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RESEARCH ON THE FORMATION OF PROFESSIONAL
COMPETENCIES OF BACHELORS IN TECHNICAL
FIELDS OF STUDY

Training of qualified engineers is an important direction for any
country today. The place the state occupies in the world community
according to the research results is determined, first, by the intellectual
potential, and high level of competencies of specialists who have received
engineering education. The importance of achieving conformity of the
content and quality of engineering professional education to the ever-
increasing requirements of the modern economy is an urgent issue. This
can be achieved by developing quality educational programs that consider
the peculiarities of different sectors of the economy and the needs of
regions for highly qualified personnel. In conditions of acute shortage of
qualified engineering and technical personnel in the field of construction,
operation, and modernization of engineering systems, a high percentage
of deterioration of housing stock and engineering systems of its provision,
the search for ways to solve this problem is relevant for future bachelors
in the direction of training «Civil Engineering». This article presents a
model of forming professional competencies in the study of disciplines
in the specialty «Civil Engineering». The model includes theoretical
and practical components aimed at developing key skills necessary for
effective work in the construction industry. Special attention is paid to
integrating knowledge and skills through learning methods.
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Introduction

For quality training of a bachelor, it is necessary to combine the
requirements of employers with the professional activity of a specialist and
the goals of technical education with the help of the competence approach [1].
Professional competencies of a Bachelor of Engineering are the competencies
that determine the ability and readiness to solve a set of professional problems
based on knowledge, skills, and abilities acquired in the process of education,
considering the specific type of professional activity and personal potential [2].
The structure of professional competencies of a bachelor of technical direction
includes the following components: cognitive and thinking, which includes
knowledge necessary for solving professional tasks; functional, considering the
ways of performing various actions in solving professional tasks; and individual,
focused on the ability of self-organization and self-management. The list of
professional competencies is determined by the main types of professional
activities of a specialist in a particular field.

Pedagogical means of realization of conditions of formation of professional
competencies of bachelor include development considering the modular
approach. In the modular organization of the learning process, the content
of the modular learning technology is presented in a visual and suitable for
comprehension and application [3]. Formation of professional competencies
based on professional knowledge and skills. The more effective method is using
dynamically changing methods of pedagogical modeling of learning activity
according to the demands of the labor market.

Thus, it is important to have an approach where the learning process is aimed
at the integration of theory and practice. Thus, disciplines related to engineering
specialties require not only theoretical mastery of physics and mathematics, but
also the ability to apply this knowledge to solve practical problems, such as design,
modeling, calculation of structures, and other professional tasks [4].

The best practices of the world show the effectiveness of using active learning
methods [5], such as project methodology, and case method, as well as working
in groups and on simulators [6]. These methods allow students not only to master
theoretical knowledge but also to apply it in conditions close to real professional
practice. This is especially important for specialized disciplines, where the ability
to work with real projects and tasks is an integral part of professional competence.

As noted in the work that the development of communication competencies
is essential to meet university requirements and support graduate employment [ 7].
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However, students show significant deficiencies in this area. This study proposes
using a learning contract to address these deficiencies, with the main goal being
to analyze its impact on the development of oral speech and presentation skills.

Another investigation [8] highlights the importance of equipping technical
students with employability skills by implementing a Task-Based methodology
that mimics real-world professional challenges. It integrates Intercultural
Competence to prepare students for diverse workplaces, fostering skills such
as cultural awareness, empathy, and effective communication. This research [9]
defines competencies and proposes a new competency model based on expert
opinions using the Delphi technique. The study identifies 22 competencies across
three domains: knowledge, skills, and attitudes, and refines these through multiple
rounds of surveys with experts in Curriculum and Instruction. The resulting model
aligns with the European Qualifications Framework (EQF) and the National
Qualifications Framework for Higher Education in Tiirkiye, enhancing the quality
of doctoral programs in this field.

Authors presented of peculiarities of utilizing and adapting the Delphi Method
for use in qualitative research [10].

The results demonstrate a strong correlation between this approach and
improved employability skills, emphasizing its value in enhancing students’
personal and professional development.

