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MODEL OF STEAM-ORIENTED TRAINING OF FUTURE MUSIC TEACHERS FOR THE DEVELOPMENT
OF THEIR INFORMATION AND DIGITAL CULTURE

In the context of STEAM education (science, technology, engineering, art, mathematics), the
problem of training music teachers lies in the need to integrate the art of music with other disciplines. This
requires music teachers to have professional knowledge and skills in the field of music and understand
technology, engineering solutions, and scientific approaches. The training of such teachers should consider
the ability to use modern technological tools, interdisciplinary teaching methods, and integration of music
into the overall STEAM context. Developing teachers' critical thinking and skills to create innovative
curricula is also essential. Therefore, the article aims to model and substantiate a model for the
development of information and digital culture of music teachers in the context of STEAM-oriented
professional training. We used the modeling method, based on which we developed and justified the
corresponding model. The model consists of target, theoretical-methodological, substantive, and criterion
and result blocks. The model is based on several methodological approaches (systemic, informational,
digital, and cultural), provides for the observance of didactic principles in education (the principle of
individualization of learning, interdisciplinary integration, creativity, the use of digital technologies), is
implemented through the modernization of the content of the training (special course "Information and
Digital Culture of Musicians and STEAM Education"), the use of forms (lectures, practical classes and work
in pairs), methods (project, research, modeling, brainstorming, method of professional-problem reflection)
and means (digital resources and STEAM projects) of training and, thanks to the developed diagnostic
apparatus (criteria, indicators and levels), makes it possible to track the result — the development of the
Information and Digital Culture of future music teachers.

Keywords: information and digital culture, music teachers, STEAM, model, STEAM-oriented
professional training, vocational education.

Statement of the problem. The task of a music teacher is to promote aesthetic education, the
formation of the musical culture of the individual, his/her worldview and perception of the world through the
student's immersion in the texts of spiritual culture, personal enthusiasm, artistry, improvisation, and
effective pedagogical activity. Therefore, as V. Orlov rightly notes, professional training of future music
teachers is aimed at "individualized development of professionally important qualities and abilities,
professional knowledge and skills, transformation of the inner world of an individual, creative self-realization
in the profession” (Orlov et al., 2012). These priorities determine the need for teachers to successfully build
their professional activities based on the effective use of innovative technologies, among which STEAM is
distinguished by the interdisciplinary interaction of art with scientific fields, which provides the basis for
better and more comprehensive preparation of young people for self-realization in the technological world.
STEAM, which combines Science, Technology, Engineering, Arts, and Mathematics, is becoming a
methodological approach in education and a guiding principle for the formation of deep and comprehensive
knowledge. Because of this, the question of STEAM education's impact on training a music teacher turns
out to be especially relevant and potentially effective. That actualizes the need to develop information and
digital culture of music teachers in the context of STEAM-oriented professional training.

Analysis of current research. With the development of IT and the consequences of humanization
and humanitarianization of education, one of these promising areas is the direction of STEM (Semenikhina
et al., 2022) and STEAM, recognized as effective and innovative for developing the educational industry.
The problems and prospects of STEM and STEAM education are considered in recent scientific research
(Andrievska & Bilousova, 2017; Ozer & Demirbatir, 2023; Yurchenko & Semenikhina, 2023; Ramsey,



2022). Scientists highlight the theoretical and methodological foundations of the development of STEAM
education, analyze the scientific and pedagogical experience of implementing the ideas of STEAM
education, and identify the features of training STEAM teachers.

Many scientists were also engaged in pedagogical modeling of music teacher training. In particular,
T. Plyachenko (2012) considered the essence, content, and significance of the competence model in the
professional training of future music teachers. He reviewed the groups of competencies that ensure the
success of the professional activity of a music teacher in secondary schools.

V. Zhelanova (2020) substantiated and developed a model of professional competence for a future
music teacher. The author shows that the value, spiritual, and aesthetic priorities objectively determine the
need for competent music teachers in contemporary educational art institutions. N. Evstigneeva (2005)
investigated the model of preparing a future teacher to use music as a means of self-regulation of the
functional state of students. |. Shcherbak (2018) notes that the training of future teachers of musical artis a
general education of a professional as an integration of knowledge, thoughts, feelings, and activities. It is
based on spirituality, a high level of intellectual, ethical, and human qualities and needs of the individual. A
model was proposed for teacher training, the result of which is the readiness of future teachers of musical
art for students' civic education.

