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THE WAYS OF SYSTEM THINKING DEVELOPMENT OF FUTURE ENGINEERS

CIIOCOBBI PAZBUTUA CUCTEMHOI'O MBIIWJIEHUSA BYAYIIUX UHXKEHEPOB

13.00.08 — Theory and methodology of professional education
13.00.08 — Teopus 1 MeToAMKa TPOHECCHOHATBHOTO 00Pa30BaHUS

The article examines the issue of updating the contexts of pro-
fessional training of the technical university students and cadets.
The demand of the strategic training program presented in the
State Program “National Technological Initiative” is proved.
The article reveals the necessity of making changes in the engi-
neering education in general, the introduction of new methods
and a number of innovative educational technologies aimed at
development of the systems engineering thinking in general.

The author postulates development of the students’ system-
ic engineering thinking as the basis of the best implementation
of general scientific and special professional knowledge in the
area of professional activity. The main goal of development
of engineering thinking is promotion and implementation of
technical innovations to achieve effective results, as well as

to find solutions to technological and production problems.
The article represents the use of a synergetic approach as a
methodological basis of the research. Systemic thinking is pre-
sented as a characteristic that promotes holistic perception of
phenomena and processes.

The potential of metacognitive educational technologies,
such as technologies of development of critical thinking, tech-
nologies of systems analysis, reflexive technologies, for devel-
opment of engineering thinking is shown. They contribute to
development of reflexive mechanisms, the ability to general-
ize, systematize, convey, and work with systems. The article
presents the structure of engineering thinking; it provides the
results of students’ systems engineering thinking development.
The author offers typical tasks aimed at systemic thinking
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explication. The stages of systems thinking technology include
problem acceptance, idea generation, design development, and
project implementation.

The author argues that updating educational basis aimed
at developing the systemic engineering thinking of students,
which is taken as a basis at the educational institutions of the
Ministry of Defense, will contribute to achievement of high
quality military education adequate to the requirements of the
21 century.

B cmamve paccmampusaemcs npoonema 06HOGNEHUs KOH-
MeKcmog npoghecCcUuoHanbHOU NOO20MOBKU KYPCAHMOS U CIMYOeH-
MO8 UHIICEHEPHBIX cneyuanviocmetl. [loxkazvieaemcs akmyaib-
HOCMb pazpabomKi Cmpame2uteckol npoepammvl HO020NOBKU
Kaopos, npeocmasientoll 6 I ocydapcmeennoii npoepamme «Ha-
YuoHanvHas mexrono2uueckas unuyuamusay. ObocHosvleaemcs
HeobX00UMOCb BHECEHUs USMEHEHULL 8 UHIICEHEePHOe 00pa306a-
HUe 8 YelloM, BHeOPEHUS HOBbIX MeMOO08 U PA0d UHHOBAYUOHHBIX
006pa308aMENLHBIX MEXHONO02UL, HANPAGIEHHbIX HA pa3eumue
CUCIEMHO20 UHIICEHEPHO20 MbIULTEHUSL 8 YETOM.

Asmop nosuyuonupyem pazeumue y 00y4aArOWUXCA UHIICE-
HEPHO20 MbIUUIIEHUs KAK OCHOBY ONMUMANLHOU peanu3ayuu 00-
WEHAYUHBIX U CReYUaNbHONPODECCUOHATLHBIX 3HANUIL 8 chepe
npogeccuonanvrou dessmenvHocmi. B kauecmee ocnognotl yenu
DPA3GUMUsL UHIICCHEPHO20 MbIULTEHUS] NPeOCAasieHbl NPoOGU-
Jicenue u 6Heopenue MeXHUUeCKUx UHHOBAYUL 0151 OOCTHUINICEHUSL
IKOHOMUHECKU IPHEKMUBHBIX PE3YTbINAmos, a maxaice 0s no-
UCKa peuwieHuss mexHoN0UHeCKUX U NPOU3B0OCHIBEHHBIX 3A0aH.
B cmamve 0b6ocHo8bI8aGEMCS UCNONB308ANUE CUHEPEMULECKO20
n00xo0a 6 Kauecmee MemoOoI02UHecKol Da3zbl UCCIe0YeMO20
npoyecca. CUCIEMHOCIb UHIICEHEPHO20 MbIUULEHUsL NPEOCas-
ena Kax Xapakmepucmuxd, Cnocoocmeyiowas yenocmHuomy
socnpusmuio aenenuti u npoyeccos. Ilokazan nomenyuan me-
TMAKOSHUMUBHBIX 00PA308ATNENLHBIX TEXHONO02UU, MAKUX KAK
MEXHONO02UU PA36UMUsL KPUMUYECKO20 MbIWIEHUS, MEeXHON02UU
CUCMEMHO20 AHATU3A, PepreKCUHble MEXHON02UU, 6 PA3GUMUU
undcenepnozo molwnenust. OHu cnocobcmeyiom pazeumuio peg-
JIEKCUBHBIX MEXAHUZMOB, YMEHUIO 0000w amy, CUCTNEMAMU3UPO-
6amv, nepedasams, padomamy ¢ CUCHEMAMU.

