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Abstract

The significance of using digital technologies in developing the research competence of future specialists is proven. The basic principles
of developing educational software are described. Competencies are identified, the mastery of which will confirm the development of
research competence of future specialists by forming research skills through the use of digital technologies. A study was conducted based
on empirical distributions. Qualitative and quantitative indicators of the samples were analysed. The consistency of the obtained results of
each component was checked using the Pearson y2 criterion (non-parametric). Respondents in the control and experimental groups are
equivalent, making it impossible to influence the accuracy and reliability of the results during the experiment's formative stage. The analysis
of the results of the experiment we conducted confirms the usefulness of the author's pedagogical conditions and methods for developing
research competence among future specialists through the use of digital technologies. A comparison of quantitative indicators of CG and
EG at the beginning and after the experimental study revealed significant positive changes in the training of specialists to advance research
competence through the use of digital technologies.
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1. Introduction

In the era of society's digitalisation and the ability to use ICT to solve various tasks, enabling a person to coexist innovatively in a new
information society, a person must master a new (information) picture of the world. The informatisation of education is one of the priority
areas of society's informatisation and results from the development of human information culture, the advancement of research capabilities
through the use of digital technologies, and the formation of an information society. When using digital technologies to advance research
competence, the informatisation of education supports their collaboration through ICT. It comprises a set of measures designed to meet
each person's information needs.

The main goal of using digital skills is to motivate students to acquire knowledge, to develop research competence, to increase the effec-
tiveness of the formation of practical skills through the implementation of independent individual tasks, to create functional materials using
webinars, online courses, participation in conferences, forums, seminars, etc. (information and communication technologies).

The use of digital technologies, in combination with an integrated approach to planning the content of academic disciplines, enables us to
identify the prospects for innovative technologies in a person's future professional sphere.

Among teachers at higher education institutions, the practice of exchanging, distributing, and developing information and communication
tools for training future specialists through portals, educational platforms, social networks, and websites is widespread on the Internet
today. The openness and accessibility of digital (electronic) materials enable the teacher to use ready-made software tools for students'
educational purposes, and the availability of modern online programs tailored to candidates' academic needs allows the teacher to develop
new teaching methods.

One of the essential responsibilities in the modernisation of higher education is the creation of an innovative training system that will
preserve traditional practices, take into account the achievements of world scientists, and incorporate foreign educational experience.
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Ev permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Professional training of students through the use of digital technologies for the development of research competence should foster skills in
the use of information and communication technologies for professional and self-education, for self-realisation, and for the independent
development of educational software. In view of this, the main activity of a higher school teacher should be aimed at the development of
research competence of specialists, the creation of information and communication competence of each student through the involvement
of information and communication technologies in the educational process, and the improvement of teaching educational components,
which will become a solid basis for the training of specialists.

2. Literature Review

The focus of the problem we are studying has been on the work of many teachers across different areas and countries.

The research by Moretti & Ciccardi [1], who support the competency method, is valuable. Scientists prove that knowledge gained through
the practice of digital skills to improve students' study capabilities is unimportant if the future specialist cannot apply it in their own lives,
because they do not realize its importance. According to the researchers, an important role is the organisation of research activities in
educational institutions, where individuals have the opportunity to demonstrate initiative, creativity, ingenuity, self-expression, and respon-
sibility. The research activities of each person should encourage knowledge and interest and pose specific difficulties; only then will a
person gain experience and develop skills.

Researchers Haleem et al. [2] emphasize the position of the educational situation for the formation of natural knowledge and research skills
of a person and believe that each element should contribute to the acquisition of new knowledge, taking into account its practical application,
the opportunity to discover something new, put forward hypotheses of their activity, generalization, experimentation, that is, the educational
environment in which a person is located should contribute to the formation of study services. Therefore, scientists in the professional
training of future specialists assign an essential place to the practice of digital technologies in the education for the development of research
competence. Scientists’ ProfessionsKapacitet [3] rely on the "Project for the Development of Qualified IT Didactic Competence" in their
research, which focuses on the use of digital technologies to progress study competence between future specialists and on the possibilities
for training future specialists in the use of information and communication technologies.