Scientists |. Shvets and N. Kravtsova (2019) in the developed organizational and methodological
model prove that the features of the implementation and formation of the vocal and performing culture of
the future teacher of musical art are due to creative, individual, psychological, physiological and musical
characteristics, the presence of personal musical experience. E. Provorova and C. Jingjing (2017) in their
publication characterize the practical implementation of the model of methodological training of a future
music teacher in the aspect of artistic reflection. The authors’ model of the formation of artistic reflection in
the process of teaching vocals contributes to the formation of a positive attitude toward artistic reflection in
future music teachers, the desire for self-realization in musical performance, awareness by future music
teachers of the nature and features of artistic reflection and peculiarities of their own thought processes,
possession of appropriate reflective skills and professionalism in musical performance. At the same time,
the generalization of scientific research on modeling the training of music teachers showed the lack of
models that would substantiate the development model of information and digital culture of music teachers
in the context of STEAM-oriented professional training.

The article aims to model and substantiate the development model of information and digital
culture of music teachers in the context of STEAM-oriented professional training. The information and
digital culture of a music teacher is a holistic quality of his/her personality, which is based on a critical look
at information processes and the possibilities of using digital technologies in music and music teaching, and
combines knowledge and skills to work with information and digital technologies within the framework of
professional activity and for one's own self-development.

Methods. We used the modeling method. From a philosophical point of view, "modeling" is
interpreted as a way of studying objects through the perception of their models and as a process of
constructing and studying models of real objects, phenomena and objects that are built to determine,
improve and rationalize the properties and structure of these phenomena and objects, as well as to control
them (Shynkaruk et al., 2002). Theoretical and methodological foundations of modeling in pedagogical
science are revealed in the works of |. Ziaziun (2004), Y. Lodatko (2007) and others. Scientists emphasize
that modeling allows for combining theoretical and practical ideas about the phenomenon and establishing
the structure and stages of the process, object or phenomenon under study to improve its quality and
efficiency further. The analysis of scientific research made it possible to conclude the importance of the
method of pedagogical modeling. It makes it possible to create a specific analog of the phenomenon under
study and is a conceptual tool for its recognition. It provides understanding of the connections and
relationships between the various components of the process under study, the ability to determine goals,
ways, and means of achieving them, the possibility of obtaining effective (qualitative) results, and creates
conditions for identifying internal resources to improve the simulated process. (Yagupov, 2003).

Results. The development model of information and digital culture of music teachers in the context
of STEAM-oriented professional training is a structure characterized by features inherent in the system — a



set of its constituent elements. Its important characteristic is integrity and completeness, ensured by
systemic-creative connections and relations between elements.

The development model of information and digital culture of music teachers in the conditions of
STEAM-oriented professional training has determined its multi-level structure, expressed in blocks: target,
theoretical and methodological, content, and criterion and result (Fig. 1).
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Fig. 1. Blocks of the development model

Thus, the target unit performs the functions of goal-setting and forecasting. Goal-setting involves
setting a goal and tasks related to its achievement. The predictive function is to orient the learning process
towards the expected result. This block emphasizes the purpose of the model implementation — the
development of the IDC of music teachers in the context of STEAM-oriented professional training.
Achieving the goal involves awareness of the importance of forming this phenomenon among teachers and
the ability of universities and teachers who implement educational and music teacher training programs to
create conditions for STEAM-oriented professional training. That means they must be able to implement
interdisciplinary connections, organize a group project, and interact in offline learning and the digital
environment of their educational institution.

The target block determines the purpose of the next, theoretical and methodological block, which
performs a regulatory function about the content, forms and methods, and the activities of a subjects of the
designed process. A set of methodological approaches to the purpose of the simulated process represents
that block. We found the following to be optimal for the development of information and digital culture (IDC)
of music teachers in the context of STEAM-oriented professional training:

- systemic (this approach demonstrates the theoretical and practical foundations of the IDC of
music teachers, the relationship between the model components, and the general view of the problem of
professional training of future music teachers and the development of the IDC of music teachers. At the
same time, the problem can be considered within the framework of a continuous pedagogical education in
the process of studying students in higher education institutions);

