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IITYYHUMA IHTEJIEKT /151 YIIPABJIIHHA TA MOHITOPUHTY
STEAM OCBITHbOI'O CEPEJOBHUIIIA

AHomayis. Cmamms npucesiueHa npobaemi BUKOPUCMAHHS WMYYHO20 iHmMesekmy 043 MOHimopuH2y ma opzaHizayii STEAM-
oceimu ma ocsimHbo20 cepedosuwa 3akaady 3a2aabHoi cepedHboi oceimu. Yeaza npudinsiemvcsi aHaaisy Haykosoi aimepamypu 045
BU3HAYEHHS 0co6augocmell IHCmMpyMeHmMi8 wmy4Hoz20 iHmesekmy, ix kamezopili ma xapakmepucmuk 045 nedazoziuHoi distabHocmi
suumeaie. [laa sabesnevyeHHs sAkocmi cmammi 6yAu npoaHanizoeari nybaikayii, wjo ekaroveHi do 6az danux Web of Science ma Scopus.
Memoto cmammi € aHa.i3 poai wmyvyHo2o iHmeaekmy 8 ynpasaiHHi ma moHimopuHay STEAM-oceimHb020 cepedosuwjay 3ak1adax 3a2aab6Hoi
cepedHboi ocgimu. Mu eusHauuau, WO 8axcAUBUMU € pe2yAspHUll aHA/Ai3 360pOMHO20 38'513KY, OYIHKA pecypcHoz20 3a6e3neyeHHs
(o6nadnanHs, yugdposi iHcmpymeHmu, Hag4abHI Mamepiaau), aHaai3 nedazozivHux nioxodie (npoekmHe HA84AHHS, IHMe2pOBaHi ypoKu,
MixcnpedmemHi npoekmu), 3a/ayvyeHHA y4yHi@ ma 6amvkie do npoyecy oyiHwo8aHHs, MoHimopuHe STEAM-oceimu das ii kopekyii ma
iHmezpayia iHHosayiliHux mexHo/02ili 8 oceimuili npoyec. EmuuHe ma npasusivHe enposadscenHsi LI ¢ STEAM-oceimi cmae ece 6iavuw
aKmya/bHUM, OCKIAbKU y4YHI akmueHo loz2o sukopucmosyioms. Ceped kamezopili — 2eHepamusHi 0c8imHi cucmemu, iHmMesneKmyaavHi
penemumopu, iHcmpymeHmu 0151 CMBOPEHHsI KOHMeHMmy, cucmemu OYiHIOBAHHS, aHaaimuka ma docaidiceHHsl, 06pobka npupodHoi MOGU.
Bysao eusHayeHo maki xapakmepucmuku iHcmpymenmig III: momuseayiiiHull énaue Ha y4Hi8, nepcoHa/i3ayisi HABYAHHS, AHAAIMUKA
HAa8YAHHsl, 360pOMHULl 368'130K, pO38UMOK KpeamueHo20 ma KpUumu4Ho20 MUCAeHHs1 ma nidmpumka e4umesis. Ilepcnekmusu nodaabwux
docaidxceHb 8KAYAML PO3POOKY Memodono2ivHuX pekomeHdayiti wjodo sukopucmarnHs LI daa opeamizayii ma monimopunay STEAM-
oceimu 0415 84umeis cepedHbvoi WKoauU.

Kawwyosi caosa: mixcducyunaivapHuti nioxid; oceimHi npoekmu; eeHepamueHi oceimHi cucmemu; iHMe/neKMyaabHi
penemumopu; STEAM.
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ARTIFICIAL INTELLIGENCE FOR MANAGING AND MONITORING
STEAM EDUCATIONAL ENVIRONMENTS

