offered in [6,
pp. 66-71] are based on automation
of curriculum development by using a
semantic net to arrange the sequence of the
subjects. In this case, relation-associations
reflect the subject dependency, which
reveals all non-realized dependencies in
the curriculum.

Studying the issues of material
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preparation for study packs [7, pp. 35-
38], the researcher suggests keeping the
balance between the amount of training
content and academic hours of a subject
by defining the priority of each subject and
choosing the content in descending order
of priority. The priority is determined by
attributing particular value to a subject,
content material or task. The values are
determined basing on students’ skills and
knowledge (entry test).

The authors of paper [8, pp. 136-143]
offer a decision-making model for
curriculum  synthesis. It takes into
consideration the subjects interaction
in curriculum, since some knowledge is
based on the content studied beforehand
[9, pp. 14-17]. The intensity of the relations
between the subjects was evaluated by
the expert evaluation method based on
the binary Cartesian product. Importance
index of a training module is calculated by
expert ranking method according to Saati’s
method (Method of analytic hierarchy) [10,
pp. 80-83]. The importance indexes of
secondary subjects are calculated through
estimating the importance index of the
major discipline in regard to the other
subjects within the same course. It takes
into account the contribution of a subject
not only on related subjects but also on the
subjects studied afterwards. To determine
the importance index of a subject, a DxD
matrix is made, with each element being
equal to the intensity coefficient of relations
between subjects i and j. The necessary
coefficients are calculated by experts. It
depends on what is more important for
professional training: either logic and
learning outcomes or summarized total
significance of the training content.

In works [11, pp. 1013-1020, 12, pp.
203-215], the authors compare algorithms
of curriculum formation: KBS, LS-Plan
and IWT, a distance learning system
taken as an example. One of the main
adaptation methods is sequence of training
programmes (curriculum). The curriculum
implies the way to help students to find an
optimal way “through the training content”
[13, pp. 1-7]. The curriculum in this case is

EDUCATION PROGRAMMES

an algorithm or graph. The research showed
that LS-Plan has the longest educational
trajectory and the biggest number of errors,
while IWT creates the shortest educational
pathway. The correlation of the subjects
was not studied in the research.

Interaction between curriculum
modules was studied in [14, pp. 28-34].
A frame is regarded as a basic information
unit of a training system. The paper
describes main possibilities of frame
combinations. To connect the training
content between different frames, it is
necessary to introduce information relation
between them. The frame content is not
mathematically formalized, however, each
frame can be connected with its describer
that distinguishes the main concepts and
relations between the frames within one
subject. The frame describer has a logical
form, but it allows keeping order only on
the highlighted subset of frames.

Analyzing the existing approaches to
curriculum design with regard to logical
sequence of subjects, it is possible to
conclude that it is mostly experts who
set the correlation between subjects in
curriculum while determining the sequence
of prerequisites and co-requisites. In other
words, it is faculty staff’s decision. There is
no module analyzing subject correlation
within a curriculum in the most modules.
Thus, we took a decision to develop a
model to analyze correlation between
curriculum subjects based on Spearman’s
rank correlation coefficients.

2. Analysis of correlation between
curriculum subjects based on Spearman’s
rank correlation coefficients

The results of course final assessment (in
scores) are taken as input data to analyze
the interaction between the subjects of the
curriculum. However, it should be taken
into consideration that a traditional mark,
which is registered in the exam record list,
depends on a particular scale chosen by a
particular University.

We calculate nonparametric correlation
coefficient since students marks are
subjected to non-normal distribution, i.e.,
they are multimodal distribution. To fulfill

EDUCATION PROGRAMMES

it, it is necessary to rank the characteristic
values (in our case these are students’ scores
of final exam in a subject) in descending or
ascending order.

To evaluate the intensity of relations
between different subjects of a course, let
us use Spearman rank correlation [15, pp.
626-628]. It is calculated as follows:

63 d?
i=1

- n(n® -1),

where d? — difference square of ranks;
n—number of observations (number of rank
pairs).

The result will always be between 1 and
minusT.

Student’s T-test is used to test the significa-
nce of the coefficient. T-statistic is
calculated while testing the hypothesis:

;- [P(n=2)
pac 1—p2

The calculated value is compared to the
tabulated one t(n—2). If the calculated
value is bigger that the tabulated one, it
indicates the significance of the correlation
coefficient, and thus, it proves statistical
significance of relations between sampling
data. The task can be done with any
mathematical software (for example,
Mathcad).

