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Abstract. This article presents a comprehensive bibliometric analysis of the evolution and current state of
STREAM education within pedagogical research. It draws on data from the Scopus database from 2005 to 2025.
The primary objective is to reveal key developmental trends and dominant themes in STREAM education, an
interdisciplinary approach integrating science, technology, reading/writing, engineering, arts, and mathematics,
within the context of modern pedagogy. Using the keywords ‘pedagogy’ and 'STREAM’, the study examines 254
scientific documents after refining the initial search results. The analysis uses the Bibliometrix package in R Studio
to generate insights through annual publication dynamics, keyword co-occurrence networks, thematic maps and
country/affiliation distributions. The key findings reveal a significant increase in publications over the past decade,
reflecting the growing global interest in STREAM as an extension of the STEM and STEAM models. Core research
clusters highlight pedagogy, engineering education, digital and online learning, and the increasing importance of
artificial intelligence. Geographic analysis indicates a concentration in leading academic nations, alongside
limited but emerging international collaboration. The results provide a panoramic overview of the field's scientific
landscape, emphasising its interdisciplinary nature and the potential for the further integration of digital tools.
This study offers valuable guidance on future research directions, curriculum development and educational policy
in STREAM pedagogy.
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Introduction

Over the past two decades, interdisciplinary, technology-driven and student-centred
approaches have gained prominence in education, including STREAM education. This model
integrates science, technology, reading/writing, engineering, arts and mathematics, and is
increasingly discussed in pedagogical research amid digitalisation, artificial intelligence, online
learning and evolving labour market demands. STREAM pedagogy serves as a key tool for
modernising educational content and enhancing training quality. However, the specific dynamics
and structure of scientific literature on STREAM pedagogy remain underexplored.

Pedagogical science now emphasises advanced interdisciplinary integration. The widely
recognised STEM model (Science, Technology, Engineering, Mathematics) evolved into STEAM
(adding Arts) and later STREAM. The 'R' component most commonly denotes reading and writing
skills, though some studies interpret it as research or religious education [1]. While STEM and
STEAM have numerous bibliometric reviews, STREAM — especially its pedagogical aspects and
the role of 'R' — lacks comprehensive bibliometric synthesis. This creates a gap in understanding
its thematic evolution, global footprint and intersections with Al and digital literacy.

This study conducts a bibliometric analysis of Scopus publications (2005-2025) using the
keywords “STREAM?” and “pedagogy” to identify development trends, dominant themes and the
scientific structure of STREAM education in pedagogy. Based on 254 relevant documents, it
provides one of the first dedicated bibliometric overviews of STREAM pedagogy, highlighting
the growing importance of literacy in STEM/STEAM extensions and its potential for curriculum
reform in developed and developing countries. Bibliometric methods allow quantitative analysis
of publication dynamics, citations and author networks [2].

The STREAM educational paradigm: evolution and theoretical foundations.
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The development of STREAM education reflects the process of integrating a humanitarian
dimension into natural and technical sciences. Although the original STEM model emerged in the
early 2000s to boost economic competitiveness, it was subsequently recognised that technical
skills alone were inadequate [3]. The STEAM model was introduced to integrate creative thinking
and design, and the subsequent development of STREAM highlighted the importance of functional
literacy and communication [4]. In pedagogical research, the STREAM concept relies on Seymour
Papert's constructionism approach and Jean Piaget's theory of cognitive development [5].
Constructionism defines education as ‘'learning through the creation of real products’, enabling the
creation of a STREAM environment spanning astronomical education for preschoolers to
engineering projects for high school students (Table 1).

Table 1 — The Evolution and Key Components of Integrated Educational Models

Education Components Main Focus
Model
STEM Science, Technology, Logical thinking, technical skills, economic
Engineering, Mathematics progress (Zhumabay et al., 2024)
STEAM STEM + Arts Creativity, aesthetic awareness, innovative

design (Associazione Jump, n.d.)

STREAM STEAM + Reading/Writing Literacy development, communication,
critical analysis (KidSTREAM Children’s
Museum, n.d.)

STREAMS | STREAM + Social Studies Global citizenship, social responsibility
(AlAli et al., 2023)

Source: Compiled by the author

The role of the 'R' component in STREAM education is a topic of particular debate among
researchers. On the one hand, reading is considered the 'heart' and 'gateway' to all learning,
developing critical thinking skills and vocabulary [6]. Conversely, some authors propose
considering this component as research skills, teaching students how to determine the reliability
of information sources and analyse data [7]. This integration enables students to not only master
‘technical tools', but also to form informed judgements about when and how they should be used
[1]. In the current Al-driven era, this component is of particular strategic importance in developing
the ability to verify Al-generated texts, use generative tools ethically, and critically analyse sources
— competencies that are becoming essential for 21(st)-century graduates [2].

