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Abstract

The article develops the content and justifies the features of professional training
for specialists by creating a digital higher-education environment to develop their
information and digital competence. The factors most influencing a student's
level of information and digital competence are identified. The content of the
digital environment of higher education is substantiated. The core idea of the
experimental study is that our system for training future specialists in higher
education, by creating a digital environment to develop students' information and
digital competence, is an effective means of preparing competitive specialists.
We, based on statistical analysis, have proven that the developed system of
training future specialists of higher education by creating a digital environment
for the formation of information and digital competence of students makes it
possible to form a value component, a technological component, an activity
component, and a reflexive component of the specified competence of future
specialists. Thus, our experiment confirmed the study's hypothesis and
demonstrated the effectiveness of the proposed system in developing the
information and digital competence of future specialists.

Keywords: competence, digital environment, higher education institutions,
digital technologies, virtual reality.

Resumen

El articulo desarrolla el contenido y justifica las caracteristicas de la formacion
profesional de especialistas mediante la creacion de un entorno digital de
educacion superior para el desarrollo de su competencia informativa y digital.
Se identifican los factores que mas influyen en el nivel de competencia
informativa y digital de un estudiante. Se fundamenta el contenido del entorno
digital de la educacion superior. La idea central del estudio experimental es que
nuestro sistema de formacion de futuros especialistas en educacién superior,
mediante la creacion de un entorno digital para el desarrollo de la competencia
informativa y digital de los estudiantes, constituye un medio eficaz para preparar
especialistas competitivos. Mediante analisis estadisticos, hemos demostrado
que el sistema desarrollado para la formacion de futuros especialistas en
educacion superior mediante la creacion de un entorno digital para la formacion
de la competencia informativa y digital de los estudiantes permite formar un
componente de valor, un componente tecnoldgico, un componente de actividad
y un componente reflexivo de la competencia especifica de los futuros
especialistas. Por lo tanto, nuestro experimento confirmé la hipétesis del estudio
y demostré la eficacia del sistema propuesto para el desarrollo de la
competencia informativa y digital de los futuros especialistas.

Palabras clave: competencia, entorno digital, instituciones de educacion
superior, tecnologias digitales, realidad virtual.
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Introduction

The rapid digitalization of society and the expansion of information technologies
have significantly transformed higher education systems worldwide. Modern labor
markets increasingly require specialists who possess not only professional
knowledge but also a high level of information and digital competence. In this
context, higher education institutions face the strategic task of creating effective
digital educational environments that support the development of these
competencies and ensure the competitiveness of graduates
(Sarango-Lapo et al., 2021).

The integration of digital technologies into higher education has expanded
opportunities for innovative teaching and learning methods, including virtual learning
environments, cloud services, and interactive digital tools. At the same time, the
transition toward digitally mediated education requires reconsideration of traditional
approaches to professional training and competence formation. Students must be
able to effectively search, analyze, process, and apply information using digital
technologies, as well as adapt to rapidly changing technological conditions.

Previous research has emphasized the importance of digital literacy and digital
competence for successful professional activity and lifelong learning. However,
despite the significant number of studies devoted to digital competence
development, there remains insufficient systematization of approaches to creating
integrated digital environments in higher education aimed at the comprehensive
formation of information and digital competence among future specialists. In
particular, there is a need for empirical verification of the effectiveness of structured
digital educational systems that combine technological, pedagogical, and
value-based components (Huaman-Romani et al., 2022).

In modern educational conditions, the digital environment of higher education
becomes not only a technological platform but also a pedagogical system that
influences the development of students’ professional, cognitive, and reflective
abilities. Therefore, the formation of information and digital competence should be
considered as a multidimensional process that includes value, technological,
activity-based, and reflective components.

Literature Review

The rapid digital transformation of higher education has significantly intensified
scholarly attention toward the development of information and digital competence
among future specialists. Researchers worldwide increasingly emphasize that digital
competence has become a core prerequisite for professional competitiveness,
lifelong learning, and effective participation in the knowledge society.