3. Research results

Academic achievements of students of
Urga State Technological Institute, National
Research Tomsk Polytechnic University
(USI TPU) were the base for the correlation
research. The academic office provided
sampling of final students’ marks in all
the curriculum subjects over three recent
years (2013, 2014 and 2015), a Bachelor’s
degree course in “Applied Information
Technology”.

The structure of the main education
programme was developed at the
Department of Information Systems, USI
TPU. There are prerequisites for each
studied subject.

Basing on the model, a correlation

matrix of interdisciplinary relation between
the subjects was suggested. It has the size
NxN, where N is the number of subjects,
provided by the course. In this case,
N = 55. The correlation coefficients with
t-statistic less than t, (28) = 2,05 can
be considered to equal zero, since the
correlation is insignificant.

While analyzing the general matrix
of correlation coefficients, it can be
concluded that:

a) Most subjects of the first academic
term (Computer Science and Programming,
History, Mathematics, Economics,
Foreign language, Discrete Mathematics,
Fundamentals of Information Society
Development, Physics) are strongly
correlated. It is explained by the fact
that prerequisites for all these subjects
are provided by the school education
programme.  Successful  school  study
ensures good academic performance
during the first term.

b) The subjects of the last (the 8th)
term (Graphics in Information Systems,
Production and Engineering Training,
Information Systems Management, Research
Work, Information System in Accounting
and Audit) are also closely correlated. It
accounts for the fact that all these subjects
should ensure successful Bachelor’s thesis
defense or state examination pass. The
content of these subjects are supposed to
be applied in further professional activities
of the graduates.

c) The prerequisites are not always
correlated with the subject they are
supposed to relate to. The reason for that
was mentioned above: the faculty members
responsible for the curriculum choose
the  prerequisites and  co-requisites
without studying interrelations between
them.

d) Most of the subjects have a signifi-
cant correlation with the English language,
which is a characteristic feature of the
specialty. Most programming languages
are written in English. Thus, a good English
level facilitates student’s progress in
computer programming.
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Table 1. Intensity of relations between the subjects

B3. Professional cycle (102 credits ECTS)

Computer
systems, nets and
telecommunications | mathematics

Computer science and
programming; Discrete

Computer Science and
Programming; Discrete Mathematics;
Mathematics; English; Physics;
Practical Course; Numerical Methods;
Probability and Mathematics Statistics;
Data Base; Management; Algorithm
Theory; System Theory and System
Analysis; Philosophy

Information systems [ Fundamentals of
and technologies information society
development;

Fundamentals of Information Society
Development; English; Discrete
Mathematics; Practical Course;
Probability and Mathematics Statistics;

EDUCATION PROGRAMMES

curriculum, is determined with the help
of coefficients of correlation between the
subjects (prerequisites and co-requisites).
It is possible to overcome the restriction

using the results of correlation between
curriculum subjects based on Spearman’s
rank correlation coefficients.

Conclusion

While analyzing the existing approaches
to curriculum development we investigated
the methodological base to study the
intensity of relations between curriculum
subjects.

We developed a model to analyze the
subjects interaction for a particular course
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Innovativeness in Future Engineers:
Value and Motivational Characteristics

Peoples’ Friendship University of Russia
O.B. Mikhailova

The article presents the results of research concerning the peculiarities of value-
motivational structure of engineering students with different levels of innovativeness
manifestation. The obtained data allow introducing new practical technologies
aiming at future engineers’ motivational activity and innovativeness development.

Key words: innovativeness, innovative potential, value-motivational structure,

engineering education.

Rapid changes in public consciousness
developed under the influence of social-
political and social-economic deformations
are aproblem sphere for modern psychology
from the standpoint of theory and practice.
Society is a community of people and if we
want to build an advanced civilization, one
has to start with a person’s bringing-up and
education.

One of the key factors of modern
society’s development and well-being
is innovation. To support innovations,
special financial and technical resources
are allocated by the society and some
organizations, since innovations are an
important condition for viability, activity,
and competitiveness of any company.
Innovation provides intensive development
of both economy and society, in particular.
It contributes to the efficient solution of
the problems faced by the government.
However, when analyzing the problems
of innovation support, they are, as a rule,
considered in economic and managerial
aspects, whereas psychological bases of
developing personal innovational potential
have not been adequately investigated

The issue of research in peculiarities
of innovativeness development in modern
society is conditioned by the necessity to
develop new forms of personal development
management. Searching for the boundaries
among personal success, efficiency, and
performance, new generations can apply

their activity for boon or bane both for
themselves and society. The perspectives
of psychological trends in innovativeness
are connected with not only revealing
peculiarities of the quality in the activity,
but also implementing the efficient
social-psychological and psychological-
pedagogical techniques of managing
personal characteristics to develop social
creativity.