Analysis of the Scopus and Web of Science (WoS) databases shows that the number of
publications in the STEM/STEAM/STREAM educational field has increased sharply in recent
years. For instance, a steady growth trajectory in STEM research was observed from 2002 to 2022,
with the highest rate recorded in 2020 (180 articles) [8]. STEAM educational mapping between
2016 and 2025 revealed that the most active period of scientific output was between 2019 and
2024 [9]. Geographically, most of the research originates from the United States, followed by
China, Spain, and the United Kingdom [2]. A bibliometric analysis of STEM/STEAM teacher
training in Colombia revealed that 64 articles were published in Scopus and 31 in WoS between
2014 and 2024, demonstrating increasing interest in this field in developing countries [10].
Bibliometric mapping tools, such as VOSviewer, provide a visual representation of how research
topics cluster together. The main keywords in the analysed literature are centred around
‘interdisciplinary learning’, 'project-based learning’, ‘critical thinking' and ‘engineering design
process'. Additionally, there has been a tenfold increase in publications on the integration of digital
tools and artificial intelligence (Al) platforms over the past three years (2021-2024) [11].

The pedagogical and cognitive foundations of the 'Reading’' component.
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The 'Reading' component is the core of the STREAM model. It is not just a humanities subject;
it is also studied as a foundation for cognitive development. Bibliometric analyses have been conducted
within the context of the 'science of reading' [12]. These skills are crucial for mastering the natural
sciences, as a high level of linguistic competence is required to decode and comprehend scientific texts.
Neurobiological studies prove that reading skills are associated with the structural maturation of the
brain and activity in the frontal and parietal regions of the left hemisphere [13]. Students can strengthen
their cognitive architecture by reading scientific articles or technical diagrams, which can help them to
solve mathematical and engineering problems more easily [4].

The main methodologies for integrating learning are as follows:

- CLIL (Content and Language Integrated Learning): the simultaneous acquisition of
content and language through the teaching of non-language subjects (e.g. biology or technology)
in a foreign language [14].

Digital Storytelling: presenting scientific research in the form of a story using technological
tools [15].

- Synthetic Tree-Learning Model (STREAM): a six-level hierarchy of learning skills used
to interpret evolutionary trees in biology [16].

These approaches increase students' "technical literacy” and encourage a culture of
working with information. Research shows that STREAM -curricula can increase students’
motivation and interest in science.

A bibliometric review of STEM and STEAM education in Kazakhstan reveals a substantial
surge in scientific activity within the country since 2019, with Nazarbayev University emerging
as a leading research institution in this field. A project conducted by Katie Malone and her
colleagues examined the state of STEM/STEAM education at elementary school level, including
the perceptions of teachers and students [17]. Notable issues include the gender disparity (in 2016,
only 37% of engineering students were female), language barriers when learning STEM
terminology, and disparities in access to resources between rural and urban schools [3, 17]. Based
on focus group interviews and analysis of school teaching materials, researchers at Nazarbayev
University have proposed new teacher training strategies to modernise Kazakhstan's education
system in line with international standards [17].

STREAM in preschool and primary education

As preschool children are natural researchers, introducing STREAM components at an
early age positively impacts their cognitive development. A bibliometric analysis shows that
STEAM in preschool institutions influences children's psyche, career perception and the speed at
which they receive feedback.

The main challenges for educators in preschool STREAM education include:

- Shifting from traditional teaching methods to interdisciplinary integration.

- Developing simultaneous perception — the ability to perceive all parts of a phenomenon
as a whole at once.

- Organising the learning environment through creative movement, role-playing games and
drama.

Research indicates that STREAM programmes in preschool settings enhance
environmental awareness and promote sustainable development literacy. At this stage, the 'R’
component is implemented through fairy tales, popular science books and illustrated diagrams to
ensure the balanced development of linguistic and scientific competencies [4].

Materials and methods

Bibliometric methods and digital tools

Bibliometric methods provide an overview of the research field (see Table 2). The key
approaches include:

1. Citation analysis: assessing the impact of publications, authors or journals.

2. Co-word analysis: defining thematic structure and development trends.

3. bibliographic coupling, which identifies clusters of articles based on shared references.
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Table 2 — Key Bibliometric Analysis Tools and Their Distinctive Features

Tool Function Advantage

VOSviewer Visualization and mapping | Provides complex authorship and thematic
networks (Koo, 2025)

ScientoPy Data integration and Can process Scopus and Web of Science data

cleaning simultaneously (Sugiarni et al., 2024)

Bibliometrix Comprehensive statistical | Offers a wide range of graphical and

(R package) analysis numerical indicators (Koo, 2025)

Biblioshiny Interactive web interface Enables analysis without requiring
programming skills (Nurazmi et al., 2025)

Source: Compiled by the author

An important consideration in bibliometric research is the limitations of databases. For
instance, Web of Science may not comprehensively cover publications from developing countries,
so it is recommended that it is supplemented with Scopus or Google Scholar [2].