In recent years, thanks to the work of Duo-Terron [4], a training laboratory has been developed for all participants in the educational
process. A vivid example of such laboratories is FutureClassroomLab. Due to the widespread use of information technologies in pedagog-
ical practice, it is possible to develop an educational institution that ensures the use of digital technologies to develop research competence
among specialists. The University of Copenhagen presents the experience of introducing such laboratories into the educational process,
with a dual approach to the use of digital technologies: enhancing research capabilities among future specialists and enabling the use of
information technologies in working with applicants in the educational space. Thus, the future specialist receives professional knowledge
and acquires research competence by utilising the potential of digitalisation tools and masters the services of using information technologies
in their own qualified activities.

Our study extends the findings of Haleem et al. [2], who emphasised the importance of digital technologies in developing research and
inquiry-based learning skills. While their work provided a conceptual framework, our empirical results demonstrate that specific pedagog-
ical conditions and software tools can practically enhance students' research competence. Similarly, the outcomes of our experiment align
with those of Duo-Terron [4], who highlighted the transformative role of digital laboratories such as the Future Classroom Lab. However,
unlike Duo-Terron, whose focus was on infrastructure and design, our study focuses on pedagogical and methodological aspects that foster
students’ motivation and reflective competence in digital environments.

An important place in such a tandem Rohde-Brendum [5] will be allocated to the readiness to use digital technologies for the organisation
of laboratory and experimental work as an essential educational technology. According to many scientists, such a developed educational
laboratory for all participants is a laboratory of the future. In the training of future specialists, it will allow creating conditions for research
and testing in professional activities, based on the principle of "success situation" in learning, and for experimentation, because any research
activity has a successful outcome.

Pinheiro et al. [6] examine the interaction between artificial intelligence (Al) and information literacy in higher education, accounting for
recent technological advances. It identifies how Al can personalise learning, improve source evaluation, and support the development of
critical thinking in an academic context where information literacy is implemented.

According to researchers, an important place today is the organisation of research activities in educational institutions, where individuals
have the opportunity to demonstrate initiative, creativity, ingenuity, self-expression, and responsibility. Each person's research activities
foster knowledge and interest; they help a person gain experience and develop skills for professional, innovative work. Therefore, it is
worth devoting a significant place to the use of digital technologies in the educational process to develop their research competence, which
is necessary in professional activity.

Research purpose. The use of digital technologies and the verification of the need for well-developed pedagogical circumstances for the
development of research competence among future specialists.

3. Methodology

To realise the specified goal of scientific research, the following study methods were used:

e Theoretical: study, comparison, synthesis to process scientific sources, to study the state of development of the outlined problematic
of using digital technologies for the development of research competence of future specialists; generalisation and systematisation — to
outline the pedagogical conditions for implementing the process of using digital technologies to develop the research competence of
future specialists.

e Empirical: surveys, observations, testing; praxemetric methods (creative essays, projects, electronic portfolio) — to control the effi-
ciency of the pedagogical circumstances for using digital technologies to develop the research competence of future specialists; peda-
gogical experiment (statement stage, formative stage, control stage) training the success of the developed and implemented pedagogical
situations for using digital technologies to build the research competence of future specialists.

e Mathematical statistics methods: to generalise, check the compliance of the results, and present the experimental data.

3.1. Limitations of the study

The pedagogical experiment was implemented in three stages during 2022-2024: preparatory, primary, and final.
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At the preparatory stage (2022), the goal and objectives of the study were determined, an experimental plan was developed, methods for
measuring and processing the results were determined, control and experimental groups were selected, and their homogeneity was checked.
At the main stage (2023), the experiment was conducted.

At the final stage (2024), the experiment's results were analysed, its reliability confirmed, and conclusions were drawn regarding the
pedagogical effect.

Research relies heavily on the accuracy and reliability of data. The following digital data collection tools were helpful in the study: MS
Excel and SPSS (Statistical Package for Social Science) programs.

