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SYSTEM APPROACH TO THE ANALYSIS OF PROFESSIONAL
COMPETENCE OF AN ENGINEER

The article reviews and analyses using of system approach to the analysis of professional competence of
an engineer. Engineers’ training upgrading is one of the most important acmeological tasks. An engineer, as a
subject of innovative activity, is the central figure of scientific and technological progress; the implementation
of the tasks that the country solves depends to a great extent on his independence, professional competence,
readiness for constant self-training. It is determined that any professional activity arises based on the needs of
a society. However, as a professional one, engineering activity was generated only by large-scale machine
production, which required the development of a certain system of knowledge, abilities and skills as the basis
of expedient human activity. With the growth and complexity of industrial production, the engineering activity
was mainstreamed, the proportion of engineers in the total number of industrial production personnel increased,
there were structural changes in the engineering and technical workforce. At the same time, their professional
qualifications were changing. Effective engineering demanded further expansion of technical, sociological
and fundamental general technical knowledge, their accumulation, i.e. spacious mind and at the same time the
ability to understand narrow specific issues in accordance with the specialization. When analyzing the course
units programs of the specialties of this profile, it was found out that the basis for most of the skills listed above
should be laid in the classroom session (lectures, seminars and laboratory classes). Moreover, the formation of
skills occurs in a variety of academic disciplines that have weak interdisciplinary connections. Unfortunately,
the further development of the skills laid down at the previous stage of training is not always foreseen. This
contributes poorly to the formation of the system of skills that students need so much for their future professional
activities.
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Ceitaana OcTanmeHko, KaHOudam neodazociuHux Hayk, 00yeHm, 3agidysay Kageopu

iHo3eMHOI inonocii, ykpaiHo3Hagcmea ma coyiaibHO-NPaso8ux OUCYUNIIH,

Jloneyvkutl HayioHanbHUull yHigepcumem ekoHomiku i mopeieni imeni Muxatina Tyzan-bapanoscvkozco
l'anna YaoBiueHKo, kaHOudam nedazociunux HAyK, 0oyeHm xageopu

inozemnol inonoeii, ykpainoznaecmea ma coyiaibHO-NPABOBUX OUCYUNTIH,

Joneyvkui HayionanvHull yHieepcumem exoHomiku i mopeieni imeni Muxaiina Tyean-bapanoecvkozo

CHUCTEMHMM HIJIXIT IO AHAJII3Y MPO®ECIMHOI
KOMIIETEHTHOCTI IHXKEHEPA

Y emammi posenaoaemvcs ma ananizyemuvca UKOPUCIMAHHA CUCEMHO20 NiOX00Y 00 aHANi3y NpoQecitinoi
Komnemenmuocmi indicenepa. ITiosuwenns keanighixayii inocenepie — 00He 3 HAUGANCIUBIUUX AKMEOTIOIYHUX 3A60AHD.
Inorcenep, ax cyb 'exm inHO8aYiliHOT OIANLHOCMI, € YEHMPATLHOIO PicyPOI0 HAYKOBO-MEXHIUHO20 Npozpecy; peanizayis
3a60amb, AKi GUPIULYE KPAIHA, 3HAYHOIO MIPOIO 3ANEAHCUND Gi0 U020 HE3ANENHCHOC, NPODECiliHOl KOMNemenmHocni,
20mosHocmi 00 nocmilinoi camoniocomosxu. Busnaueno, wo 6y0b-axa npogeciiina OisnbHiCMb GUHUKAE HA OCHOGI
nompeb cycninbcmea. I[Ipoananizysaguiu HaguanbHi npozpamu cneyiarbHocmetl Yo020 npoPinio, 3’51cy8anocs, uwo
0CHOBY DiNbULOCMI HABUHOK, NEPePaxo8anux guuje, caio 3aKnadamu Ha 3auammsx (lekyii, ceminapu ma 1ab6opamopmi
sanamms). Binbuie mozo, popmysanus Hasu1oxk 8i06yeacmvcs nio 4ac 6USUEHHS PISHUX HABYANLHUX OUCYUNILIH, AKI
Maoms ciabKi MidNcOUCYUNIiHapHi 36 3K

Knrouogi cnoga: cucmemmnuii nioxio, ingcenep; npogheciiina Komnemenmuicms, npogeciina KomnemeHmuicms
iHoKICeHepa.
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pends to a great extent on his independence, profes-
sional competence, readiness for constant self-train-
ing.

