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Abstract. This article presents an expanded analysis of the experimental verification
of an integrated approach to modernizing information and digital training of future
primary school teachers. The research responds to the growing importance of digital
competence in contemporary educational environments, particularly in light of the
digital transformation of society. The study employed a comprehensive experimental
design involving control and experimental groups of students at pedagogical colleges
over a two-year period. The integrated approach encompassed all major forms of
the educational process, including an author’s elective course “Modern Information
and Digital Technologies in the Educational Process of Primary School”. Robust
methodological support was developed, consisting of electronic teaching materials,
interactive learning activities, and practical tasks embedded throughout the curricu-
lum. Statistical analysis of cognitive, operational, and value components of students’
information and digital (ID) competence confirmed the significant effectiveness of the
integrated approach. The experimental group demonstrated markedly higher levels
of digital competence formation across all measured dimensions. Beyond statistical
validation, the research revealed how this approach better prepared future teachers
for the challenges of online education during the COVID-19 pandemic. This study
contributes to the theoretical understanding of digital competence formation in
teacher education and provides practical insights for modernizing primary teacher
preparation in the digital age.
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1. Introduction
The pervasive digitalization of contemporary society has transformed virtually ev-

ery aspect of human activity, with education standing among the most significantly
impacted domains. Information and digital technologies (IDT) have become integral
components of quality assurance systems in education worldwide, fundamentally al-
tering teaching and learning processes [23]. This transformation has been particularly
pronounced during the recent pandemic period, when digital infrastructures became
not merely supplementary but essential to educational continuity [10].

The imperative to enhance educational systems through innovative technologies is
highlighted in numerous policy frameworks, including the UNESCO Education Position
Paper [9], the National Strategy for Education Development in Ukraine [14], and the
Conceptual Principles of Pedagogical Education in Ukraine [20]. These frameworks
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underscore the need for systematic integration of digital technologies into educational
processes at all levels.

Information and digital training in institutions of higher pedagogical education
presents unique challenges and opportunities. Unlike many other educational con-
texts, pedagogical institutions must address a dual purpose: not only must they
employ digital technologies as tools for effective teaching and learning, but they must
also prepare future teachers to implement these technologies skillfully in their own
professional practice [1, 8]. This dual focus requires that graduates develop the ability
to transfer acquired digital knowledge and skills to schoolchildren, taking into account
the diverse cognitive and developmental characteristics of young learners.

The context of educational reform in Ukraine further amplifies the importance of
this work. The implementation of the State Standard of Primary Education [19], the
National Strategy for Education Development [14], and the New Ukrainian School
Concept [18] all emphasize the need to modernize teacher training and align educa-
tional programs with the requirements of the digital economy and evolving information
environments. These policy imperatives create a pressing need to reconsider how
primary school teachers are prepared to navigate and leverage digital technologies in
their future professional activities.

1.1. Current research on information and digital training
The scholarly landscape regarding information and digital technologies in education

has expanded considerably in recent years. Researchers have examined various
aspects of this domain, including the integration of digital tools into educational
practices, the development of digital competence frameworks, and the transformation
of pedagogical approaches in digitally mediated environments.

For this study, particular attention was given to research focused on the prepa-
ration of future primary school teachers for using digital technologies. Andriievska
[1] analyzed the training of future primary school teachers to use information and
communication technologies at the didactic level, substantiating the essence of their
readiness for this component in professional activities. Drokina [8] identified the
structural components of information competence in future primary school teachers
and substantiated a structural-functional model for its formation. Both researchers
primarily focused on methodological training of students and the development of
readiness to use IDT in primary education.

Onishchenko [15] established connections between the formation of future primary
school teachers’ information competence and the broader informatization of higher
pedagogical education. In her monograph and dissertation, Petukhova [17] focused on
developing future primary school teachers’ IT competence, revealing specific features
of IDT use depending on the information and communication environment of students’
professional training.

Upatova [25] studied the system of methodical training of future primary school
teachers, including aspects related to using IDT in primary education. However, IDT
and targeted ID training were not the primary focus of this research.