A number of studies have examined the impact of digitalization on competence
formation in higher education. Nieto-Rivas et al. (2025) revealed substantial gaps in
students’ digital competence during the COVID-19 pandemic, highlighting
deficiencies in digital communication, information management, and collaborative
skills. Their findings indicate that most students demonstrate only a moderate level
of digital competence, which negatively affects professional training quality.

Similarly, Gonzalez Calleros et al. (2022), through a systematic literature review,
concluded that university teachers’ digital competence often remains at an average
or low level, emphasizing the need for institutional programs to strengthen digital
skills and understanding of virtual learning environments.

145


https://revistaeduweb.org/

E€Eduweb

https://revistaeduweb.org/
ISSN: 1856-7576

Open Acces

Este articulo no presenta ningun
conflicto de intereses. Este articulo
esta bajo la licencia Creative
Commons Atribucion 4.0
Internacional (CC BY 4.0). Se
permite la reproduccion,
distribucion y comunicacién publica
de la obra, asi como la creacion de
obras derivadas, siempre que se
cite la fuente original.

Creative Commons Attribution 4.0
Internacional (CC BY 4.0)

Designing digital higher education environments for information and digital competence development.

Eduweb, 2026, enero-marzo, v.20, n.1./ 144-158

The relationship between digital competence and teaching effectiveness has also
been widely explored. Churampi-Cangalaya et al. (2024) demonstrated a strong
positive correlation between digital competence and teaching effectiveness in higher
education, confirming that the integration of digital technologies enhances learning
outcomes. Mondragon-Estrada et al. (2023) further highlighted that teachers’ digital
transformation strategies and technological readiness significantly influence the
success of hybrid and online learning environments. Their results suggest that basic
digital competencies are essential for maintaining student engagement and ensuring
effective instruction.

Another important line of research focuses on virtual learning environments and
digital platforms. Lobo & Alvarez (2023) analyzed students’ digital skills within
Moodle and Google Classroom environments and found that active use of digital
platforms significantly improves students’ digital literacy and technological
proficiency. The expansion of virtual environments during the pandemic accelerated
students’ adaptation to digital tools and contributed to the development of
autonomous learning skills. Similarly, Estrada-Molina et al. (2022) demonstrated that
integrating formal online learning with informal digital networks (e.g., LinkedIn,
ResearchGate) significantly enhances students’ digital competence, emphasizing
the importance of combining structured and open learning environments.

Several scholars have also examined digital competence from a systemic and
socio-educational perspective. Antén-Sancho et al. (2023) analyzed digital
competence among university teachers in Pacific Alliance countries and reported a
substantial increase in ICT use after the pandemic, although uneven across regions.
Their study confirms that digital competence development depends not only on
technological infrastructure but also on pedagogical integration and institutional
support. In a broader context, Del Prete & Cabero Almenara (2020) conceptualized
digital competence as a multidimensional construct that includes critical thinking,
responsible use of digital technologies, communication, and continuous professional
self-development.

Despite the growing body of research, several unresolved issues remain. First, most
studies focus on individual aspects of digital competence rather than its holistic
formation within an integrated digital educational environment. Second, empirical
evidence regarding the effectiveness of comprehensive digital learning systems
remains limited. Third, insufficient attention has been paid to the interaction between
value-based, technological, activity-oriented, and reflective components of digital
competence development.

Therefore, the present study aims to address these gaps by substantiating and
experimentally verifying a structured digital higher-education environment designed
to support the comprehensive formation of information and digital competence
among future specialists. The study contributes to the existing literature by providing
an integrated pedagogical model and empirical evidence of its effectiveness.

Research purpose. To substantiate and empirically verify the effectiveness of
designing a digital environment for higher education in developing information and
digital competence of future specialists.

Methodology

The study employed a quasi-experimental research design with experimental (EG)
and control (CG) groups in order to examine the effectiveness of a specially
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designed digital educational system for the formation of information and digital
competence of future specialists. The research design combined quantitative and
qualitative approaches and included ascertaining, formative, and control stages.