Analysis of research and publications. Many
foreign and domestic scientists have been engaged in
the problem of researching the professional compe-
tence of the engineer: L. Vashchenko, V. Vvedensky,
M. Zhaldak, I. Ziazun, M. Kornilova, O. Lokshina,
T. Mishinina, N. Nichkalo, O. Ovcharuk, O. Pometun,
A. Khutorsky, O. Savchenko, S. Sysoyeva, O. Semenog
and others.

The above mentioned helps to outline the aim of
the research, which is to analyse using of system
approach to the analysis of professional competence
of an engineer.

The statement of basic material. UNESCO,
with the participation of such authoritative interna-
tional organizations as FEANI (Europe) and ABET
(America), associations of engineering education and
societies of engineers, developed requirements for an
engineer of the 21st century. These requirements can
be summarized as follows: 1) steady, conscious and
positive attitude to one’s profession, sphere of activ-
ity, desire for continuous personal and professional
improvement and development of one’s intellectual
potential; 2) high professional competence, mastery
of the entire set of fundamental and special knowl-
edge and practical skills necessary in labour activity;
3) knowledge of modeling, forecasting and design
methods, as well as research and testing methods
which are necessary to create new intellectual and
material values; 4) understanding of trends and main
directions of engineering and technology development
and scientific and technological progress in general;
5) high communicative willingness to work in a pro-
fessional and social environment; 6) integrity of the
worldview, orientation towards a healthy lifestyle of
the personality of a specialist, as a representative re-
lated to the intellectuals of a social and professional
group, etc. [1].

The main functions of engineers. Any profes-
sional activity arises based on the needs of a society.
The roots of engineering go back to the distant past.
However, as a professional one, engineering activity
was generated only by large-scale machine produc-
tion, which required the development of a certain sys-
tem of knowledge, abilities and skills as the basis of
expedient human activity [2]. With the growth and
complexity of industrial production, the engineering
activity was mainstreamed, the proportion of engi-
neers in the total number of industrial production per-
sonnel increased, there were structural changes in
the engineering and technical workforce. At the same
time, their professional qualifications were changing.
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Effective engineering demanded further expan-
sion of technical, sociological and fundamental gen-
eral technical knowledge, their accumulation, i.e. spa-
cious mind and at the same time the ability to under-
stand narrow specific issues in accordance with the
specialization [2].

As various scientists note [2], the profession of
an engineer, having emerged as an occupation re-
lated to the application of knowledge in the practice
of construction and industry, has turned today into an
extensive kind of professional activity, covering prac-
tically all spheres of material and spiritual production,
management.

In a broader sense that meets the trends of mod-
ern scientific and technological progress, the main
feature of engineering and the leading feature of this
profession is the application of scientific knowledge
in all areas of production and management.

Let us remark, however, that although science is
now in the first place, engineering activity is not turn-
ing into the activity of a scientist. Noting this, E. Crick
writes that scientists are working in order to study,
explain and classify natural phenomena. The main
desire of a scientist is to enlarge the awareness of
people [6]. An engineer, on the contrary, seeks to cre-
ate a real apparatus, device, or to develop a process
that is utilitarian. An engineer creates everything in a
work process called design (unlike a scientist whose
main task is the research). The design process is the
essence of engineering.