While acknowledging the significant contributions of these researchers, it is impor-
tant to note that a comprehensive approach to modernizing the training of primary
education bachelors – one that addresses all forms of educational process organiza-
tion – has not yet been the subject of targeted pedagogical research. The formation of
information and digital competence as a key competence for learners thus remains a
critical task for professional education theory and methodology.
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1.2. Theoretical foundation and previous work
In our previous research [28], we established the content and component compo-

sition of information and digital competence for future primary school teachers and
substantiated the integrated approach to modernizing their digital training. That work
provided the theoretical foundation for the current study, which seeks to empirically
verify the effectiveness of this approach in real educational settings.

The present article builds upon that foundation by reporting the results of an exper-
imental verification of the integrated approach to information and digital training of
future primary school teachers. This verification was conducted within actual pedagog-
ical college environments at the bachelor’s level of higher education. The experimental
work encompassed all major forms of the educational process, including classroom
instruction, independent study, practical training, and assessment activities.

2. Conceptual framework of digital competence
2.1. Digital competence in the European context

The concept of digital competence has evolved significantly in recent years, par-
ticularly in the European educational context. The European Digital Competence
Framework (DigComp), developed by the European Commission’s Joint Research Cen-
ter, has become a reference point for understanding and developing digital competence
across educational systems [26]. This framework conceptualizes digital competence as
a multidimensional construct comprising knowledge, skills, and attitudes necessary
for confidently and critically using digital technologies [7].

DigComp has progressed through several versions since its initial development in
2013, with each iteration reflecting the changing digital landscape and educational
needs. The current version, DigComp 2.2, encompasses five key competence areas:
information and data literacy, communication and collaboration, digital content
creation, safety, and problem-solving. Each area contains specific competences that
are further detailed through proficiency levels, from basic to highly specialized [3].

For teacher education specifically, the European Framework for the Digital Com-
petence of Educators (DigCompEdu) has provided a structure for understanding
and developing the digital competence of educational professionals. This framework
addresses the unique requirements of educators to effectively integrate digital tech-
nologies into their teaching practice [5]. Unlike general digital competence frameworks,
DigCompEdu specifically focuses on how educators can leverage digital technologies
to enhance teaching and learning processes, emphasizing pedagogical rather than
purely technical aspects of digital competence.

These European frameworks represent a shift in thinking about digital competence,
moving away from narrow conceptions focused primarily on technical skills toward a
more holistic understanding that encompasses critical thinking, creativity, and ethical
considerations. This evolution aligns with broader educational goals of preparing
individuals for active participation in an increasingly digital society [4].

2.2. Dimensions of digital competence in primary education
Within the specific context of primary education, digital competence takes on par-

ticular dimensions and characteristics. According to López García, Sánchez Gómez
and García-Valcárcel Muñoz-Repiso [12], digital competence in primary education can
be conceptualized along three primary dimensions: technological fluency, learning-
knowledge, and digital citizenship. These dimensions reflect the need for future
primary teachers to not only master technical aspects of digital technologies but also
understand their pedagogical implications and social-ethical dimensions.

Technological fluency encompasses the basic skills required to operate digital devices
and applications, including hardware manipulation, software usage, and general
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technical knowledge. Learning-knowledge refers to the pedagogical application of
digital technologies in educational contexts, including the design of digital learning
activities, the development of digital content, and the assessment of digital learning
outcomes. Digital citizenship addresses the ethical, legal, and social aspects of
digital technology use, including digital identity management, online safety, and the
cultivation of responsible digital behavior [6].

These dimensions align with the broader European frameworks while addressing
the specific needs of primary education contexts. For future primary school teachers,
developing competence across all three dimensions is essential for effective integration
of digital technologies into their professional practice.

2.3. Integrated approach to development of digital competence
The integrated approach to developing digital competence in future primary teachers

represents a comprehensive strategy that addresses all aspects of the educational
process. This approach is characterized by several key features:

1. Digital competence development is embedded across the curriculum rather than
isolated in specific courses or modules. This ensures that students encounter
digital technologies in various contexts and develop a nuanced understanding of
their application.

2. The approach employs a range of teaching and learning methods, including direct
instruction, collaborative learning, problem-based learning, and project-based
activities. This methodological diversity reflects the multifaceted nature of digital
competence.

