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INFORMATION AND COMPUTER TECHNOLOGIES IN THE DEVELOPMENT OF DESIGN
COMPETENCE OF FUTURE CIVIL ENGINEERS IN UNIVERSITY EDUCATION

Abstract. The article considers the role of ICT in the training of civil engineers. It is emphasized that at the
current development stage of engineering education, it is important to focus on the social engineer’s responsibility for
the safety of engineering facilities, in connection with which the activities of an engineer in the 21st century require
appropriate competencies in the context of design, modeling, and construction. The article aims to substantiate
the features of applying ICT in the development of design competencies of future civil engineers in the context
of university education. Research methods applied: analyzing scientific information to determine theoretical
information in developing project competencies of future civil engineers; systematization — to identify components
of the educational and professional program aimed at developing project competence; hermeneutic method — to
clarify the essence of project competence; generalization — to formulate conclusions. The design competence of
a civil engineer is defined as the integrated ability of a specialist to apply a set of knowledge, skills, and personal
qualities for the effective implementation of construction projects from the idea stage to the commissioning of the
facility. It is noted that the use of computer programs contributes to the interest of future engineers; development
of critical and spatial thinking, design vision; formation of design competencies and design literacy, which means
high-quality performance of engineering design work and modeling. The benefits of computer-based training in
developing project competence of future civil engineers have been identified: minimizing engineering errors, data
management (students learn to work not just with drawings, but with the object's database), and teamwork (using
cloud services allows future engineers to work on a joint project remotely). The task of forming a design culture of a
future civil engineer is determined by the informatization of education and automation of production, the formation of
knowledge regarding the application of computer technologies in all cycles of engineering and construction activities.
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modeling.

Introduction. At the beginning of the 21st century,
conceptual changes have occurred in engineering
activities, which consist in the fact that instead of a
separate technical device, mechanism, machine, etc.,
the object of research becomes a complex human-
machine system, which involves socio-technical design
and a certain humanitarian diagnostics and expertise.
Primary attention should not be given to machines and
computers, but to humans and their activities, their
social and psychological aspects, new techniques,
and technologies [1; 12]. In this regard, the social
responsibility of an engineer for the safety of engineering
facilities and for minimizing potential hazards at the
design stage plays an increasingly important role. The
activities of an engineer in the 21st century require
appropriate competencies in the context of design,
modeling, and construction.

Analysis of recent research and publications.
The issue of developing design competence of future
engineers has been considered in higher education
pedagogy in various aspects: in independent cognitive
activity (T.Petrunyok [7, p.308]); in the process of
learning computer graphics (V.Boyko [1, p.147]).

There are studies that focus on the development
of individual elements of project competencies.
Thus, the integration of geometric design and
professional knowledge of students was studied by
V.Proshkin [9, p.249].

The engineering and graphic skills of students
became the focus of attention of the team of
scholars [2, p.8; 3, p.184], who emphasize the importance
of expanding the capabilities of the university educational
environment through the use of computers and online
programs and resources that contribute to the formation
of design and construction competencies.

In the context of activity, M.Nakonechna studies the

formation of students’ readiness of technical specialties
for design activities [5]. Engineering modeling as a
methodological basis for project training in technical
universities is studied by T.Petrunyok [7] and
V.Proshkin [9]. A.Khalilov draws attention to the system
of information and technological support for design
training of future civil engineers at the university [12].

Considerable attention in scientific research has
been paid to the issue of engineering creativity, since
the logical and psychological properties of the subjects’
consciousness that are carrying out the design play a
significant role, in particular, the so-called anticipatory
consciousness — the ability of human consciousness to
determine the future [8].

V.Boyko[1],R.Gorbatyuk[3], V.Proshkin [9] indicate
that the peculiarities of modern engineering activities
are the collectivity of creative engineering activities,
the connection to the joint activities of economists,
psychologists, ecologists, and other specialists. There
are two approaches to modeling a new technical product
in the process of its creation: the first one considers
only technical objects, and human-machine relations
are mediated; in the second approach, the starting point
of the model is not a technical device, but the process
of meeting human needs in modeling the system
«man — technology — production environmenty [2].

A Khalilov emphasizes that modern technologies
are constantly transforming the construction industry,
revolutionizing how structures are designed, built, and
operated [12, p.3]. One of the key innovations impacting
this sector is the introduction of BIM technology — an
integrated building information modeling system.