Based on the analysis and generalization
of numerous theoretical investigations
dealing with analysis of personal
potential of professional development
and  psychology-acmeologic  potential
of professional activity, one can suggest
that personal innovative potential is an
integral complex of activity resulting
from involvement in innovative process
and consisting of interconnected and
interdependent components:  creativity
(cognitive-prognostic component), innova-
tiveness (dynamic-managerial component),
and constructiveness (value-motivational
component) [2; 5].

In foreign research the interest in
innovativeness as a personal quality
is presented in different concepts and
approaches that are concerned with
innovative behaviour, innovative potential
of management, and cognitive styles
responsible for a person’s inclination
for innovation (R.A. Bruce, T. Amabile,
R.M. Kanter, M. West, M. Basadur,
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E.Hagen, M. Kirton, J. Farr, J.P.J. De Jong,
etc.).

In  contemporary psychology the
term has two versions of pronunciation
and spelling 1) innovativnost’ (derived
from English ‘innovativeness’) is directly
borrowed from the English literature; 2)
innovatsionnost’ (derived from French
innovation; Latin innovatio ‘renovation’,
‘change’). The term «innovative» means
‘relating to innovations’. From the semantic
point of view the most appropriate version
to denote personal quality is the term
«innovativeness» [1; 4].

Innovativeness is a set of personal
qualities  relating  to  perception,
evaluation, processing, efficient practical
implementation  of  ingenious ideas
developed in activity [3]. Innovativeness
is connected with other personal
characteristics, but fundamentally differs
from creativity and enterprise. Creativity
conveyed as intellectual activity is an
integral part of an individual innovative
potential. If creativity is considered as
a set of qualities developing a new idea,
innovativeness is a set of personal qualities
implementing a creative idea into the
reality [3].

As follows from the analysis of diversity
in interpretation of enterprise it should be
underlined that a result of enterprise is
economic success expressed in money,
whereas a result of innovativeness is
professional success expressed in the
form of new professional results. It is just
innovativeness rather than enterprise
is necessary to be developed in future
specialists who are motivated for creative
labour and activity [3].

The relevance of the research consists
in the fact that at the moment there is
an acute need for study in the value-
motivational peculiarities of personal
innovativeness, since individual and social
values of a person as well as extrinsic and
intrinsic motivations play an important part
in innovativeness manifestation.

Despite  a  number of studies
in characteristics of labour value-
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motivational aspects performed in Russia
(V.N. Myasishchev, K.A. Abul’khanova-
Slavskaya, A.N. Leontiev, A.G. Kovalev,
V.D. Shadrikov, Ye.P. Il'in, V.G. Aseev and
others) and abroad (A. Maslow, F. Herzberg,
V. Vroom, J. Adams, L. Porter, E. Lawler,
H. Hechhausen and others), the novelty
of our research consists in study of future
engineers’ value-motivational structure
with different level of innovativeness
manifestation.

To study the value-motivational
characteristics  of innovativeness  we
used the following techniques: 1) test
of diagnostics in real personal value
system developed by S.S. Buybnova; 2)
questionnaire “Diagnostics of personal
motivation structure”; 3) Self-esteem scale
of personal innovative qualities developed
by N.M. Lebedeva and A.N. Tatarko.

The research was performed at the
Engineering  department of Peoples’
Friendship University of Russia. On the
whole, the research involved 88 fourth-
year Bachelor students aged 20-25, 58
boys and 25 girls.

Based on interpretation of the data
obtained, the following levels of future
engineers’ innovativeness manifestation
were established: the first group consisted
of tested students with low level of
innovativeness — 16 students; the second
group included the students with the
average level — 52 students; the third
group was presented by the students with
high level of innovativeness — 20 students.
Then, the descriptive statistics of the
innovativeness parameters was carried out
in the reference set shown in Tab. 1.

The summary innovativeness index in
the reference set varies from low level of
innovativeness manifestation (1.5) to high
one (4.58), on the creativity scale — 1.5-
4.75, “risk for success” scale — 1.25-4.75,
but on “looking for the future” scale —
1.75-5. On the whole, the average level
of future engineers’ innovativeness
manifestation was revealed.