3. Students engage with digital technologies in authentic contexts that mirror
real-world educational settings. This includes developing digital learning mate-
rials, designing digital learning activities, and implementing digital assessment
strategies.

4. The approach emphasizes reflection on digital technology use, encouraging
students to critically evaluate their experiences and develop a personal philosophy
regarding digital technology integration.

5. Assessment strategies address all dimensions of digital competence, including
technical skills, pedagogical application, and ethical considerations. This compre-
hensive assessment approach provides a holistic view of students’ development.

This integrated approach aligns with contemporary thinking about effective teacher
education, which emphasizes the importance of comprehensive, coherent, and con-
textualized learning experiences [11]. By addressing digital competence development
across the entire educational program, this approach avoids the fragmentation and
decontextualization that can occur when digital competence is treated as a discrete,
isolated component of teacher education.

3. Methodology and experimental design
3.1. Research objective and questions

The primary objective of this study was to experimentally verify the effectiveness
of the integrated approach to modernizing information and digital training of future
primary school teachers in real educational settings at the bachelor’s level of higher
education. Specifically, the study sought to answer the following research questions:

1. Does the integrated approach to information and digital training lead to higher
levels of ID competence formation compared to traditional approaches?

2. Which components of ID competence (cognitive, operational, value) are most
significantly affected by the integrated approach?
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3. How does the integrated approach prepare future teachers for the practical
application of digital technologies in primary school settings?

3.2. Experimental setting and participants
The experiment was conducted across three pedagogical colleges in Ukraine: Bar

Humanitarian Pedagogical College named after Mikhailo Hrushevsky, Uman Humani-
tarian Pedagogical College named after T.H. Shevchenko, and Khmelnytsky Pedagogical
College of Khmelnytsky Humanitarian and Pedagogical Academy. These institutions
were selected based on their programs in primary education at the bachelor’s level and
their willingness to participate in the experimental implementation of the integrated
approach.

The study involved 112 students who had completed the educational qualification
level of junior specialist (professional junior bachelor) and were continuing their
studies at the bachelor’s level with a reduced period of study (120 ECTS credits). All
participants had entered their programs based on basic general secondary education.

For the formative stage of the pedagogical experiment, participants were divided
into control (54 students) and experimental (58 students) groups. Assignment to
groups was done to ensure comparable initial levels of digital competence based on
preliminary assessment. The control group continued their studies according to the
established methodology, while the experimental group’s education was modified
according to the integrated approach to training modernization.

3.3. Experimental design and procedure
The experiment followed a quasi-experimental design with pre-test and post-test

measurements. The formative stage lasted two years, during which students stud-
ied key information and digital training disciplines, including “Practical Course of
Informatics with Elements of Programming”, “Methods of Teaching Informatics Ed-
ucation”, and an elective course “Modern Information and Digital Technologies in
the Educational Process of Primary School”. Students also completed teaching and
undergraduate practices during this period.

The implementation of the integrated approach in the experimental group involved
systematic modifications to all forms of the educational process:

3.3.1. Curriculum content
The content of core disciplines was supplemented with information on the profes-

sionally oriented use of IDT in primary school education and the application of network
services as pedagogical tools. Learning outcomes were expanded to include the ability
to use IDT for ensuring quality student learning, conducting educational activities in
digital environments, monitoring educational progress, adapting educational processes
based on digital data, creating electronic documents, organizing online events, and
understanding the role of digital resources in society.

3.3.2. Educational process forms
Lecture formats were diversified through interactive work with students, problem-

based learning approaches, and expanded teaching aids using interactive whiteboards,
phantoms, cases, tests, and videos. Various lecture types were implemented, includ-
ing lectures-presentations, dual lectures, lectures-consultations, and lectures-press
conferences.

Practical classes incorporated audiovisual media, digital devices, telecommunica-
tions, video computer systems, multimedia, interactive whiteboards, and virtual reality
media. Tasks for group and individual activities were expanded to include profession-
ally oriented assignments related to IDT use in primary schools. Students engaged
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in modeling and conducting parts of lessons using digital tools, with a focus on
developing digital literacy.