The article aims to substantiate the features of
applying information and computer technologies
(ICT) in the development of design competencies
of future civil engineers in the context of university
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education. Research methods applied: method of
analyzing scientific information to determine theoretical
information in developing project competencies of
future civil engineers; systematization — to identify
components of the educational and professional program
aimed at developing project competence; hermeneutic
method — to clarify the essence of project competence;
generalization — to formulate conclusions.

Presentation of the main material. Information
technologies expand the capabilities of the university
educational environment through the use of computers
and online programs and resources that contribute to
the formation of design and construction competencies
of future specialists. Design competence is a complex
person integrative characteristic that determines an
individual’s ability and readiness for independent activity
in the development and implementation of projects
to solve specific theoretical or practical problems. It
combines knowledge, skills, and personal qualities
necessary to achieve the predicted result in conditions of
limited resources.

The main components of project competence
are [9]:

— Technical and design component: the ability to
develop design solutions, perform structural calculations
(load analysis, stability), and ensure their reliability in
accordance with state construction standards.

— Information and technology component:
proficiency in specialized software (AutoCAD, Revit,
BIM technologies) and the ability to quickly master new
digital modeling tools.

— Organizational and managerial component: the
ability to plan resources, define project boundaries
(scope management), develop work schedules (Gantt
charts), and to control the budget.

Taking into account different approaches in
understanding design competence [3; 4; 5; 9], we
interpret the design competence of a civil engineer
as an integrated ability of a specialist to apply a set of
knowledge, skills, and personal qualities for the effective
implementation of engineering and construction projects
from the idea stage to the commissioning of the facility,
which includes both purely technical (hard skills) and
managerial and soft skills necessary for solving complex
engineering tasks in changing conditions. Based on the
results of this scientific research, we have systematized
the main components of the design competence of a
civil engineer. Design competence typically includes the
following components:

— Cognitive: knowledge of design methodology,
project life cycle stages, and methods of managing them.

— Operational-technological: the ability to plan
activities, allocate resources, work with information, and
use special tools.

— Motivational-volitional: ~ willingness to take
responsibility for the result, focus, and ability to
overcome difficulties.

— Communicative: the ability to effectively interact in
a team, distribute roles, and present work results.

According to the Standards of higher professional
education regarding the training of future specialists,
an engineer is to demonstrate general cultural and
professional competencies. The Higher Education
Standard for the first (Bachelor's) level of higher
education in the field of knowledge — Architecture and
Construction, specialty 192 «Construction and Civil
Engineering» (2018) (2025 p. — G19 Civil construction
and engineering) [10] prescribes the following abilities
to be demonstrated: abstract thinking, analysis and
synthesis; to critically reflect on and apply the basic
theories, methods and principles of economics

and management for the rational organization and
management of construction production; to design
building, its components, structures and engineering
networks taking into account engineering, technical and
resource-saving measures, legal, social, environmental,
technical and economic indicators, scientific and
ethical aspects, and modern requirements of regulatory
documentation in the architecture and construction field,
environmental protection and occupational safety; to
use computer-aided design systems and specialized
application software to solve engineering problems in
construction and civil engineering; perform engineering
activities in the field of construction, preparation, and
use of technical documentation; awareness of designing
principles in urban areas; to organize and manage
professional development.

Professional training of future civil engineers
involves the use of computer programs. It promotes the
interest of future engineers, the development of critical
and spatial thinking, design vision, the formation of
design competencies, and design literacy, which refers
to the high-quality performance of engineering and
design work, the correction of errors in drawing, work
designing, model creating, etc.

Based on the study of scientific sources [1; 12],
regulatory legal acts [10; 11] and methodological
literature [6], we have identified the most popular software
for professional training of modern engineers, which is
aimed at developing design competence and is based on
the integration of specialized software (CAD/BIM) and
online platforms that allow you to master the full life
cycle of an object - from design to operation. The main
emphasis in training is on mastering BIM technology
(Building Information Modeling), which allows not only
to create 3D models with all the technical data of each
element, but also contains execution schedules (4D) and
cost indicators (5D).

Key ICT software packages for training are:

— Autodesk Revit: a base tool for architectural design,
structural calculation, and engineering systems.

— AutoCAD Civil 3D: is used for designing
infrastructure facilities, calculating earthworks, and road
networks.

— Robot Structural Analysis: a program for
performing complex calculations of the bearing capacity
(strength and stability) of building structures.

— Graphisoft ArchiCAD: A popular alternative for
architectural modeling and visualization.