The participants of the study were undergraduate students from higher education
institutions in Ukraine. The total sample of students was divided into an experimental
group (EG) and a control group (CG). The groups were formed according to the
principle of equivalence with respect to academic performance, field of study, and
initial levels of information and digital competence.

Homogeneity of the groups was verified statistically prior to the formative stage to
ensure the comparability of the samples.

The assessment scale was based on a 100-point system, which allowed the
classification of students’ competence levels into three categories:

— Low level (1-62 points).
— Average level (63-87 points).
— High level (88—100 points).

The structure of information and digital competence included four components:
value, technological, activity, and reflective.

The study was conducted over three academic years and included the following
stages:

1 Preparatory stage — theoretical analysis of scientific literature, development of
the research concept, identification of the structure and indicators of information
and digital competence, and design of the experimental methodology.

2 Ascertaining stage — initial diagnostics of students’ information and digital
competence in both groups using internal academic digital resources. At this
stage, baseline data were collected to determine the initial level of competence.

3 Formative stage — implementation of the developed digital educational
environment and a special course in the experimental group. The training
system included the use of digital platforms, cloud services, virtual learning
environments (e.g., Moodle), online academies, professional communities, and
interactive teaching methods (blended learning, flipped classroom, project-
based learning, coaching, and problem-based learning). The control group was
taught using traditional instructional approaches.

4 Control stage — final assessment of students’ information and digital
competence in both groups, comparison of results, and evaluation of the
effectiveness of the implemented system.

Quantitative data were processed using statistical methods, including:

Descriptive statistics.

— One-way analysis of variance (ANOVA).

— Pearson’s chi-square (x?) test.

— Post hoc multiple comparison tests (Tukey test).

The null hypothesis (HO) stated that the implementation of the developed digital
environment does not significantly affect the level of students’ information and digital
competence. The alternative hypothesis (H1) assumed a statistically significant
effect of the developed system on competence formation.
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All statistical analyses were conducted using SPSS software. The level of statistical
significance was set at a = 0.05.

Participation in the study was voluntary. Students were informed about the purpose
of the research, and anonymity and confidentiality of the collected data were
ensured. The study was conducted in accordance with ethical standards for
educational research.

Results and Discussion

The content and features of professional training for specialists are developed in
the digital higher-education environment to develop their information and digital
competence.

Digital technologies are essential tools in modern professional activity, making digital
literacy a key condition for specialist success. Training future professionals therefore
requires developing a new model of the individual equipped with strong digital skills.
Modern specialists must be able to search, analyze, manage, and securely store
information; communicate and collaborate in digital environments; use cloud
systems and digital services; ensure cybersecurity; and apply digital tools effectively
in education and professional work.

A core component of professional development is information and digital
competence. It includes the ability to use digital technologies consciously and
responsibly, organize communication and collaboration, reflect on experience, and
continuously improve skills. This competence shapes career growth and
encompasses all aspects of professional activity (Villarreal-Villa et al., 2019).

Virtual reality and other advanced technologies further enhance digital competence by
engaging creativity, imagination, and practical skills. The level of a student’s digital
competence depends on the quality of professional training and their experience with
digital technologies in higher education. Updating IT-related curricula is therefore
essential, and recent graduates are expected to demonstrate higher levels of digital
competence (Mytnyk et al., 2024).

Information and digital competence can be defined as a student’s readiness and ability
to solve professional tasks using modern digital tools. It involves searching, analyzing,
systematizing, presenting, and creating information; using digital resources critically and
confidently; and maintaining a continuous need for learning and self-improvement
(Del Prete & Cabero Almenara, 2020).

Thus, students in higher education must be able to access and use information sources,
process and present data in various formats, apply analytical techniques, navigate digital
environments, and use technologies effectively in both professional and everyday
contexts (Farias-Gaytan et al., 2023).

The content of the digital environment of higher education. The main functions of
each student in the digital learning environment. The main aspects of information
security are the psychological component of national security.

Equivalent components of the formation of information and digital competence of
future specialists and their importance in the digital environment of higher
education.