The above mentioned does not mean that people
who are mainly engaged in science never solve engi-
neering problems, just like engineers do not do any
research in search of solutions to their tasks. The
main thing that distinguishes a scientist and an engi-
neer is what they are working on and the final result
of their work [2].

In order to distinguish one professional activity
from another, it is necessary to determine the sub-
ject, means and product of this professional activity.
In this regard, an engineering activity can be called a
professional activity, the subject of which is scientific
knowledge, the product is a project of some system
or the system itself. E. Crick says that there are many
engineering specialties specified by that field of knowl-
edge which an engineer needs to solve basic prob-
lems [6]. Despite various specialties, the main task
of all engineers is the same — to create systems that
turn materials, energy, information into a more useful
form. Within all engineering specialties you need to
master the basic techniques of work.

The nature of basic engineering skills can be de-
termined on the basis of the idea of the structure of
engineering activity. In modern manufacturing, an
engineer performs several interrelated professional
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functions. Depending on the fulfillment of certain
duties, three main groups of engineers are distin-
guished:

Group 1 —engineers preparing the production. The
main functions for them are research, design;

Group 2 — engineers directly involved in produc-
tion. Their main functions are technological, mechani-
cal repair, commissioning, etc.;

Group 3 — engineers engaged in production man-
agement. Their main functions are supervisory, analy-
sis and computation, controlling.

Briefly, this can be formulated as follows: the ac-
tivity of an engineer is reduced to designing, optimiz-
ing, organizing the interaction of the components of
the system “man — raw materials — energy — ma-
chine — production”. Common to the successful ful-
fillment of all these engineer functions is the need to
anticipate the behaviour of a certain system: a device
under development; production link, whose work is
optimized; a team that is being organized. Foresight
comes to developing a model whose behaviour ap-
proximates the expected behaviour of the system.

An attempt to describe the structure of engineer-
ing activity was made by J. Dickson [1]. He pro-
posed a scheme of engineering analysis, in which the
main stages of the formulation and solution of any
engineering problem are distinguished. According to
J. Dickson an engineering analysis requires, firstly, a
clear definition of the problem or issue that must be
addressed. After the task is determined and the solu-
tion plan is shaped, an engineer proceeds to develop
a model (on paper or in the laboratory). The model
should be so simple that it can be analyzed in an ac-
ceptable time, and at the same time so complex that
the results obtained from it are sufficiently informa-
tive. The analysis of this model should be based on
the application of physical principles and finding nu-
merical results. This also includes checking, evaluat-
ing, summarizing and optimizing the results. As fol-
lows from the scheme, one of the first stages of engi-
neering analysis is the stage of model building. With-
out this stage, further progress in solving the engi-
neering problem is almost impossible.

Methods for investigating the processes of all
types faced by engineers are based on the use of
models. The description of any real process begins
with idealization in such a way that it can be described
using a finite set of quantities x (t); y (t), which de-
scribe the essential aspects of the process. And this
leads to description of the processes occurring in any
system using differential equations. Such an equation
can describe the behaviour of a satellite or rocket,
multivibrator or cyclotron: in the economic field, the
development of the steel industry or the fluctuations
of our economy, i.e. it is equally suitable for describ-
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ing processes of various physical nature [ 1]. Ya. . Khurgin
and V. P. Yakovlev also believe that the process of
cognition of any phenomenon is a simulation [1].

In the structure of engineering activity, one can
distinguish the same components as N. V. Kuzmina
distinguishes in the structure of pedagogical activity,
namely design, gnostical, constructive, organizational
and communicative ones [4]. Particular attention
should be paid to the constructive component of the
activity, because it basically determines all profes-
sional activities. For different professions, there is
specificity in other components, but the most impor-
tant difference is precisely in the constructive one.
The set of constructive skills required by a doctor for
a successful surgery differs from the corresponding
set for an engineer, teacher, etc. Therefore, having
considered the structure of the constructive compo-
nent of engineering activity, it is possible to determine
the skills that are necessary for an engineer of any
specialty for a successful professional activity.