The total sample size in the article is 120 respondents. The sample of respondents was selected by random using the technical procedure
for calculating the selection step.

During the experimental study, diagnostic data were divided into a control group (60 students) and an experimental group (60 students).
The study was implemented by using methods and various forms: multimedia technologies (projector, multimedia board, video and audio
equipment), software that combines animation, graphic, text, video and sound data and information, their simultancous use in the
information space; mobile devices, personal computer, web-oriented resources that are freely available and free of charge (YouTube,
specialized sites, social networks, cloud technologies, social network technologies), etc.

The limitations of this study affected the results by improving the qualitative characteristics of the material, optimally specifying goals and
objectives, and increasing the effectiveness of the results.

During the experiment, the target, content, and procedural components of specialists were implemented, and the effectiveness of the iden-
tified ways of using digital technologies in developing the research competence of future specialists was tested. The results of the experi-
mental study confirmed the applicability, optimality, and effectiveness of the proposed ways of using digital technologies in developing
the research competence of future specialists.

4. Results and Discussion

4.1. The importance of using digital technologies for developing the research competence of future professionals

Digital technologies enable students to use international cooperation, virtual communities, and information resources for self-education
and the solution of educational and professional tasks, to develop the ability to create their own educational and methodological materials,
to interpret ready-made materials, and to create an electronic portfolio of a specialist [7]. Such digital technologies include: virtual excur-
sions, online encyclopedias, educational programs — ready-made software products; PowerPoint, MS Word — programs for working with
text material; Adobe Photoshop, Paint, GIMP — graphic editors; programs for passing tests, software simulators — the use of which will
allow students to test their knowledge and consolidate skills thanks to the capabilities of open educational platforms and Scratch programs;
virtual laboratories and computer games; Multi-touch technologies and interactive boards —- SMART Board and SMART Table; repositories,
electronic libraries — electronic educational resources; means of distance communication (Google Meet, Google Classroom, Zoom, etc.),
opportunities for self-education (participation in forums, webinars, taking educational courses, information sites) — distance learning pro-
grams, etc. [8].

The use of educational software is expected at rising the research competence and supporting the organization of academic activities:
acquiring skills in observing objects of the surrounding reality in a historical excursion and in real time; studying the features of the studied
objects of nature using images, 3D models, 3D images, the possibilities of augmented and virtual reality, video fragments, etc.; developing
skills in generalizing and conducting research results on the properties of objects; predicting one's own activities, putting forward hypoth-
eses; practicing the skills of classifying, comparing, explaining the studied objects; solving tasks related to self-realization and self-educa-
tion [9].

The most appropriate way to develop the study capability of future specialists is to use educational software tools and a combination of
digital technologies and traditional teaching means, forms, and methods within an academic institution [10].

The effectiveness of digital technologies depends on the equal growth of specialists' research competence. It plays a leading role in organ-
ising the educational process in educational institutions [11].

The prospects for introducing digital technologies convince us of the need to create a single, innovative information and educational space
focused on the formation of students' natural research aids, on training specialists with digital cases, and on the development of an existing
professional portfolio, card files, etc. [12].

4.2. The main principles of developing educational software tools. Competencies, the mastery of which will ensure the
development of research competence of future specialists by forming natural research skills using digital technologies

Let us highlight the main principles of developing educational software:

e The principle of technological feasibility is based on the level of improvement in educational software, its development efficiency,
resistance to erroneous actions by the program user, and its simple structure and mobility.

e The principle of optimal management, which, considering educational goals and objectives, consists in the correct choice of educational
software by the teacher, management, through the possibility of independent selection of tasks, their complexity, the academic infor-
mation and communication trajectory of the student, and in daily use is characterised by clarity and simplicity for students [13].

e The principle of ergonomics, which promotes the systematic use of digital technologies, determines the parameters that affect the
effectiveness of educational software.

e The principle of didactic expediency, which is based on ensuring the level differentiation of teaching aids, completeness of content,
scientific content of materials, adaptability, accessibility in accordance with educational tasks, and individual characteristics of the
student [14].

