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GENERAL PLAN, ORGANISATION AND RESULTS OF RESEARCH AND
EXPERIMENTAL WORK ON THE FORMATION OF DIGITAL
COMPETENCE OF FUTURE BACHELORS OF COMPUTER SCIENCE
PROFILE IN PROFESSIONAL TRAINING

Abstract. The development of digital competence among future specialists in
various professional fields has become a critical focus in contemporary higher
education.

This study investigates the effectiveness of a specially developed Technology
for Developing the Digital Competence of Future Bachelors of Computer Science
within the framework of professional training. The research was conducted as an
experimental pedagogical study at three Ukrainian higher education institutions:
Ternopil Volodymyr Hnatiuk National Pedagogical University, Rivne State
Humanities University, and Mykhailo Drahomanov Ukrainian State University. A
total of 208 students participated in the research, with 113 students actively involved
in the formative experiment.

The study was carried out in four interrelated stages: the preparatory stage
(2021), during which the technology and diagnostic tools were developed; the
ascertaining stage (2022), which assessed the initial levels of digital competence
among students; the formative stage (2022-2025), in which the technology was
implemented in the experimental group while the control group followed traditional
training methods; and the final stage (2025), which focused on systematization,
statistical processing, and in-depth analysis of the results. Diagnostic tools were
designed to evaluate multiple components of digital competence, including value-
motivational, cognitive-informational, procedural-activity, and personal-develop-
mental dimensions.

The findings indicate that students in the experimental group demonstrated a
significant increase in digital competence compared to the control group. The
technology facilitated the acquisition of essential digital knowledge and skills,
enhanced professional competencies, and improved students’ ability to apply digital
tools effectively in educational and professional contexts. The study also highlighted
the feasibility of integrating innovative digital competence development methods
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within the existing higher education system without additional financial resources or
major adjustments to departmental curricula.

Keywords: pedagogical experiment, future bachelors of computer science,
digital competence, stages of research and experimental work.

Metaok Onexcanap BosogmmMupoBuu acmipanT kadeapu KOMI IOTEPHUX
TEeXHOJOT1H, TepHOMILCHbKUN HAIllOHATBHUN TearoriYHUM YHIBEPCUTET 1MEHI1
Bonoaumupa I'natioka, Teproniis, https://orcid.org/0009-0008-8961-1719

3ATAJIBHUM IVIAH, OPTAHI3AIIIS TA PE3YJIBTATH JOCJITHO-
EKCIHEPUMEHTAJIBHOI POBOTH LIOJIO ®OPMYBAHHSI
U ®POBOI KOMIETEHTHOCTI MAMBYTHIX BAKAJIABPIB
KOMIT’IOTEPHOI'O ITPO®LIIO B MPO®ECIHHIN NIATOTOBIII

AHoTtanisi. Po3BUTOK HUPPOBOI KOMIETEHTHOCTI MaHOYTHIX (axiBUIB Y
pi3HUX NPO(DECIMHUX TATy3X CTaB OJHUM 13 KIIFOUOBHX HANpPSIMIB Cy4acHOI BUIIOL
OCBITH. Y CTaTTI BUCBITJIEHO €(PEKTUBHICTh BOPOBAIKEHHS PO3p0o0sieHoi TexHoor1i
dbopmyBaHHS HUPPOBOI KOMIETEHTHOCTI MaOyTHIX OakajiaBpiB KOMIT IOTE€PHOTO
npodiaro B mpodeciiiniil miaroromi. JlocaiKeHHs MPOBOINUIOCS K €KCTICPUMEH -
TaJbHE MeAaroriune AOCTiHKeHHS Y TepHONIbChKOMY HaI[lOHAIbHOMY T1€/1aroriv-
HOMY YHiBepcuTeTi iMeHl Bonogumupa ['Hatioka, PiBHEHCBKOMY JepKaBHOMY
TYMaHITAPHOMY YHIBEPCUTETI Ta YKpaiHCHKOMY JIepKaBHOMY YHIBEPCUTETI 1MEH1
Muxaina JIparomaHosa.

3aranoM y JOCHIIKEHHI B3sUIM y4yacTh 208 cTyneHTiB, 3 akux 113 cTyneHTiB
Opaiu aKTUBHY y4acTb y (POPMYBATILHOMY €KCIIEPUMEHTI.

