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THE SCIENTIFIC-CREATIVE COMPONENT IN THE STRUCTURE OF
PROFESSIONAL TRAINING OF PROSPECTIVE ENGINEERS

Abstract. The scientific-creative approach is identified as a principal vector for the
modernization of higher technical education in Ukraine, creating opportunities for
prospective engineers to define individually significant creative goals and implement
them for effective professional activity. Contemporary challenges faced by engineering
specialists, as well as the problems and tasks that must be solved in their professional
activity, are becoming increasingly creative, without patterned or standardized solutions.
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Based on these tendencies, the problem of forming the personality of an engineering
specialist with a developed need for creative self-realization in future professional activity
is gaining particular relevance.

The article examines the theoretical foundations and practical aspects of the
professional training of prospective engineering specialists for scientific-creative
activity in industrial production. The professional training of prospective engineers in
the shipbuilding industry is characterized as a system of scientific and creative skills
enabling engineering students to structure technical, scientific, and practical
knowledge for the effective solution of research tasks in their future professional
activity.

Scientific creativity is regarded as the readiness and ability of a prospective
engineering specialist to conduct purposeful scientific and research activity in the field
of industrial production. It has been established that the formation of scientific
creativity skills involves the development of the creative potential and scientific
culture of engineering students, as well as their active involvement in fundamental
sector research.

The results of the research convincingly demonstrate that the development of
scientific creativity skills contributes to the enhancement of the individual creative
potential of engineering students and to the advancement of the inventive capabilities
of prospective technical specialists. The effectiveness of the process of forming the
scientific-creative component of professional training was ensured through the
following conditions: the application of active dialogical forms and methods of
educational activity, and the involvement of engineering students in the activities of
university scientific schools. Courses on the methodology of technical creativity and
the fundamentals of scientific research in contemporary engineering also proved to be
effective.

Keywords: technical education; professional training; creative approach; prospective
engineers; research activity; shipbuilding industry; scientific creativity; sector-
specific scientific research.

1. INTRODUCTION

In contemporary conditions, education in Ukraine is recognized as an important factor
of the political, social-economic, cultural, and scientific development of society. The main
trends in the education of prospective engineers in modern conditions include the
fundamentalization of education, the humanistic orientation of professional training, the
actualization of spiritual and general cultural components, and the formation among
engineering students of a creative approach to the analysis and solution of non-standard
technical tasks and social situations. The formation of a competent, highly qualified, and
competitive technical specialist with skills of scientific creativity has been identified as the
principal objective of engineering education at Admiral Makarov National University of
Shipbuilding (NUOS).
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The increasing relevance of the scientific-creative approach to the training of
engineering specialists is explained both by the social conditions and economic challenges of
the country and by the specific characteristics of the future professional activity of engineers,
which encompasses the principal spheres of material and spiritual production, public
administration, and national culture. Therefore, our attention has been focused on
investigating contemporary approaches and developing the necessary conditions for the
formation of a creative and socially active personality of a prospective specialist in the
shipbuilding industry. Scientific activity is considered an essential condition for the effective
preparation of engineering students for intellectual, non-standard, and creative professional
activity.

2. AIM AND TASKS

Despite the intensification of research of the theoretical foundations and
methodological approaches to the training of prospective engineers, the problem of
developing skills of scientific and creative activity remains insufficiently researched.
Consequently, there is a need to develop and substantiate the conditions for enhancing the
scientific and creative component of the professional training of prospective engineers, which
constituted the principal objective of this research.

According to the conclusions of contemporary scholars investigating the theoretical
foundations and practical conditions for the implementation of technical specialists’ training,
engineering activity is inherently cognitive, transformative, and creative in nature [1]. A
modern engineering specialist is expected to possess knowledge not only of engineering
technologies, contemporary production processes, economics, and ecology, but also the
capacity for invention and the skills necessary for a creative approach to professional activity
[2]. In particular, researchers emphasize the necessity of training engineering specialists for
scientific activity, research work, and the practical implementation of their own creative ideas
and concepts [3].