Materials and methods

The research on the formation of professional competencies of bachelors was
carried out during the study of profile disciplines in the direction of «Engineering
systems and networks». In this regard, to create a model of theoretical and
practical component taking into account the labor market, the following works
were carried out:

1 Determination of the names of professional modules;

2 Determination of the relationship between elective modules (elective
courses) and compulsory modules (compulsory component), determination of
profile disciplines forming competences within the limits of studying this module;

3 Defining the method of teaching.

In order to solve task 1, the names of professional modules were determined.
The modules were designed to maximally meet the needs for specific knowledge
and skills that are necessary for successful professional activity in the chosen
field. The process of defining the module names included the following stages:

Analysis of Key Competencies and Areas of Knowledge: A review was
conducted to identify the key competencies required for professionals in the
field of engineering systems, such as heating, ventilation, air conditioning, water
supply, and drainage systems. This analysis informed the content of the modules.
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Development of Professional Module Names: Based on the analysis, the
following modules were identified, each representing a key area of knowledge
and competence: Design of Engineering Systems; Operation and Maintenance
of Engineering Systems; Diagnostics and Management of Engineering Systems;
Energy and Environmental Aspects of Engineering Systems; Innovative
Technologies in Engineering Systems.

In the second task, the primary objective was to design a logical and sequential
framework that allows for in-depth exploration of professional disciplines while
maintaining a strong theoretical foundation. The relationship between mandatory
and elective modules is presented in Table 1.

Table 1 — Mandatory and elective modules peculiarities

Relationships and Compe-
tencies Developed
Developing skills in ap-

Mandatory Modules Elective Modules

Basics of Engineering
Systems Design

Innovative Technologies
in Engineering Systems

plying new technologies
in design

Technology of Engineer-
ing Systems Installation

Automation and Control
of Engineering Systems

Competencies in manag-
ing modern engineering
systems

Fundamentals of Engi-
neering Systems Opera-
tion

Energy Efficiency in En-
gineering Systems

Knowledge in energy-
saving technologies

Standards and Regula-
tions in Engineering Sys-
tems

Environmental Aspects
of Engineering Systems

Understanding sustainable
and eco-friendly design

and operation

Task 3 includes the development of professional modules for the «Engineering
Systems» program, a special emphasis was placed on integrating practical and
active learning methods that align with the program’s core competencies. These
methods include Project Method, Case Study Method, Modeling, and Field
Practices. Each teaching method was used as a framework to shape the content and
structure of the professional modules. Project Method forms the basis for creating
modules that emphasize applying theoretical knowledge in real-life projects. This
method allows students to gain practical experience and learn how to work in teams,
manage resources, and approach complex engineering problems in a structured
way. Case Study Method involves using real-world scenarios to analyze and
solve engineering problems. It encourages students to critically evaluate different
approaches to challenges in engineering systems, promoting problem-solving and
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decision-making skills. The case study approach was integrated into modules
focused on diagnostic and troubleshooting processes.

Modeling involves using simulations and models to replicate real-world
engineering systems. It allows students to test various engineering solutions without
the risk of failure in real-life systems. Modules based on modeling teach students to
analyze system behavior, predict performance and optimize designs before actual
implementation. Field practices provide students with the opportunity to observe
and participate in the real-world functioning of engineering systems. By working
on-site, students can directly apply their theoretical knowledge to solve practical
problems and gain a deeper understanding of the engineering process in various
environments. Modules based on field practices focus on direct interaction with
working engineering systems.

Results and discussions

As aresult, the structure of formation of students’ competencies (Table 2) has
the integrity of the process of formation of professional competencies and is based
on the correspondence of the educational program objectives to the disciplines
that form general professional and professional competencies of bachelors. So, the
formation of professional competence «Ability to carry out all types of professional
activities in the field of design, construction and operation of water supply, drainage
systems, providing microclimate of buildings and structures» occurs during the
study of disciplines «Heating systems of buildings», «Sanitary and technical
devices of buildings», «Automated design of engineering systems». Adaptation to
the requirements of the labor market through a modular approach combines these
disciplines in the «Module of technology and engineering equipment», which is
studied after the acquisition of general professional competencies in the «Module
of theoretical foundations of professional activity», that is, the first module is
essentially the foundation for the study of subsequent ones.
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Table 2 — Structure of formation of students’ competencies

Moduule name

Competency Fformed

Main disciplines

1 Module of Fun-
damental Engi-
neering Sciences

Ability to build mathemati-
cal models of objects, design
and develop components and
blocks of engineering systems
using computer-aided design
tools.