JlocmiKeHHSs 31HCHIOBAIOCS Y YOTHPHU B3a€EMOIIOB’ sI3aH1 €Talu: MiAIrOTOBYUI
eran (2021 p.), mig 4yac sKOro OyJau poO3pOOJIEHI TEXHOJOTisl Ta I1arHOCTHYHI
IHCTPYMEHTH; KOHCTaTyBainbHU ertanm (2022 p.), skuil nepenbdayaB OLIHKY
MOYAaTKOBOTO PIBHSA LU(POBOI KOMIIETEHTHOCTI CTYJIEHTIB; (hOpPMYBAJIbHUI €Tar
(20222025 pp.), Ha skomy TexHoJoTis BIPOBA/PKyBalacs B OCBITHIM Tporiec
eKCIIEPUMEHTAJIbHUX I'PYI, TOAL SIK KOHTPOJIbHA IpyIla HaBYajlacs 3a TpaAuLIMHUMU
METOaMH; Ta MiACcyMKoBul etar (2025 p.), AKuii cCipsMOBaHH HA CHCTEMaTH3aIliIo,
CTaTUCTUYHY OOpOOKY Ta TTMOMHHUI aHali3 OTPUMAHUX pe3ynbTaTiB. Pesynbratu
JOCTIPKEHHSI TOKa3ajiM, IO CTYACHTU EKCIIEPUMEHTAJIBHOI TPyMU MPOIAEMOHCT-
pyBaJM CYTT€BE IMIABUIICHHS PIBHA HIHUQPPOBOi KOMIIETEHTHOCTI MOPIBHSHO 3
KOHTPOJIBHOIO Tpymoto. TexHooris crpusiia 3aCBOEHHIO OCHOBOIIOJIOKHUX IIU(PPO-
BUX 3HaHb Ta HABUYOK, MM1ABUIICHHIO MPOECIHHOT KOMIETEHTHOCTI Ta MOKPALIEHHIO
3IaTHOCTI CTYACHTIB €(EKTUBHO 3aCTOCOBYBATH IM(POBI IHCTPYMEHTH B
OCBITHBOMY Ta TNpo(deciiiHOMYy KOHTEKCTaxX. JlOCHIJIPKEHHS TaKOoX MiJAKPECINIIO
MO>KJIMBICTh IHTETpaIlil IHHOBAI[IHHUX METO/A1B PO3BUTKY LIM(PPOBOi KOMIETEHTHOCTI
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y Cy4acHY CHCTEMY BHUIIIOT OCBITH 0€3 J0JJaTKOBUX (PIHAHCOBUX PECYPCIB Ta CYTTEBUX
3MiH y T1aHax po6oTu kademp.

Kuro4oBi cjioBa: negaroriyHuil €KCIIepUMEHT, MaiiOyTHI OaKaaBpu KOMIT 10-
TepHOTO TIPOo(diTF0, I POBa KOMIIETEHTHICTh, €TAIN JTOCHI THO-EKCTICPUMEHTATLHOT
poooTH.

Problem Statement. The global technological landscape is undergoing
profound changes driven by rapid technological innovations. This has led to an
exponentially growing demand for computing power, which attracts the attention of
management teams and the public and accelerates a wide range of experimental
initiatives. These developments are unfolding against the backdrop of intensifying
global competition, as countries and corporations compete for leadership in the
development and application of these strategic technologies. In the dynamic world of
information technology (IT), keeping pace with constantly evolving trends and
disruptive innovations is not merely a necessity but an imperative. Looking ahead,
the future of IT education in general, and the training of future digital technology
specialists in particular, will depend on multiple factors, ranging from advanced
technologies to innovative teaching methods. Therefore, there is a pressing need to
study emerging trends and technologies that aim to transform IT education and
professional development in the coming years.

A distinctive feature of the information society is the continuous transfor-
mation of the education system. The vector of its development is oriented toward
creating conditions that foster the formation of essential competencies in future
specialists, particularly digital competencies. According to O. Malykhin and
T. Yarmolchuk, the competence-based approach to the professional training of future
specialists calls for a reconsideration of the methods, technigues, and technologies
used in the educational process, as well as for the transformation of educational
content and the overcoming of traditional higher education paradigms [6, p. 46]. One
of the key prerequisites for the effective implementation of the competence-based
approach is ensuring interaction among all subjects of the educational environment,
which encompasses spatial and material, social, and organizational-technological
components [2], and therefore integrates pedagogical, informational, and
technological resources. After all, today, the development of digital skills and the
ability to use them in professional activities are relevant for the professional growth
of specialists; the development of professional skills on a digital project-oriented
basis, which contributes to the establishment of dialogue and cooperation between all
participants in the educational process in the search for solutions to problematic
situations. This requires the development and implementation of innovative solutions
in the training of future computer science bachelors and verification of their
effectiveness.
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Analysis of Recent Research and Publications. In contemporary scientific
research, increasing attention is being paid to the issue of developing digital
competence among future specialists of various fields. At the same time, scholars are
increasingly focusing on different aspects of training future vocational education
teachers and specialists in the field of digital technologies. In particular, researchers
have examined state policies aimed at transforming the labor market in the digital era
(V. Kruhlov [5]); trends in the development of IT education in Ukraine
(M.-O. Yershov [4]); issues of digital inequality, distance learning, personalized
learning environment (PLE) tools, flipped learning, as well as the effectiveness of
multimedia and hypertext tools in professional education (C. Avgerou [8], V. Deepika
[9], M. Dodel & G. Mesch [10], J. Garcia-Martinez [11], J. Gobmez-Tejedor [12]);
current learning strategies in the training of IT specialists (O. Malykhin &
T. Yarmolchuk [6]); international experience in training bachelors in the field of
information technologies (T. Vakaliuk, D. Antoniuk, I. Novitska [2]); and approac-
hes to the development of research competence of future software engineers
(M. Vinnyk [3]).

