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Abstract It has been proved that in the perspective, the way out of the digital crisis will be conditioned by the development
and approbation of new models of organizing scientific and educational activities adapted to the implementation in an
open information and educational environment in the conditions of war. It will also be determined by design of information
systems ensuring the collection and processing of data on educational systems and processes in times of war; development
of an advanced model of research activities in the sphere of pedagogical education, which ensures high productivity of all
educational and research practices in the context of digital transformation of the educational space in the conditions of
war; development of psychological and pedagogical support of educational activities at all stages of lifelong learning, taking
into account the psychological features and mechanisms of influence of digital learning on representatives of students’
different categories in the context of the typology developed in the theory of generations (baby boomers, generation Y,
generation Z, generation alpha, or iGen) in the conditions of war; a comprehensive analysis of all pros and cons of
digitalization of educational environments, as well as forecasting potential risks and situational limitations of the
application of digital educational technologies in the context of an interdisciplinary approach from the perspective of
various social and humanitarian disciplines — psychology, pedagogy, philosophy of education, sociology of sciences, etc. It
has been pointed out that further analysis of the tendencies, features and challenges of the digital transformation of
pedagogical education may be useful not only in the context of developing pedagogical science and practice but also in the
broader civilizational aspect, if one considers digital transformation as a global process at the stage of establishing the
information society in the conditions of war.
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1. Introduction

The main objective of the education sector is and will continue to be to guarantee the quality of education at all levels,
both during and after the armed conflict. Therefore, it is quite reasonable to conduct scientific studies in education and
implement their results in practice, introduce innovative technologies, and provide educational institutions with new teaching
aids, scientific, methodological and educational literature. An important step towards reforming Ukraine’s education system is
the implementation of the State Standard of Basic Secondary Education, which was developed in accordance with the Concept
of the New Ukrainian School. An essential component of experimental activities is ongoing monitoring of its results. The analysis
of the first year of approbation of the State Standard of Basic Secondary Education proved that the experiment is quite
successful, despite the difficult situation in the country.

Innovation in education is considered an implemented novelty in the content, methods, techniques and forms of
educational activities and personal development (as methods, technologies), in the content and forms of organizing the
management of the educational system, as well as in the organizational structure of educational institutions, in the means of
teaching and training and in approaches to social services in education. This significantly improves the quality, efficiency and
effectiveness of the educational process. Therefore, pedagogical innovation in accordance with the features of the latest
processes in education should cover particular theoretical blocks of concepts and principles, namely: the creation of new things
in the system of education and pedagogical science, the perception of new things by the social and pedagogical community,
application of pedagogical innovations, a system of recommendations for theorists and practitioners on how to comprehend
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and manage innovative educational processes in education. The effective organization of innovations in an educational
institution depends on the development of its potential, the teaching staff’s professional competence to work in the conditions
of search, the establishment of scientific, methodological and logistical support for innovative changes (Sliusarevskyi, 2022;
Ovcharuk et al., 2019; Nychkalo, 2019; Kremen & Liashenko, 2021; lvanova et al., 2020; lvanova, 2020; Demianenko et al.,
2020; Bykov, 2020; Terziev, 2020).

The concept of “digital transformation” has been used in the social sciences and humanities since the late 1990s and
early 2000s, when the phenomenon of social networks began to spread, and the use of personal computers and gadgets
intensified. Initially, the term “digital transformation” was used to refer to business and management (Patel et al., 2000). Then,
in light of the digitalization of all life’s aspects, the need for the digital transformation of the education sector, the
modernization of which takes place at the intersection of educational and management processes, became obvious. The field
of pedagogical education is no exception: researchers consider digitalization in this area as a modernization process.

When talking about the substantive basis of our research, we will proceed from four primary components on the basis
of which the analysis of scientific and pedagogical literature was conducted, namely:

— basic issues and problems on the topic under consideration: they structure the field of discussion, and determine

the range of possible reactions, models, and strategies, i.e., they are the systemic basis for the entire presentation;

— mainideas, author’s standpoints and interpretations that form a theoretical and methodological way of solving basic
issues and problems;

— practical implications, systems and technologies: this content component includes various applied phenomena
(consequences) of theoretical positions; this also includes the development of individual programs, activities, and
educational modules that ultimately determine the specifics of the digital transformation of the pedagogical
education system;

— references and bibliographic descriptions, systematized by thematic and functional principle.