Independent work was reorganized to incorporate e-learning technologies, supported
by an electronic teaching kit including syllabus, lecture course, practical work instruc-
tions, independent work recommendations, test control tasks, assessment criteria,
and a glossary. Students were encouraged to use G Suite network services to cre-
ate and maintain blogs or websites, enabling them to share their developments and
experiences.

Student teaching practice was modified to emphasize the use of modern IDT in
primary school settings. Students studied positive experiences of IDT use in primary
schools, analyzed lessons incorporating digital educational resources, and produced
digital handouts and demonstration materials. They also gained experience working
with parents to organize schoolchildren’s work with electronic educational resources
and conducted public presentations on innovative digital educational materials.

3.3.3. The elective course
A key component of the experimental methodology was the elective course “Modern

Information and Digital Technologies in the Educational Process of Primary School”.
This course, allocated two credits (36 hours of classroom instruction and 24 hours of
independent work), was structured around four modules:

1. Theoretical and methodological principles of informatization of primary education
and digital competence of pedagogical workers

2. Development of teachers’ digital intelligence: a guide to digital tools in the effective
management of the educational process

3. Google services in the work of primary school teachers
4. Digital technologies in management, organizational and methodical work of

primary school

The course emphasized creative project tasks, particularly the development of
electronic teaching materials for use in primary school lessons. Students worked
in small groups using network services, gaining access to Google Drive and other
collaboration platforms. Independent work was organized through Google Classroom,
with materials placed in the online environment and accompanied by methodical
support for remote interaction.

3.3.4. Assessment methods
Control measures included traditional forms such as oral examination, written

control tasks, questionnaires, and testing, supplemented by the protection of intern-
ship reports prepared as presentations and expert evaluation of student projects.
During the COVID-19 pandemic, students in the experimental group created distance
learning materials for primary school subjects and implemented these projects in
assigned classes, with experts evaluating the content, volume, curriculum compliance,
presentation form, and interactive elements of the developed courses.

3.4. Data collection and analysis
Data collection focused on measuring students’ ID competence across three key

components: cognitive, operational, and value. Assessment of these components was
conducted at the beginning (initial measurement) and end (final measurement) of
the formative stage of the pedagogical experiment for both control and experimental
groups.

The results were analyzed using descriptive statistics to identify patterns and
trends in the development of ID competence components. Statistical evaluation of the
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experimental results was performed using the chi-square criterion (𝜒2) to determine
the statistical significance of differences between the control and experimental groups.

4. Results and discussion
4.1. Initial and final measurements

The initial and final measurements of students’ ID competence in both control and
experimental groups revealed significant differences in developmental trajectories
across all three components: cognitive, operational, and value. Table 1 presents the
complete results of these measurements, showing the distribution of students across
high, sufficient, and average levels for each component.

Table 1
The results of the initial and final measurements of students’ ID competence in the control
and experimental groups.

ID competence
components

Levels

Groups
Control Experimental

Measurements
Initial Final Initial Final

People % People % People % People %

Cognitive
High 12 22.2 16 29.6 11 19 26 44.8

Sufficient 16 29.6 19 35.2 19 32.8 19 32.8
Average 26 48.2 19 35.2 28 48.3 13 22.4

Operating
activity

High 11 20.4 12 22.2 12 20.7 28 48.3
Sufficient 17 31.5 18 33.3 18 31 21 36.2
Average 26 48.2 24 44.4 28 48.3 8 13.8

Value
High 13 24.1 11 20.4 10 17.2 32 55.2

Sufficient 13 24.1 18 33.3 22 38 20 34.5
Average 28 51.8 25 46.3 26 44.8 6 10.3

At the initial measurement stage, both groups showed comparable distributions
across all components, with approximately 20-24% of students at the high level, 24-
33% at the sufficient level, and 45-52% at the average level. This similarity in starting
points provides a solid basis for comparing the effects of the different educational
approaches implemented in the control and experimental groups.

4.2. Development dynamics of ID competence components
The dynamics of ID competence component formation during the formative stage of

the pedagogical experiment revealed substantial differences between the control and
experimental groups. These differences are visualized in figures 1, 2, and 3, which
present the initial and final measurements for each component.