The analysis of contemporary publications indicates that the issue of digital
competence development is actively studied from various perspectives. The
conducted theoretical analysis of the formation of digital competences of future
bachelors of the computer profile provides a sufficient foundation for organizing and
conducting experimental research.

Purpose of the article: to investigate the effectiveness of the developed
technology for forming digital competence of future bachelors of computer science
in the process of professional training and to determine its impact on students'
professional skills and the quality of the educational process in higher education
institutions. To achieve this goal, it is necessary to accomplish the following tasks:
to analyze and generalize the results of the experimental work, justifying the observed
changes in students’ digital competence as a result of implementing the developed
technology.

Presentation of the Main Material. According to the methodology of
conducting a pedagogical experiment, an experimental research program was
developed within the study, which outlined its purpose, objectives, stages, and the
content of experimental activities. As part of the experimental program, diagnostic
tools were designed, and control (CG) and experimental (EG) groups were defined.

The purpose of the experimental work was to obtain empirical data confirming
the effectiveness of the theoretically substantiated Technology for the formation of
digital competence of future Bachelors of Professional Education in the process of
professional training.

A distinctive feature of this Technology was its implementation within the
university’s information and educational environment.
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The main objectives of the experimental work were defined as follows:

- based on criterion- and level-based characteristics, to develop diagnostic tools
for monitoring the studied process and to apply them to assess the initial levels of
digital competence among students of the experimental (EG) and control (CG)
groups;

- to develop a technology for forming the digital competence of future
bachelors in computer science (BCS) in professional training and to ensure its
implementation in the educational process of students in the experimental group;

- to determine samples of future BCS that are approximately equal in academic
abilities and homogeneous from the standpoint of applying statistical research
methods;

- to conduct intermediate and final diagnostics of the level of digital
competence formation among future BCS in the EG and CG using the previously
developed diagnostic tools;

- to analyze and generalize the results of diagnostic studies, to substantiate that
the changes in the digital competence of EG students are conditioned by the
implementation of the author’s Technology in the professional training of future BCS,
and to generalize the empirical results of the experimental work, as well as to prepare
conclusions and recommendations.

Overall, the experimental work was carried out in four interrelated stages:

1) the preparatory stage (2021), which involved developing the Technology
for forming the digital competence of future BCS in professional training, as well as
designing the criterion-based assessment and diagnostic tools necessary for
conducting relevant monitoring activities;

2) the ascertaining stage (2022), aimed at determining the current level of
digital competence formation among future BCS;

3) the formative stage (academic years 2022—-2025), which included dividing
future BCS into control and experimental groups prior to the pedagogical experiment,
substantiating the homogeneity of the groups using methods of mathematical
statistics, and conducting the pedagogical experiment to verify the effectiveness of
the Technology for forming the digital competence of future BCS in professional
training;

4) the final stage (2025), which involved conducting a final assessment of the
level of formation of the studied quality among students, comparing and generalizing
the results of the experimental work, establishing the reliability of the obtained data,
and drawing conclusions regarding the effectiveness of the proposed experimental
interventions.

In general, the experimental work was carried out at the Ternopil VVolodymyr
Hnatiuk National Pedagogical University, Rivne State Humanitarian University, and
Mykhailo Dragomanov Ukrainian State University with students majoring in A5.39

%60


https://portal.issn.org/resource/ISSN/2786-6025

ISSN 2786-6025 Online
‘“Vocational Education. Digital Technologies.” A total of 208 students participated in
all stages of the research and experimental work.

At the preparatory stage (2021), a criterion-based assessment and diagnostic
apparatus was developed. The development of diagnostic tools is clearly one of the
most difficult and important stages of experimental work. The effectiveness of
experimental work and, accordingly, the reliability of conclusions regarding the
applicability of new pedagogical solutions in broad practice ultimately depend on the
accuracy and objectivity of the selected diagnostic tools.