The formation of information and digital competence requires creating a
comprehensive digital environment in higher education that supports students’
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professional, personal, and cultural development. This environment should promote
self-organization and prepare future specialists for professional activity through the
integration of professional growth, personal development, and professional culture
(Laurente-Cardenas et al., 2020).

The conceptual model of such an environment is based on a triadic principle. First,
digitalization should ensure synergistic interaction between three core components:
professional development, personal development, and professional-cultural growth.
These elements are interconnected and oriented toward achieving professionalism,
value-based maturity, and career self-improvement.

Second, student development in the digital environment should focus on three key
outcomes: digital professionalism, professional digital culture, and a system of
professional digital competencies. This process is continuous and supports lifelong
professional growth through creativity, self-education, and self-development.

Third, career advancement in the digital environment unfolds through phases:
mastering digital tools, developing professional-digital competencies, and achieving
professional digital culture. The main regulatory mechanism of this process is
self-creation, which includes self-knowledge, self-regulation, and value-based
self-awareness. (Ocafa-Fernandez et al., 2020).

In the context of societal digitalization, future specialists must also perform key
functions: heuristic (innovative thinking), digital (technical and managerial use of
technologies), self-developmental, security-related, and value-oriented functions.
Information security, particularly its psychological and axiological aspects, becomes
especially important, as students must develop resilience to information threats and
maintain value-based stability (Peres et al., 2016).

Information and digital competence develops through interconnected components:
knowledge, skills, responsibility, communication, and autonomy. To remain
competitive, future specialists must master digital tools and online services, critically
evaluate information, follow legal and ethical standards (including copyright and
academic integrity), ensure cybersecurity, and engage in lifelong learning
(Terreni et al., 2019).

They should also be able to select, evaluate, create, modify, and share digital
educational resources; use open resources and e-portfolios; analyze educational
data; organize safe digital interaction; and apply digital communication tools for
collaboration and professional growth (Mejias-Acosta et al., 2024).

Overall, the digital environment of higher education must systematically support the
development of competent, responsible, and culturally aware professionals capable
of effective work in a digital society (Julio Juvenal et al., 2025).

Experimental research

The main idea of the experimental study is that our system for training future
specialists in higher education, developed by creating a digital environment to build
students' information and digital competence, is an effective means of training
competitive specialists.

The hypothesis of the study is based on the following assumption: if the process of
training future specialists is carried out according to a specially developed system,
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which includes a methodology based on the creation of a digital environment, then
this will contribute to the formation of information and digital competence of students.
The study was conducted over three years and covered the following stages:
preparatory, ascertaining, formative, and control.

At the preparatory stage of the scientific and pedagogical search, the experience
was analyzed; a theoretical analysis of the state of the outlined research problem
was conducted; the content and structure of the information and digital competence
of future specialists were determined; and the goal and leading idea of the study
were established.

At the ascertaining stage of the study, a hypothesis for the experimental study was
formulated; a system for training future specialists in higher education was
developed; a research program was outlined; levels were defined; experimental
methods were determined for the participants; and the experimental studies were
conducted. At the ascertaining stage, a survey was conducted to assess the level of
students' information and digital competence when using only internal academic
cloud resources in higher education, namely educational electronic courses from
each discipline. The following results of the ascertaining section were obtained

(Fig. 1):

— 45% — the number of students with a low level of development of information
and digital competence.

— 41% - the number of students with an average level of development of
information and digital competence.

— 14% — the number of students with a high level of development of information
and digital competence.

14%

HLow Level ®Average Level uHigh Level

Figure 1. Distribution of Students’ Information and Digital Competence Levels at the
Ascertaining Stage.

The structure of information and digital competence of students, which is the
student's ability to carry out innovative activities in order to improve practical skills
and deepen theoretical knowledge for a flexible response of each person to constant
changes in the digital modern society, and is the ability to skillfully and coherently
solve professional tasks to increase the competitiveness of the individual in the labor
market. Therefore, we have identified the following components: value component,
technological component, activity component, reflective component:
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— Value component (stimulation of the student's educational activity in higher
education, characterized by the development of values in the modern digital
environment and motivation of students for self-development and constant self-
improvement).