Since 2023, artificial intelligence, particularly ChatGPT, has become a dominant topic in
bibliometric analyses, with 3,231 Web of Science (WoS) articles published between January 2023
and June 2024. This technology can automate and personalise the 'R' (reading/writing) component
of STREAM education by providing rapid feedback on written work, analysing text and code, and
encouraging interdisciplinary collaboration [2]. However, it also raises ethical and psychological
questions regarding cognitive autonomy in learning [2]. Bibliometric maps show that Al is closely
linked to clusters of 'innovation in education’, ‘ethics’, and ‘technological development' [2]. This
suggests that STREAM education will increasingly integrate digital intelligence in the future.

A bibliometric analysis of STREAM education confirms its growing interdisciplinary
nature, with reading and writing literacy becoming integral to scientific and technical education.
Key insights from the literature include:

- The STREAM model is a logical extension of STEM and STEAM that enriches education
from moral and communicative perspectives. The 'R' component helps students to become analysts
and disseminators of scientific knowledge, not just consumers [4].

While the USA and China dominate global research, local STREAM models are emerging
in countries such as Colombia, Romania and Kazakhstan, taking into account regional
characteristics [3]. In Kazakhstan, for example, most studies focus on improving integration and
language literacy in preschool and primary education [17].

- Advances in bibliometric tools (e.g. VOSviewer and Bibliometrix) enable the mapping
of scientific spaces and the identification of hidden connections, thereby enhancing the quality of
research and interdisciplinary collaboration [11].

Future research should focus on:

- longitudinal studies evaluating the long-term impact of STREAM education;

- Effective methodologies for integrating generative Al tools into STREAM lessons [2].

- Practical models for implementing the Sustainable Development Goals and
environmental literacy through STREAM education[9].

- Expanded international cooperation networks to support STREAM education in
developing countries [11].

STREAM education is therefore not merely an acronym, but a comprehensive pedagogical
strategy aimed at fostering critical thinking and creativity in individuals who are capable of addressing
21(st)-century challenges. A bibliometric analysis clearly demonstrates that this strategy is
scientifically sound and is strengthening its position within the global educational landscape.

Methods

This study used a bibliometric review methodology to map the evolution and structure of
STREAM education within the field of pedagogical research. Data were retrieved from Scopus,
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one of the largest peer-reviewed abstract and citation databases, to ensure coverage of high-quality
international literature.

The search query used was: TITLE-ABS-KEY ('STREAM' AND 'pedagogy’) AND
PUBYEAR > 2004 AND PUBYEAR < 2026. No restrictions were applied to the language or type
of document at the initial stage. The search yielded 267 documents. To refine the scope and ensure
relevance to pedagogical contexts, the following filters were applied:

- Publication years: 2005-2025 (inclusive);

- Document types: articles, conference papers, book chapters and reviews (excluding notes,
editorials and letters unless they are pedagogically relevant).

Following manual screening for relevance, during which off-topic or duplicate entries were
excluded, the final dataset comprised 254 documents.

All the data were exported from Scopus in BibTeX format and imported into R Studio
(version 4.3.2 or later) using the Bibliometrix package (version 4.2.0 or later) [18]. The following
steps were performed in the Bibliometrix/BiblioShiny environment:

- Data loading and initial inspection (via the biblioAnalysis() function).

- Duplicate removal and metadata cleaning, including author name unification
(mergeAuthors()), correction of institutional affiliations and standardisation of keywords.

- Time coverage verification and re-filtering to 2005-2025.

The analysis included:

- descriptive statistics (annual production, sources, authors, affiliations, countries and
document types), using the biblioAnalysis() and summary() functions;

- Keyword analysis: frequency (treemap), trend topics (trendTopics()), and co-occurrence
network (conceptualStructure() with Louvain clustering).

- Thematic mapping: strategic diagram (thematicMap()), factorial map
(conceptualStructure() with MCA).

- Collaboration analysis: country collaboration matrix (countryCollaboration()).

All visualisations (figures and tables) were generated directly in Bibliometrix/BiblioShiny.
The analysis was conducted in December 2025.

The applied bibliometric methods thus enabled a systematic, quantitative, and structural
analysis of the scientific literature on STREAM education and pedagogy. This revealed
publication dynamics, key thematic clusters, and development trends in the field.

Results and discussion

This bibliometric review is based on 254 documents retrieved from Scopus using the
keywords 'STREAM' and 'pedagogy’ (2005-2025). The dataset covers a 20-year period, with an
average document age of 6.82 years, suggesting that the majority of publications were released
within the last decade. The documents were published across 177 different sources, reflecting
broad dissemination rather than concentration in a few outlets. The average annual growth rate is
7.18%, confirming a steady increase in research output.

The authorship structure comprises 628 authors, with an average of 2.51 authors per
document, and includes 102 single-authored papers. International co-authorship accounts for
13.78% of publications. On average, documents are cited 12.74 times; however, cited references
data were not retrieved, precluding co-citation or bibliographic coupling analyses. There are a total
of 1,009 author keywords (DE) and 803 Keywords Plus (ID). The document types are dominated
by journal articles (144), followed by conference papers (44), book chapters (37) and review
articles (18).

