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FORMATION OF INNOVATIVE COMPETENCE
OF FUTURE MASTERS IN SOFTWARE ENGINEERING
IN THE CONDITIONS OF DIGITAL TRANSFORMATION OF EDUCATION

Abstract. The article provides a thorough analysis of the problem of forming innovative competence of future masters
in software engineering in the conditions of digital transformation of education. The essence of the concept of "innovative
competence” is revealed. It is found that the development of information technologies, the spread of artificial intelligence,
cloud services, mobile platforms and cyber security tools determine the need for training highly qualified specialists who are
able not only to perform professional tasks, but also to initiate changes in various spheres of society.

It is substantiated that the formation of innovative competence of future masters in software engineering involves the
presence of knowledge, abilities, skills and value orientations that ensure the development of critical thinking, research
activity, entrepreneurial and communicative abilities, as well as readiness to work in the conditions of digital transformation
of education.

The pedagogical conditions for the formation of innovative competence are determined: integration of innovative
educational technologies into the educational process of higher education institutions, project-oriented and problem-oriented
learning, activation of research and experimental activities, participation in academic mobility programs, organization of
an innovative educational space, development of communicative, entrepreneurial, and managerial skills. The experience
of the Vasyl Stefanyk Carpathian National University in implementing digital platforms, startup projects and international
partnerships is presented, which contributes to the development of innovative thinking and the ability to create high-quality
software products among master's students.

It is concluded that the innovative competence of future masters in software engineering is formed through the
combination of theoretical training, practical activities and participation in research and startup projects.

Prospects for further research are seen in the development of methodological materials for teachers of higher education
institutions aimed at the effective use of digital resources in the process of training future specialists.

Keywords: competence, innovative competence, digital transformation of education, digital technologies, digital environment,
future masters in software engineering.

®OPMYBAHHSA IHHOBALINHOI KOMNETEHTHOCTI
MAWUBYTHIX MATICTPIB 3 IH)XEHEPIi MPOrPAMHOIO 3ABE3MNEYEHHS
3A YMOB LU®POBOI TPAHCOOPMALLIT OCBITH

AHoOTauiga. Y cTaTtTi 34ilMCHEHO IPYHTOBHWIA aHania npobnemMu GopmMyBaHHS iHHOBALAHOI KOMMETEHTHOCTI ManbyTHIX
maricTpiB 3 iHxeHepii nporpaMHoro 3abesneyeHHs 3a yMOB UMPPOBOI TpaHchopmaLii ocBiTU. PO3KPUTO CYTHICTb MOHSATH
«iHHOBaUjliHa KOMMETEHTHICTb». 3’COBaHO, WO PO3BMTOK iHOOPMAUIAHNX TEXHONOri, MOLIMPEHHS LITYYHOrO iHTENeKTy,
XMapHUX CepBiciB, MOBINbHUX NnaTtdopm i 3acobiB kibep3axmcTy 3yMOBMIOIOTbL NOTPEOY B MiArOTOBLI BUCOKOKBasiQiKOBaHNX
daxiBLiB, 34aTHMX He NMLwe BUKOHYBaTN NPOdECiiHi 3aBoaHHS, a 1 iHiLjiloBaTV 3MiHK B Pi3HUX cdepax CycninbcTaa.

O6rpyHTOBaHO, WO GOPMYBAHHA iIHHOBALLMHOI  KOMMETEHTHOCTI ManbyTHIX MmaricTpiB 3 iHxeHepii nporpamMHoro
3a6e3nevyeHHs nepeagdadyae HasBHICTb 3HaHb, YMiHb, HABWYOK i LLIHHICHMX OpPIEHTALLi, aKi 3a6e3Mne4yl0Tb PO3BUTOK KPUTUYHOTO
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MUCIEHHS, JOCNIAHWLBKOI aKTUBHOCTI, MiANPUEMHULBKUX | KOMYHIKATUBHUX 3A4iOHOCTEN, a TakoX rOTOBHOCTI MpauoBati 3a
yMOB umMdpoBOoi TpaHchOopmaLii OCBITH.