e The opinion on the interactivity of educational facts in the presence of various means of dialogue (the performance of educational
actions) is that it creates conditions for dialogical interaction between the individual and the program.

o The attitude of integrativity allows, when performing various types of activities, to ensure (according to the pedagogical situation) the
alternativity and flexibility of educational software tools [15].

e Let us outline a list of competencies, the mastery of which will confirm the development of research competence by forming natural
science research skills through the use of digital technologies:
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e General pedagogical competence, which provides for the development of research competence of future specialists the ability to or-
ganize, adjust, plan, evaluate, predict, determine the level of formation of research competence of future specialists, the ability to design
educational centers in accordance with the conditions of training and adapt them to modern professional conditions, possession of
general qualities of future specialists necessary for the implementation of their professional activities.

¢ Information and communication competence consists of the ability to use digital technologies and navigate the information space. For
an effective, innovative organisation of professional activity meant at the development of research skills, a future specialist must be
able to work with modern digital resources, rationally choose digital technology tools during professional activity, and create new
electronic (digital) resources [16].

e Research competence, which reflects the ability of a future modern specialist to organise search and research professional activity,
experimentation, observation, implement and develop innovative and research projects in the field of the speciality.

e Activity (technological) competence, focused on knowledge of techniques, methods, forms, and means of organising professional
training of specialists, on the ability to implement digital technologies, innovative teaching technologies, on the acquisition of peda-
gogical experience, and on the acquisition of professional and personal qualities of the individual necessary for professional activity.

e Reflective competence involves focusing on improving professional skills and on awareness of the key aspects of professional activity,
which form the basis for self-regulation, self-control, self-assessment, self-expression, self-development, and lifelong learning [17].

e Health-preserving competence, which involves the readiness of a specialist to organize a psychologically favorable and emotionally
comfortable atmosphere in compliance with sanitary rules, norms and rules of life safety (in particular, the equipment of computer
rooms, the conditions for placing technical equipment), compliance with sanitary and hygienic requirements in professional activities,
the use of digital technologies for the development of research competence, rational organization of rest and work regimes.

e Design competence of a future specialist, aimed at the ability to organise and design a mobile, safe, developmental and dynamic
environment in accordance with the tasks and goals of the educational process, using digital technologies to develop the research
competence of future specialists; mastery of technologies for organising a subject-based, game-based, developmental, cognitive, natural
and ecological environment [18].

Therefore, practical, professional-personal, and theoretical training of future specialists should be aimed at the complex of considered

professional-personal competencies, which will contribute to the successful organisation of educational and professional activities to de-

velop research competence.

4.3. Organisation of an experimental study

The study of the process of using digital technologies to develop the research competence of future specialists continued during 2022—
2025. It took place at the following stages: the theoretical and analytical stage, the ascertaining stage, the formative stage, and the control
stage.

The theoretical and analytical stage of the experiment provided for: analysis, comparison, synthesis to process scientific sources, to study

the outlined problematic of using digital technologies to develop the research competence of specialists; overview and organisation — to

outline the pedagogical circumstances for implementing the process of using digital technologies to build the research competence of
specialists.

This stage of the experiment demonstrated that substantiating methods for using digital technologies is a key element of their professional

readiness for career activities. It also highlights the need to develop and implement suitable original pedagogical conditions.

At the ascertaining stage of the experiment, the initial level of research competence development among future specialists was determined

through testing, observation, questionnaires, the creation of a professional electronic portfolio, and essay writing (diagnostic methods).

The purpose of the establishing phase of the education was to determine the initial level of research competence among specialists and the

actual state of the phenomenon under study in higher education institutions.

To conduct experimental work aimed at identifying the development of research competence, a control (CG) and an experimental (EG)

group were selected. Bachelor's level students were involved in the experiment.

To deportment an experimental work, the following components of readiness to use digital skills for the change of research competence of

specialists (motivational, cognitive, activity, personal); criteria and indicators of readiness to use digital technologies for the progress of

study ability of specialists; the content characteristics of the levels of readiness to use digital technologies for the development of research
competence of specialists based on criteria and indicators (high; medium; low) were determined; the research methodology was developed.