Figure 1 (Annual Scientific Production) shows low publication levels from 2005 to 2010
(1-8 articles per year). From 2011 to 2018, output stabilised at nine to 15 articles per year. A
marked surge occurred after 2019, with 22 articles published in 2021, 21 in 2022, 18 in 2023, 21
in 2024 and a peak of 32 in 2025. This growth trajectory highlights the accelerating global interest
in STREAM pedagogy, particularly in recent years, which coincides with the rise of digital tools,
online learning and Al integration in education.
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Figure 1 — Annual scientific production

Figure 2 (Most Relevant Sources) shows that publications are spread across a wide range
of outlets, with no single source dominating. The top contributor is the Journal of Engineering
Education Transformations, with four articles, followed by the ACM International Conference
Proceedings Series, with three articles. Eight other sources each published two articles: ASEE
Annual Conference and Exposition Conference Proceedings; CEUR Workshop Proceedings;
Cogent Education; Communications in Computer and Information Science; International Journal
of Educational Management; Journal of Curriculum Studies; Journal of Digital Landscape
Architecture; and Lecture Notes in Computer Science.

The distribution across engineering education journals, computer science proceedings and
general education titles highlights the interdisciplinary nature of STREAM pedagogy research,
which bridges technical and engineering fields with broader pedagogical and curriculum studies.

Most Relevant Sources
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ACM INTERNATIONAL CONFERENCE PROCEEDING SERIES o

ASEE ANNUAL CONFERENCE AND EXPOSITION, CONFERENCE 9

CEUR WORKSHOP PROCEEDINGS 2]

COGENT EDUCATION a

»
A
3
5

@

COMMUNICATIONS IN COMPUTER AND INFORMATION SCIENCE 12

INTERNATIONAL JOURNAL OF EDUCATIONAL MANAGEMENT 2]

JOURNAL OF CURRICULUM STUDIES 9

JOURNAL OF DIGITAL LANDSCAPE ARCHITECTURE 9

LECTURE NOTES IN COMPUTER SCIENCE 2]
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Figure 2 — Top-10 most relevant sources

Figure 3 (Authors' Production Over Time) illustrates the publication activity of leading
authors throughout the study period. Red horizontal lines represent each author’s active
publication period, and bubbles indicate years of publication. Bubble size reflects the number of
articles published in a given year (N.Articles), and colour saturation shows the number of annual
citations (TClyear).
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The graph reveals varied productivity patterns: some authors published in only one or two
years, while others were active for longer periods. Early contributors were active from 2005 to
2012, whereas recent authors have emerged more prominently from 2021 to 2024. While recent
publications (2021 and 2024) exhibit relatively high annual citation rates, 2024 publications
naturally have low or zero citations due to their recent publication date.

This distribution highlights the evolving landscape of authorship in the field: a combination
of established researchers and a growing influx of new contributors since 2019, reflecting the
growing popularity of STREAM pedagogy research in recent years.

Authors' Production over Time
ALJAZ A - .

BEN-ZVI T~

CONNOLLY RW - * - N.Articles
® 100

COWLEY BU - e “ ® 12
@ 150
@ s
[ EY

HUANG Q- .

Author

wy- ) TC per Year

NANA-

)
& e oo

SIURDYBAN A

SOLMON MA = - .

re—

2023

2021

T = o = -
g ] 8 ] ] 8

2005
2007

Year

Figure 3 — Top-10 authors’ production over time

Figure 4 (Affiliations' Scientific Production) reveals a decentralised institutional landscape for
STREAM pedagogy research. The top contributors each published four articles: Covenant University;
Michigan State University; Sabaragamuwa University, Sri Lanka; and the University of British
Columbia. Six institutions each contributed three articles: The Herbert Wertheim College of
Engineering, the Kalasalingam Academy of Research and Education, King's College London, the
Manipal College of Health Professions, Northeastern University and Stanford University.

The broad distribution of contributions across diverse universities (from North America,
Asia, Africa and Europe) rather than concentration in a few elite centres highlights the emerging,
globally diffused nature of STREAM pedagogy scholarship. This involves both established,
research-intensive institutions and newer contributors from developing regions.
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Figure 4 — Top-10 most relevant affiliations
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Figure 5 (Corresponding Author Country Collaboration) shows the geographical
distribution of publications by country of the corresponding author and the extent of international
collaboration. The United States tops the list with 44 articles, followed by India (15), Canada (11)
and Australia and China (nine each). Most publications in these top countries are single-country
(SCP), indicating predominantly domestic authorship.

Overall, international co-authorship (MCP) remains low at 13.78% across the dataset.
However, higher MCP shares are evident in China, the United Kingdom and Sweden. Countries
with fewer total publications (e.g. Korea, Nepal and New Zealand) demonstrate relatively high
levels of international collaboration. This pattern suggests that STREAM pedagogy research is
dominated by leading academic nations with strong internal research capacity, while international
cooperation is emerging but remains limited. The higher MCP in certain countries indicates
growing global networks that could be utilised to support the implementation of STREAM in
developing regions through collaborative teacher training and curriculum development.