- informational (imitation of the information approach will provide a set of scientific knowledge,
principles, conditions, and functions that reflect the information aspects of reality, which are provided by
informatics and implemented during information and analytical activities. The information approach helps
future music teachers develop a deep understanding of musical concepts, develop critical and creative
thinking, and use these skills in practical work with students. This approach contributes to creating
conditions for comprehensive and deep development of music education and improves future music
teachers' training quality. It allows students to access diverse and up-to-date information, which is key to
their success in their professional endeavors);

- digital (the digital approach is aimed at creating a dynamic and interactive learning environment
that meets the needs of modern education and contributes to the effective assimilation of knowledge by
students, and also, the digital approach helps to make the training of future music teachers more
accessible, interesting and effective, expanding opportunities for creativity and self-expression of students);



- cultural (cultural approach is aimed at solving important pedagogical tasks: formation of a
worldview, deepening of the student's artistic thesaurus, provision of cultural knowledge, development of
the valuable personal and intellectual sphere, promotion of a deeper understanding and experience of the
emotional and figurative content of works of various types of art, development of skills in creating an artistic
dialogue, activation of direct emotional reactions, expansion of the boundaries of formative self-expression,
and thereby promoting creative self-expression) approaches.

The connection between theoretical provisions and educational practice in the development of the
model was built basing on principles that reflect the main regularities of the programmed process — the
dependence of the educational process on the needs of society and the individual; dependence of learning
on the individual characteristics of a student; interconnection of the purpose, objectives, content, methods,
forms, and results of the educational process. Our model considers the principles of individualization of
learning, interdisciplinary integration, creativity, and using digital technologies without focusing on general
didactic ones.

Implementing the model for developing music teachers' information and digital culture in the context
of STEAM-oriented professional training required attention to numerous aspects, including the development
of content and the choice of teaching forms, means, and methods. Therefore, the third, substantive block of
the model emphasizes the peculiarities of the organization of the educational process, which, in our
opinion, is supported by digital means of Internet resources and STEAM projects. This unit performs
formative, organizational, and motivating functions due to the involvement of specific means. Many digital
tools can be used to develop future music teachers' information and digital culture. The most common, in
our opinion, are the following:

- Specialized music programs and applications. These can include music production
programs (e.g., GarageBand, FL Studio), audio and video editors (e.g., Audacity, Adobe Premiere Pro),
music graphics and music theory programs (e.g., MuseScore, Sibelius), and programs for learning
instruments or vocals.

- Interactive websites and apps. Some websites and apps offer interactive exercises and
games to learn music, recognize notes, acoustic and rhythmic skills, and develop hearing and vocal skills.

- Virtual and augmented reality: The use of virtual reality or augmented reality can be an
effective tool for learning musical instruments, arrangements, and composition, as well as interacting with
musical material.

These digital learning tools can help future music teachers expand their knowledge and skills in
music education and prepare them to use digital technologies effectively in the educational process.

Internet technologies may be used as a means of learning in order to provide access to educational
material, communication, cooperation, and interactive learning. They include a variety of online resources,
platforms, tools, and services that can be used to learn on your own. Such Internet technologies include:

- Online courses and video tutorials. The Internet contains many resources for teaching
music, from video tutorials on YouTube to specialized online learning platforms such as Coursera, Udemy,
or Khan Academy, which provide access to various courses on different topics — from music courses to
math to programming. Some may also offer classes in music theory, music history, arrangement, and other
aspects of music education.

- Virtual classes and webinars. Webinars and online courses allow teachers to deliver
lessons and lectures in real time over the Internet, providing an opportunity to interact with students and
discuss the material.

- Electronic textbooks and resources. Electronic books, magazines, and articles available
online allow future music teachers to access up-to-date and interactive teaching materials.

- Online forums and communities. Online forums and communities provide an opportunity to
share experiences and knowledge with other participants, get answers to questions, and help solve
problems.

— Interactive exercises and games. Interactive learning exercises and games create
interesting and engaging ways to learn the material, promoting the assimilation of knowledge through
gameplay.

Internet technologies can make learning more accessible, effective, and engaging for students.



STEAM projects are the leading teaching tool for developing information and digital culture of music
teachers in the context of STEAM-oriented professional training. In STEAM projects, the emphasis is on
developing scientific and technical skills and including the artistic and creative component. That contributes
to creating more integrated and comprehensive learning processes where students can apply different
types of knowledge to solve real-world problems.