Abstract. The article is devoted to the problem of using artificial intelligence to monitor and organize STEAM education and the
educational environment of a secondary education institution. Attention is paid to the analysis of scientific literature to d etermine the features
of artificial intelligence tools, their categories and characteristics for the pedagogical activity of teachers. To ensure high quality of articles,
relevant publications were included in the Web of Science and Scopus databases. The purpose ofthe article is to analyze the role of artificial
intelligence in the management and monitoring of the STEAM educational environment in secondary education institutions. We have
determined that regular feedback analysis, assessment of resource provision (equipment, digital tools, educational materials), analysis of
pedagogical approaches (project-based learning, integrated lessons, interdisciplinary projects), involvement of students and parents in the
assessment process, monitoring of STEAM education for its correction and integration ofinnovative technologies into the educational process
are important. The ethical and proper implementation of Al in STEAM education is becoming increasingly relevant, as students are actively
using it. Among the categories are Generative educational systems, Intelligent tutors, Content creation tools, Assessment systems, Analytics
and research, Natural language processing. The following features of Al tools were identified: motivational impact on students, personalization
oflearning, learning analytics, feedback, development of creative and critical thinking, and support for teachers. Prospects for further research
include developing methodological recommendations for the use of Al to organize and monitor STEAM education for secondary school
teachers.

Keywords: interdisciplinary approach; educational projects; generative educational systems; intelligent tutors; STEAM.

Introduction. STEAM (Science, Technology, Engineering, Arts, and Mathematics) is one of the leading
educational approaches in contemporary European countries. Its primary aim is to foster creative thinking
among young people, develop innovative skills, and implement an interdisciplinary approach to learning.
Systematic monitoring of the STEAM educational environment enables the timely identification of challenges,
facilitates effective analysis of educational quality, and informs managerial decision-making. At the same time,
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artificial intelligence serves as a tool that effectively addresses the challenges of continuous monitoring
predictive analytics, and adaptive management of the educational environment [1].

Analysis of recent research and publications. The issues of assessing STEAM-oriented educational
environments have been addressed in the works of Ovcharuk O. and Soroko N. Mang H. M. A, Chu H. E,
Martin S. N., Alcaraz-Dominguez S.,, Molas-Castells N.,among others; meanwhile, the use of artificial intelligence
for educational monitoring has been explored in the studies by Salas-Pilco S. Z,, Xiao K, and Hu X,, Bellas, F,,
Naya-Varela, M, Mallo, A, et al,, Fu, Y., Weng, Z. & Wang, J.

Salas-Pilco S. Z,, Xiao K., and Hu X. (2022) propose defining Al as computational systems capable of
participating in human activities, such aslearning, adaptation, synthesis, self-correction, and the use of data for
complex information processing tasks [2]. They emphasize that in education, Al supports and improves the
learning environment through intelligent learning systems, intelligent agents, and intelligent collaborative
learning systems. Al supports teachers' decision-making by reporting on the lesson's progress in real time and
responding to students' needs through personalized learning platforms. In addition, Al has the potential to
transform the education system.

Bellas F. et al. (2024) consider artificial intelligence an important factor in transforming education,
significantly affecting professions, daily activities, and teaching methods in secondary education institutions.
Scientists focus on how robotics and intelligent systems can support long-term learning with Al directly in the
classroom. In addition, they note that Al is a systemic factor in transforming education, affecting the
professional structure of society, changing people's daily activities, and requiring revisions to educational
models [3].

Ovcharuk O. and Soroko N. (2024) examine the challenges and advantages of monitoring the
implementation of STEAM-oriented educational environments in general secondary education institutions [4].
The authors propose a set of criteria and indicators for assessing the effectiveness of STEAM-oriented
educational environments, analyze the current state of STEAM-oriented educational environments in Ukraine,
and identify gaps in the evaluation framework for measuring the effectiveness of STEAM education
implementation. An analytical approach is employed to examine existing methods for monitoring STEAM
educational environments. The study is based on an analysis of international experience and best practices.
The criteria proposed by the researchers encompass material and technical resources (including equipment
and access to digital tools), professional development of teachers (availability of training and professional
development programs), student engagement in project-based activities and other STEAM initiatives,
governmental attention to the issue (existence of policies, regulations, and official documents supporting the
implementation of STEM education in educational institutions, as well as the level of funding allocated to STEM -
related projects), and the implementation of an integrative approach within the educational process.