B cmamve npeocmagnena cmpykmypa uHiCeHepHo20 Moli-
JleHUs, 0anbl pe3ynbmamyl UCCIe008AHUS YPOGHS PA3GUMUSL CU-
CMEMHO20 UHIICEHEPHO20 MbIULICHUS, NPEONONCeHbl MUNOGbIe
3a0anusi, HANPAGLEHHbIE HA PA3GUMUE CUCEMHO20 MbILULCHUSL.
Aemop ymeepocoaem, 4mo nocmpoenie y4edbHo2o npoyecca Ha
00HOBTIEHHOIL OCHOBE, HANPABLEHHO20 HA PA3GUIUE CUCTNEMHO-
20 UHIICEHEPHO20 MBIWLIEHUS CHIYOEHNO8, NPUHAMOE 3a OCHOBY
6 obpazoeamenvulx opeanuzayuax Munucmepcmea oboponel,
Oyoem cnocobcmeosams OOCHUNCEHUIO BbICOKO20 Kayecmed
60€HH020 00pazosanus, adekeamuozo mpebosanusim XXI sexa.

Keywords: engineering thinking, functional consistency, syn-
ergistic approach, internal and external systemic relationships,
systemic connections, system element, training of highly qualified
personnel, nonlinear thinking, structural and functional analysis,
product marketing, metacognitive educational technologies.

Kniouesvie cnosa: unoicenepnoe mvluunenue, QyHKYUOHaIb-
Hasl CUCTNEMHOCTb, CUHEP2eMUYECKULl N00X00, GHYMpeHHUue U
6HEWHUE CUCEMHbIE 63AUMOOMHOUIEHUS, CUCTNEMHbIE CEA3U,
onieMenm cucmempl, NOO20MOBKA BblCOKOKEANUPUYUPOBAHHBIX
Kao0pos, HeMUHEUHOCb MbIULIeHUsl, CIMPYKMYPHLIIL U (QYHKYU-
OHANLHBIU AHAU3, MAPKEMUHE NPOOYKMA, MEMAaKOSHUMUGHbIE
06pazoeamenvHbie MexHOI0U.
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Introduction

Nowadays, state and public structures are more than ever
interested in ensuring the development of industrial sectors
of Russian economy. The state program ‘“National Techno-
logical Initiative” states the necessity to develop the strategic
personnel training program. Its aim is to provide cooperation
between the state, business and science in order to ensure tech-
nology platforms operation [1]. This task determines the rele-
vance of this research.

Knowledge on the subject. Currently, there are some stud-
ies in psychology and pedagogy that reveal the problems of
systemic engineering thinking development. Scientific research
by A. Alekseev, V. Asmus, E. de Bono, D. Lando, I. Lerner,
Ya. Ponomarev, V. Razumovsky, T. Ribot, A. Esaulov, P. Jacob-
son reveal systemacity as engineering thinking characteristic.
M. Ochirov, O. Garmaev noted the determinism of professional
thinking of an engineer by the totality of economic, environ-
mental, aesthetic, ergonomic, communicative, and managerial
requirements for professional activity [2]. Some works offer a
view upon the structure of engineering thinking (D. O’Konnor)
and describe the levels of its development (D. Mustafina, 1. Re-
bro, G. Rahmankulova). Nevertheless the analysis shows that
the necessity of systemic engineering thinking development is
still declaratively proclaimed.

The expediency of the research is to meet the requirements
of strengthening the practical orientation of education, reflected
in the Project “Promoting the development of personnel training
system for basic sectors of the economy” [3].