Mathematics, Engineering
Mechanics, Surveying, Ar-
chitectural and Construction
Drawing, BIM Design Tech-
nology

2 Minor Module
of General Con-
struction Disci-
plines

Ability to forecast urban plan-
ning social needs and use them
at various stages of engineering
systems and networks design.

Building Materials, Architec-
ture and Structural Design,
Geotechnics

3 Module of The-
oretical Founda-
tions of Profes-
sional Activity

Ability to analyze hydraulic
and thermal processes and
modes for the subsequent de-
sign of engineering systems.

Hydraulics and Aerodynam-
ics, Heat Engineering, Build-
ing Thermophysics

4 Module of En-
gineering Equip-
ment and Tech-
nology

Ability to carry out all types
of professional activities in the
design, construction, and oper-
ation of water supply, sewage
systems, and climate control of
buildings and structures.

Pumps, Fans, Compressors,
Sanitary Engineering Systems
in Buildings, Ventilation and
Air Conditioning, Heating
Systems for Buildings, Auto-
mated Design of Engineering
Systems

5 Module of De-
sign, Construc-
tion, and Opera-
tion of Engineer-
ing Systems and
Networks

Ability to carry out all types
of professional activities in
the design, construction, and
operation of water supply
and sewage networks in set-
tlements; water intake and
treatment plants, heat sources,
heating and gas supply net-
works in settlements.

Water Intake Facilities, Wa-
ter Purification Technolo-
gy, External Water Supply
Networks, External Sewer-
age Networks, Wastewater
Treatment Technology, Heat
Generation Units, Non-tradi-
tional and Renewable Energy
Sources, Gas Networks and
Equipment, Heat Supply,
Water Resources and Air
Protection Technologies
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6 Module of
Construction
and Engineering
Technologies

Ability to organize and man-
age the process of prepara-
tion and implementation of
construction, reconstruction,
modernization, and optimiza-
tion of engineering systems.

Economics and Manage-
ment of Engineering Systems,
Construction and Installation
Technology, Diagnostics,
Adjustment, and Operation of
Engineering Systems, Recon-
struction and Modernization
of Engineering Systems

The selected learning methods for each module are summarized in Figurel.

® Mathematics

B Architectural Drawing
W Architecture and Construction

m Heat Engineering

Case Study Method

= Engineering Mechanics
HBIM Technology

M Geotechnics

m Building Thermal Physics

Modeling

Project Method

Field Practices
B Geodesy

B Building Materials

B Hydraulics and Aerodynamics

B Pumps, Fans, Compressors

B Sanitary and Technical Equipment = Ventilation and Air Conditioning

Figure 1 — Learning methods

Considering the above requirements and considering the formation of
necessary professional competencies, the model of professional competencies
formation is built (Figure 2). This model outlines the key components and processes
necessary for acquiring and enhancing competencies in the professional field. The
division into basic, intermediate, and advanced levels aligns with the progression
of knowledge and skills acquired throughout study, ensuring that students are
gradually prepared for increasingly complex tasks and responsibilities in the
construction industry.

Basic Level (Bachelor’s Year 1): In the first year of the program, students
acquire foundational knowledge in construction principles, mathematics,
engineering basics, and technical drawing. This stage focuses on building core
competencies such as understanding construction materials, basic design concepts,
and fundamental project management skills.
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Intermediate Level (Bachelor’s Year 2-3): As students advance, they deepen
their understanding of construction processes, structural design, building systems,
and environmental considerations. They also start applying theoretical knowledge
to more complex problems, such as conducting site analysis and participating in
real-world projects. At this stage, students develop skills in areas like construction
planning, budgeting, and quality control.