Particular attention should be given to the study by Alcaraz-Dominguez, Silvia, and Molas-Castells,
Nuria (2024), which substantiates the competencies required of teachers for the effective implementation of
STEAME projects (Science, Technology, Engineering, Arts, Mathematics, and Entrepreneurship) in lower
secondary education within digitally enriched and Al-supported learning environments [5]. The authors
develop and validate a specialized competency framework for educators comprising 44 competencies grouped
into several categories. This framework aims to systematize pedagogical practice and ensure educational
quality in an interdisciplinary STEAME context, aligning with data-informed, technology-enhanced educational
management. Although the primary focus of the study is on identifying and validating teacher competencies,
the authors also emphasize the importance of systematically assessing STEAME projects and students’ learning
outcomes - an aspect closely related to Al-based monitoring and learning analytics. The researchers emphasize
the importance of teachers developing competencies in the effective use of digital technologies, integrating
STEAME disciplines into project-based learning, and evaluating both project implementation processes and
student learning outcomes, which form the basis for evidence-based, adaptive management of STEAME
educational environments.

Mang H. M. A, Chu H. E. et al. (2023) present a multi-phase study aimed at developing an evaluation
rubric for planning and assessing STEAM programs based on socio-scientific issues in science education [6].
The researchers focus on the lack of validated instruments for assessing the quality of STEAM programs,
particularly those grounded in the Socio-Scientific Issues (SSI) approach. SSI-oriented STEAM programs
integrate scientific knowledge with real-world social, ethical, and technological challenges (such as climate
change, bioethics, and sustainable development), which makes their planning and assessment more complex.
Although the researchers do not focus directly on artificial intelligence, their contribution is highly relevant to
Al-supported monitoring of STEAM educational environments, as the rubric can be digitized and integrated
into Al-driven analytical dashboards; the proposed criteria and indicators are suitable for learning analytics
and automated assessment; and the structure of the rubric can serve as a foundation for decision-support
system models in STEAM education.

El Fathi T, Saad A. Larhzil H. et al. point out that Al is not only a source of answers but, most
importantly, a tool for stimulating students' questions, critical analysis, and self-learning. The approach to Al
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in teaching involves formulating open-ended prompts (queries) for ChatGPT, critically evaluating the answers,
iteratively refining the query, and understanding one's own thinking. [7]

Ahmad K. et al. conducted an analysis of scientific publications in the field of Al-education for the
period 2014-2022 from leading international scientific journals and conferences. They identified several key
areas of use of artificial intelligence, namely: automated assessment, prediction of academic success, creation
of adaptive learning environments, providing recommendations on individual educational trajectories [8].

Gregorcic, B, Polverini, G., & Sarlah, A. (2024) in their article “ChatGPT as a tool for honing teachers’
socratic dialogue skills” discuss the possibility of using multiple versions of ChatGPT to act as a mentor or a
student model with whom teachers can engage in Socratic dialogue. [9]. They argue that this could be beneficial
for prospective teachers, who often lack easy access to students with whom to practice their teaching skills.
Furthermore, due to a lack of experience, prospective teachers are more likely to become overwhelmed by the
complexity of real-world teaching situations. A chatbot's controlled, private, and secure environment could
serve as a good starting point.

Labadze L., Grigolia M. & Machaidze L. note that further research into the impact of integrating chatbots
into the educational process may help tailor educational interventions to individual student needs, potentially
optimizing teachers' pedagogical strategies [10].

AlAfnan, M. A, Samira Dishari, Marina Jovic, & Koba Lomidze emphasize that ChatGPT is a potential
replacement for search engines that provide many results and a platform for students to prepare for
submissions and study various examples. For teachers, ChatGPT can provide an opportunity to integrate
technology into the classroom and provide students with examples for discussion and assessment within
seminars [11].

[t should be noted that the study Baidoo-Anu, David and Owusu Ansah, Leticia «Education in the Era
of Generative Artificial Intelligence (Al): Understanding the Potential Benefits of ChatGPT in Promoting
Teaching and Learning» [12]. Scientists have identified features of Al that are important in the educational
process, namely: «Personalized Tutoring», «Automated Essay Grading», «Language Translation», «Interactive
Learning», «Adaptive Learning». Scientists claimed that ChatGPT can provide personalized tutoring and
feedback to students based on their individual learning needs, and according to their progress. For example, a
conversational agent based on a generative model can provide personalized math tutoringto students, thereby
improvinglearning outcomes. Researchers have determined that ChatGPT can be trained to evaluate student
essays, identify key features of well-written essays, and provide feedback similar to that provided by graders.
This could free up teachers' time to focus on other aspects of teaching.