— «Arcliit CAD», «Kommac-rpadix» i «Auto CAD»
- for automation of design and construction works, that
generate two-dimensional and three-dimensional images
of objects, programs for design and preparation of
drawing and design documentation.

— Corel DRAW, «ABto Apxitekrop» are information
systems that allow you to create plans, facades, sections,
systems for presentation and artistic graphics, etc.

Online resources for learning and self-education
are important. The use of cloud technologies and
remote learning courses provides flexibility in training
specialists:

— BUILDIT.LAB: Specialized Ukrainian platform
offering free and paid courses in Revit, point cloud
modeling system, and work in Robot Structural Analysis.

— Prometheus / EdEra: Ukrainian MOOC platforms,
where courses on the basics of engineering and digital
literacy periodically appear.

— Coursera / edX / Udemy: Global platforms with
professional certifications from leading universities and
developers (e.g., courses from Autodesk).

— Parametric.center: A source for in-depth study of
parametric modeling and automation in construction.
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The advantages of using computer training for future
professionals are:

— Minimization of errors, as virtual modeling enables
the detection of collisions (e.g., intersections of pipes
with walls) before construction begins.

— Data management, because students learn to work
not just with drawings, but with an object database
containing, which includes technical parameters, cost,
deadlines, and materials.

— Formation of teamwork skills, i.e., the use of
cloud services (such as Autodesk Construction Cloud),
which allows future engineers to work on a joint project
remotely.

We agree with V.Proshkin [9] that the use of ICT in
the context of design training of future engineers allows
us to combine traditional and modern technologies for
training future engineers; simultaneously use computer
graphic resources and traditional methods of constructing
design objects; present the implementation of technical
tasks in a three-dimensional modeling environment;
improve the quality of studying descriptive geometry by
improving clarity and visualization.

The results of scientific research indicate that the latest
information technologies in the conditions of university
education for future engineers should be applied in stages.
At the first stage, a theoretical basis is formulated using
established technologies, and at the second stage, the
skills and abilities acquired by students are consolidated
through online and computer programs. In addition, from
the analysis of scholarly sources, it can be concluded
that the engineering training of future engineers is
associated with the implementation of the main stages
of training: technical drawing combined with design;
drawing integrated with computer graphics; interactive

online learning (hosting sites for storing media files,
systems for creating and storing educational materials,
systems for jointly creating various types of documents,
web resources for organizing project activities, distance
learning systems, virtual communication systems: Wiki
technology, web training, web conference, webinar, web
forum, blog, chat, etc.) [9, c.250].

In the process of forming the design competence of
future civil engineers, it is worth focusing on improving
the educational process in the direction of creating
opportunities for the formation of such competence,
forming a creative educational environment that will
contribute to the personality development of the future
specialist and form an understanding the value of
design activities, creating favorable conditions for the
psychological comfort of participants in the educational
process.

Conclusions. The task of forming the design culture
of a future civil engineer today is determined in a global
sense by the informatization of education and automation
of production, and in relation to the specifics of the future
profession by the transition of design organizations to
computer technologies in all cycles of construction
work, starting from cost estimation, making drawings
and ending with the analysis of the building stability,
since the concept of information modeling and design
of buildings radically changes the idea of the computer
technology role in design. The computer is used not to
prepare a set of digital drawings and specifications, but
to create a single building information model. Prospects
for further research include studying the pedagogical
conditions of modern 3D technologies application in the
developing design competence of future engineers in
university education in Eastern European countries.
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TH®OPMAIIIIHHO- KOMII'IOTEPHI TEXHOJIOT'Ti Y PO3BUTKY IMPOEKTHOI
KOMIIETEHTHOCTI MAMBYTHIX IH)KEHEPIB-BYAIBEJIbHUKIB B YMOBAX
YHIBEPCUTETCBKOI OCBITH