The components (motivational, cognitive, activity, and personal) were differentiated, and the criteria and corresponding indicators were

determined:

e Focus on active preparation for the creation and growth of research capability among specialists through the use of digital technologies
(professional motives among future specialists for the creation and development of research capability through digital technologies;
motivation for the use of digital technologies in professional activities).

e Understanding the essence of the development of research ability of specialists over the use of digital technologies (the presence of
conscious knowledge of the methodological and theoretical foundations of the growth of research skill of future specialists; knowledge
of the methods of developing digital technologies; awareness of the possibilities of using digital technologies in professional activities).

e Self-regulation of readiness over the use of digital technologies (ability to independently develop digital technologies to solve profes-
sional tasks; experience in presenting one's own achievements and self-development on the issues of creating and developing research
skills of future specialists; active use of digital technologies).

e Assessment of personal and professional readiness of specialists and the ability to reflect during the formation of research competence
of specialists (ability to evaluate the results of the formation and development of research competence of future specialists through the
use of digital technologies (results of one's own professional activity); ability to popularize one's own experience and demonstrate it
through the use of digital technologies).

A study was conducted based on empirical distributions. Qualitative and quantitative indicators of the samples were analysed.

Qualitative was considered a feature that cannot be measured precisely, but which allows comparing objects and arranging them in order

of increasing or decreasing quality. In our case, these are the levels of readiness of specialists, as well as the ranks of sample options.

The most critical numerical characteristics of the group were included in the quantitative features: the arithmetic mean, which is a form of

a single number as a measure of central tendency, on average, a generalised indicator of the level achieved by the group, and also the

standard deviation, which is a generally accepted indicator of variation along with dispersion. The more the characteristics of the subjects

in the group under study differ in terms of development, the greater the differences in their test scores.
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At the input control stage, it became necessary to assess the homogeneity of the experimental and control groups. We check the homoge-
neity of the control group and the experimental group according to the criterion:

e We choose the significance level first.

e The null hypothesis states that the samples are homogeneous, whereas the competing hypothesis states that they are heterogeneous.
The consistency of the obtained results of each component was checked using the Pearson y2 criterion (nonparametric), in particular to test
the HO hypothesis, which states that there are no differences between the two (experimental) empirical distributions.

Therefore, as a result of the obtained values of the comparative analysis of the Pearson criterion (y2emp) with the critical value of the
criterion (y2crit) ( < 0.05) for all requirements, it was proven that the initial level of formation of future specialists in the control group and
the experimental group does not differ significantly. Therefore, we conclude that the respondents in the control and experimental groups
are equivalent, which makes it impossible to influence the accuracy and correctness of the results and, thus, their reliability during the
formative stage of the experiment.

The homogeneity of the experimental and control groups is checked using the y2 criterion: 1) we choose the significance level p = 0.05; 2)
null hypothesis: the samples are homogeneous. Competing hypothesis: the samples are heterogeneous: 3) we calculate the empirical value
of the statistic using the formula:

XgmpzM'N'Eirﬂ 1 (ﬁ_ﬁ)z

mj+n; M N

Where M — is the number of people in the CG, N- is the number of people in the EG; m; — is the number of people in the CG enrolled in

the i-th level; n; — is the number of people in the EG enrolled in the i-th level, r — is the number of levels.

Having performed the calculations, we conclude that the CG and EG groups (the respondents under study) are qualitatively homogeneous

and that their numerical indicators differ insignificantly. Therefore, we refer to the principle of uniformity in the qualitative and quantitative

indicators for the CG and EG groups before the start of the formative experiment.

The formative stage of the research and experimental work was carried out in accordance with the purpose of our study, which presented

the results of the testing of the pedagogical conditions we identified. Let us briefly present the results of the formative stage.

During the pedagogical experiment, particularly at the formative stage, the higher education institutions where the experimental group

students were studying were proposed to implement the pedagogical conditions we identified during the qualified exercise of specialists.

