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ABSTRACT

The problems of engineers' education quality and their solving are considered in the context of histor-
ically existing and modern development trends of Russia. The article aims to reveal factors that affect
the quality of continuing professional education of engineering personnel in Russia positively or nega-
tively and to discuss measures for improving quality of training.
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1. INTRODUCTION

The quality of engineering personnel training determines the level of economic devel-
opment of the country, its competitiveness in the modern market of innovative information
technologies. Historically, Russia has always been famous for the quality of training elite en-
gineering personnel who made discoveries and world-class developments in aircraft, rocket
engineering, and engineering technologies. However, both, a series of revolutions and wars,
and political factors, created difficulties for the development of engineering education in the
country. In the face of external threats and internal weaknesses, the problem of improving the
quality of engineers’ training intensified.



Theory of education quality is well designed,%?3 as well as pedagogical technolo-
gies.*>®7 But still technical academic staff, especially elderly part of it, is not inclined to use
modern technologies and ways to improve educational quality. Though there are enough back-
grounds for qualitative engineering education it does not fulfill its modern tasks. Based on the
retrospective and SWOT analysis of the current education state the paper aims to search for the
ways to improve the quality of engineering education in our country.

2. ARETROSPECTIVE ANALYSIS OF THE DEVELOPMENT
OF ENGINEERING EDUCATION IN RUSSIA

To identify the consistent patterns and features of the Russian engineering education
development, we turn to its retrospective analysis.® The system of engineering education in
Russia includes three historical subsystems, each of which goes through the stages of origin,
formation, maturity and transformation, typical of systems.

The first subsystem originated in Peter's times (XVII1 century). Educational reform was
carried out in conjunction with reforms in other areas and aimed at creating a corps of domestic
engineering personnel capable to raise the country's fast-growing economy. The period of the
second half of the century (formation) was characterized by the appearance of a large number
of professional educational institutions of different profiles and levels (quantitative accumula-
tion), by the harmonious development of the system of education, production and science; en-
gineering education was closely tied to specific industries, supported by the development of
relevant sciences. Significant innovations of this period were: the permission of higher educa-
tion for women and development of regulations on the university activities (1804). The rapid
development of industry and the interests of industrialists contributed to the entry of engineer-
ing education into maturity stage in the late 19" century — early 20" century.

This system was destroyed together with tsarist Russia. It was replaced by the system of Soviet
engineering education, the origin of which can be attributed to the 20" — 30" of the 20" century.
The reasons for its inception were the needs of the newly formed state with reviving industry,
science and culture, the creation of acceptable living conditions for the population suffering
from devastation and hunger. The birth was hard. There was a lack of all resources. The ideals,
many achievements and personnel of the past system were lost, and new ones had not been
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created yet. The new system was created in trial and error manner. At the same time, this period
was characterized by an extremely high level and pace of development of pedagogical and
psychological science to substantiate professional education.

The formation of the Soviet system of professional education accelerated in the late 30"
— early 40™ of the last century. These were hard years, when the country was recovering from
the devastation caused by the revolution and the First World War, but there were already new
aggressive threats. It was necessary to improve the quality of engineering education quickly,
to increase the competitiveness of Russian industry, and raise the defense industry. The unex-
pected outbreak of World War 11 spurred this need. Despite war conditions, state policy focused
on creating modern industry, improving its quality for reaching higher positions in the global
economy. This entailed a new round in the development of engineering personnel. The devel-
opment of professional education and training was stimulated by the needs of the military and
defense complexes, and by acute shortage of qualified personnel, especially engineers. The
best universities of the country, evacuated to its central regions, solved this urgent task in dif-
ficult educational conditions (war and post-war periods, lack of labor force). But it gave perfect
results. The nomenclature of specialties of secondary and higher professional education has
expanded significantly. Tasks of training personnel for professional education and advanced
training of existing engineering personnel were set. A system of supplementary (additional,
further) education for already working personnel, characteristic for the USSR continuing edu-
cation, was born.® In the peaceful 70-80™ of the 20™ century when other systems restored the
system of professional education in the USSR again entered a period of maturity, arms race
driven. The engineering education system of this period, at all levels, was considered to be one
of the best in the world.