At the ascertaining stage (2022), the digital competence of BCS who had
completed the elective course ‘Digital Educational Technologies’ (fourth year) was
assessed. Within the framework of the ascertaining experiment, the object of study
was the educational process and professional training of future BCS, determined by
the traditional nature of their course. The aim of the experiment was to determine the
levels of digital competence of future BCS.

The participants in the diagnostic assessment of the digital competence
formation of future BCS as a result of their professional training were students of
specialty A5.39 from three higher education institutions — Ternopil Volodymyr
Hnatyuk National Pedagogical University, Rivne State University of Humanities, and
Mykhailo Drahomanov Ukrainian State University — totaling 95 individuals. The
levels and mean scores (MS) for each component and overall digital competence of
the future BCS are presented in Table 1.

Table 1
Results of the formation of digital competence
of future BCS (ascertaining stage)
Ascertaining stage
Components of Digital Competence
Level Value- Cognitive- Procedural- Personal-

Motivational Informational Activity Development

number % number % number | % number %
High 10 10,53 12 12,63 11 11,58 9 9,47
Sufficient 65 68,42 65 68,42 66 69,47 65 68,42
Initial 20 21,05 18 18,95 17 17,89 21 22,11

Thus, within the framework of the ascertaining stage of the experimental study,
it was established that students are generally familiar with the digital environment
and have encountered the need to apply digital technologies in the educational process
and professional activity. At the same time, future BCS have difficulties in
characterising the essential knowledge and skills that indicate the formation of digital
competence.

961


https://portal.issn.org/resource/ISSN/2786-6025

ISSN 2786-6025 Online

Based on the data obtained during the ascertaining stage of the experimental
study, a formative experiment was organised (2022-2025 academic year), which
involved the introduction of technologies for developing the digital competence of
future BCS in professional training.

At the beginning of the formative stage of the experiment, the participants were
identified and divided into a control group (CG) and an experimental group (EG),
which were practically identical in terms of both quantitative and qualitative
composition. During the formative stage, the experimental study was conducted at
Ternopil Volodymyr Hnatiuk National Pedagogical University, Rivne State
Humanities University, and Mykhailo Drahomanov Ukrainian State University. A
total of 113 future BCS participated in the experimental work, and two student
samples were used: EG and CG.

The objectives of the formative stage are:

— to test the technology for developing the digital competence of future BCS in
professional training;

—to organise experimental research proving the effectiveness of the developed
technology for developing the digital competence of future BCS in professional
training.

The organization of the formative stage of the experimental research was
characterized by specific features. In the control group (CG), unlike the experimental
group (EG), the -educational process followed a traditional model, which
encompassed the established content of higher education training, standard forms of
final assessment, and a typical individual educational trajectory of future BCS. In the
EG, a Technology for Developing the Digital Competence of Future BCS in
Professional Training was implemented. Consequently, EG students were taught
according to specially developed methodologies, whereas traditional teaching
approaches were applied in the CG.

A distinctive feature of the experiment was its implementation within the
existing educational process of higher education institutions for both groups, without
significant adjustments to departmental work plans and without additional financial
resources. At the same time, the ascertaining and final stages of the study, particularly
concerning the use of diagnostic tools, were conducted under identical conditions in
both the EG and CG.

The fourth, final stage (2025) focused on the systematization, statistical
processing, and in-depth analysis of the obtained results, generalization of the
experimental outcomes, and interpretation of the collected empirical data. At this
stage, scientifically grounded conclusions were formulated, practical recommen-
dations were developed, and the potential for implementing the Technology for
Developing the Digital Competence of Future BCS in professional training across
other higher education institutions was projected.
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Conclusions. The conducted experimental research has demonstrated the
effectiveness of the developed Technology for Developing the Digital Competence
of Future Bachelors of Computer Science (BCS) in professional training. The
ascertaining stage revealed that while students were generally familiar with digital
environments and the application of digital technologies in education and
professional activity, they faced difficulties in mastering the essential knowledge and
skills indicative of fully formed digital competence. The formative stage (2022—2025)
confirmed that the systematic implementation of the proposed technology within the
educational process significantly enhanced the digital competence of students in the
experimental group compared to the control group, who followed traditional training
methods. The pedagogical interventions were successfully integrated into the existing
higher education environment without substantial changes to departmental plans or
additional financial resources, highlighting the practicality and scalability of the
approach. The final stage (2025) allowed for comprehensive statistical analysis and
interpretation of empirical data, confirming the reliability of the observed
improvements in the digital competence of experimental group students. The results
demonstrate that the Technology for Developing Digital Competence not only
improves professional skills but also contributes to higher quality educational
outcomes in higher education institutions.

Overall, the study provides a scientifically grounded framework for the
formation of digital competence among future BCS and offers practical
recommendations for implementing similar approaches across other universities. The
findings underscore the importance of integrating innovative digital competence
development technologies into the professional training of future specialists in the
digital era.
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