The analysis of scientific works demonstrates that the professional training of
specialists in the shipbuilding industry should provide engineering students with
opportunities to develop their individual creative potential, cultivate the need for creative
self-development, and engage in scientific inquiry aimed at solving complex technical
problems [4]. Scientific creativity of an engineering specialist is regarded by contemporary
researchers as a personal characteristic determined by the capacity for creative activity, the
generation of new original ideas, and the ability to make non-standard and responsible
technical decisions [5].

Researchers consider creativity as a specific expression of an individual’s intellectual
activity, which consists in the ability to carry out the process of cognition beyond the limits of
the initial task; thus, the essence of creativity lies in the search for a new and optimal way of
solving a problem [6]. At the same time, the creative process requires an individual’s ability
to effectively perform operations of logical thinking (analysis, synthesis, comparison,
classification, etc.) in the course of mastering professional knowledge and the skills necessary
for the production process [7]. Researchers have reached conclusions that enable to regard
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creativity as the ability to comprehend one’s own experience, freely navigate the
contemporary information space, and identify optimal solutions in non-standard situations
[8]. Consequently, a prospective technical specialist must be capable of applying technologies
and creative activity skills that meet contemporary social-economic demands [9].

The conducted analysis demonstrates the increasing relevance of the scientific
component in the training of engineering students on the basis of implementing a creative
approach. Scientific and creative activity is regarded as a necessary condition for the effective
preparation of a competent specialist in the shipbuilding industry, ensured through the
integration of the educational, scientific, industrial, and creative activities of the prospective
engineer. This integrative process requires the search for ways to improve the training of
engineering students aimed at developing skills of scientific creativity.

3. RESEARCH FINDINGS

At the first stage of the study, which involved a review of the literature on the problem
and an analysis of practical experience in the training of engineering specialists in higher
technical education institutions in Ukraine and abroad, a number of regularities and
characteristic features of the training process were identified. These findings were taken into
account in the development of the conditions for forming the scientific-creative component
of the professional training of prospective engineers. The training of specialists in the
shipbuilding industry who meet contemporary social challenges and demands requires
purposeful work aimed at identifying and developing the creative potential of engineering
students, as well as fostering a creative approach to professional activity. Within this
framework, the development of scientific and creative skills becomes essential, which
actualizes the problem of forming scientific creativity skills of prospective engineers.

The conducted research demonstrates that a high level of mastery of the necessary
professional competences can be achieved through the integration of scientific training of
engineering students and the formation of skills for the creative application of theoretical
knowledge in the production process [10]. Therefore, it is important not only to teach
prospective specialists in the shipbuilding industry to operate knowledge and technologies,
but also to prepare them for an active position in social life and to enable them to use scientific
and technological achievements for creative activity throughout their lives [11].

The creative potential of the individual is defined as the foundation for the realization
of an engineering student as a subject of educational and creative activity in a higher technical
education institution. The study demonstrates that the scientific creativity of a prospective
engineering specialist in the shipbuilding industry is a dynamic structure of personality
expressed through the integration of value-based, cognitive, and activity-related components.
In the context of this research, engineering creativity is regarded as the ability to generate
new ideas, develop non-standard solutions, and create original inventions.

Scientific creativity of a prospective engineer is defined as a continuous process of
identifying and developing individual creative abilities. Under such conditions, the
engineering student acts as a subject of creative interaction in the educational process. There
is an awareness of the need for continuous creative self-realization based on contemporary
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scientific achievements, as well as responsibility for the outcomes of creative activity. The
formation of scientific creativity skills requires the development of appropriate training
conditions, which include the use of dialogical forms of educational activity and the active
involvement of students in the scientific work of the university. The developed scientific and
creative skills of engineering students are the result of implementing methodological
approaches and techniques in engineering education that correspond to contemporary trends
in the development of the shipbuilding industry, society, science, engineering, and advanced
technologies [12].