The engineering design process is the process in
which the constructive component of engineering
activity is most fully manifested. This process is pre-
sented by a flowchart taken from the work of J. Dixon
[1]. The core of this process is engineering analysis.
It consists of eight main steps. We will single out the
four most important ones: 1) the statement of the prob-
lem, 2) the model building, 3) the application of physi-
cal principles for the analysis of the analytical model,
4) the assessment of the results and providing rec-
ommendations in a representative style.

And the skills necessary for successful activity at
these stages are: 1) the ability to choose the most
suitable physical principle for the analysis of the
model, 2) the ability to formulate (set the task), 3) the
ability to apply the main general principles for the
analysis of the model, 4) the ability to rationally plan
the experiment, 5) the ability to take into account the
errors of the physical experiment correctly, 6) the
ability to present the results in a representative style,
7) the ability to provide recommendations.

To test the hypothesis that the ability to model
physical phenomena is fundamental in engineering,
we conducted a sample survey of researchers and
research engineers of physical research institutes.

Features of engineers of physical specialties ac-
tivities. The modern era poses the challenge for re-
searchers to deepen knowledge about the psycho-
logical processes of productive activities. The study
of engineering activity is of particular relevance, since
the development of technology poses the tasks of a
deeper and faster implementation of scientific
achievements — the scientific effect should turn into
the final socially useful product in a shorter time and
more efficiently. In particular, the creation of so-called
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scientific-production complexes is responsible for this
goal.

There are many approaches to the study of engi-
neers training systems. In publications devoted to the
problems of training a future engineer at a university,
the most often considered is the set of skills, abilities,
personal qualities necessary for successful profes-
sional activity: professiograms, models of engineers
of various profiles are developed. In these studies,
the most important business qualities, intelligence fea-
tures of engineers, etc. are identified. It is necessary
to know not only what knowledge and to what extent
the future specialist needs, but also the psychological
characteristics of professional activity; the role of
various mental components: sensory processes, men-
tal actions, motor skills, attention, etc. Moreover, it is
necessary to highlight their specific weight in the
structure of a professional’s activity.

An analysis of occupational methods appear in the
works of M.A. Dmitrieva, V.A. Ganzen, G.V. Sukhodolski,
A.I. Naftulyev, G.S. Nikiforov and others.

From the psychological sciences, labour psychol-
ogy and engineering psychology are indicated here.
Their objects are somewhat different. In the study of
activity, as noted by G.V. Sukhodolski, on the basis of
general problems and general tasks, the psychology
of labour and engineering psychology are not differ-
entiated [3]. The distinction can only be achieved in
focal points in two directions. Firstly, engineering psy-
chology does not study any labour activity, but the
activity of specialists in the systems “man-machine”,
“man-robot” and in ASM, while the psychology of
labor examines in principle any labour activity, even
unskilled laboir. In this regard, engineering psychol-
ogy is included in the psychology of labour. Secondly,
in engineering psychology, emphasis is placed on de-
signing human activities as a means and conditions
for designing an effective “man-machine” system,
while in labour psychology, emphasis is placed on
assessing personal qualities, on the formation of hu-
man abilities and professional skills depending on the
requirements of the profession. In this regard, engi-
neering psychology and the psychology of labour act
as different disciplines. But some methods of engi-
neering psychology can be extended to other types
of professional activity. Here we first of all note the
work of B.F. Lomov, V.P. Zinchenko, V.P. Rubakhin,
A.A. Krylov and others, aimed at studying the psy-
chological mechanisms of activity.

Earlier, we showed that from the point of view of
the structure of engineering activity, one of the main
skills that an engineer should possess is the ability to
model. Considering that this skill is most typical for
engineers of physical specialties, at the first stage we

Monous i punok Nel (180), 2020 44

set the task to find out the characteristic features of
the activities of these engineers.