A bibliometric review of STEM and STEAM education in Kazakhstan reveals a substantial
surge in scientific activity within the country since 2019, with Nazarbayev University emerging
as a leading research institution in this field. Notable issues include the gender disparity (in 2016,
only 37% of engineering students were female), language barriers when learning STEM
terminology, and disparities in access to resources between rural and urban schools [3, 17]. To
address these challenges, Kazakhstan has implemented several reforms, including the 2023
"Concept of STEM Education” by the Ministry of Education, which emphasizes integration of
STEAM into the national curriculum as elective subjects or extracurricular activities, aiming for
full coverage by 2028 [19]. This aligns with global trends but adapts to local needs, such as
promoting digital literacy and Al tools in primary education.

Implementation examples include pilot STEAM projects in schools of Astana and Almaty, such
as engineering camps organized by American Corners, which empowered rural students through
makerspace activities, and Al-enhanced learning pilots in 2025, integrating artificial intelligence into
computer science classes. In universities, initiatives like the UniSat nanosatellite program at Al-Farabi
Kazakh National University (in collaboration with UNICEF) focus on girls' involvement in aerospace
technologies, with a dedicated educational hub in Turkestan promoting STEM among schoolgirls since
2022. UNICEF's STEAM programs in Turkestan, including gamification and Level Up initiatives (2023-
2024), have targeted gender barriers by providing hands-on training in game development and
nanosatellites, contributing to the Game Changers Coalition. Despite progress, barriers persist:
stereotypes that STEM is "not for girls,” lack of gender-responsive pedagogy in teacher training, and
societal pressures prioritizing household duties over careers [20]. These efforts highlight Kazakhstan's
emerging role in STREAM pedagogy, with potential for broader integration into the state educational
standards (GOSO) to overcome urban-rural divides and foster inclusive innovation.

Corresponding Author's Countries

Countries

Collaboration
M scr
I mee

o
N. of Documents

SCP: Single Gountry Publications, MGP: Muitiple Gountry Publications

Figure 5 — Top corresponding author’s countries
56



el

o O o ISSN1813-1123 XKV XABAPLIBbICH Ne2(119)/2026 .«

-~

Figure 6 (Most Cited Countries) shows the citation impact of countries based on total
citations (TC) and average citations per article. The United States dominates, achieving 1,022 total
citations with an average of 23.20 per article. Sweden ranks second in terms of total citations (514),
but leads in terms of average impact (128.50), indicating a high level of influence from a smaller
number of highly cited works. Canada (202 TC; average 18.40) and India (161 TC; average 10.70)
follow, alongside other notable contributors: Australia (118 TC; average 13.10), Greece (72 TC;
average 36.00), the United Kingdom (68 TC; average 13.60) and Belgium (58 TC; average 29.00).
China (39 citations; average 4.30 per article) and South Korea (36 citations; average 18.00 per
article) show lower totals, but still have a visible presence in the citation landscape.

These citation patterns highlight the concentration of high-impact STREAM pedagogy
research in North America and Europe, with Sweden and Greece demonstrating exceptional per-
article influence. The relatively lower impact of high-output countries such as China and India
suggests opportunities to strengthen international visibility and collaboration, thereby elevating
the quality and dissemination of research in developing regions.
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Figure 6 — Top-10 most cited countries

Table 3 (Most Globally Cited Documents) lists the top 15 publications by total citations
(TC), annual citation rate (TC per year) and normalised TC. The most highly cited publications
are Leander and Boldt (2012), which has received 469 citations (an average of 36.08 per year),
and Lotz-Sisitka et al. (2015), which has received 436 citations (an average of 39.64 per year).
Both publications demonstrate sustained high impact.

Earlier publications, such as those by Fenwick (2005), Roth (2014) and D’Isanto (2016),
demonstrate stable long-term citation performance and strong normalised values. Among more
recent works, Sitaridis and Kitsios (2024) stand out with their notably high annual citation rate
and normalised TC, reflecting their rapid influence. Other notable recent contributions include
those by Gabrielsson et al. (2020), Stevens & Vermeersch (2010), Cochrane et al. (2014) and
Asamoah et al. (2017).