To increase the level of students' readiness for the formation and development of research competence through the use of digital technolo-

gies, three pedagogical conditions were implemented, including:

e Establishing subject-subject interaction when using digital technologies to develop their research competence through the creation of
a digital educational space.

o Intensification using digital technologies.

e Optimisation of the content of educational components and provision of programs for industrial practice.

Experimental confirmation of the success of the developed and implemented educational situations was conducted during the study’s

control stage.

The analysis of results at the formative stage of the experimental study was conducted using the same diagnostic tools as at the ascertaining

stage. We use the same calculation methods and statistical criteria.

Let us present the study's results.

1) Motivational component (formative experiment, bachelor's degree).

Let us present in tabular form and describe the data on the formation of the motivational component at the stage of the formative experiment

in Table 1.

Table 1: Levels of Formation of the Motivational Component of the Readiness of Future Specialists to Develop Research Competence Through the Use of
Digital Technologies (Results of the Formative Experiment)

Levels CGin % EG in %
High 26 32
Average 57 63

Low 17 5

Total 100 100

According to Pearson’s y? test, the difference between the control and experimental groups was not statistically significant (3> =4.25,p =
0.119), although the effect size was small to moderate (Cramer’s V = 0.19).

The results of the study show that after conducting a formative experiment on the formation of the motivational component of the readiness
of future specialists to develop research competence through the use of digital technologies, there are differences between the control and
experimental groups, that is, they are not homogeneous.

In the control groups, after completing the formative experiment, the number of respondents with an average level of formation of the
motivational criterion increased by 2%, and those with a high level increased by 1%. At the same time, the number of respondents in the
CG with a low level of formation of the motivational criterion decreased by 3%. These positive changes turned out to be insignificant.

In the experimental groups, after completing the formative experiment, the number of respondents with an average level and a high level
of formation of the motivational component increased by 9% and 6%, respectively; at the same time, the number of respondents in the EG
with a low level of formation of the motivational component decreased by 15%.

Table 2 presents the results of comparing the indicators of the formation of the motivational component in the EG before and after the
formative experiment.

Table 2: Comparison OF THE EG of Indicators of the Formation of the Motivational Component Before and After the Formative Experiment

Levels EG before the formative experiment (in %) EG after the formative experiment (in %)
High 26 32

Average 54 63

Low 20 5

Total 100 100
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The Pearson ? test indicated a statistically significant improvement in the experimental group after the formative experiment (x> = 6.17, p
= 0.046, Cramer’s V = 0.23), showing a moderate effect size.

2) Cognitive component (formative experiment, educational degree "bachelor").
Let us present in tabular form and describe the data on the formation of the cognitive component of the readiness of specialists to develop
research competence at the stage of the formative experiment in Table 3.

Table 3: Levels of Formation of the Cognitive Component of the Readiness of Future Specialists to Develop Research Competence Through the Use of
Digital Technologies (Results of the Formative Experiment)

Levels CG in % EG in %
High 14 31
Average 63 63

Low 23 6

Total 100 100

The comparison between the control and experimental groups revealed a significant difference (> = 10.03, p = 0.007, Cramer’s V = 0.29),
indicating a moderate-to-strong effect of the implemented pedagogical conditions.

The results of the study show that after conducting a formative experiment on the formation of the cognitive component of specialists'
readiness to develop research competence in the use of digital technologies, the control and experimental groups differ; therefore, they are
not homogeneous.

In the control groups, after completing the formative experiment, the quantity of respondents with an average level of cognitive develop-
ment increased by 1.5%, and those with a high level increased by 1%. At the same time, the number of respondents in the CG with a low
level of cognitive criterion formation decreased by 2.5%. These positive changes turned out to be insignificant.

In the experimental groups, after completing the formative experiment, the number of respondents with an average level and a high level
of formation of the cognitive component increased by 12% and 5%, respectively; at the same time, the number of respondents in the EG
with a low level of formation of the cognitive component decreased by 16%.

Table 4 presents the results of comparing indicators of the formation of the cognitive component in the EG before and after the formative
experiment.