Figure 1 demonstrates that after the formative stage, the number of students with
a high level of cognitive component in the experimental group increased by 25.8
percentage points (from 19% to 44.8%), while the number with an average level
decreased by 25.9 percentage points (from 48.3% to 22.4%). In contrast, the control
group showed a more modest increase of 7.4 percentage points in the high level
(from 22.2% to 29.6%), with 35.2% of students remaining at the average level – 12.8
percentage points higher than in the experimental group.

The operational component (figure 2) showed even more pronounced differences. In
the experimental group, the percentage of students with a high level increased by 27.6
percentage points (from 20.7% to 48.3%), while those at the average level decreased
by 34.5 percentage points (from 48.3% to 13.8%). The control group showed minimal
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Figure 1: Dynamics of formation of the cognitive component of ID competence.

changes, with just a 1.8 percentage point increase at the high level (from 20.4% to
22.2%) and a 3.8 percentage point decrease at the average level (from 48.2% to 44.4%).

Similarly significant differences emerged in the value component (figure 3). The
experimental group showed a dramatic increase of 38 percentage points in students at
the high level (from 17.2% to 55.2%) and a corresponding decrease of 34.5 percentage
points at the average level (from 44.8% to 10.3%). Notably, the control group actually
showed a decrease of 3.7 percentage points in the high level (from 24.1% to 20.4%),
with a modest 5.5 percentage point decrease at the average level (from 51.8% to
46.3%).

4.3. Statistical significance of the results
To determine whether the observed differences between the control and experi-

mental groups were statistically significant, the chi-square criterion (𝜒2) was applied.
Using the formula for calculating the empirical value, 𝜒2 = 7.13 was obtained. This
value was compared with the critical value from statistical tables, yielding the ratio
𝜒2 = 7.13 > 𝜒2

0.05 = 5.99, which indicates statistical reliability of the results at the
p < 0.05 level.

This statistical confirmation reinforces the conclusion that the integrated approach
to information and digital training had a significant positive impact on the formation
of ID competence in future primary school teachers. The approach was particularly
effective in developing the value component, where the experimental group showed the
most dramatic improvements, followed by the operational and cognitive components.

4.4. Qualitative insights and COVID-19 context
Beyond the quantitative findings, the research revealed important qualitative in-

sights into the effectiveness of the integrated approach. Notably, the COVID-19
pandemic provided an unexpected opportunity to observe how students applied their
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Figure 2: Dynamics of formation of the operational component of ID competence.

In
iti

al
co

nt
ro

l

Fi
na

l c
on

tro
l

In
iti

al
ex

pe
rim

en
ta

l

Fi
na

l e
xp

er
im

en
ta

l

0

20

40

60

24.1
20.4

17.2

55.2

24.1

33.3
38

34.5

51.8

46.3 44.8

10.3

P
er

ce
n

ta
ge

of
st

u
d
en

ts

High Sufficient Average

Figure 3: Dynamics of formation of the value component of ID competence.

digital competence in authentic crisis situations. Students in the experimental group
demonstrated superior preparation for conducting online training of primary school
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children under quarantine restrictions. They effectively organized online learning,
helped teachers create and select appropriate tasks, provided assessment and feed-
back, and facilitated communication with primary students and their parents in the
distance learning environment.

This real-world application of digital competence highlights the practical value of
the integrated approach, particularly its emphasis on authentic learning experiences
and the development of transferable skills. The ability of students in the experimental
group to adapt their knowledge and skills to a sudden shift in educational modality
suggests that the integrated approach fosters not only technical proficiency but
also the flexibility and problem-solving capabilities essential for effective teaching in
dynamic educational contexts.

5. Digital competence frameworks and educational policy context
5.1. Alignment with European digital competence frameworks

The integrated approach to ID training for future primary school teachers aligns
conceptually with current European frameworks for digital competence development,
particularly DigComp and DigCompEdu. This alignment is evident across several
dimensions of these frameworks.

The cognitive component of ID competence, as conceptualized in this study, corre-
sponds closely to the “Information and Data Literacy” and “Digital Content Creation”
areas of DigComp, which emphasize knowledge and understanding of digital technolo-
gies and their applications [26]. The operational component aligns with the “Problem
Solving” and technical aspects of DigComp, focusing on practical skills in using and
implementing digital tools. The value component relates to the “Safety” and ethical
dimensions of digital use emphasized in European frameworks.