The second stage of the study involved examining the level of formation of students’
motivation, knowledge, skills, and experience in conducting scientific and creative activities.
To determine the existing level of scientific creativity skills, several validated tests were
applied, namely the Guilford test for assessing the level of development of creative abilities;
the Torrance Tests of Creative Thinking for diagnosing creativity and creative thinking; the
Getzels and Jackson test for studying creative giftedness and high intelligence; the Wallach-
Kogan test for pedagogical diagnostics of creative potential; the Remote Associates Test and
the Mednick test of verbal creativity. Comprehensive observations of prospective engineers
were also conducted.

The analysis of the results demonstrated a relatively high level of motivation among
prospective engineers to engage in scientific and creative activity: 78.5% are aware of the
necessity of conducting research work; 20% of respondents were unable to clearly formulate
the goals and motives of research activity, although they expressed interest in this type of
work; 1.5% of respondents do not have clearly formed motives for scientific and creative
activity. The study showed that 93.8% of students have insufficient knowledge of research
methods; however, they expressed readiness and willingness to study the theoretical
foundations of scientific creativity and to participate in the scientific activities of Admiral
Makarov National University of Shipbuilding. The presence of skills and experience in
conducting research was determined through observation and interviewing, which revealed
that only 6.2% of students had knowledge and skills in organizing research activity.

The third stage of the study involved the participation of students and academic staff
in experimental work, which included the implementation of the proposed training
conditions in the educational process and the verification of their effectiveness in developing
the scientific and creative component. The experimental base of the study included the
Educational and Scientific Institute of Automation and Electrical Engineering, the Mechanical
Engineering Institute, and the Shipbuilding Educational and Scientific Institute of Admiral
Makarov National University of Shipbuilding.

The implementation of professional training based on the developed conditions
involved the active involvement of prospective engineers in university scientific associations
(schools, clubs, laboratories); their participation in special courses such as “Methods of
Technical Creativity” and “Fundamentals of Scientific Research in Modern Engineering”;
presentations at scientific seminars, round tables, conferences, and symposiums; and
publication of research results in collections of scientific papers. The implementation of the
experimental methodology was based on thorough instruction, the establishment of feedback
mechanisms, and the stimulation of motivation for scientific inquiry. The development of
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methodological tools was conducted by specialists in the relevant field of engineering. The
main approaches that proved effective in fostering scientific creativity included orienting
university activities toward the development of research skills, forming students’ experience
in scientific work, and encouraging students to solve scientific problems.

The main principles for implementing a creative approach, which we strictly followed
during the experimental work, were the observance of ethical norms and standards of
research and creative activity. Ethical cognitive activity presupposes a tolerant recognition of
the originality and uniqueness of the prospective engineering specialist’s personality. The
objective creative potential of an engineering student should result in the production of an
original and unique research output in accordance with the ethical standards of professional
engineering ethics. According to our findings, the ethics of educational creativity is based on
volitional qualities of a highly qualified technical specialist, such as perseverance, diligence,
organization, purposefulness, and self-control.

An effective means of acquiring knowledge of the methods and principles of organizing
scientific and creative activity was identified by 93.7% of engineering students involved in
the experimental work as the study of specialized academic disciplines such as “Methods of
Technical Creativity” and “Fundamentals of Scientific Research in Modern Engineering,” as
well as special courses and seminars. Accordingly, 96.5% of prospective engineers noted that
participation in student scientific associations (clubs, research groups, and laboratories)
contributed to the development of their motivation for scientific inquiry and inventive
activity, while also providing opportunities for in-depth study of individual disciplines and
mastery of research methodology.