This citation profile indicates that foundational theoretical and empirical works from the
2010s continue to have a significant impact, while selected recent studies (especially those from
2020-2024) are gaining traction quickly. The significant influence of these papers highlights key
pedagogical themes (e.g. embodied learning, transformative education and technology integration)
that remain central to STREAM pedagogy research. Future studies should therefore build on these
influential foundations while addressing the intersections of emerging Al and digital literacy to
sustain and expand the field's impact.
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Table 3 — Top 15 most cited documents

Paper DOI Total TC per | Normalize
Citations Year dTC

(Leander & Boldt, https://doi.org/10.1177/1086296 469 36,08 8,77

2012) X12468587

(Lotz-Sisitka et al., https://doi.org/10.1016/j.cosust.2 436 39,64 5,64

2015) 015.07.018

(Fenwick, 2005) https://doi.org/10.1080/1367886 121 5,76 5,94
0500100541

(Roth, 2014) NA 107 8,92 3,95

(D’Isanto, 2016) NA 94 9,40 5,80

(Ben-Zvi, 2010) https://doi.org/10.1016/j.dss.201 77 4,81 1,71
0.01.002

(Sitaridis & Kitsios, | https://doi.org/10.1108/1JEBR- 72 36,00 14,13

2024) 01-2023-0053

(Gabrielsson et al., https://doi.org/10.1108/ET-11- 65 10,83 6,05

2020) 2019-0265

(Stevens & https://doi.org/10.1080/0305498 58 3,63 1,29

Vermeersch, 2010) 1003629862

(Cochrane et al., https://doi.org/10.3402/rlt.v22.2 50 4,17 1,84

2014) 4637

(Asamoah et al., 2017) | https://doi.org/10.1111/dsji.12125 48 5,33 3,20

(YYates & Millar, https://doi.org/10.1080/0958517 48 4,80 2,96

2016) 6.2016.1174141

(Beal & Astakhova, | https://doi.org/10.1007/s10551- 40 4,44 2,67

2017) 015-2762-6

Chen, Lasecki & https://doi.org/10.1145/3434168 38 7,60 3,77

Dong, (2021)

(Weiss et al., 2023) | https://doi.org/10.1177/1056492 37 12,33 6,28
6231181555

Source: Generated by the author through bibliometrix software

Figure 7 (Treemap of Term Frequency) shows how the key terms are distributed in the
dataset. The most frequent term is '‘pedagogy’ (46 occurrences), followed by 'teaching’ and 'na’ (33
each). Other high-frequency terms include "students" (24) and "education™ (21). Subject-specific
terms, such as ‘engineering education' (18) and ‘curriculum' (15), also appear frequently.
Technology-related terms appear with moderate frequency: ‘computer-assisted instruction' and 'e-
learning' (12 each), as well as 'education computing’, ‘educational technology', and ‘online
learning'. Other moderately frequent terms include 'learning’, 'human/humans’, ‘higher education’,
‘critical pedagogy', and ‘'teaching and learning'. Lower-frequency terms include "artificial
intelligence”, "Bloom's taxonomy", ""course design", "design™ and “engineering research™.

This distribution of term frequencies confirms that STREAM pedagogy research remains
firmly rooted in core educational concepts such as "pedagogy”, "teaching”, "students" and
"curriculum”, while technology integration and engineering education form significant secondary
clusters. The relatively low frequency of ‘artificial intelligence' suggests that, despite the recent
growth in Al-related publications, its explicit integration into STREAM discourse is still in its
infancy. These patterns indicate opportunities for future research to strengthen the link between
traditional pedagogy and generative Al tools, particularly with regard to enhancing the 'R’
(reading/writing/research) component for critical digital literacy.
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Figure 8 (Trend Topics) illustrates the evolution of keywords from 2008 to 2024, based on
the merged Scopus keywords (KW _Merged). The analysis highlights the three most frequent terms
per year, with the size of the bubbles representing median frequency, and the horizontal lines
showing the distribution range over time.

Core terms such as 'pedagogy’, 'teaching’, 'learning’ and ‘education’ have remained
consistently dominant throughout the period, reflecting the enduring pedagogical foundation of
STREAM research. 'Students' peaked in frequency during the mid-2010s. From 2016 to 2019, 'e-
learning’, ‘computer-aided instruction’, and 'curriculum’ gained prominence. Since 2020, 'higher
education' has emerged as a leading term, accompanied by an increasing number of mentions of
‘online learning' and 'education computing'. ‘Artificial intelligence’ appears sporadically with low
to moderate frequency throughout the timeline.

These temporal shifts demonstrate a transition from general pedagogical and student-
centred concepts towards technology-enhanced, higher education-focused themes, which has been
particularly accelerated since 2020. The delayed and limited integration of "artificial intelligence’
despite recent global Al advancements suggests that explicit AI-STREAM connections are still in
their infancy in the literature. These trends highlight the importance of future STREAM pedagogy
research deliberately incorporating generative Al tools to enhance the 'R' (reading, writing and
research) element, thereby promoting critical digital literacy and personalised learning in higher
education settings.
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Figure 9 (All Keywords Co-occurrence Network) illustrates the relationships between
keywords using the Louvain clustering algorithm. Node size reflects keyword frequency and edges
indicate co-occurrence within documents.

Three main clusters emerge:

Cluster 1 (central): 'pedagogy’, 'teaching’, 'student’, ‘curriculum’, 'engineering education' —
representing core pedagogical theories, curriculum design and subject-specific (especially
engineering) education.