It is worth noting the study by Le N. and Taherdoost H. «Pervasive Al and 10T in STEAM Education:
Advancing Future Learning Through Intelligent Systems and Computational Technologies» [13]. They argue
that pervasive Al (Al) and the Internet of Things (IoT) can enhance the STEAM education model and prepare
students for a “digital” future. The idea of the articleis as follows: Al (chat bots, learning analytics, personalized
learning systems) is used to create individual learning paths, analyze performance, and support self-directed
learning; [oT (networks of sensors, devices, automated laboratories) is being implemented in classroom work
so that students can experiment with real-world data, modeling, and “smart” learning environments (for
example, interactive labs, smart classrooms, etc.).

Researchers Avci H., Lunn S. ], & Hazari Z. suggest that preparing teachers to teach with Al requires
focused professional development (for example, critical appraisal, contextual adaptation) that integrates Al
technologies with educational goals [14]. They note that tools such as ChatGPT, Claude, and Perplexity aid in
content creation, although their use in classrooms remains limited due to ethical concerns and biases;
DreamBox Learning and Khanmigo provide adaptive, curriculum-aligned learning, while MagicSchool and
Eduaide.Al assist in lesson planning and instruction; Canva Magic Design and PowerBuddy support visual
communication and personalized assessment with a focus on data privacy. While these tools are gaining
popularity, their use across subject areas and grade levels remains understudied. The growing number of Al
tools can also lead to decision fatigue, as educators often lack the time and support to evaluate which tools best
suit their needs. This highlights a gap in the literature regarding practical, industry-specific recommendations
to support the purposeful and sustainable integration of Al into educational settings.

The purpose of this article is to analyze the role of artificial intelligence in managing and monitoring
STEAM educational environments in general secondary education institutions.

Research methods applied: Analysisand synthesis of scientificliterature. Relevant publicationsin the
Web of Science and Scopus databases were included to ensure high-quality articles. Systematization to
substantiate and classify existing Als into defined categories, theoretical generalization to formulate research
conclusions.

Results and Discussion. Yim L.H.Y, Su J. [15] define the role of Al for three participants in the
educational process: educators, teachers, and researchers. They claim that for educators to provide students
with the knowledge and skills in Al that the labor market demands, encourage all citizens to be Al-literate, and
promote holistic Al literacy education that integrates environmental elements into the curriculum. They note
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that it is essential to consider ethical issues, including inclusivity, equity, accountability, transparency, and
social responsibility. The researchers propose a roadmabp for the sustainable implementationand development
of Al education, namely, involving teachers in the development of teaching tools and understanding their
perceptions of Al literacy education, as well as providing pedagogical strategies, resource development, and
needs-based professional development for both prospective and in-service teachers. Scientists recommend
that teachers carefully consider the use of Al for children’s cognitive development. In addition, the content of
the teaching should align with students' cognitive development, as this affects their readiness and ability to
learn. In this regard, the tools used by the teacher to conduct the educational process should be appropriate
for the students' age and learning objectives, and teachers should understand students' cognitive development
to plan age-appropriate tasks and teaching tools. Greater collaboration among teachers with diverse
pedagogical experiences across different levels of education can lead to more innovative and effective learning
processes. The researchers suggest that researchers should communicate their research findings and the
validity of their conclusions to teachers and educators, as such data is crucial for assessing the quality of the
educational tools or pedagogical approaches they recommend. It could also help other researchers update their
research on existing and emerging pedagogical strategies. The scientists suggest that a challenge for
researchers could be to create a standardized Al assessment tool that can be used across educational levels to
compare students’ Alliteracy.Such an approach would allow for the standardization of assessment criteria and
instructional feedback, thereby better supporting the broader adoption of Al teaching in K-12 classrooms.

Leon C., Lipuma J. and Oviedo-Torres X. (2025), using Nvivo, Excel, VOSviewer for bibliometric
analysis, analyzed 41 scientificarticles from 2020 to 2025 and identified the main areas of Al development in
STEM education, namely: personalized learning, Intelligent Tutoring Systems, learning analytics, automated
and adaptive assessment systems [16].

Huang X. & Qiao C. (2024) proposed a specialized educational model for an Al course integrated with
a STEAM approach [17]. [t combines the content of artificial intelligence education, the STEAM approach, and
project-based learning. It consists of several interrelated components. The authors experimentally prove that
the model has several important advantages, namely: improves students' computational thinking; increases
motivation for STEM disciplines; develops teamwork and creativity; helps students better understand the
principles of artificial intelligence.