We have identified a range of basic themes that often engage the attention of researchers in this area during the

analyzed chronological period. It has turned out that the following issues are being covered especially actively by the authors:

— global challenges of the digital revolution and their impact on changing the content and forms of educational
activities through the introduction of digital technologies;

— changes in students’ social-communicative, cognitive and personal psychological features under the influence of the
digital environment;

— changing the functions of the teacher in the digital information and educational space, acquiring new roles;

— changing the content, forms and methods of teacher training in the digital era, the emergence of new educational
and information and communication practices in the system of teacher education;

— updating the management of teacher education in light of digital transformation;

— identifying the advantages and disadvantages of the global digitalization of the education system, assessing the risks
of digitalization and identifying possible ways to prevent them (Siafriadin, 2021; Sharma, 2017; Purwantiningsih,
2019; Patel et al., 2000; Nikolic et al., 2020; Misra, 2019; Macgilchrist, 2018; Klasnja-Milicevic, 2021; Ghosn-Chelala,
2018; Fanreza, 2018; Bates, 2019; Azwandi et al., 2019) etc.

The purpose of the academic paper was implemented in the following aspects:

— to identify the major directions of digital transformation of pedagogical education in Ukraine and abroad;

— toindicate the most promising areas of research on digital transformation in pedagogical education.

2. Literature review

In their scientific work, Nikolic, et.al. (2020) elucidate the plethora of duties that teachers perform in the era of digital
technologies, thereby broadening the notion of the teacher's role in the contemporary educational setting. They indicate that
a modern teacher must perform various functions, such as informing students about new technologies and information
resources, promoting the development of their skills and abilities, creating a stimulating environment for independent learning,
promoting reflection on their own learning, implementing an effective communication process, mobilizing students for active
participation in educational activities, promoting research activities, and evaluating students' educational achievements.

Features of the impact of the digital age on education were considered in the work of Macgilchrist (2018). For the
author, the issue of individual human existence has always been at the center of humanitarian problems; however, the digital
society has increased the importance of person-oriented education and contributed to the creation of a new educational
reality, characterized by such trends as the involvement of new subjects in the learning process.

In addition, Terziev, et.al. (2020) considered the possibility of updating the forms of management of educational
activities. The authors point out that in the conditions of rapid technological development and changes in society, traditional
forms of management of educational activities are losing their effectiveness. The authors draw attention to the need to update
management approaches, taking into account the modern challenges and opportunities offered by digital technologies. They
offer the use of innovative management methods and tools, such as digital platforms for data collection and analysis, virtual
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learning environments, electronic document management systems, etc. This approach makes it possible to organize the
educational process more effectively, providing convenient access to information and promoting the development of
innovative pedagogical practices.

In turn, Klasnja-Milicevic, & Ivanovic (2021) noted that the success of learning depends significantly on the initiative and
independence of both the teacher and the students. The authors emphasize the importance of self-organization and
autonomous forms of learning that contribute to the development of creativity and individual skills. They also note the great
importance of individualizing learning and using personalized approaches for each student.

The results of the study conducted by Ghosn-Chelala (2018) emphasize the importance of using the subjective and
personal resources of students in the process of adaptive learning, which indicates the stimulation of internal potentials and
individual abilities for successful learning and adaptation to the educational environment.

3. Methods

In the research on the influence of digitalization on the pedagogical sphere and its relevance during the war, several
general scientific methods were utilized. These methods include:

Comparative Method: The comparative method was employed to analyze the impact of digitalization on the pedagogical
sphere before and during the war. By comparing different educational systems, approaches, and practices, researchers could
identify the changes and advancements brought about by digitalization.

Analytical Method: The analytical method was utilized to break down complex educational phenomena related to
digitalization during wartime. Researchers analyzed various aspects of digital pedagogy, such as the use of online learning
platforms, educational apps, or virtual classrooms, and assessed their effectiveness, challenges, and potential benefits.

Historical Method: The historical method was employed to examine the historical development and evolution of
digitalization in the pedagogical sphere. Researchers studied the timeline of technological advancements in education and how
they have been shaped by historical events, including periods of war. This method allowed for a comprehensive understanding
of the context and long-term implications of digitalization.

Experimental Method: The experimental method was used to conduct controlled experiments or studies to measure
the impact of digitalization on teaching and learning during the war. Researchers might have designed and implemented
innovative educational interventions, incorporating digital tools and technologies, to assess their effectiveness in wartime
conditions.

Literature Review Method: The literature review method involved a comprehensive analysis of existing academic
literature, research studies, and publications related to digitalization in education during wartime. Researchers synthesized
and critically evaluated previous works to identify trends, knowledge gaps, and areas requiring further investigation.

By employing these general scientific methods, was gain insights into the influence of digitalization on the pedagogical sphere
during the war and understand its relevance in adapting educational practices to challenging circumstances.

4, Results

Let’s consider the key general theoretical aspects of the digital transformation of pedagogical education, which are
revealed by modern authors. An analysis of the scientific literature on the research topic shows that, in general, changes in
pedagogical education in the era of digital transformation in the Russian pedagogical community are similar to global challenges
and tendencies described by foreign researchers. At the same time, international tendencies in the development of pedagogical
technologies are focused mainly on the digital format of expression and correspond to global ideas of sustainable development.