— Technological component (formation of the ability of higher education applicants
to determine the goal and plan, independently manage educational and
cognitive activities in the modern digital environment, and self-education).

— Activity component (the ability to carry out self-educational activities in a modern
digital environment through the formation of the information and digital
competence of the individual in solving professional tasks).

— Reflective component (provides the ability to reflect on one's own self-
educational activities in a modern digital environment).

At the ascertaining stage, EG and CG were distinguished. For EG, we substantiated
the principles and approaches to organizing a digital environment that will contribute
to the formation of information and digital competence of students, based on the
outlined principles and approaches by which information and digital competence are
formed.

A special course was developed, and its content was designed to provide
professional guidance on developing EG students' information and digital
competence. The system of training students has been improved using innovative
methods, forms of organizing the educational process of higher education have been
determined, which will contribute to the formation of information and digital
competence of EG students (independent work, training sessions), methods (project
activities, coaching, interactive, problem-based, blended, flipped learning), the use
of which will contribute to the formation of information and digital competence in
higher education applicants.

Substantiated levels (low, average, high) for formation based on the criteria of
information and digital competence (cognitive, personal, pragmatic, reflective).
Indicators have been developed to assess them.

At the formative stage of the experiment, we carried out an experimental test of the
hypothesis, implemented the developed system and a special course in the EG to
form the information and digital competence of specialists, investigated the main
components in the process of professional training of future specialists,
experimentally verified the effectiveness of the proposed system, which includes
innovative methods and a special course. To deepen and acquire practical digital
skills, EG students were recommended digital platforms from professional
disciplines for performing practical tasks, and virtual desktops with the necessary
software were provided for individual and laboratory work. The use of digital
platforms in the study of the educational components of the professional direction
encouraged EG students to adopt these services and platforms in their professional
activities, enhancing their competitiveness. In EG, students had the opportunity to
select services and e-resources that would support their professional growth. Thus,
the value and activity components of students' information and digital competence
were formed among EG students.

The primary methods of teaching students in the EG are blended and flipped
learning, coaching, interactive activities, problem-solving, and project-based
activities.

The developed system, which was implemented in the EG, included innovative
methods, a special course for the formation of the student's information and digital
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competence, as well as the constant use of the Moodle platform, which was focused
on interaction in the educational process of higher education between EG students
and the teacher using an electronic special course; online academies (Cisco,
Microsoft, etc.); professional blogs, forums, sites, communities; services for
communication and cooperation; automated task verification systems. Thus, the
reflective and technological components of students' information and digital
competence were developed among EG students.

In the EG, attention was paid to ensuring the organization of group project work
using digital technologies. The use of group project work in training future specialists
strengthened their ability to select, search for, and analyze the necessary
information. Using informal education resources, communication and cooperation
services, and tools for reflection and assessment, students developed the ability to
plan and allocate their time effectively, collaborate in teams, and communicate.
Implementing the proposed professional projects strengthened EG students'
professional skills and increased their motivation for self-education.

In the formative experiment, we investigated the impact of using systems, platforms,
and external academic cloud resources on EG students' training. At the same time,
each subsequent component of the environment was added to the set of previous
components. As a result, we observe the dynamics of the growth in students’
information and digital competence. The following research results were obtained in
EG (Fig. 2):

— 15% - the number of students with a low level of information and digital

competence.

—  37% - the number of students with an average level of information and digital
competence.

— 48% - the number of students with a high level of information and digital
competence.

15%

48%

37%

Hlow Level ®Average Level uHigh Level

Figure 2. Dynamics of Information and Digital Competence Levels in Experimental
Group Students During the Formative Experiment.

Thus, the study indicates an increase in students' information and digital
competence who studied using the developed system.
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The spectrum of innovative methods used in a special course to develop students'
information and digital competence during the learning process, and the
experimental testing of their knowledge and skills, provides grounds to assert the
feasibility of applying the developed system of training future specialists in higher
education by creating a digital environment.