STEAM projects can include the creation of musical compositions, the development of visual
effects for presentations, the production of interactive exhibitions, or the exploration of the interaction of art
and mathematics in creating visual works. This approach is designed to develop students' versatility of
personality, manifested through a combination of different types of knowledge for creative and innovative
problem-solving. The structural unit of the model is a set of teaching methods aimed at developing future
music teachers' information and digital culture in the context of STEAM-oriented professional training.
When choosing teaching methods, we were guided by the goal, the way of assimilating the content, and
the nature of the interaction of the subjects in the projected process. We considered the complex
combination of problem-search methods (project, research, modeling, brainstorming) and the technique of
professional problem reflection (the method is based on the ability to identify the most critical problems of
the development of music education and use innovative pedagogical experience in solving them, to discuss
and justify personal and professional positions on various musical and pedagogical phenomena) as
optimal. The training of future music teachers is characterized as a systematic approach to the study of
pedagogical situations in which students encounter real or potential problems of professional nature. The
method also allows future music teachers to actively learn from practical experience, and develop critical
thinking and reflexivity, which is important for their professional development.

The efficiency and effectiveness of the educational process for developing information and digital
culture of future music teachers in the conditions of STEAM-oriented professional training is determined by
the choice of the necessary forms of training organization. The forms of organization of training within the
framework of our model were determined by the types of interdisciplinary activities organized to develop the
information and digital culture of future music teachers in the conditions of STEAM-oriented professional
training, namely: group classes such as lectures, practical classes, and work in pairs.

The core of the content part is due to the set of characteristics of the components of the
professional and informational-digital culture of a music teacher (the system of professional and value
orientations; the system of knowledge, skills, and abilities related to instrumental and performing activities
in the conditions of general music education; the ability to use various digital means in the professional
activity of a music teacher, competence of both general professional and special nature; professional and
personal qualities of a music teacher, the need for constant self-development and self-improvement in
professional activity, an integral part of which is instrumental performance).

The content component involves, along with mastering professional disciplines, the study of the
special course "Information and Digital Culture of Musicians and STEAM Education" (Liu, 2024). The study
of this special course is provided for students of 2nd-3d years. The scope of the discipline is 4 credits
(120 hours), of which 10 hours of lectures, and 30 hours of practical classes. This particular course aims to
provide future music teachers with comprehensive preparation for using digital technologies and integrating
information and digital culture into the educational process in STEAM education. The main task is to train
teachers to successfully implement innovative teaching methods and use digital resources to improve the
quality of music education.

The course provides for mastering the following topics: STEAM education of musicians. The
influence of information and digital culture on musical thinking. Development of information and digital
culture of musicians based on interdisciplinary integration of knowledge. Innovative learning technologies
and projects. A project for the creation and use of music software products.

The study of the discipline involves the implementation of various STEAM projects:

- Project "Virtual Music Laboratory" (task: to create a virtual environment for experimenting
with musical effects and arrangements using software tools);

- Project "Virtual Orchestra" (task: to create a virtual orchestra using music programs and
interactive technologies);



— Project "Musical Signal Processing" (task: to research and use digital technologies for
processing sound signals to create new sound effects);

— Project "Music and Graphics in Interactive Spaces" (task: to create an interactive
visualization for musical compositions in three-dimensional space);

— "Music and Artificial Intelligence" project (task: to use artificial intelligence algorithms to
create musical compositions and arrangements)

Each of these projects has the potential to broaden future music teachers' understanding of how
technology can enhance and enrich their musical and educational practices and thus develop their digital
information culture.

The fourth, criterion and result block of the model includes a description of the components of
information and digital culture and the criteria for its development, which we express through the indicators
of "knowledge in the fields of music and DT," "ability to involve DT in solving creative problems," "ability to
reflect," which make it possible to characterize the levels of development of information and digital culture
of future music teachers — primary, medium, high, expert.

The result of implementing the model will be positive changes in the levels of development of the
IDC of music teachers.