Cluster 2 focuses on human-centred, applied, and domain-specific (e.g. adult, health, and
physical) education, with keywords including "education”, "human/humans”, "learning”, "adult",
"nursing"”, and "physical education™.

Cluster 3: 'e-learning’, ‘computer-aided instruction' — centred on technology-mediated
learning systems.

'Education’ and 'student’ act as bridging nodes, connecting the clusters.

This network structure reveals that pedagogy and teaching practices form the core of the
field, with technology-related research (Cluster 3) developing somewhat independently, yet still
linked to the pedagogical centre. Human-oriented and applied domains (Cluster 2) form a distinct
yet interconnected area. Overall, the literature on STREAM pedagogy demonstrates interrelated
yet thematically differentiated layers: foundational pedagogy, domain-specific applications and
technological tools. This configuration highlights the interdisciplinary potential of STREAM, but
also indicates the need for stronger integration between technology clusters and core pedagogical
and student-centred approaches, particularly with regard to embedding generative Al and digital
literacy tools more deeply into the curriculum and engineering education practices to enhance
critical thinking and the 'R' component.
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Figure 10 (Thematic Strategic Map) illustrates how research topics are mapped based on
KW _Merged keywords from Scopus, which are clustered using the Louvain algorithm. Topics are
positioned in one of four quadrants according to their centrality (i.e. their relevance to the field)
and their density (i.e. their internal development).

Motor themes (high centrality and density):

"Pedagogy — Students — Avrtificial Intelligence” and "Teaching — Engineering Education —
Curriculum™ are well developed and central. They encompass technology/Al integration in
pedagogical approaches, student-centred learning and engineering education.

"Education — Human — Learning" reflects the broad interdisciplinary nature of education
and learning concepts.

Basic themes (high centrality, low density):

‘Computer-aided instruction — e-learning — personnel training” — widely connected but
internally underdeveloped, representing frequently used concepts without a tightly focused direction.

Niche themes (low centrality, high density):

‘Higher education — online learning — agency’ — internally coherent, but with limited links to
the broader field, indicating a specialised focus on higher education and online learning dynamics.

Emerging or declining themes (low centrality, low density):

“Critical pedagogy — philosophy of education — critical thinking” — primarily theoretical.

‘Downstream — entrepreneurship education — educational theory’ is an emerging direction,
not yet fully formed, as seen in recent publications.

Overall, the map places pedagogy, teaching and technology-based education, especially in
the fields of Al and engineering, at the heart of STREAM pedagogy research. Theoretical and
emerging interdisciplinary areas remain peripheral or nascent. This structure highlights the field's
strong pedagogical and technological foundations, but also reveals gaps in the consolidation of
basic themes and the integration of niche and emerging topics. To advance STREAM pedagogy,
future work should prioritise integrating Al-motor themes with fundamental e-learning principles
and developing emerging areas (e.g. critical thinking and entrepreneurship education) into
curricula and teacher training programmes to reinforce the 'R’ element and promote
interdisciplinary coherence.
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Figure 11 (Factorial Map — Multiple Correspondence Analysis, MCA) illustrates the
conceptual structure of the keywords, as determined by the KW_Merged field in the Scopus
dataset. MCA identifies two main dimensions: Dim 1 (explaining 44.92% of the variance) and
Dim 2 (explaining 23.46% of the variance). Together, these dimensions explain 68.38% of the
total variance, which confirms the representativeness of the map.

Key thematic groups emerge:

- Left side: 'teaching’, 'curriculum’, ‘course design’, ‘learning systems', ‘Bloom'’s taxonomy’,
‘teaching tools' — focused on curriculum design, methodological foundations, and structured
learning approaches.

- Upper-left quadrant: 'Problem-based learning', ‘higher education', 'mobile learning' —
highlighting modern, innovative, and technology-enhanced methods.

- Right side: 'education’, 'learning’, 'student’, ‘pedagogics', ‘physical education’, and 'India’
— representing general educational contexts, student-centred research, and some subject-specific
or regional emphases.

- Right edge of Dim 1: 'human’, 'humans', ‘adult’ — forming a distinct group around adult
education and human-centred approaches.

Dimension 1 separates pedagogical/methodological design (left) from human/adult-learner
focus (right). Dimension 2 differentiates traditional structural elements from modern, technology-
integrated approaches.

This MCA structure reveals two parallel, yet conceptually distinct, streams within the
STREAM pedagogy literature: one rooted in traditional curriculum and teaching design and the
other in human-centred and adult education. Modern innovations (e.g. problem-based, mobile and
online learning) cluster around higher education and technology, while research focused on
adults/humans remains somewhat isolated. These findings suggest ways in which innovative,
technology-driven methods could be better integrated with human-centred approaches,
particularly by embedding Al tools and digital literacy into curriculum design and adult/teacher
training programmes. Such integration could reinforce the 'R' component (reading, writing and
research skills) and encourage more cohesive, student- and adult-centred STREAM
implementations in various educational settings.
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Table 4 (Top Six Countries' Collaboration) summarises the most frequent international co-
authorship pairs in STREAM pedagogy research.