At the control stage of the study, we carried out a generalization, systematization of
the final measurement of the levels of formation of information and digital
competence of future specialists, processing the results obtained, comparing them
with the predicted results, obtained experimental results, formulating general
conclusions of the study, and identifying prospects for further research on the
specified problem.

During the control experiment, the success levels and indicators for students
enrolled in the experimental program were determined. It was shown that all
respondents who participated in the experimental study across the different stages
were homogeneous. We proposed ANOVA methods and used SPSS tools to test
the hypothesis that students’ success depends on the level of information and digital
competence and on the system used. The following results were obtained (Fig. 3):

— The number of students with a low level decreased by — 31%.
— The number of students with an average level increased by 4%.
— The number of students with a high level increased by — 35%.

40%
30%
20%
10%

0%
-20%
-30% -31%
-40%

Hlow Level ®Average Level uHigh Level

Figure 3. Changes in Students’ Success Levels and Information and Digital
Competence Indicators During the Control Experiment.

During the experiment, the system was tested. It demonstrated a positive impact on
students' professional training, effectively contributing to the development of
information and digital competence among future specialists and increasing their
success.

Interpretation of results and statistical analysis
Samples for homogeneity, i.e., equality/similarity, allow us to evaluate the analysis

of variance. The average values of each sample are compared with each other. In a
one-factor analysis of variance, the overall significance of differences is calculated.
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For respondents, questionnaires were developed based on previously defined
indicators of information and digital competence. A 100-point scale was used to
assess each indicator's achievement.

All students who participated in the experiment were evaluated. The average value
of all indicators was used to create a conjugation table.

According to this principle, the values were clustered:

— From 1 to 62 points — students have a low level of information and digital

competence.

— From 63 to 87 points — students have an average level of information and digital
competence.

— From 88 to 100 points — students have a high level of information and digital
competence.

Thus, to assess information and digital competence, we grouped the results into
three levels based on the quality of learning during the educational activity. Also,
assuming there are no differences between the experimental groups, the expected
frequencies for the levels of information and digital competence are:

Let us formulate the null hypothesis HO in order to test the first assumption: the use
of the developed system does not affect the level of information and digital
competence, that is, the changes in the variable SK are random.

Let us formulate an alternative hypothesis, H1, in order to test the assumption: the
use of the developed system significantly affects the level of information and digital
competence, that is, the changes in the variable SK are not random.

We use the Pearson x? consistency criterion for quantitative confirmation. If the
obtained statistics exceed the quantile of the x? distribution, then the null hypothesis
HO is rejected. If not, the hypothesis is accepted at the 0.05 significance level.

The calculated value of the Pearson criterion is greater than the critical one for 6
degrees of freedom: 40.021>12.592. The value of asymptotic significance also
indicates this and determines the probability of error when rejecting the null
hypothesis. As a result, we accept the alternative hypothesis that the system we
developed affects the assessment of information and digital competence levels.

The existing data from the one-way analysis of variance for the experiments yield a
value of 22.015, which is Fisher's exact test (F-test). The corresponding critical value
of the F-test at degrees of freedom (4-1) = 3 for the between-group (variance) and
at degrees of freedom (388-4) = 384 - within-group and at a significance level of
a = 0.05 is 2.628. Therefore, the calculated Fisher's exact test statistic for the
experimental data exceeds the critical value: 22.015 > 2.628. Therefore, the
proposed null hypothesis regarding the differences that are random in the group
means was rejected, and the alternative hypothesis was accepted: the values of the
general means differ significantly. That is, the actual data do not agree with the null
hypothesis; therefore, the null hypothesis of the analysis of variance is rejected as a
result — that is, a factor acted over the years, which determined the difference in
success, the absence of the effect of the factor under consideration. Based on the
positive results of the analysis of variance, we can conclude that the level of training
in the developed system affects students' educational outcomes.
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We were interested in the influence of individual levels of the factor. For this, we
used a posteriori tests — the results of comparisons of pairwise levels of the
independent variable. We used the Tukey criterion — a criterion of true significance,
which, to determine differences between groups, uses the Student's t-statistic and
controls the frequency of results that are false positives with correction for the effect
of multiple comparisons.