The success of the process of students’ creative self-realization is determined by
specific scientific and creative outputs: external outputs (reports, essays, abstracts,
presentations, articles, innovative inventions, designed devices, engineering developments,
etc.); and internal outputs (developed research motivation, values of scientific work,
enhanced creative abilities, and skills in conducting scientific inquiry and presenting results).
Within the framework of the experimental work, prospective engineers participated in the
preparation of reports, presentations, and discussions at the scientific and practical
conference of lecturers and students “Innovations in Shipbuilding,” which is held annually at
Admiral Makarov National University of Shipbuilding.

The effectiveness of the developed conditions for forming scientific creativity is
confirmed by numerous publications of student research outputs, carried out under our
supervision, in international journals (Tokyo, Toronto, Liverpool, Zurich, Vancouver, and
others). According to both lecturers and students, this work contributed to gaining practical
experience in discussing and summarizing the results of research activities. Thus, the
proposed conditions for the training of engineering students have demonstrated their
effectiveness in developing practical skills of scientific creativity.

4. CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

A necessary condition for the modernization of engineering education is the
integration of education and science, as well as the innovative creative activity of prospective
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specialists in the shipbuilding industry. This requirement highlights the need to prepare
engineering specialists capable of carrying out research and creative activities in the field of
industrial production. Therefore, the conditions for developing students’ experience in
scientific and creative activity require both theoretical substantiation and practical
implementation.

The development of the creative potential of engineering students is one of the main
objectives of training prospective specialists in technical fields at Admiral Makarov National
University of Shipbuilding. The activity of prospective engineering specialists is aimed not
only at mastering fundamental technical knowledge but also at developing the ability to
creatively apply it in future research activity within the shipbuilding industry. Scientific and
creative activity is regarded as an integral component of overall professional training and
constitutes a foundation for the preparation of future engineers in higher technical education
institutions. The formation of scientific creativity skills ensures the development of a
scientific worldview, as well as the individual research, creative, and inventive abilities of a
highly qualified and competent specialist in the shipbuilding industry.

The identified trends convincingly demonstrate that the training of specialists in the
shipbuilding industry should provide engineering students with opportunities to develop
their creative potential, satisfy the need for creative self-development, and acquire the ability
to conduct scientific inquiry aimed at solving technical problems. The study has confirmed
the positive impact of the proposed training conditions on the effectiveness of forming
students’ scientific creativity skills. The scientific novelty of the study lies in its specific focus
on prospective engineers in the shipbuilding industry. The results of the research may also be
applied in the training of specialists in the humanities.
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AHoTtanisa. HaykoBo-TBOpuUMH MifiXiJi BU3HAYE€HO KOHLENTyaJbHUM OPiEHTHPOM
MOJepHi3alil BHUIOI TexXHiYHOI OCBITM B YKpaiHi, IKMA CTBOPIE MOXKJHUBOCTI
MalOyTHbOMY iHXXeHepy BHW3HA4YaTH IHAWBIyaJbHO BaXKJMWBI TBopui wisi Ta
peasizoByBaTH ix JJisg epeKTUBHOro npodeciiHOro PpyHKIiOHYBaHHS HPOTArOM
*KUTTs. CydyacHi BUKJIMKY, 1110 TOCTAIOTh Nepe/] iHKeHepHUMHU paxiBLsAMU, TPOOIeMU
Ta 3ajlayi, siKi Heob6xiZJHO PO3B’sA3yBaTHU B Mpolieci npodeciiHol AiATBHOCTI, CTalOTh
yce 6i/bll TBOPYMMH, TOOTO TAaKMMHM, SKi He MalOTb OJHO3HAYHUX, 1A6JOHHUX
NISXiB BUpillleHHA. 3 OIVIAZy HA BUSIBJEHI TeHJleHIlii, aKTyaJbHOCTI HabyBae
npo6sieMa popMyBaHHS 0COOUCTI iHXKeHepHOTro ¢axiBIsl 3 PO3BUHEHOI MOTPEOOI0 ¥
TBOpUii caMopeaJtizallii B Malb6yTHiN npodeciiHil AisiIbHOCTI.
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Y cTaTTi JOCHIKYIOTbCS TEOPETHUYHI 3acaZji Ta MPaKTH4YHI acneKTH npodeciiHol
HiAroTOBKM MalOyTHiX iHXeHepHUX ¢axiBLiB A0 HAyKOBO-TBOPYOI AislJIHOCTI B
rajysi mpoMHc/J0BOTro BUpo6HHULTBA. [IpodeciiiHy niAroToBKY MallbyTHIiX iH>KeHepiB
KopabJs1eOyJiBHOI rajy3i oxapakTepH30BaHO SIK CUCTEMY HAyKOBO-TBOPYHX YMiHb
CTYyZleHTiB-iH>KeHepiB CTPYKTYpyBaTH Te€XHIYHi, HAyKOBI M NpaKTHW4YHI 3HaHHA 3
MeTOl0 eQpeKTUBHOIO pO3B’I3aHHA [OCAIAHMLIBKUX 3aBJaHb Yy MaWOyTHiN
npodeciiHin isbHOCTI.