Due to this fact the aim of the research is to determine the
main ways of students’ systemic engineering thinking develop-
ment. The tasks that arise in this regard relate to: clarification
of the concept of systemic engineering thinking; determining
the mechanisms of its formation on the technological basis.

Scientific novelty of the research lies in the substantiation
of the means of systemic engineering thinking development
on the base of the technology of systems engineering thinking
development.

The theoretical significance of the work is that it comple-
ments the knowledge about the formation of technical universi-
ty student. The features of the formation of the professional con-
sciousness of the future engineer are revealed in the work from
the standpoint of the synergetic methodology and are important
for the didactics of higher schools.

The practical significance of the work is that the results
of our research can be used in the educational process and pro-
grams of professional education for future engineers leading to
changes in engineering education in general.

General part

Materials and methods. The methodological base of this re-
search is the ideas about the synergetic style of thinking based
on the principles of openness and non-linearity. Synergetic par-
adigm, according to V. Penkov can be used to create “principal-
ly new approaches to the studying of surrounding reality” and,
therefore, it serves to develop thinking style suitable for solving
problems of various spheres of activity [4]. Thus, engineering
thinking is non-linear, open and holistic. In the course of the
study, such theoretical methods as research analysis, synthesis,
analogy, generalization are used.

The main purpose of engineering thinking is the promotion
and introduction of technical innovations to achieve econom-
ically effective results, as well as to find the solution of tech-
nological and industrial problems [5]. This process includes



BVI3HEC. OBPA3SOBAHWE. MPABO. 2020, Hoabpb N2 4 (53). MoanucHble nHaekcs — 38683, P8683

accepting the problem, generating an idea, which, in turn, leads
to a design developing, changing into a real project of new
equipment, technology, etc. [6].

The structure of engineering thinking includes such com-
ponents as:

— technical thinking, implying the skills of structural and
functional analysis;

— constructive thinking, allowing to simulate the process
of solving the problem, combining theoretical and practical
foundations;

—research thinking, which helps identify the degree of nov-
elty of the problem and is reflected in the ability to compare,
build a system of evidence and draw certain conclusions;

— economic thinking, which includes evaluating pro-
ject’s economic efficiency and marketing presentation
of the results [7].

Scientific research (A. Alekseev, V. Asmus, E. de Bono,
D. Lando, I. Lerner, Ya. Ponomarev, V. Razumovsky, T. Ribot,
A. Esaulov, P. Jacobson) represent functional systematicity as a
fundamental characteristic of engineering thinking.

Systems thinking helps a person perceive objects and pro-
cesses holistically, to see the interconnections that unites ele-
ments into a system [8]. A system is not a simple combination
of components; it consists of many subsystems, which include
system elements. System elements have all the characteristics of
a system. These relationships determine the holistic functioning
of the system. According to the ideas of D. O’Connor and 1. Mc-
Dermott, the more connections there are in the system, the more
ways you can find to influence the system [9].

Logic helps to identify the elements of the system, to present
their characteristics. Logical thinking involves the abilities of
the analysis and synthesis of information. However, it does not
allow taking into account internal and external system relation-
ships, in contrast to systems thinking [10].

Systems thinking is based on a combination of integrity and
hierarchy. Integrity means that each element has the properties
of the entire system. Each system is a subsystem of a higher
order system. Therefore, it is necessary to take into account the
structure, function and process of the system. Their study al-
lows to know the properties of each element both separately and
in the system [11].

However, there is an imbalance between the desire for a short-
term effect and the potential problems that arise in the long run.

The results of the research. A survey was conducted
among the cadets of engineering specialties of the Military In-
stitute (engineering and technical). The teachers assessed the
cadets’ level of development of engineering thinking. Assess-
ment of the cadets’ level of development of engineering think-
ing showed that 3"-year cadets of engineering majors have
problems with systematic vision of the problem (34 %), taking
into account possible limitations when finding solutions (22 %),
the ability to predict the further development of the idea (24 %),
ability to calculate the economic effect of an idea (12 %).

The skills of structural-functional analysis (56 %), mar-
keting presentation of a product (46 %), the ability to gen-
erate new ideas (46 %), the ability of self-education (48 %),
and practical application of theoretical calculations (46 %) are
slightly better developed. However, these qualities require fur-
ther improvement.

The abovementioned data make it necessary to change the
contexts of professional training of cadets and students of engi-
neering specialties. We need new approaches, a different sys-
tem of tasks, and a change of educational technologies.