As a result of mathematical-statistical
analysis using H-Kruskull-Wallis test, the
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Table 1. Descriptive statistics of innovativeness parameters

in reference set (N = 88)

Variables Minimum Maximum Mean Median
Creativity 2 5 3,75 3,5
Risk for success 1,5 5 3,1 3,25
Looking to the 1,5 4,8 3,41 3,75
future
Summary index 2,25 4,92 3,42 3,58

statistical differences in future engineers’
personal motivational structure were
established in groups with different level of
innovativeness manifistation (Tab. 2).

The significant differences of three
groups with different innovativeness level
were determined using the scales of «Life-
support» (H=22.662, p <0.01), «Comfort»
(H =6.891, p < 0.05), «Communication»
(H=18.572, p < 0.01), «General activity»
(H=8.135, p<0.01), «Creativity» (H=6.57,
p < 0.05), «Social activity» (H = 11.966,
p < 0.01). No significant differences were
revealed regarding the scale of “Social
status”.

Correlation analysis of variable values
and motivation in students’” groups with
different innovativeness level has shown
that students possessing low innovativeness
level highly value help and mercy to other
people. A significant aspect for the given
group is learning new things in the world,
but they also attach great importance to
other people’s recognition and respect
and influence on others. Besides, a
distinguishing feature of the group with low
innovativeness level is a trend to achieve
high social status and communicate with
other people.

Based on the significant correlations
obtained one can suggest that future
engineers having low innovativeness level

strive to exhibit their activity to influence
positively the society. Communication is
of significant value for the students of the
given group.

Negative correlations between the value
of “help and mercy to other people”
and such an innovativeness parameter as
creativity allow concluding that the higher
respondents’ level of creativity is, the lower
importance they attain to mercy and help
to those who need them. Presumably, the
reason for this is the fact that the world of
their own ideas is of prime importance for
them, but the surrounding world takes the
back seat.

Future engineers having average level
of innovativeness attain importance to
communication with others and learning
new things. They value recognition and
respect as well as their influence on the
other people, lay emphasis on help and
mercy, but they have a pronounced trend
to material well-being and social status as
attributes of prestige.

As a result of correlation analysis, the
relationships between creativity and motif
of creative activity were established in the
group with average innovativeness level. It
may be suggested that the students of this
group develop something new for the sake
of creative process itself that drives their
activity.
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Table 2. Statistical analysis of differences in expressing motivation types

in three groups

Average values in groups
Kruskall- Significance
variables 1 2 3 Wallis 5 level
H-test
(N=16) | (N=52) | (N=20)
Life-support 19,83 50,06 44,85 20,662 0,001*
Comfort 43,89 47,34 31,46 6,891 0,032*
Social status 42,47 38,38 47,83 2,395 0,302
Communication 59,89 42,27 28,13 18,572 0,001*
General activity 42,14 48,39 30,98 8,135 0,017*
Creativity 42,14 36,17 51,85 6,57 0,037*
Social usefulness 31,14 38,99 55,29 11,966 0,003*

For the future engineers with high
innovativeness level to learn something
new as well as to be respected by the others
and to influence other people are of great
significance (Tab. 3).

The key motifs of the group with high
innovativeness level are drive for creative
activity, achievement of desired social
status, and life-support to achieve the
necessary living standards. Social status as
a value has a positive correlation with such
a motif as past-time and rest. Engineering
students attain great importance to social
status, as achieving definite level of
professional development will allow them
to have enough past-time in future. At the
same time, negative correlations between
social status and the motifs: “help and
mercy to other people” and “love”
show that future engineers with high
innovativeness level regard compassion,
help, and love for other people as factors
impeding the achievement of desired social
status.

The students with high innovativeness
level consider the value of social
usefulness with health, which is necessary
to become a good specialist. However,
future engineers striving for success do
not assign importance to their health,
past-time, and rest, possibly, because the
expected success is more significant for
them. Such values as high social status
and management of people correlate with
risk for success scale. The students with
high innovativeness level are ready for risk
to achieve high social status and gain some
power.