Awnoranis. Posrssnyto nuranss mono poni IKT B migrorosui imkeHepiB-OyniBenbHuKiB. Haromomeno, mo
Ha Cy4acHOMY €Talll PO3BUTKY IH)KEHEPHOI OCBITH Ba)KJIMBO aKIEHTYBAaTH yBary Ha COLIaJbHIHM BiIIOBIAIBHOCTI
imKeHepa 3a Oe3rneKy iHKeHepHUX 00’ €KTiB, y 3BA3KY 3 UMM AisITbHICTH iHkeHepa X X1 cTomiTTs moTpedye BiAMOBI THIX
KOMIIETCHTHOCTEH B KOHTEKCTI NMPOEKTYBAHHS, MOJCIIOBAHHS Ta KOHCTPYIOBaHHs. Mera CTarTi: OOTpyHTYBaTH
ocobmBocti 3actocyBanHs IKT y po3BHTKY MPOEKTHUX KOMIIETEHTHOCTEH MaiOyTHIX iH)KeHEepiB-OyiBeIbHUKIB B
YMOBaX YHIBEPCHTETCHKOI OCBITH. MeToIy HayKOBOTO HOIIYKY: JUIS BH3HAYEHHS TEOPETHYHUX BIOMOCTEH IIONO
PO3BUTKY NMPOEKTHUX KOMIIETEHTHOCTEHW MailOyTHIX 1H)KEHEPIB-Oy/1iBEIbHUKIB 3aCTOCOBAHO METO/] aHAJII3y HAyKOBOI
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iH(opMaIii; CHCTEeMaTH3aMilo - /I BUSBICHHS KOMIIOHEHTIB OCBITHRO-TIPOQECIfHOT pOorpaMu, 10 CIIPSIMOBaHI Ha
PO3BUTOK IMPOEKTHOT KOMITETETHOCTI; TEPMEHEBTUYHHUI METO/ — JJIs1 3’ICYyBaHHSI CyTHOCTI TPOEKTHOT KOMIIETEHTHOCTI;
y3arajJbHEHHs. — JUIsl ()OPMYJIIOBaHHS BHCHOBKIB. BH3HAa4eHO MPOEKTHY KOMIETEHTHICTh iH)KeHepa-Oy/iBenbHHKa
SK IHTETpOBaHY 3AAaTHICTH (paxiBIls 3aCTOCOBYBATH KOMILUICKC 3HAHb, YMIHb Ta OCOOUCTUX SIKOCTEH IS €(peKTUBHOT
peatizaiiii OymiBeIbHUX MPOEKTIB Bijl eTary ifel 10 3/1adi 00’ €KTa B SKCILIyaTallilo. 3a3HaYCHO, 110 BUKOPUCTAHHS
KOMIT FOTePHUX TPOrpaM CIpUsie 3alliKaBIeHOCTI MaiiOyTHIX IH)KEHEepiB; PO3BUTKY KPHTHYHOIO Ta MPOCTOPOBOIO
MHCJICHHS, TIPOEKTHOTO OavyeHHs; (GOPMYBaHHIO KOHCTPYKTOPCHKUX KOMIIETEHTHOCTEH Ta MPOEKTHOI IPaMOTHOCTI,
i1 SIKOK0 PO3YMIEThCS SKICHE BHKOHAHHS 1H)KEHEPHO-IIPOEKTHUX POOIT Ta 3/iHCHEHHS MOJEIOBaHHA. BusBieHo
TepeBaru KOMI FOTEPHOT I ITOTOBKH Y PO3BHUTKY IMPOEKTHOI KOMIIETEHTHOCTI MaOyTHIX 1H)KCHEPiB-Oy/liBEIbHUKIB:
MiHIMIi3a1lis IIKCHEPHUX TIOMIJIOK, YIIPABIiHHSA JaHUMHU (CTYACHTH BUAThCS MPAIIOBATH HE MPOCTO 3 KPECICHHAMH,
a 3 0a3010 JaHuX 00’€KTa), KOMaH/aHa PoOOTa (BUKOPUCTAHHS XMapHHUX CEPBICIB JJO3BOJIsIE MaOYTHIM iH)KEHEpam
NpaLOBATH HAJl CIIIBHUM NPOEKTOM TUCTAHLIMHO). 3po0IeHO BHCHOBOK, LIO 3aBOaHHA (POPMYBaHHS MPOEKTHOL
KyJIBTYPH MaiiOyTHROTO iH)KeHepa-Oy/IiBelbHIKa CHOTOIHI 3yMOBIECHE 1H(POPMATH3aIi€I0 OCBITH Ta aBTOMATH3AIIIEI0
BUPOOHMIITBA, HEOOXiJHICTIO (POPMYBaHHS 3HAHb 100 3aCTOCYBAHHS KOMII IOTEPHUX TEXHOJIOTIH Ha BCIX IMKIAX
IH)KEHEPHO-0YHiBETBbHOI TisTTHHOCTI.

KirouoBi cioBa: TIpoekTHa KOMIICTEHTHICTh, 1H(OPMAIIfHO-KOMYHIKAIiiHI TEXHOJOTil, IporpamMHe
3a0e3IeueHH s, YHIBEPCUTETChKA OCBITa, MOJICTFOBAHHSI.
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