Conclusions. We have developed and substantiated a model for the development of information
and digital culture of music teachers in the context of STEAM-oriented professional training, which consists
of targeted, theoretical-methodological, content-based, and criterion and result blocks. The model is based
on some methodological approaches (systemic, informational, digital, and cultural), provides for the
observance of didactic principles in education (the principle of individualization of learning, interdisciplinary
integration, creativity, the use of digital technologies), is implemented through the modernization of the
content of the training (special course "Information and Digital Culture of Musicians and STEAM
Education"), the use of form (lectures, practical classes and work in pairs), methods (project, research,
modeling, brainstorming, method of professional-problem reflection) and means (digital resources and
STEAM projects) of training and, thanks to the developed diagnostic apparatus (criteria, indicators and
levels), makes it possible to track the result — the development of the IDC of future music teachers.
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MOLENb STEAM-OPIEHTOBAHOI NIArOTOBKU MAUBYTHIX YYUTENIB MY3UKU
AN PO3BUTKY IX IHOOPMALIAHO-LIMOPOBOI KYNbTYPU

Jlv [ji, acnipanm Cymcbko20 OepxagH020 neda2oei4Ho20 yHieepcumemy imeHi A. C.
Makapenka, M. Cymu, YkpaiHa, e-mail: science@fizmatsspu.sumy.ua

B ymosax STEAM-ocsimu (Hayka, mexHonoeii, iHXeHepisi, Mucmeumeo, Mamemamuka) npobrema
nideomoeku e4umesnig My3uku nosnseae 8 HeobXiOHocmi iHmezpauii My3udHo20 mucmeymea 3 iHWuMu
ducyunniHamu. Lle sumazae 8i0 syumernie My3uku He nuwe nPogeciliHUX 3HaHb | HaguU4oK y earnysi
MYy3UKu, ane ( PO3yMiHHS MeXHomoeill, iHXEeHePHUX pileHb | Haykogux nidxodig. [lidecomoska maKkux
yqumernig nOBUHHa epaxosygamu 30amHicmb 8UKOPUCMOBY8amu Cy4YacHi mexHOoMoeidHi iHecmpymMeHmu,
MixOucyuniHapHi MemoOu Hag4YaHHA ma iHmeapauito My3uku 6 3acanbHuli STEAM-koHmekem. Baxnugo
MakKoxX po3gusamu 8 y4umenige KpUMU4YHE MUCIIEHHS ma KpeamusHicmb Ofisi CMEOPEHHS HHOBaUItHUX
HasyanbHUXx npoepam. Tomy memoio cmammi € 3modeneamu ma obrpyHmysamu MoOenb pPo3sumKy
iHgbopmauyitiHo-yughpoeoi Kynbmypu eyumenig my3uku e ymogax STEAM-opieHmosaHoi npogeciliHoi
nidzomosku. Mu eukopucmogysanu mMemod MOOes8aHHs, Ha OCHO8I IKo2o Po3pobusu i obrpyHmysanu
8idnosiOHy modesib. Modesnb cknadaembCs 3 Uinb08020, MEoPemuKo-MemodooaiyHo20, 3MiCMosHO20 ma
KpumepiasnbHo-pe3ynbmamusHo20 brokie. Modenb 6a3yembcsi Ha HU3Yi MemodosnoaiyHux nidxodie
(cucmemHul,  iHbopmayitHul, —yugposull ma  KynbmyponoeidHul), nepedbayae OOMpPUMaHHS
OudakmuyYHUX NPUHUUNI y Hag4aHHI (npuHYUN iHOusidyanisauii Hag4aHHs, MiXnpedMemHoi iHmeapauii,
KpeamusHOCMI, 8UKOPUCMaHHS UUgposux mexHomoeail), peanisyembcs 4yepe3 MoOepHisauito 3micmy
Hag4aHHs  (cneukypc  «IHbopmauiliHo-yugpposa  Kynbmypa My3ukaHmie ma  STEAM-ocsimay),
guUKOpUCMaHHA (hopMuU  (MeKyii, npakmuyHi 3aHsmms i poboma 6 napax), memodig (npoekmHul,
docniOHUYbKUL, MOOEN8aHHs, MO3Kosul wmypM, MemoO npogeciliHo-npobeMHO20 pechriekcysaHHs) i
3acobie (Yucpposi pecypcu ma STEAM-npoekmu) Hag4yaHHS ma 3a80sKu po3pobrieHoMy GiaeHOCMUYHOMY
anapamy (kpumepii, nokasHuku U pieHi) Oae moxnugicmb eidcniokysamu pesynbmam — possumok ILK
MalbymHix yqumernig My3uKu.

Knroyoei cnoea: iHghopmauitiHo-yughposa Kynbmypa, yyumeni my3uxku, STEAM, modenb, STEAM-
opieHmogaHa npocgpeciliHa nidzomogka, npoghecitiHa ocgima.
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