Changes in the field of pedagogical education have involved various aspects of the educational activities of higher
educational institutions:

—the content of education;

—implementation of educational technologies;

—the structure of managing the educational process;

—assessment activities.

One of the main directions of updating pedagogical education is related to transforming the technological sphere under
the influence of the global environment’s challenges. Global challenges include fundamental changes in digital technologies
and communications, knowledge and information (the “information explosion”), as well as inevitable changes in human
behavior, psyche and mental processes related to these factors. The primary vector here is determined by replacing the
traditional opposition of “natural” and “cultural” with a more complex interaction between “human”, “technological” and
“social”, as well as the transformation of “evolution” into “techno-evolutionary processes”, which makes it possible to
reformulate the problem of the relationship between “human” and “information” in the educational process. It is obvious that
information processes are faster and more dynamic than social processes. In this regard, the limits of the intensification of
educational activities are determined mainly by students’ psychological capabilities (Kocherov et al., 2023; Bondarenko et al.,
2022).
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At the same time, the formation of a child’s social functions in a heterogeneous stratified society is possible only in the
presence of another person, primarily an adult. Consequently, interpersonal, inter-human relations are crucial. Along with this,
the teacher faces the task of preventing the risks of digitalization, including as follows: the threat of early formation of a
technocratic type of thinking and the difficulties of socialization associated with it; the danger of replacing normal virtual reality
in the students’ minds; cognitive dissonance caused by the need for free or forced immersion in large amounts of information;
unequal access to digital resources for different categories of students; decreased level of social and emotional intelligence;
the danger of losing individuality due to prolonged communication in social networks; decreased motivation for certain types
of activities — communicative, educational, cognitive, physical activity; reducing the need for independent knowledge
acquisition and management, etc. (Yuldashev et al., 2022; Ovsiienko et al., 3023). Various methods are used to prevent such
risks, including motivating teachers to quickly master information and telecommunication technologies; establishing new
norms of educational communication etiquette in the process of communication in the digital environment; optimal solution
of technical and organizational problems that suddenly arise; overcoming the inertia of teachers’ thinking who are committed
to traditional forms of education and are not ready for remote communications; thorough analysis by teachers of the negative
experience of using digital technologies in the educational process; systematic, scientifically-based choice of technologies;
timely and high-quality solution of methodological problems, etc. (Elbrekht et al., 2022; Byrkovych et al., 2023).

The reassessment of professional values is another area of updating the content of education for future educators in
the conditions of war. The issue of values is a painful nerve of any social transformation, since they combine the rules of
behavior of human civilization, objectified in social norms, while values are the basis of most individual human actions. The
influence of society’s digitalization on the evolution of the pedagogical profession’s ideals and teachers’ activities is one unique
story that is taking place in our eyes. According to the latest research, the digitalization of the pedagogical profession is not so
much an external, technological improvement, but a value challenge addressed to teachers regarding the perception of
students’ values (Klochan et al., 2021). The new digital context of the pedagogical profession is also related to a new
configuration of stakeholders (significant partners and interested parties of a new type of education) and requires, first and
foremost, a new system of educational and humanitarian practices. In contrast to traditional ideas about practice as a
normative stage of testing theoretical ideas, the current target function of pedagogical practices is related to the formation of
teachers’ and students’ readiness for innovative activities in education, especially in information and educational
environments; with the transformation of the teacher’s attitude from a carrier of a fixed amount of knowledge to a social
subject who has the ability and willingness to model new social relations and systems (Rostoka et al., 2023; Panhelova et al.,
2023).

After particular digital transformations, the methodological content of a teacher’s work in wartime posture is also
changing. The very meaning of the concept of “learning task” changes in the digital environment. The task transforms from an
external standard enforced by the teacher into an internal issue, a challenge that appears when a person explores the
information environment. Accordingly, solving an educational task turns out to be not so much an objective process based on
a single algorithm but an individual chain of interaction with resources and other subjects of the digital environment. Thus, the
learning task turns out to be the unit on the basis of which individual educational and cognitive activity is organized in the
digital environment, while the process of designing learning tasks is directly related to the individual features of the information
behavior of both students and teachers (Kryshtanovych et al., 2022).

Naturally, the entire system of pedagogical knowledge is inevitably transformed in the digital information and
educational environment (the so-called open pedagogy, the purpose of which is to organize an open information and
educational environment creating optimal conditions for acquiring knowledge in an open information society). The distinctive
features of open pedagogy are as follows: entering the informal sphere of sharing knowledge and experience; inclusion of
learning in massive online courses (MOOCs); the participation of tutors, content curators, coaches, experts, and ultimately the
achievement of much deeper integration of the educational process and real-life situations (compared to traditional forms of
education) (Akimov et al., 2021).