Advanced Level (Bachelor’s Year 4): In the final year, students are expected
to integrate and apply their acquired knowledge to advanced topics such as
construction law, sustainability, advanced project management, and innovative
building technologies. They work on complex projects, demonstrating their
ability to manage teams, lead projects, and make strategic decisions within the
construction industry.

Lewvels of professional competency formation,

v ¥ l
Intermedizte Advanced
L

Basic Leve
Basic Level Level

Result — Competent Graduate ‘
Figure 2 — Developed model of professional competencies
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This hierarchical structure ensures that students gradually progress from
acquiring basic knowledge to mastering specialized and advanced competencies,
ultimately preparing them for professional practice in the construction industry. It
also allows for a systematic approach to competency development, ensuring that
graduates possess the necessary skills to meet industry demands.

Conclusion

Considering the requirements of employers, the names of professional
modules have been defined, the sequential structure of their study has been
created, the relationship between elective modules and compulsory modules has
been determined, the profile disciplines forming competencies within the study
of this module have been defined. The set and content of general professional
and professional competences of bachelor’s degree in «Civil Enginering»
training direction for each module of profile disciplines is defined and disclosed.
Theoretically substantiated and developed a structural-functional model of the
process of professional competences formation, which includes a set of components
such as cognitive-thought; functional; individual. At that, each component has
its own goals, content, tasks, is formed using specific methods and means and is
evaluated separately.
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KOCIBU K¥3bIPETTIVIIKTEPAI KAJIBIIITACTBIPY JIbI
3EPTTEY BAKAJIABPJIAP/IbIH TEXHUKAJIBIK BIJIIM BEPY
BAFJIAPJTAMAJIAPBI BOMBIHIIIA

bBinikmi  uwnowcenepnepoi Oaspnay Oyeinei manoa Ke3 KeleeH
en  ywiH Mayul30vl bazeim  Oonvin  madwviiaovl. Endiy  anemoix
KaybIMOacmulKmagsbl OpHbl 3epmmeyiep Hamudicenepi OouviHud, ey
AnObIMeH, UHMELIEKMYanioblK dNeyemiMer JHCIHe UHICeHepNiK Oinim
ANIEAH MAMAHOAPOLIH HCOLAPLI KICIOU KY3bIpemmIniciMeH AHbIKMAanaobl.
Hnocenepnix kaciou OINIMHIY MA3MYHbL MEH CANACHLIHbIY 3AMAHAYU
9KOHOMUKAHBIY YHeMI OCIn Kelle JcamkaHu Mmalanmapulia Coukecmicin
KaMmamacwls emy mMauwizobl maceie Oonvin mabwiiadei. bByn apmypui
9KOHOMUKAIBIK CANANAPObIH epeKeniKmepin Jdcane oHIpLepOly JHco2apbl
Oinikmi Kaopnapea OezeH Kadxdcemminiein eckepemin canaivl OLiM
bepy Oazoapnamanapvli a3ipiey ApKblibl JiCy3e2e AcCbipbliybl MYMKIH.
Kypounvic, natioanany scone umdsiceHepix scyienepoi MoOepHU3AYUsIAY
CANACLIHOA UHIICEHEPTIK HCIHE MEXHUKANbIK KAOPILaPObIH Jcemicneyuiniel
2ACAROAUBLIHOA, MYPLIH VUi KOPbLMEH OHbIH KAMIMAMACHL3 enty JCYLelepiniy
TMO3VbIHbIY JHCOAPbL NAUBIZbL Ke3IHOE OCbl MICENEHI Weuty JHCon0apuit
i30ey «Kypulnvicy 6asblm 6otblHwa Oonawax 6akanagprap yulin
e3exmi 6onvin madwvLiadvl. Byn makanaoa « Kypolivicy dazeim 00ubIHMWA
naHOepoi 0Kyoa Kacibu Ky3vlpemminikmepoi Kaiblnmacmeipy MoOeii
yevinviazan. Mooenb meopusnl Jcane NPAKMUKAIbIK KOMNOHEHmMMmepoi
Kammuobwl, 01ap KYPLIbIC CALACOIHOA MUIMOL ICYMbLC icmeyee Kadicemmi
Heeizel dazovLiapobl damvimya bagvimmanzas. bBinim men 0az0vinapovt
0Ky 20icmepi apKblLibl UHMESPAYUALIAYEa epeKule Ha3ap ayOapulLigaH.