DigCompEdu’s emphasis on pedagogical application of digital technologies, rather
than merely technical proficiency, is particularly well-represented in the integrated
approach. The framework’s areas of “Teaching and Learning”, “Assessment”, and
“Empowering Learners” [5] align directly with the focus in this study on preparing
future teachers to implement digital technologies in their professional practice and to
develop their students’ digital literacy.

This alignment with established European frameworks provides additional validation
for the integrated approach and situates it within broader international discourse on
digital competence development in education.

5.2. Educational policy implications
The findings of this study have several implications for educational policy, particu-

larly in the context of ongoing educational reforms in Ukraine and broader European
integration processes.

First, the demonstrated effectiveness of the integrated approach suggests that
policy frameworks should emphasize comprehensive, cross-curricular integration of
digital competence development rather than isolated courses or modules. The National
Strategy for Education Development in Ukraine and the New Ukrainian School Concept
could be further strengthened by explicitly promoting such integrated approaches to
digital training in teacher education programs.

Second, the study highlights the importance of authentic, practice-oriented learning
experiences in developing digital competence. Policy directives should encourage
partnerships between teacher education institutions and primary schools to provide
future teachers with opportunities to apply digital technologies in real educational
settings. The current emphasis on teaching practice in Ukrainian educational policy
could be expanded to specifically address digital practice experiences.
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Third, the role of specialized courses, such as the elective course implemented
in this study, suggests that educational policies should leave room for targeted
interventions within broader integrated approaches. While comprehensive integration
across the curriculum is essential, dedicated spaces for in-depth exploration of digital
technologies and their pedagogical applications also play an important role.

Finally, the COVID-19 experience underscores the importance of developing crisis-
resilient digital competence that enables teachers to adapt to rapidly changing educa-
tional circumstances. Educational policies should explicitly address the development
of such resilience and flexibility, preparing future teachers not only for normalized
educational contexts but also for potential disruptions and transitions.

6. Theoretical implications for understanding digital competence
development

6.1. Developmental trajectories and dimensions
The results of this study offer several theoretical insights into how digital competence

develops in future primary school teachers. The differential development of cognitive,
operational, and value components suggests that these dimensions may follow distinct
developmental trajectories and respond differently to educational interventions.

The value component showed the most dramatic improvement in the experimental
group, with an increase of 38 percentage points at the high level. This suggests
that attitudinal and value-related aspects of digital competence may be particularly
responsive to integrated educational approaches that embed digital technologies across
multiple contexts. The formation of values and attitudes toward digital technologies
appears to benefit substantially from seeing these technologies applied in varied
settings and for diverse purposes.

The operational component, focusing on practical skills and abilities, showed the
next most significant improvement. This finding aligns with research by Meyer et al.
[13] suggesting that operational aspects of digital competence develop through authen-
tic practice and application rather than theoretical instruction alone. The integrated
approach, with its emphasis on practical application across various educational
activities, seems particularly well-suited to developing this operational dimension.

The cognitive component, while showing substantial improvement, demonstrated
the least dramatic change of the three dimensions. This may suggest that knowledge
and understanding of digital technologies require more time or different types of
interventions to develop fully. Alternatively, it could indicate that cognitive aspects of
digital competence had already been partially developed through previous educational
experiences.

These differential trajectories point to the complex, multidimensional nature of
digital competence development. Rather than developing uniformly across all dimen-
sions, digital competence appears to evolve in a more nuanced pattern, with different
components responding distinctively to educational interventions. This understanding
challenges simplistic models of digital competence that treat it as a unitary construct
developing along a single trajectory.

6.2. Role of social and contextual factors
The study’s findings also highlight the importance of social and contextual factors in

digital competence development. The integrated approach created rich social contexts
for learning, including collaborative group work, peer interaction, and authentic
engagement with primary school environments. These social dimensions appear
to have significantly influenced students’ development, particularly in the value
component of digital competence.
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This social dimension of development aligns with sociocultural theories of learning
[21], which emphasize the role of social interaction and cultural tools in cognitive
development. Digital technologies, as cultural tools, are appropriated through social
processes that involve not just individual practice but also shared meaning-making
and collaborative engagement. The superior performance of the experimental group
suggests that the integrated approach effectively leveraged these social dimensions of
learning.