However, at the turn of the century, the professional education system entered again the
state of reform (transformation of the system). The reasons for this were: external world trends
and revolutionary transformations within the country, which could not but affect the education
system. External factors included the phenomena of globalization, the internationalization of
higher education and the tendency of harmonization of world systems of professional educa-
tion. Internal factors included: the collapse of the USSR, reforms in all the areas, specific prob-
lems of higher education (elderly academic staff, not ready for internationalization and digital-
ization in higher education). Revolution is the typical condition for temporary decline. The
problems of quality decline were caused by the spread of innovative phenomena of digitaliza-
tion and internationalization, not sufficient readiness of academic staff of the mature generation
for it. On the one hand, according to V. F. Pugach data, the number of 40-59 year old academic
staff diminishes and the percentage of young and elderly university teachers is growing.'° One
the other hand it means that in several years we are to expect the percentage growth of the
middle age group of the academic staff. Together, internal and external factors have dealt a
significant blow to the engineering education system, leading thereby to its complete transfor-
mation at the turn of the century. Thus, at the end of the twentieth century the stage of the
emergence of the post-Soviet professional education system began. The transition to the new
system was characterized by: a long period of reform from the end of the twentieth to the pre-
sent; qualitative changes in the legislation; changes in education system itself, guidelines,
methods, forms, means of education; orientation of engineering education towards harmoniza-
tion with the world system and recognition of Russian universities in world rankings.

The main plans for the development of professional, in particular, engineering educa-
tion, were: the introduction of a competency-based approach for designing expected results and
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evaluating actual results; establishing a level system of professional education similar to world
patterns; introduction of credit system; introduction of degrees and qualifications that are un-
derstandable in other countries of the world; humanization of universities; integration in uni-
versities of education and science. Today, during the formation of the post-Soviet system of
engineering education, we see its characteristic manifestations: adoption of Federal Law 273
“On Education in the Russian Federation”, which legislatively approved the changes; deep
study of the theoretical prerequisites for the development of the professional education system
(the level of development of pedagogical science at the end of the 20" century and the begin-
ning of the 215 century); intensification of processes related to the internationalization and
digitalization of higher education.

A retrospective analysis of the development of engineering education in Russia from
the time of Peter the Great to the present has revealed the following important patterns:

- Russian subsystems of engineering education developed both in evolutionary (self-

organization) and revolutionary manners;

- significant qualitative changes in the system of engineering education are deter-

mined by both internal and external factors;

- the most powerful driving forces for the development of engineering education in

Russia are critical situations, including revolutions, wars, and others, causing an
acute need for engineering personnel of the highest level, and leading to takeoffs in
the development trajectories of professional education.

Features of the modern period turned our attention, firstly, to adjusting the quality of
additional engineering education, which can solve the dual task: to strengthen the engineering
resource of enterprises and provide a higher level of teaching by adult teachers at universities.
Secondly we have chosen the method that allows studying influence of external and internal
factors on additional engineering education — the SWOT analysis.

3. METHODS TO STUDY QUALITY OF MODERN
CONTINUING ENGINEERING EDUCATION

In Russia, the continuing education of professionals for production purposes is usually
called additional (further) professional education. In continuing professional education, engi-
neers master new labor functions, new technologies for self determination in a changing pro-
fessional world. Additional education has two types: retraining (issuing a diploma) and ad-
vanced training (issuing a certificate) (Federal Law “On Education in the Russian Federation”
dated December 29, 2012 N 273-FL). Also there are many informal and informal types of
continuing (including additional) education. The quality of education is not only the corre-
spondence between the achieved results and the goals set, but also the value!! that determines
the attitude in design and implementation of education process.

To determine the quality criteria for additional engineering education, to evaluate the
project and expected results, we studied, firstly, the requirements for educational programs of
a technical orientation and a modern engineer (Professional standards and Federal state educa-
tional standards of 28 and 40 groups describing the engineer activities). Secondly, the best
practices of public accreditation in Russia and foreign countries (AEER (Russia), ABET
(USA), ECUK (Great Britain), CCPE (Canada), IEAust (Australia), JABEE (Japan), etc.) were
analyzed. Thirdly, the well-known criteria for the quality of education were analyzed. As we
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previously determined, basing on the literature analysis, the quality criteria for continuing ed-
ucation are divided into groups: the quality of the project of the engineering education process
(goals, content, methods and forms, expected results, methods for measuring and evaluating
them); the quality of educational and pedagogical interaction (procedural implementation);
quality management of the process of continuing engineering education (project and real pro-
cess); relevance of the real process to the project.*? The project quality criteria are determined
on the basis of the requirements of the standards for a particular program of additional engi-
neering education. The quality of the expected results in accordance with the modern paradigm
is expressed in competencies (they are also contained in educational standards and require-
ments). The tasks for education are determined by most popular expectations (synthesis of hard
and soft skill; manager skills; high tech skills; digital skills, etc.).*41>16171n modern digital
world the quality has special part of personal criteria connected with reserving the human es-
sence of people. The model of the engineering education quality criteria is at fig.1.