Within the framework of the proposed transformation, the teacher’s readiness to hold the whole potential set of
meanings, techniques and practices related to the inclusion of all participants in the educational process in the information
space begins to play a fundamental role in the pedagogical profession. However, the most dramatic changes take place in the
comprehension of the essence of the teaching profession and the process of mastering it, and in the awareness of teachers’
new professional roles during the wartime posture. A change in the pedagogical reality and life space of students is observed;
the value and semantic content of school and university education is transformed; the boundaries of the educational space are
expanded; social and cultural meanings of education are changing, virtual and augmented reality technologies are being used,
etc. In turn, new roles and new opportunities involve changing the teacher’s self-perception (teacher, tutor, mentor, facilitator,
moderator, digital designer and psychologist in one person); they help overcome the functionality and fragmentation of
individual psychological and executive actions in favor of the processes of professional and personal formation, creative self-
development and self-determination.
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5. Discussions

We agree with the statement of Nikolic, et.al. (2020) on the responsibilities of the modern teacher in the context of
digital technologies. This study details various aspects of the teacher's role, including informing students about new
technologies and information resources, facilitating their development of skills, creating a stimulating learning environment,
and supporting reflection and effective communication. We also agree with the effectiveness of mobilizing students for active
participation in the learning process, stimulating research activities and evaluating learning achievements. The authors'
conclusions emphasize the need to understand and perform various functions of a teacher for the effective implementation of
digital technologies in educational practice.

We like Macgilchrist's (2018) opinion on the impact of the digital age on education. The author draws attention to the
change of emphasis on humanitarian problems; in particular, he notes the increase in the importance of person-oriented
education in the conditions of a digital society. The paper notes the emergence of a new educational reality that involves new
participants in the educational process.

We partially agree with Terziev et.al. (2020) because their study considers the possibility of updating the forms of
management of educational activities in the context of rapid technological progress and social changes. However, we believe
that the adaptation of management practices to modern challenges and opportunities should be focused not only on the
introduction of digital tools, but also on preserving the human factor in the educational process. A personal approach to each
student, promoting the development of critical thinking and creativity, as well as providing an effective communication
environment, are, in our opinion, also important components of successful education management in the era of digitalization.

Furthermore, we partially concur with Klasnja-Milicevic and Ivanovic (2021) as their research highlights the significance
of initiative and autonomy for both teachers and students in the learning process. However, we believe that in addition to self-
organization and autonomous forms of learning, it is also necessary to take into account collective aspects, promoting the
development of cooperation and teamwork among participants in the educational process.

We agree with the opinion of Ghosn-Chelala (2018) regarding the importance of using the subjective and personal
resources of students in the process of adaptive learning. In our opinion, this emphasizes the importance of developing internal
potentials and individual abilities for successful learning and adaptation to the surrounding educational environment.

6. Conclusions

Thus, it can be summarized that in the perspective, the way out of the digital crisis will be conditioned by solving the
following complex tasks:

— Development and approbation of new models of organizing scientific and educational activities adapted for

implementation in an open information and educational environment in the conditions of war;

— Design of information systems that ensure the collection and processing of data on educational systems and
processes during the wartime posture;

— Development of an advanced model of research activities in the field of pedagogical education ensuring high
productivity of all educational and scientific practices in the context of digital transformation of the educational
space in the conditions of war;

— Development of psychological and pedagogical support of educational activities at all stages of ongoing education,
taking into account the psychological features and mechanisms of influence of digital learning on representatives of
different categories of students in the context of the typology developed in the theory of generations (baby
boomers, generation Y, generation Z, generation alpha, or iGen) in the conditions of war;

— A thorough analysis of all pros and cons of the digitalization of educational environments, as well as forecasting
potential risks and situational limitations of applying digital educational technologies in the context of an
interdisciplinary approach from the standpoint of various social and humanitarian disciplines — psychology,
pedagogy, philosophy of education, sociology of sciences, etc.

Itis believed that further analysis of the tendencies, features and challenges of the digital transformation of pedagogical
education may be beneficial not only in the context of developing pedagogical science and practice but also in a broader
civilizational aspect if we consider digital transformation as a global process at the stage of establishing the information society
in the conditions of war. The research results can be used in the process of updating the content of pedagogical education in
the system of training future teachers at pedagogical higher educational institutions and pedagogical colleges, as well as in the
context of university-type pedagogical education. The research may be useful for educational researchers, teachers and
administrators of the system of pedagogical education and training, as well as anyone interested in the challenges and
strategies of modernizing national education
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