The contextual embedding of digital technologies across multiple educational settings
also appears to have played a crucial role. By encountering digital technologies in
lectures, practical classes, independent work, and teaching practice, students in the
experimental group experienced these technologies as integrated aspects of educational
practice rather than isolated tools or techniques. This contextual integration may
have facilitated deeper understanding and more meaningful application of digital
technologies.

These findings suggest that theoretical models of digital competence development
should account for social and contextual dimensions, moving beyond individually
focused, decontextualized approaches to recognize the embedded, situated nature of
digital competence formation.

6.3. Relationship to general pedagogical development
An important theoretical insight from this study concerns the relationship between

digital competence development and broader pedagogical development. The integrated
approach did not treat digital competence as separate from general pedagogical prepa-
ration but rather as an integral aspect of it. This integration appears to have facilitated
meaningful connections between digital and pedagogical knowledge, enhancing both
dimensions.

This finding resonates with the TPACK framework (Technological Pedagogical Con-
tent Knowledge) developed by Xiong and Lim [27], which emphasizes the intersections
between technological, pedagogical, and content knowledge. Rather than treating
these as separate domains, the TPACK framework highlights the importance of their
integration and interaction. The effectiveness of the integrated approach in this study
provides empirical support for such theoretical models that emphasize integration
rather than separation.

The study also suggests that digital competence development may contribute to
broader pedagogical flexibility and adaptability, as evidenced by the experimental
group’s superior handling of the COVID-19 transition to online teaching. This indi-
cates a potentially reciprocal relationship between digital competence and general
pedagogical competence, where development in one domain enhances capacity in the
other.

These insights suggest the need for theoretical models that conceptualize digital
competence not as an isolated skill set but as an integrated aspect of pedagogical
competence more broadly. Such models would better capture the complex interre-
lationships between digital practices and general teaching practices that appear to
characterize effective primary teacher preparation.

7. Current educational challenges and future directions
7.1. Addressing digital transformation in education

The findings of this study are particularly relevant in the context of the ongoing
digital transformation of education globally. This transformation, accelerated by the
COVID-19 pandemic, has fundamentally altered educational practices at all levels
and created new imperatives for teacher preparation [24]. The integrated approach
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to digital competence development demonstrated in this study offers a promising
response to these transformative pressures.

Digital transformation in education goes beyond simply introducing new technolo-
gies; it involves rethinking educational processes, relationships, and goals in light of
digital possibilities [22]. The integrated approach aligns with this deeper conceptual-
ization of transformation by emphasizing not just technical skills but also pedagogical
innovation and value reorientation. By addressing cognitive, operational, and value di-
mensions of digital competence, this approach prepares future teachers to participate
actively in shaping educational transformation rather than merely responding to it.

The effectiveness of the integrated approach in preparing students for online teaching
during COVID-19 highlights its potential for developing the kind of adaptive expertise
increasingly required in digitally transforming educational environments. As Arısoy
[2] notes, digital transformation demands not just specific skills but also the capacity
to continually learn and adapt as technologies and practices evolve. The integrated
approach, with its emphasis on authentic application and reflective practice, appears
well-suited to developing such adaptive expertise.

7.2. Addressing equity and access concerns
While digital transformation offers significant educational opportunities, it also

raises serious concerns about equity and access. The digital divide – disparities
in access to digital technologies and the skills to use them effectively – remains
a pressing issue in education worldwide [16]. The integrated approach to digital
competence development demonstrated in this study offers several promising avenues
for addressing these equity concerns.

First, by embedding digital competence development across the curriculum rather
than in isolated courses, the integrated approach may help democratize access to
digital learning opportunities. Students who might lack personal digital resources
outside the educational institution can still develop digital competence through their
regular educational activities.