The table of one-way analysis of variance for experiments gives us a value equal to
11.5 F-criterion (Fisher's criterion). The corresponding value of the F-criterion, which
is critical at a=0.05, is 3.043.

Therefore, the value of the Fisher criterion calculated from the experimental data
exceeds the critical value — 882.997 > 3.043. As a result, the null hypothesis of the
analysis of variance is rejected — the absence of the considered factor effect. We
can state that the level of the specified competence affects learning outcomes, as
shown by the results of the analysis of variance.

We, based on statistical analysis, have proven that the developed system of training
future specialists of higher education by creating a digital environment for the
formation of students' information and digital competence makes it possible to form
a value component, a technological component, an activity component, and a
reflexive component of the specified competence of future specialists. Therefore,
the experiment we conducted confirmed the research hypothesis and demonstrated
the effectiveness of the proposed system in developing the information and digital
competence of future specialists.

Comparing These Results with Previous Studies

The findings are consistent with previous research emphasizing the importance of
digital competence in higher education. Similar to Churampi-Cangalaya et al. (2024),
our results confirm a positive relationship between digital competence and academic
performance. The significant increase in students with a high competence level
(from 14% to 48%) supports this conclusion.

The multidimensional structure of competence identified in our study (value,
technological, activity, reflective components) aligns with the framework proposed
by Del Prete & Cabero Almenara (2020).

Consistent with Laurente-Cardenas et al. (2020) and Terreni et al. (2019), the results
highlight the importance of structured digital learning environments. However, unlike
many studies focusing on individual tools, this research provides empirical evidence
of the effectiveness of a holistic, system-based digital model.

Baseline results confirming low initial competence levels correspond with
Nieto-Rivas et al. (2025), while the significant improvements observed demonstrate
the effectiveness of a long-term, integrated intervention.

Overall, the findings support existing literature and contribute new empirical
evidence on the effectiveness of comprehensive digital environment design in higher
education.

Conclusions

This study substantiated and empirically verified the effectiveness of a structured
digital higher education environment designed to develop information and digital
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competence among future specialists. The research addressed the identified gap in
the literature concerning the lack of integrated and experimentally validated models
for competence formation within holistic digital ecosystems.

The findings demonstrate that the implementation of a system-based digital
educational model significantly improves students’ information and digital
competence across four interrelated components: value, technological, activity, and
reflective. Statistical analysis (x> and ANOVA at a = 0.05) confirmed that the
observed changes were not random and that the developed digital environment had
a statistically significant impact on competence levels.

The results indicate a substantial decrease in the proportion of students with a low
level of competence and a corresponding increase in the proportion of students with
a high level. This confirms that a comprehensive approach—combining digital
infrastructure, innovative pedagogical methods (blended learning, flipped learning,
project-based learning), structured LMS integration, and professional digital
platforms—produces sustainable educational effects.

The study contributes to the existing body of research by providing empirical
evidence of the effectiveness of a longitudinal, multidimensional, and pedagogically
grounded digital transformation model in higher education. Unlike approaches
focused solely on technological tools, the proposed system integrates technological,
value-oriented, and reflective dimensions of competence formation.

From a practical perspective, the findings suggest that higher education institutions
should adopt systemic digital environment strategies rather than isolated digital
interventions. Structured digital ecosystems can serve as a foundation for preparing
competitive specialists capable of functioning effectively in a rapidly digitalizing labor
market.

Limitations

The study was conducted within Ukrainian higher education institutions, which may
limit the generalizability of the findings to other educational contexts. Additionally,
although statistical significance was established, further research could include
broader international samples and additional effect size analysis.

Implications for Future Research

Future studies may focus on cross-cultural validation of the proposed model, long-
term tracking of graduates’ professional success, and the integration of emerging
technologies (e.g., artificial intelligence and immersive environments) into digital
competence development frameworks.

Overall, the results confirm the research hypothesis and demonstrate that designing
and implementing a structured digital higher education environment is an effective
strategy for fostering the information and digital competence of future specialists.
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