Table 4: Comparison of the EG of the Indicators of the Formation of the Cognitive Component Before and After the Formative Experiment

Levels EG before the formative experiment (in %) EG after the formative experiment (in %)
High 26 31

Average 54 63

Low 20 6

Total 100 100

The Pearson y? value (y*> = 4.76, p = 0.092) showed a near-significant difference in cognitive development levels, with a small-to-moderate
effect (Cramer’s V = 0.20).

3) Activity component (formative experiment, educational degree "bachelor").

Let us present the data in tabular form and describe the formation of the activity component of the readiness of future specialists to develop
research competence at the stage of the formative experiment in Table 5.

Table 5: Levels of Formation of the Activity Component of the Readiness of Future Specialists to Develop Research Competence Through the Use of
Digital Technologies (Results of the Formative Experiment)

Levels CGin % EG in %
High 10 13
Average 62 72

Low 28 15

Total 100 100

The activity component analysis showed no statistically significant difference between groups (x> = 3.20, p = 0.202), with a small effect
size (Cramer’s V = 0.16).

The results of the study show that after conducting a formative experiment, the groups differ; that is, they are not homogeneous.

In the control groups, after completing the formative experiment, the number of respondents with an average level of formation of the
activity component increased by 2%, and those with a high level increased by 1.4%. At the same time, the number of respondents in the
CG with a low level of formation of the activity component decreased by 3.5%. These positive changes turned out to be insignificant.

In the experimental groups, after completing the formative experiment, the number of respondents with an average level and a high level
of formation of the activity component increased by 10% and 4%, respectively; at the same time, the number of respondents in the EG with
a low level of formation of the motivational component decreased by 14%.

Table 6 presents the results of the comparison in the EG of the indicators of the formation of the activity component before and after the
formative experiment.

Table 6: Comparison of the EG of the Indicators of the Formation of the Activity Component Before and After the Formative Experiment

Levels EG before the formative experiment (in %) EG after the formative experiment (in %)
High 9 13

Average 62 72

Low 29 15

Total 100 100

The Pearson ? test showed no statistically significant difference in the activity component before and after the experiment (¥* = 3.60, p =
0.166), with a small effect size (Cramer’s V =0.17).
4) Personal component (formative experiment, educational degree "bachelor").
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Let us present in tabular form and describe the data on the formation of the personal component of the readiness of future specialists to
develop research competence at the stage of the formative experiment in Table 7.

Table 7: Levels of Formation of the Personal Component of the Readiness of Future Specialists to Develop Research Competence Through the Use of
Digital Technologies (Results of the Formative Experiment)

Levels CGin % EG in%
High 9 14
Average 60 67

Low 31 19
Total 100 100

The difference between the control and experimental groups in the personal component was not statistically significant (y*> = 3.03, p =
0.220), and the effect size was small (Cramer’s V = 0.16).

The results of the study show that after conducting a formative experiment on the creation of the personal factor of specialists' readiness to
develop research competence through the use of digital technologies, there are differences between the control and experimental groups;
that is, they are not homogeneous.

In the control groups, after completing the formative experiment, the number of respondents with an average level of formation of the
personal component increased by 2.5%, and those with a high level increased by 1.5%. At the same time, the number of respondents in the
CG with a low level of formation of the activity component decreased by 4%. These positive changes turned out to be insignificant.

In the experimental groups, after completing the formative experiment, the number of respondents with an average level and a high level
of formation of the personal component increased by 10% and 8%, respectively; at the same time, the number of respondents in the EG
with a low level of formation of the personal component decreased by 18%.

Table 8 presents the results of a comparison of indicators of the personal component before and after the formative experiment in the EG.

Table 8: Comparison of the EG of Indicators of the Formation of the Personality Component Before and After the Formative Experiment

Levels EG before the formative experiment (in %) EG after the formative experiment (in %)
High 6 14

Average 57 67

Low 37 19

Total 100 100

The Pearson y? test approached statistical significance (y* = 5.48, p = 0.065), with a small-to-moderate effect size (Cramer’s V = 0.22),
indicating a positive trend in the development of personal competence.