To improve psychological-pedagogical
training of future engineers with different
innovativeness level it is important to apply
various interactive teaching techniques in
learning process of higher school. For the
students with low innovativeness level
who have inclination to show their social
usefulness and altruism, it is necessary
to increase the innovativeness level by
means of developing the motifs of social
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Table 3. Correlation coefficients of value variables with motivation structure
parameters (managers with high innovativeness level (N = 20))

Motifs

Values

Life-
support

Comfort

Past-time, rest

0,227

0,373

High living
standards

0,356

0,235

Social
status

0,427*

-0,036

Commu-
nication

General
activity

Creativity

Social
usefulness

0,086

0,321

-0,199

0,244

0,042

0,231

0,127

0,371

Search for
and delight
of beauty

0,126

-0,045

0,04

0,01

0,223

0,123

Help and
mercy to
other people

-0,054

-0,221

-0,449*

0,225

0,066

0,045

-0,049

Love

-0,054

-0,404

-0,478*

0,361

-0,222

-0,299

0,062

Learning

new things in
nature, world,
and human
beings

0,268

0,151

0,152

-0,244

-0,213

0,288

-0,041

High social
status and
management
of people

0,393

0,01

0,055

-0,117

0,267

0,009

-0,045

Recognition
and respect,
influencing

other people

0,215

0,23

0,257

0,139

-0,043

-0,08

-0,315

Social activity
to gain positive
changes in
society

-0,074

-0,068

0,093

-0,017

-0,033

0,088

0,144

Commu-
nication

0,27

-0,035

-0,233

0,13

0,087

0,351

-0,096

Health

0,086

-0,349

0,278

-0,059

0,055

0,379

0,408*
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activity. The future engineers with average
innovativeness level should participate in
training developing personal innovative
qualities as well as be involved in creative,
and innovative activities.

The students with high innovativeness
level need the professional activities to
develop value-motivational structure as
they are focused on social activity and
responsibility. The motivational structure
of the given group is known to be
expressed in creative activity only without
strong motivation for self-actualization in
definite activity in which one can apply
his/her creativity. For the given group it
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is necessary to arrange training focused
on understanding social usefulness of
professional activity and help to other
people.

The development of strategies of future
engineers’ education is to include a set of
psychological courses focused on formation
of value-motivation bases of their success.
Psychological model of innovativeness
development in future engineers’ training
consists of stages corresponding to the
competence levels including different
methods (diagnostics, interview, training)
focused on developing a student’s personal

quality.
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Introduction

Against the backdrop of the sixth
wave of innovations and when the
national economy growth is associated
with implementation of breakthrough
technologies, there is an urgent need
in professionals possessing new type of
competencies. Lack of qualified personnel
is one of the major challenges for the
development of national priority industries
significantly invested over the past
ten years. Nano systems are one of
the priority areas the RF is currently focused
at [1].

One of the factors which facilitates
the development of nanotechnologies in
the RF is improvements in staff training
since it is the personnel who develop and
operate nanotechnologies and whose high
qualification is attributed to the successful
development of the national engineering
education system. High quality of education
is secured by professional and social

accountability accreditation (PSAA) of
education programmes (EP) implemented
by higher education institutions (HEI).
Professional and social accountability
accreditation is an approve of quality and
level of education provided by higher
education institution in compliance with
the programme accredited; PSAA confirms
that the education provided meets all
professional standards in effect and labour
market requirements to professionals,
workers, and officials [2].

PSAA experts are representatives of
the industry (employers), universities, and
scientific centres. PSAA is a tool to secure
the interests of all parties (stakeholders):
applicants and their parents, students,
employers, government, and the society in
general can be sure that the HEI and the
provided education meet their expectations
and requirements.

In 2014, Association of Engineering
Education of Russia (AEER) and the Fund for
Infrastructure and Educational Programmes
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(RUSNANO Group) signed a contract
aimed to develop methodological and
organizational basis, put together a
team of experts, and accredit higher
education programmes provided in the
sphere of nanotechnology.

In the course of the project (2014-
2015), PSAA methodology was developed,
which prescribes the procedure and
criteria of accreditation, includes a set of
documents describing the programme
and provides a guideline for education
programme estimation. Based on this
methodology, a pilot accreditation has
been conducted. Within the project, 20
education programmes in metrology and
nanoelectronics provided at 9 HEls and 15
education programmes in nanophotonics
and nanomaterials provided at 8 HEls
of Russia have been accredited. The
experts participating in the accreditation
were trained in the course of the project
implementation.

Criteria for professional and social
accountability accreditation

To estimate education programme
quality and relevance to nanotechnology
sector, a system of global and local
criteria was developed. The global criteria,
which reflect the requirements of FIEP
RUSNANO, are focused on real economy
demands, reveal whether the graduates will
be in demand, and elicits if the programme

Table 1. Global and Local Criteria

content and education outcomes meet the
professional standards in effect. As for the
local criteria, they allow giving integrated
consideration to the educational prossess
and specifying if the programme meets the
international standards of ~ Washington

Accord (WA) [3] and European Network

for Accreditation of Engineering Education

(ENAEE) [4]. Conformance to the standards

of WA and ENAEE means that the education

degree obtained in the accredited
programme is equivalent to that in the
signatories (the USA, Canada, the Great

Britain, Japan, etc. — 17 countries in total)

and that the programme can be marked by

EUR-ACE® Label, certifying conformance

to EUR-ACE® Framework Standards and

Guidelines (EAFSG) [5].