Second, the explicit attention to value dimensions of digital competence, which
showed the most significant improvement in the experimental group, may help fu-
ture teachers develop critical awareness of equity issues in digital education. This
awareness is essential for creating more inclusive digital learning environments in
their future practice.

Third, the emphasis on pedagogical application of digital technologies, rather than
merely technical proficiency, prepares future teachers to make sound decisions about
when and how to use digital tools based on educational goals rather than technological
availability. This pedagogical focus may help mitigate tendencies to implement digital
technologies in ways that exacerbate rather than ameliorate educational inequities.

These equity-enhancing aspects of the integrated approach align with current edu-
cational priorities focused on inclusive and equitable quality education, as articulated
in international frameworks such as the UN Sustainable Development Goals and the
European Digital Education Action Plan.

7.3. Future research directions
While this study provides compelling evidence for the effectiveness of the inte-

grated approach to digital competence development, several areas warrant further
investigation in future research.

First, longitudinal studies tracking students into their early teaching careers would
provide valuable insights into the long-term impacts of the integrated approach.
Such studies could examine how digital competence developed during initial teacher
education translates into classroom practice and evolves over time in professional
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settings.
Second, more fine-grained analysis of specific elements of the integrated approach

could help identify which components contribute most significantly to digital com-
petence development. By isolating and testing specific features of the approach,
researchers could develop more targeted and efficient training interventions.

Third, comparative studies examining the implementation of the integrated approach
across different educational systems and cultural contexts would help determine its
generalizability and identify potential adaptations needed for diverse settings. Such
cross-cultural research would contribute to the development of more universally
applicable models of digital competence development.

Fourth, research exploring the relationship between digital competence development
and broader educational outcomes would strengthen the case for prioritizing such
development in teacher education programs. By demonstrating connections between
digital competence and improved teaching effectiveness or student learning outcomes,
such research would provide additional policy-relevant evidence.

Finally, studies examining how the integrated approach might be adapted for in-
service teacher professional development would extend its potential impact beyond
initial teacher education. As digital technologies continue to evolve, developing sus-
tainable models for ongoing digital competence development throughout teachers’
careers remains a critical challenge.

8. Conclusions
Based on the analysis of the research results, several key conclusions can be drawn

regarding the effectiveness of the integrated approach to information and digital
training of future primary school teachers:

1. The research has confirmed that ID training of students in higher pedagogi-
cal education institutions has a dual character. It serves both as a means of
professional training and as a subject of comprehensive study for future profes-
sional use. This interconnectedness determines the formation of future primary
school teachers’ ability to use information and digital technologies effectively in
the educational process, ultimately developing digital literacy in primary school
children.

2. The educational and methodological support developed for the integrated ap-
proach to ID training proved effective across all major forms of the educational
process. The experimental implementation demonstrated successful integration
in curricula, lectures, practical classes, independent work, teaching practice,
and assessment activities.

3. The experiment confirmed the effectiveness of the integrated approach in develop-
ing future primary school teachers’ ID competence. This approach was based on
the systematic use of information resources (media, video, audio, library, photo,
graphics, educational portals, websites), telecommunications environments, and
educational process management systems.

4. The elective course “Modern Information and Digital Technologies in the Educa-
tional Process of Primary School” functioned as a system-forming factor in the
integration of knowledge, skills, and values. Its effectiveness was particularly
evident during the COVID-19 pandemic, when students who had completed the
course demonstrated superior ability to create distance learning materials and
organize educational processes using digital platforms.

5. Statistical analysis of initial and final measurements of ID competence levels in
the control and experimental groups confirmed the methodological effectiveness
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of the integrated approach. During the experimental period, students in the
experimental group showed significantly higher development across cognitive,
operational, and value components of ID competence compared to the control
group.

The statistical evaluation using the 𝜒2 criterion confirmed the reliability of these
results, demonstrating the effectiveness of modernizing ID training for future primary
school teachers through the integrated approach.

These findings contribute to our understanding of effective approaches to digital
competence development in teacher education and provide a research-validated model
for training digitally competent primary teachers in an increasingly digitalized educa-
tional landscape. As digital technologies continue to transform educational practices,
such integrated approaches to digital competence development will become increas-
ingly essential for preparing teachers who can effectively navigate and shape this
transformation.
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