Figure 1. The model of continuing engineering education quality criteria
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We studied the evolution of historical subsystems of engineering education due to in-
ternal reasons and due to self-organization. This prompted us to turn to the method of SWOT
analysis in order to find ways to improve the quality of modern engineering education. The
adequacy of the choice of this method is due to the fact that it consists in the analysis of the
external and internal environment of the engineering education system and the analysis of pos-
sible mutual influences of the factors of these environments. This allows finding the best ways
to develop organizations and systems based on the search for the necessary relationships be-
tween internal (strengths, weaknesses) and external (threats, opportunities) factors.

The method of SWOT analysis involves the analysis of the strengths and weaknesses
of the organization or system, as well as threats and opportunities for them from the external
environment. Therefore, additional research is required prior to the analysis. To apply the
SWOT analysis method, it is necessary to obtain additional data, based on which the analysis
is carried out. To obtain them, the following methods were used: analysis of scientific literature
— to determine the prerequisites for studying the quality of additional engineering education;
study of documentation and observation — to determine the internal factors for the development
of continuing engineering education; analysis of scientific and reference sources to describe
the state of the external environment. Using these methods, we obtained the following inter-
mediate results.

4. EXTERNAL ENVIRONMENT FOR THE
CONTINUING ENGINEERING EDUCATION

Environmental factors include threats from its individual systems and processes and

opportunities that can be used to improve the quality of continuing engineering education.

The status of a factor (positive or negative; threat or opportunity), typically for the unity

of opposites, can change to its antagonist. As it has been shown already, threats, which are
negative environmental factors, at the same time, become a powerful driving force for the de-
velopment of the system. Nevertheless, we define both groups of factors, introducing their
conditional subdivision into two groups:

- The external threats (T) of the national and world levels include two parts. Threats
to the country's economy: destruction of many industries in the revolutionary pe-
riod; the reduced funding for science-intensive and prestigious areas. Threats from
the sides of foreign policy and foreign economic: sanctions policy when some pre-
viously available technical and information products become unavailable for pur-
chase; high competition in high technology.

- Opportunities (O): Russian programs for the development of high technologies, dig-
italization of the economy (programs for the development of science and technology
and higher education: “Scientific and technological development of the Russian
Federation” (2019); “Scientific and technological development of the Russian Fed-
eration” (2019); “Digital economy RF”) (2018)); “5-100 Project”; world known
theories and experience in improving the engineers’ education; MOOCs, making
available information materials from the best manufacturers from different coun-
tries; sufficiently high level of development of educational methods that are ade-
quate to engineering programs (simulation modeling, cases, contextual training, de-
sign method, etc.) in the global educational community.

Both threats and opportunities set directions and are the driving forces with different

mechanisms for additional engineering education.



5. INTERNAL ENVIRONMENT FOR THE
CONTINUING ENGINEERING EDUCATION

First of all, it should be noted that the internal environment is described in terms of
typical for the 21" century trends: integration of education, science, entrepreneurship; interna-
tionalization; harmonization of the Russian and foreign structures of professional education;
the unity and opposition of the competence and humanistic paradigm in professional education;
informatization, digitalization of education and management. We will not argue that each of
the trends can be attributed to a specific group of strength or weakness; they are too multidi-
mensional and ambiguous. However, they should be taken into account when conducting a
SWOT analysis:

- Strengths (S): continuing engineering education is carried out at universities with
long-standing (centuries-old) traditions of training engineering personnel; universi-
ties have modern base and equipment; reach scientific schools continue to evolve;
engineering education is consistent with targeted state programs; additional educa-
tional programs are carried out on the basis of professional standards, which reflect
modern labor functions and actions of specialists; the achievements of pedagogical
science and practice of continuing education are the base for engineering education
development; the system of continuing education reached the maturity stage; great
experience has been accumulated in Russian engineering education.