BuaHaueHo nepgarorivHi ymoBu GOpMyBaHHS iHHOBALLIHOT KOMMNETEHTHOCTI: iHTerpaLis iHHOBaUinHUX LMdPOBUX TEXHONOT i
y OCBITHI Npouec 3aknagiB BULLOI OCBITM, MPOEKTHO-OPIEHTOBAHE Ta MNPOONEMHO-OPIEHTOBAHE HAaBYaHHS, akTUBI3auis
HayKOBO-[OCHIAHOT Ta eKCnepuMeHTaNbHOI OiafbHOCTI, y4acTb Yy Mporpamax akagemiyHoi MOOiNbHOCTI, opraHizadis
iHHOBALIHOrO OCBITHLOIrO MPOCTOPY, PO3BUTOK KOMYHIKATUBHUX, MiANPUEMHULBKMX, YNPABAIHCbKMX HAaBMYOK. [peacraBneHo
[ocBig, KapnaTcbkoro HauioHanbHOro yHieepcuteTy iMeHi Bacuna CtedaHuka Wwono BNpOBafXeHHs umdpoBux nnatdopm,
CTapTan-npoekKTiB Ta MiKHAPOOHOro napTHEpPCTBa, WO COpUsSE PO3BUTKY B MaricTpaHTiB iHHOBALMHOIO MWCHIEHHS Ta
30aTHOCTI IO CTBOPEHHS AKICHMX MPOrpamHmMX NpoaykTiB.

3po6ieHO BMCHOBOK, L0 iHHOBALiHA KOMMETEHTHICTb MaMbyTHIX MaricTpiB 3 iHXeHepii NporpamMHOro 3abe3neyvyeHHs
GOpPMYETLCA B MNPOLECI MOELHAHHA TEOPETUHHOI MiAroTOBKW, MPAaKTUYHOI AiSNbHOCTI Ta yyacTi B HayKOBO-OOCHIOHWUX |
cTapTan-npoekTax.

MepcnekTBn noaanbluMX AOCHiAXeHb BOa4aEMO B pO3POONEHHI METOANYHNX MaTepianiB A1a BUKNaaadie 3aknaaiB BMLOT
OCBITM, CMPSMOBAHUX HA e(PEKTUBHE BUKOPUCTaHHS LMGMPOBMX PECYPCIB Y NPOLIEC] NiAroTOBKM ManbyTHix daxisuiB.

KniovoBi cnoBa: KOMNETEHTHICTb, iHHOBALiHA KOMMNETEHTHICTb, undpoBa TpaHcdopMaLlia OCBITU, LMIPOBI TEXHONOTII,
undpoBe cepenoBulLe, MarbyTHI MaricTpy 3 iHXeHepii NporpamMmHoOro 3abesneyeHHs.

INTRODUCTION

The problem formulation. The current stage of development of Ukrainian society is characterized by the rapid
introduction of digital technologies into all spheres of life, which necessitates the high-quality training of highly
qualified specialists in the field of information technologies. The growth of data volumes, the emergence of new digital
platforms, the development of artificial intelligence, cloud and mobile technologies, and cybersecurity cause a constant
update of the requirements for the training of higher education graduates in the specialty "Software Engineering”,
which is recognized as one of the most promising and sought-after in the world, as it ensures the formation of human
resources for the digital transformation of various industries - from industry and finance to medicine and education.

Currently, it is important to prepare future masters in software engineering, which involves the formation of
innovative competence, research skills, critical thinking, interdisciplinary integration, innovation management, and also
contributes to the development of mobility, communication and entrepreneurial skills, and lifelong learning.

In this context, the main tasks of higher education institutions are to update the content of educational programs
with an emphasis on innovative and interdisciplinary components; actively use digital platforms, cloud services and
artificial intelligence technologies in education; develop and implement educational and research projects focused on
practical results; develop a culture of teamwork and leadership qualities; and increase the level of mentoring support
for applicants for the second (master's) level of higher education.

Analysis of recent research. The issue of formation of innovative competence in Ukraine was studied by scientists
I. Kovalchuk, L. Petrichenko, S. Zagorodniy, N. Kalyuzhka, O. Protsenko, S. Yurochko and others. The problem of
formation of innovative competence of higher education students in the conditions of digitalization is gaining more and
more attention in modern pedagogical science. Scientific research of domestic researchers is focused on studying
the content, structure and conditions for the effective development of this competence. Thus, O. Shkurenko, O.
Sakalyuk, S. Stetsyk concluded that a high level of innovative and digital competencies of future primary school
teachers implies the manifestation of creativity, the presence of creative potential of the individual, professional and
motivational readiness for innovative activities in education and science, as well as the ability to implement innovations
in practice (Shkurenko, O., Sakalyuk, O., Stetsyk, S., 2021, 201-214).

A similar opinion is held by O. Tsiuniak, who studies the problem of professional training of future masters of
primary education, emphasizing the social significance of innovative activity as a factor in professional formation,
development of creative potential, and increasing the competitiveness of specialists in the modern educational space
(Tsiuniak, O. 2019, 145-148).