The subjects were physical engineers from re-
search institutes; research laboratories of enterprises
and research and production associations — a total of
237 engineers. In doing so, we used the recommen-
dations of V.Ya. Yadov [5]. The main method at this
stage was the questionnaire method. Characteristics
of the sample: 55% of the engineers surveyed have
experience of more than five years, and 45% — less
than five years. 72% are satisfied with their work,
the remaining 28% are more likely are than not. 56%
of the surveyed engineers have proceedings or in-
ventions. The features of the activities of the engi-
neers included in our sample are: 1) a very vast area
of activity, 2) diverse types of activity, 3) activity at
the borderline of many specialties, 4) various degrees
of necessary training depending on the place of work,
5) quick amortization of knowledge. The decisive role
in the emergence of these features is played by the
factors of the scientific and technological revolution.

The results of the analysis of the questionnaires
indicate that the mental activity of physical engineers
proceeds in continuous connection with the practical
one. In activity, a combination of sensory and verbal-
logical cognition is most often needed; requirements
for labour intensity are unstable; for successful pro-
fessional activity knowledge of a sufficiently large
amount is required.

Cognition of the environment and regulation of
human behaviour is carried out using models of real-
ity. In engineering psychology, a concept — a figura-
tive-conceptual model — was introduced . The basis
of such models is the coordination of spatial and ver-
bal elements. In our study, this process is considered
in the application to models of physical phenomena,
which assumes the presence of the following elements:
1) the original image; 2) verbal constructions associ-
ated with the image; 3) symbolic images as interme-
diate elements of the model. Therefore, it was the
figurative thinking of physical engineers that was the
subject of a preliminary study.

Engineers, whose work experience is less than
five years, believe that for professional activities imagi-
native thinking should have a higher degree of devel-
opment. With growth of work experience, the desired
degree of development of all the qualities of visual
thinking falls. However, both groups of engineers are
unanimous in their appreciation of the same qualities
of visual thinking. At the level of operating images
that were previously perceived, both those and oth-
ers believe that engineers should be able to repro-
duce from the memory and mentally compare im-
ages between them. At the level of image reconstruc-
tion, engineers must anticipate the upcoming change
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in the image, create an integral image from separate
parts. At the level of creative imagination, the most
important is the creation of new structural and tech-
nical images. Thus, as a result of this preliminary study,
the nature of the mental activity of a physical engi-
neer was revealed; the most important qualities of
students’ visual thinking that are necessary to be de-
veloped in the process of professionally-oriented train-
ing are identified.

Let us remark that the existing system of training
engineers in many respects contributes to the forma-
tion of strict stereotypes of engineering thinking. Un-
der the conditions of accelerating pace of technologi-
cal development with the increasing role of the hu-
man factor, it is very important to orientate university
pedagogy towards the search for ways to form a cre-
ative engineer who can easily perceive a new, and
not just technically competent specialist.

Based on the structure of professional skills, in
each component of the activity, the basic skills that
are necessary to be formed for students’ future suc-
cessful work were identified.

Conclusions. When analyzing the course units
programs of the specialties of this profile, it was found
out that the basis for most of the skills listed above
should be laid in the classroom session (lectures, semi-
nars and laboratory classes). Moreover, the forma-
tion of skills occurs in a variety of academic disci-
plines that have weak interdisciplinary connections.
Unfortunately, the further development of the skills
laid down at the previous stage of training is not al-
ways foreseen. This contributes poorly to the forma-
tion of the system of skills that students need so much
for their future professional activities.

To combine these discrete skills, to bring their level
of formation to a high level is possible in the process
of students completing tasks based on a model of en-
gineering activity, even a simplified one.

For further research, the working hypothesis is
put forward that those types of self-directed work
of students that are based on the model of profes-
sional activity (scientific and educational research,
course and diploma design) can make a big contri-
bution to the formation of the entire selected sys-
tem of professional skills. In this case, an essential
condition is the existence of a relationship between
these types and an integrated approach to their or-
ganization.
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