Metacognitive educational technologies such as critical
thinking development technology, system analysis technology,
reflective technologies have high potential in the development
of engineering thinking. They contribute to the development of
reflective mechanisms, the ability to generalize, systematize,
transfer, work with systems.

The technology of systems engineering thinking develop-
ment, created on the basis of the ideas of G. Shchedrovitsky
by his followers, suggests a chain of technological opera-
tions (fig.) [12].

’—{ 1. Goal setting

’—{_ 2. Highlighting tasks

Il

I 3. Process definition |

« whatprocesses are taking place;
« whatmanagement processes willbe involved;
« whatprocessesneedtobe changed.

el = =1

’—i 4. Analysis ofthe situation, determination of restiictions

| 5. Creation of structural diagrams

+ determination of important points forthe operation ofthe
system;
« distribution of functionsaccordingtothe assignedtasks

| 6. Riskidentification

+ assessment ofthe degree of feasibility oftasks:
+ problem assessment;
+ assessment of problematic relationships

|
-

—| 7.Makingup an updated project

« definition of the updated structure;

« definition of updatedfunctions;

« determination ofthe specifics oftechnologies, equipment,
software, humanresources.

Fig. Technology of systems thinking development (according to
G. P. Shchedrovitsky)

Outputs

As we have said above, engineering thinking is based on a
synergy methodology and is non-linear, open and holistic (ho-
listic). The synergistic paradigm allows the formation of a style
of thinking suitable for solving engineering problems. The syn-
ergistic style of thinking is based on the synthesis of natural
science, humanitarian and philosophical styles of thinking and
represents a unified methodological basis for engineering think-
ing development the due to the following facts:

Firstly, engineering problems can be viewed upon as com-
plex system. The functioning of it as a whole cannot be de-
scribed as a simple sum of characteristics of its elements.

Secondly, the constant flow of information makes engineer-
ing cognition an open, dynamic, constantly updated system.
In an engineering case random factors and fluctuation processes
are of great importance. The need to take into account the di-
versity of reality explains the necessity of various methods and
forms of cognition.

Thirdly, the complexity of engineering problem, character-
ized by instability, constant variability, determines the necessi-
ty of a nonlinear type of thinking. The idea of development of
nonlinear analysis makes necessary to introduce new methods
and a range of innovative educational technologies aimed at de-
veloping systems engineering thinking in general.
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In practice, the synergistic approach is based on the prin-
ciples of self-organization, nonlinearity and is implement-
ed through the technology of systems engineering thinking
development.

This technology includes the use of a set of methods aimed
at developing skills in modeling and analysis of practice-orient-
ed situations. Among them are the following:

— Methods of scientific knowledge: analysis and synthesis
(separation of components from the whole and uniting parts
into a single whole), deduction and induction (derivation of ev-
idence from general to particular and from particular to gen-
eral), analogy, abstraction (distraction from certain properties)
and idealization (work with abstract concepts). These methods
include tasks related to the analysis and description of graphs,
diagrams, cyclic diagrams (processes), with the creation or de-
coding of diagrams, with the allocation of logical patterns based
on the analysis of a series of diagrams.

— Methods of comparison, the search for patterns in logical
sequences and structural diagrams, the search for relationships
between elements, the compilation of a new object based on one
or more given ones, the transformation of an object in a chang-
ing environment. The complexity of tasks based on these meth-
ods is that cause and effect can be dispersed over time.

— Methods of modeling (creation and study of the model).
The model is a generalized copy of the analyzed process. It is
abstracted from particulars and contains the most important
functions and relationships of the system. Modeling is the pro-
cess of creating a model as a conceptual representation of some
phenomenon. Typically a model will only deal with some as-
pects of the phenomenon under consideration, and two models
of the same phenomenon may differ significantly. The differ-
ences between them will be not only in the simple renaming of
their constituent components [13]. Tasks based on these meth-
ods contribute to the development of students’ skills to abstract
from unnecessary things, to model the situation, both with real
objects and situations, and with fictional ones.

— Methods of analysis of the effective systems functioning.
The presence of similar characteristics of systems suggests the
existence of similarities in the ways of their functioning. The
study of the interconnection of the system components, the
quality and conditions of its functioning makes it possible to
transfer the specifics of one system to another.

— Presentation of problem solving activities. At first the
students are offered a number of typical tasks in order to learn
to follow an algorithm. Then they are supposed to cope with
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