Overall, the ¥? analyses confirmed statistically significant improvements in several components of research competence (p < 0.05), partic-
ularly in the motivational and cognitive domains. The effect sizes ranged from minor to moderate (Cramer’s V = 0.16-0.29), supporting
the effectiveness of the proposed pedagogical conditions.

The analysis of the results of the experiment we conducted confirms the efficiency of the author's developed pedagogical conditions and
methods for forming future specialists' readiness to build research competence through the use of digital technologies. A comparison of
quantitative indicators of the CG and EG at the beginning and after the experimental study revealed significant positive changes in the
preparation of future specialists to develop research competence through the use of digital technologies.

The positive dynamics observed in the experimental group align with the conclusions of Haleem et al. [2], who argued that digital technol-
ogies promote students’ engagement in research-oriented activities. Our results complement their theoretical model with quantitative evi-
dence confirming that digital tools significantly increase motivation, cognitive activity, and self-regulation. Furthermore, the improvements
across all components of research competence corroborate Duo-Terron’s [4] assertion that digital learning environments can stimulate
creativity and experimental thinking. At the same time, our study expands these insights by identifying specific pedagogical conditions —
such as subject—subject interaction and content optimisation — that ensure the sustainable development of research competence in higher
education contexts.

5. Conclusion

The significance of digital technologies for the development of research competence among future specialists has been proven. The basic
principles of developing educational software are described. Competencies have been identified, the mastery of which will confirm the
development of research competence among specialists by fostering natural science research skills through the use of digital technologies.
To conduct experimental work aimed at identifying the progress of research ability in specialists, a control (CG) and an experimental (EG)
group were selected. Bachelor's level students were involved in the experiment.

To manner of experimental study, the following components of readiness to use digital technologies for the development of research ability
of specialists were determined: motivational, cognitive, activity, personal; criteria and indicators of readiness to use digital technologies
for the development of research competence of specialists; content characteristics of the levels of readiness to use digital technologies for
the development of research competence of specialists were determined based on criteria and indicators (high; medium; low); research
methodology was developed.

The study was conducted based on empirical distributions. Qualitative and quantitative indicators for the samples were analysed. Qualita-
tive was considered a feature that cannot be measured accurately, but that allows comparing objects and arranging them in order of in-
creasing or decreasing quality. In our case, these are the levels of readiness of future specialists to form and develop research competence
through the use of digital technologies, as well as the ranks of sample options. The most critical numerical characteristics of the group were
included in the quantitative characteristics: the arithmetic mean, which is a form of a single number as a measure of central tendency, on
average, a generalised indicator of the level achieved by the group, and also the standard deviation, which is a generally accepted indicator
of variation along with dispersion. The more the characteristics studied in the group under study differ in level of development, the greater
the differences in their test scores.

At the input control stage, it became necessary to assess the homogeneity of the experimental and control groups.

Having performed the calculations, we conclude that the CG and EG groups (the respondents under study) are qualitatively homogeneous
and that their numerical indicators differ insignificantly. Therefore, we refer to the principle of uniformity in the qualitative and quantitative
indicators for the CG and EG groups before the start of the formative experiment.
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The formative stage of the research and experimental work was carried out in accordance with the purpose of our study, which presented
the results of the testing of the pedagogical conditions we identified. Experimental confirmation of the efficiency of the developed and
implemented pedagogical conditions was conducted during the control stage of the study.

The analysis of results at the formative stage of the experimental study was conducted using the same diagnostic tools as at the ascertaining
stage.

The analysis of the results of the experiment we conducted confirms the effectiveness of the author's pedagogical conditions and methods
for developing research competence among future specialists through the use of digital technologies. A comparison of quantitative indica-
tors of CG and EG at the beginning and after the experimental study revealed significant positive changes in the training of future specialists
for the development of research competence through the use of digital technologies.

The conducted research does not exhaust all the features of the problems raised; therefore, we see the need for further scientific study of
new information and communication technologies that are compelling for implementation in higher education.
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