[lif, HayKOBOI TBOPYICTIO pPO3YMIiEMO TOTOBHICTb i 34AaTHICTH MaWOyTHHOrO
imxeHepHoro ¢axiBlg 3/iMCHIOBAaTH IiJlecIpsIMOBaHY HAyKOBY, AOCHiJHUIbKY
JISJIBHICTD B rajiy3i NpoMHUCJ0BOr0o BUPOOHULTBA. BcTaHOB/IEHO, 1110 pOpMyBaHHS
HaBU4YOK HayKOBOI TBOPYOCTi epe/i6aya€ po3BUTOK TBOPYOTO NOTEHIialy, HAyKOBOI
KyJbTypU CTyJZeHTa-iH)KeHepa, MOro akTUBHe 3ajiydeHH:A A0 (yHAaMeHTaJlbHUX
rajay3eBUX JOCaiKeHb.

Pe3ynpTaTu [ocCaigHULBKOI pPOGOTHM NEpPeKOHJMBO CBig4yaTh, L0 (GOpPMyBaHHS
HaBUYOK HAYKOBOI TBOPYOCTI CIpPUAE PO3BUTKY IHAMBIAYaJbHOIO TBOPYOIro
NOTeHLially CTyJeHTa-iH)KeHepa, PpPO3BUTKY BHUHAXiJHULBbKUX MOXKJIHUBOCTEU
Malb6yTHbOro TexHiyHOro ¢axiBus. EdexkTuBHicTh nponecy ¢popMyBaHHS HayKOBO
TBOPYOrO KOMIIOHEHTY IMiJATOTOBKM 3abe3mnevyyBajacb HACTYNHUMU YMOBaMH:
3aCTOCYBaHHAM aKTHBHHUX JjiasoroBux ¢popM Ta MeTO/iB HaBYaJbHOI JislJIbHOCTI;
3aJIy4YeHHAM CTYLEeHTIiB-iHXKeHepiB [0 Aia/JbHOCTI YyHIBEpCUTETCbKUX HAYKOBUX IIKIJI.
3acBigunin cBo ePEKTUBHICTb KypCH 3 METOJAUKHU TEXHIUHOI TBOPYOCTi Ta OCHOB
HAyKOBUX JIOC/Ii/PKEHb Y Cy4acHil iHxeHepil.

KiwuoBi cioBa: TexHiuHa ocBiTa; npodeciiHa MiAroToBKa; TBOPYUM MiAXif;
MalOyTHI iHXXeHepH; HAYKOBO-AOCAIHULbKA AiJIbHICTh; KOpabsieOy/iBHA rauys3b;
HayKOBa TBOPYiCTh; rajy3eBi HAYKOBI JOCiIKeHHH.
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