Aspects of the formation of innovative competence of higher education students in the context of digital
transformation of education were studied by L. Grynevych, N. Morze and M. Boyko, focusing on the components of
innovative and STEAM competence (Grynevych, L., Morze, N., Boyko, M., 2020, 1-26).

The structural components of the innovative competence of a mathematics teacher are revealed in the works
of V. Achkan (Achkan, V., 2014, 199-207), while the innovative competence of future mathematics teachers at the
master's level was the subject of research by Yu. Galayko and V. Motorina (Galayko, Yu., Motorina, V., 2020, 32-36).
At the same time, the mentioned scientific works are mostly focused on the training of future teachers. Therefore, the
problem of forming the innovative competence of future masters in software engineering in the conditions of digital
transformation of education is relevant and little studied.

AIM AND TASKS RESEARCH - is to substantiate the theoretical and methodological principles and determine the
pedagogical conditions for the formation of innovative competence of future masters in software engineering in the
context of digital transformation of education.

RESEARCH METHODS - theoretical (analysis, synthesis, generalization, classification and systematization of
scientific sources on the problem of formation of innovative competence); modeling of pedagogical conditions for
the formation of innovative competence; empirical (pedagogical observation, analysis of educational and professional
programs and teaching and methodological materials).
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RESULTS OF THE RESEARCH

Digitalization of education is one of the key trends of the 21st century, which fundamentally changes approaches to the
organization of the educational process in higher education institutions, and the formed digital competencies become a
prerequisite for successful social and professional activity. According to the Law of Ukraine «On Education», among the key
competencies are defined:

+ competences in the field of natural sciences, engineering and technology, which involve the development of
curiosity, the desire to search for and propose new ideas, the ability to observe and research independently or
in a group, formulate assumptions, draw conclusions based on experiments, and learn about oneself and the
world around us through systematic observation and scientific research;
innovativeness, which implies openness to new ideas, the ability to initiate changes in the immediate environment
(class, school, community), the formation of knowledge, skills that form the basis of the competency approach.
This competency ensures the further ability to successfully study, implement professional activities, feel part of
the community and actively participate in community life (Law of Ukraine «On Education»).

In the context of our research, we will analyze the essence of the concept of «innovative competence».

The first systematic study of innovative competence was carried out by the Ministry of Education of Denmark, which
was based on the experience and achievements of the Organization for Economic Cooperation and Development (OECD).
Within the framework of this study, a key category was added to the general list of competencies: creative and innovative
competence. It is noted that creativity is considered as an individual characteristic of a person, manifested in the ability
to generate new ideas, propose non-standard solutions and implement them in practical activities. This approach focuses
on the importance of integrating creative thinking and innovative skills into the system of training specialists, which is
especially relevant in the context of rapid changes in the modern educational and professional environment (Grynevych, L.,
Morse, N., Boyko, M., 2020, 1-26).

The team of authors (A. Kharkivska, A. Prokopenko, T. Otroshko, T. Bhan) notes that innovative competence in
mathematics education encompasses several key aspects. Firstly, it is creative thinking, the ability to find non-standard
approaches to solving mathematical problems. Secondly, digital literacy, which involves the ability to effectively use
mathematical software, online platforms and visualization tools. Thirdly, communication skills necessary for presenting
mathematical ideas using modern digital tools (Kharkivska A., Prokopenko A., Otroshko T., Bhan T., 2024, 87-91).

It should be noted that researchers identify 12 components of innovative competence (Fig. 1), including: risk tolerance
(the ability to act in conditions of uncertainty and make informed decisions); interdependent behavior (readiness for
cooperation and collective responsibility for the result); problem solving (the ability to effectively analyze situations and
find optimal solutions); integrated thinking (the ability to combine knowledge from different fields to comprehensively
solve problems); communication skills (the ability to listen, ask questions and clearly express thoughts); observation skills
(careful perception of information and its analysis); experimentation (the willingness to try new approaches and methods);
networking (the ability to establish professional and interpersonal relationships); decision-making (the ability to evaluate
options and make choices based on analysis); implementation planning (organization of one's own activities and resources
to achieve the goal); enthusiasm (active motivation for activity and involvement in innovation processes); satisfaction
(gaining positive experience from implementing innovation activities) (Unlocking Innovation: Training Teams and Individuals
to have Every Day Breakthroughs).