- Weaknesses (W): pre-existing system of engineering education was destructed;
higher education is reforming and therefore it is not stable; programs are delivered
by elderly staff who use traditional methods and means that have limited capabili-
ties; teachers of the older generations belonging to the age group of 60-80 years, do
not know digital technologies well and can neither prepare for their use nor use them
in teaching; as quiz shows professors of technical disciplines pay attention mostly
to the content of education, but ignore the benefits of modern educational technol-
ogies, which still have raising educational quality opportunities.

Thus, to force the growth problems the main step is to raise the qualifications of elderly

engineers, to prepare the staff to deal with modern production and education technologies, to
use all the existing opportunities.

6. SWOT ANALYSIS FOR THE SAKE OF IMPROVING
THE QUALITAY OF CONTINUING ENGINEERING

We consider the preliminary work completed and determine the possibilities for im-
proving the quality of engineering education. To do this, we turn to SWOT analysis, showing
the mutual influence of factors of the external and internal environment, aimed at improving
the quality of engineering education.

The O — S relationship reveals the fact that the opportunities of the external national
and world environment can be used them to improve the quality of continuing engineering
education, basing on its strengths. The engineering education system is in high demand today,
its high level restoration is relevant in the light of solving problems of development of the
country's economy set by the government; programs for the development of science and tech-
nologies in the Russian Federation and universities may join them and have good support.
Sanctions from the side of other countries also stimulate continuing engineering education as
they force stating new tasks for development of high technology production. Thus threat turns
into opportunity.



The S —T (1) relationship shows how to use strengths to overcome threats. Communi-
cation S — T (2) makes it possible to use threats as driving forces for development (coinciding
with O — S relationship). Conditions of sanctions, when some previously available technical
and information products became unavailable for purchase, require the development of substi-
tute production and, therefore, engineers of a new level for projecting it. Diversification of the
production sector and, as a result, diversification of the areas of training engineers are taking
place as a consequence.

The O — W connection takes advantage of opportunities to level weaknesses. The qual-
ifications of aged engineering personnel should be upgraded for staffing the economy and for
training the younger generation. More extensive use should be made of modern continuing
education opportunities to improve the qualifications of elderly personnel and for basic educa-
tion of youth.

The T — W connection allows posing and giving answers to a number of questions.
What threats should be neutralized taking into account weaknesses? Which weaknesses should
be turned into strengths? What are the negative trends that need to be addressed? What are the
weaknesses of engineering education in Russia most vulnerable to external threats? The an-
swers to these questions allows us to think about overcoming weaknesses and turning them
into strengths.

7. CONCLUSION

On the basis of SWOT analysis we output the following recommendations for improv-

ing the quality of continuing engineering education:

- Stating the skills of international scientific and educational activities and digital
skills as the main goals for continuing engineering education.

- Stating all necessary engineers’ skills as goal component of the educational process
(project and real).

- Using the traditions of scientific schools, experience and high fundamental prepar-
edness of old engineering personnel in combination with his further training for
improving continuing engineering education.

- Using of sanctions as a leading and developing force for continuing engineering
education.

- Raising the methodological level of the engineering academic staff for additional
education.

- Using opportunities of modern educational technologies (interaction, flipped class-
room, mixed education, case-study, and computer stimulation) for raising the level
of the engineering educational project and educational process.

In general, by implementing these measures though given very schematically, we are

improving the quality of continuing engineering education.

Sazetak:
KVALITETA NASTAVA PROFESIONALNOG OBRAZOVANJA
INZENJERA NA SVEUCILISTIMA U RUSIJI

Problemi kvalitete obrazovanja inZenjera i njihovo rjesavanje razmatraju se u kontekstu povijesno
postojecih i modernih razvojnih trendova Rusije. Cilj je ¢lanka otkriti cimbenike koji pozitivno ili
negativno utjecu na kvalitetu kontinuiranog strucnog usavrsavanja inzenjerskog osoblja u Rusiji, kao i
razmotriti mjere za poboljsanje kvalitete osposobljavanja.

Kljucne rijeci: kontinuirano strucno obrazovanje inzenjera, kvaliteta, faktori.
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