Kinmmi cesoep: xaciou Kysvipemminikmep, MoOenb, MEXHUKATbIK
cananap, oKy 6a20apiramaniapuii 23ipaey, Kaiblnmacmoipy.
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NCCIEJOBAHUE ®OPMUPOBAHUSA ITPOPECCUOHAJIBHBIX
KOMIIETEHIIUI BAKAJIABPOB B TEXHUYECKHX
OBPA3OBATEJIBHBIX IPOTPAMMAX

Iloocomoeka — KEATUDUYUPOBAHHBIX — UHIICEHEPO8  SGIACMCA
BAJICHLIM — Hanpagienuem O JHO0U CMPAHbl HA  Ce200HAWHUL
Oenv. Mecmo, komopoe cmpana 3aHumaem 6 MUpOSOM coobujecmee
no  pe3yIbmamam UCCied08aHUll, ONpedensiemcs, npexcoe 6cezo,
UHMENTEKMYATbHLIM NOMEHYUAIOM U GbICOKUM YPOGHEM KOMREmeHyull
CReyuanucmos, NOIYYUSWUX UHJICeHepHoe o0bpazosanue. Bajicrnocme
OOCUNCEHUSL COOMBEMCMBUSL COOEPHCAHUA U KAYECHBA UHIICEHEPHO2O
npogeccuonanbHoco  06pA306aHUs  NOCMIOSHHO — B03PACMIAIOWUM
MpeboBaHUsAM — COBDEMEHHOU  SKOHOMUKU — AGNAEMCS  AKMYAIbHOUL
npodaemoul. Imo2o MOACHO 00CMUYb NYMeM Pa3pabOmKU Ka4ecmeeHHbIX
006pA306aMENbHBIX NPOSPAMM, KOMOPble VUUMbIGAION 0COOEHHOCIL
PA3MUYHBIX  CEKMOPO8  IKOHOMUKU U  NOMPEOHOCMU  PecUOHO8 8
8bICOKOKATUPUYUPOBAHHBIX KadpaXx. B ycnosusx ocmpoeo oeghuyuma
KEATUDUYUPOBAHHBIX  UHICEHEPHO-MEXHUYECKUX Kadpos 6 obracmiu
CMpoumensemea, — AKCNAYamayuy U MOOEPHUIAYUU — UHICEHEPHBIX
cucmem, bICOKO20 NPOYEHMA USHOCA IHCUTUUHO20 (POHOA U UHICEHEPHBIX
cucmem e2o obecneueHus, NOUCK Nymell peuleHust Smou npoonemvl
A6NAEMC AKMYanibHbIM 051 OyOyWux 0aKaiaepos no HANpaeieHuro
nooeomoeku «Cmpoumenscmseo». B odaunoti cmamve npedcmasnena
Mooenb (hopMuposanust NPOGecCUOHATbHbIX KOMREeMeHYUll npu U3y4eHul
Qucyunaun no Hanpaeienuio «Cmpoumenbcmeoy. Moodensb exaouaem
meopemuueckue U NPAKMUYecKue KOMNOHEHMbl, HANPAGIeHHble HA
paszeumue KIyegbix HA8blK08, He0OX0OUMbIX 0115 3¢hekmusHol pabomol
6 cmpoumenvroti ompacau. Ocoboe @HuUManue yoeieHo unmezpayuu
SHAHUIL U HABLIKOG Uepe3 Memoobl 00)UeHUs.

Knrwouesvie cnosa: npogeccuonanvhvie KomnemeHyuu, Mooenb,
mexHuyeckue obnacmu, papadomra y4edHviX npoepamm, popmuposanue.
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