According to our analysis of the scientific literature, we identified the following features of Al tools
(Table 1): motivational impact on students, personalization of learning, Learning Analytics, feedback,
development of creative and critical thinking, and teacher support.

Table 1.
Features of using Al tools in the educational process

The impact of using Functional features of Al implementation Examples of use in Possible outcome
Al in education use Al methods education
Motivational Increasing student | Gamification, Al quizzes, | Increased learning
impact on students | interest and engagement | interactive interactive motivation, student
in the learning process dialogues, simulations, activity
generation of | generative  design
creative tasks tasks
Personalizing Adapting learning | Adaptive algorithms, | Individual Improving the
learning material to individual | performance explanations of | quality of knowledge
needs and learning pace | analysis, learning | topics, adaptive | acquisition
systems tasks, individual
learning trajectories
Learning Analytics | Analysis of educational | Collection and | Monitoring of test | Optimization of the
data for pedagogical | processing of | results, error | learning process
decision-making educational data, | analysis, prediction
prediction of success | of academic
difficulties
Feedback Developing students' | Analysis of answers, | Al tutors that explain | Development of
metacognitive skills explanation of errors | the reasons for | critical thinking
incorrect answers
Development  of | Stimulating creative | Idea generation, | Creation of models, | Development of
creative thinking thinking and | concept visualization | projects, STEAM
interdisciplinarity visualizations competencies
Teacher support Automation of | Generation of | Creating tests, lesson | Reducing the
pedagogical tasks educational and | plans, analyzing | workload on the
didactic = materials, | work teacher
automatic
assessment

Source: developed by the author based on research [2], [3], [6], [7], [9], [15], [16], [17].
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Based on the analysis of scientific sources and the summarized Table 1, the following categories of Al
systems can be distinguished (Table 2): Generative educational systems, Intelligent tutors, Content creation
tools, Assessment systems, Analytics and research, Natural Language Processing.

Table 2.
Main Al categories and examples
Categories Examples
Generative educational systems | ChatGPT, Gemini, Claude, Copilot, Bard, Grok
Intelligent tutors Khanmigo, Socratic, QANDA, Khanmigo, Brainly Al Tutor
Content creation tools Canva Al, Eduaide.Al, Curipod, DALL-E 3, Artguru, Midjourney
Assessment systems Turnitin, Gradescope, Brisk, Wiris Quizzes, Conker
Analytics and research Perplexity, EduChat, Excel Al, Tableau, Power BI
Natural Language Processing Grammarly, Scribbr, Paperpal, Perplexity

Source: developed by the author based on research [12], [13], [14].

When we tested the Al tools mentioned above, it was found that almost all of these tools can be used
as STEAM education monitoring tools, Generative educational systems Ta Intelligent tutors, except for
DALL E 3, Artguruy, and Midjourney, which are image generators and editors.

Conclusions. Therefore, effective implementation of STEAM education requires strategic planning,
which should include: developing long-term plans for the development of the STEAM educational environment,
optimizing the use of financial resources for the purchase of equipment, ensuring professional development of
teachers, attracting grants and partners, creating teacher support networks (using professional communities,
such as Scientix), motivatingteachers to implementinnovative teaching methods, using an equipment indexing
system to assess classroom occupancy, developing digital panels to visualize progress in the integration of
STEAM education, regular feedback analysis, assessing resource provision (equipment, digital tools, teaching
materials), analyzing pedagogical approaches (project-based learning, integrated lessons, interdisciplinary
projects), involving students and parents in the assessment process, monitoring STEAM education for its
correction, and integrating innovative technologies into the educational process. The issue of ethical and
appropriate implementation of Al in STEAM education is becoming increasingly relevant, as it is actively used
by students. The main categories of Al for education are identified, namely: Generative educational sy stems,
Intelligent tutors, Content creation tools, Assessment systems, Analytics and research, Natural Language
Processing. The following features of artificial intelligence tools for the educational process, in particular
STEAM education, are highlighted: motivational impact on students, personalization of learning, Learning
Analytics, feedback, development of creative and critical thinking, and teacher support. Prospects for further
research include the creation of methodological recommendations for the use of Al in the organization and
monitoring of STEAM education for teachers of general secondary education institutions.
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