Path to Innovation

risk tolerance

interdependent
behavior

problem solving |

innovative

, - competence
integrated [
thinking °

communication
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Fig. 1. Components of innovation competence
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We believe that the formation of innovative competence of future masters in software engineering is a purposeful
process that combines the acquisition of theoretical knowledge, the acquisition of practical experience, the development
of critical thinking and research skills aimed at generating new ideas, developing innovative software solutions, applying
modern digital technologies and adapting to the rapidly changing conditions of the professional environment. In addition,
such a process involves the integration of theoretical training, practical activities, project and research work, and the
formation of the ability to work in a team and effectively implement innovative projects in the field of software.

As practice shows, the formation of innovative competence requires effective pedagogical conditions. It is worth
noting that at the Vasyl Stefanyk Carpathian National University, these conditions are implemented through the integration
of modern educational technologies, the organization of research and project activities, as well as the expansion of
international cooperation.

Teaching educational components («Fundamentals of Programming», «Organization of Computer Networks», «Web
Design», «Fundamentals of Artificial Intelligence», etc.) involves the use of digital platforms, modeling systems, virtual
laboratories. Such an environment promotes the development of creativity, critical thinking, and the ability to work with
big data. For example, when studying the educational component "Fundamentals of Artificial Intelligence”, students work
on the tasks of building neural networks for analyzing texts and images, which combines fundamental knowledge with
practical skills in working with modern Python libraries (TensorFlow, Keras).

Special attention is paid to involving master's students in working on real cases and startups in cooperation with IT
companies in the region, which in turn ensures the formation of practical skills of innovative activity: the ability to work in
a team, make non-standard decisions, create socially significant products. Higher education students participate in the
development of mobile applications for educational needs and cyber defense systems that have practical significance in
modern wartime conditions.

An important factor in the formation of innovative competence is participation in international educational programs
Erasmus+, internships and joint research with foreign universities. It is undeniable that the combination of educational,
scientific and practical activities at the KNUVS contributes to the creation of an open educational environment, where
master’s students learn not only to generate ideas, but also to implement them into specific solutions, think critically, work
in conditions of uncertainty, and create innovative technologies to solve socially significant problems.

Taking into account the above, it is advisable to model pedagogical conditions for the formation of innovative
competence of future masters in software engineering that meet modern challenges and needs of the labor market in the
context of transformations of Ukrainian education. In particular, we define the following:

integration of innovative digital technologies into the educational process of higher education institutions,
the use of adaptive platforms, virtual laboratories, simulation systems and digital tools for studying complex
algorithms, which will contribute to the formation of digital and innovative competence of master's students;
project-oriented and problem-oriented training, which involves creating conditions for the implementation of
complex interdisciplinary projects in cooperation with IT companies in the region;

activation of scientific research and experimental activities, attraction of future masters to scientific laboratories
and research centers of the university, which ensures the combination of theoretical knowledge with the
practice of innovative activities;

participation in academic mobility programs, international conferences, hackathons and joint research projects;
organization of an innovative educational space that combines educational programs, scientific developments,
IT hubs that allow second-level (master's) higher education students to implement their own ideas into specific
products and technological solutions;

development of communication, entrepreneurial, and management skills, which is an integral part of innovative
competence.

Thus, the formation of innovative competence of future masters in software engineering is possible under the condition
of comprehensive implementation of the specified pedagogical conditions, which ensures the training of competitive,
mobile and creative specialists capable of operating in the conditions of digital transformation of education.

CONCLUSIONS AND PROSPECTS OF FURTHER RESEARCH

The conducted study showed that the formation of innovative competence of future masters in software engineering
is one of the key conditions for improving the quality of their professional training and ensuring competitiveness in
the labor market. In the context of digital transformation of education, innovative competence acquires strategic
importance, as it involves the ability to integrate theoretical knowledge and practical skills, the effective use of modern
digital technologies, the development of new software products and the implementation of innovative solutions in
various spheres of social activity. The experience of the Vasyl Stefanyk Carpathian National University confirms that
the combination of fundamental theoretical training with practical project activities creates favorable conditions for the
development of creative and innovative thinking in higher education students. Undoubtedly, future masters in software
engineering should not only be performers of individual technical tasks, but also generators of new ideas, team
leaders, and initiators of digital transformation processes in various spheres of society.

We see prospects for further exploration in the creation of instructional and methodological materials for teachers
of higher education institutions that contribute to the effective use of digital resources in order to develop innovative
thinking, form professional competencies, cooperation skills, teamwork, and improve digital literacy.
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