The global and local criteria developed
and used for accreditation within the
project by FIEP RUSNANO and AEER are
as follows:

Global (integral) criteria:

B Criterion 1. Education programme
objectives and outcomes. Programme
content.

B Criterion 2. Resources.

B Criterion 3. Programme efficiency
in terms of labour market demand
and graduates’ relevance, graduate
positioning and promotion.

Each global criterion comprises a
number of local criteria (see Tab. 1).

Global criteria (FIEP RUSNANO)

Local criteria (AEER)

Criterion 1. Education programme
objectives and outcomes. Programme
content

. Programme objectives
. Programme content and outcomes
. Professional training

_\_\_‘
Wk =

Criterion 2. Resources

2.1. Students and educational process
2.2. Academic staff
2.3. Programme resources

Criterion 3. Programme efficiency in
terms of labour market demand and
graduates’ relevance, graduate positioning
and promotion

3.1. Graduates
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PSAA  procedure is held in the
established standard form and includes:
submission and pendency of application,
execution of contract with an accrediting
organization (AO), internal audit, analysis
of internal audit results, establishment of
expert commission, audit, Accreditation
Council (AC) Session for audit results
analysis,  confirmation of AC decision
by the AEER Administrative Board and/
or the Accreditation Council of Russian
Nanoindustry Association (RNA) [6].

The analysis of global and local criteria
[5, 7-9] showed that they are interrelated.
Moreover, the suggested system of criteria,
if there is an agreement signed by both
parties, makes it possible for the education
programme that have been through
PSAA process to be awarded with three
certificates: certificate awarded by Russian
Nanoindustry Association, national and
international certificates by AEER (EUR-ACE
label/ certificate of significant conformity
to WA standards).

Pilot accreditation of nanotechnology
education programmes

This paragraph describes the result
obtained via application of the developed
methodology and criteria. Within the
scope of the project, 35 Master’s degree
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programmes were accredited, including
16 programmes in Electronics and
Nanoelectronics (11.04.02, 11.014.04,
12.04.01, 28.04.01), 4 programmes in
Standardization and Metrology (27.04.01),
9 programmes in Nanomaterials (22.04.01,
22.04.02, 03.04.02, 150100.68,
270800.68), and 6 programmes in
Nanophotonics (12.04.03, 200400.68).
The programmes are implemented in 17
leading national universities, including
one federal and six national research ones.
As mentioned above, the programme was
estimated in terms of three criteria, and
each criterion was analyzed relating to
three categories: programme advantages,
criterion is reached (no comments),
programme  disadvantages.  Estimation
results are given in fig. 1 — 3.

As seen in the graph, all criteria are
estimated in terms of three categories: there
were 410 estimates with comments and 10
estimates without (“criterion is reached”).

In the course of accreditation, 216
advantages and 194  disadvantages
were identified. Most disadvantages are
generated within criterion 1 “Education
programme objectives and outcomes.
Programme content” and advantage -
within criterion 2 “Resources” (fig. 2).

Fig. 1. Criteria estimated in terms of three categories
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The estimates indicate modern resource
base and highly-qualified academic staff
at leading national universities, which is
attributed to universities’ participation in
national priority and international projects.
Low estimate of criterion 1 indicates that
academic departments lack knowledge
in developing education programmes:
firstly, there should be correlation between
programme objectives and outcomes, and
secondly, programme content should meet
employer’s requirements and conform
to professional standards in the sphere of
nanotechnology.

However, it is difficult enough to
answer the question whether this or that
disadvantage is attributed to a particular
programme or a particular university in
general. This is due to the fact that within the
pilot project there was only one programme
accredited at 9 universities (50% of
experiment participants), i.e. about 25% of
the accredited programmes. Therefore, we
identified advantages and disadvantages,
which characterize a particular programme
or a particular university (Fig.3).

The disadvantages are low rate of

Fig. 2. Criteria estimation

academic mobility of both students and
staff, poorly developed system of graduate’s
employment and career support. To some
extent, these disadvantages result from
intrinsic reasons, such as development
of a new social and economic pattern,
ec