® United States — United Kingdom: 5 joint articles (highest frequency);

United States — Australia: Four articles

United States — Canada: United States — Canada: 4 articles

Australia — New Zealand: 2 articles (an example of regional cooperation)
Canada — United Kingdom: 2 articles

® United Kingdom — Austria: 2 articles

These collaborations emphasise the strength of the transatlantic relationship (between the
USA and the UK, and the USA and Canada), as well as the development of new connections with
Oceania (between the USA and Australia, and Australia and New Zealand) and Europe (between
the UK and Austria). The United States' dominance as a central hub reflects its leading role in
high-impact STREAM research, while its partnerships with the UK, Canada and Australia indicate
well-established academic networks in English-speaking countries.

This pattern of limited but focused international cooperation underscores the fact that
STREAM pedagogy research remains concentrated among a few developed nations with robust
research infrastructures. The relatively low overall MCP (13.78%) suggests opportunities to
expand global networks, particularly by fostering collaborations with emerging contributors, such
as India, China and Kazakhstan, to share best practices in curriculum integration, teacher training
and Al-enhanced STREAM implementation in diverse cultural and resource contexts.
Strengthening such partnerships could accelerate the adoption of STREAM models in developing
countries, enhancing the field's inclusivity and global relevance.
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Table 4 — Top 6 Countries’ collaboration world map

From To Frequency

USA UNITED KINGDOM 5
USA AUSTRALIA 4
USA CANADA 4
AUSTRALIA NEW ZEALAND 2
CANADA UNITED KINGDOM 2
UNITED KINGDOM AUSTRIA 2
Source: Generated by the author through bibliometrix software

Conclusion

This bibliometric review, based on 254 Scopus documents from 2005 to 2025, provides a
comprehensive overview of STREAM education in pedagogical research. The findings reveal an evident
increase in publication output over the past decade, with a significant rise after 2019 and a peak in 2025.
Key thematic clusters reveal the deep integration of STREAM pedagogy with core educational concepts
such as pedagogy, teaching and curriculum design, as well as with engineering education, digital and
online learning, and emerging artificial intelligence applications. Bibliometric maps confirm that
pedagogical theories and curriculum design remain central, while e-learning, computer-assisted
instruction and Al-enhanced learning have gained significant momentum in recent years. Post-2020
trends further emphasise higher education, online learning, and student agency.

Geographically, research is concentrated in developed academic systems (the USA,
Canada, Australia and the UK), with limited but growing international collaboration (e.g. the
USA-UK and USA-Canada/Australia pairs). Institutional output is decentralised, involving both
established universities and contributors from diverse regions.

Overall, the analysis highlights the interdisciplinary nature of STREAM as a logical
extension of STEM/STEAM, with the 'R’ (reading, writing and research) component playing an
increasingly strategic role in the Al era with regard to critical digital literacy, source evaluation
and the dissemination of knowledge in an ethical manner.

The results provide a robust methodological basis for future empirical studies, the
modernisation of curricula, and evidence-based educational policy. Key recommendations for
advancing STREAM pedagogy include:

- Longitudinal studies to assess the long-term impact on student outcomes, critical thinking,
and career readiness.

- Development of practical methodologies for integrating generative Al tools into
STREAM lessons, emphasising ethical use and enhancement of the 'R' component.

- Models linking STREAM to Sustainable Development Goals and environmental literacy.

- Expanded international networks to support STREAM adoption in developing countries, addressing
local challenges such as gender gaps, language barriers and urban-rural disparities in Kazakhstan.

As a practical example of STREAM implementation in school settings, project-based
lessons integrating all components are recommended (e.g., creating a model of a sustainable city
using Al for source analysis, scale calculations, and report writing). Such approaches enhance
critical thinking and student motivation, particularly in the context of Kazakhstan with its gender
and regional specifics.

By addressing these issues, STREAM can evolve into a more inclusive, Al-enhanced
teaching strategy that can prepare individuals to think critically and creatively in the 21(st) century.

Author Contributions

Omarkhanova A. — Conceptualization, methodology, data collection from Scopus, software implementation
(Bibliometrix/R Studio), formal analysis, visualization (figures and tables), writing — original draft (Introduction,
Methods, Results and discussion), writing — review and editing.

64



O o ISSN1813-1123 XKV XABAPLIBICH Ne2(119)/2026 .~ )

Orynkhanova Zh. — Conceptualization, methodology support, validation, data curation, thematic
interpretation, writing — original draft (parts of literature review and theoretical foundations), visualization support,
writing — review and editing.

Seraliyeva N. — Literature review, validation of pedagogical interpretations, writing — original draft (sections
related to Kazakhstan context, preschool and primary education), writing — review and editing.

Zharikbayeva D. — Supervision, project administration, validation of conclusions and recommendations,
writing — review and editing, final manuscript preparation.

REFERENCES:

1 Trachta A. (n.d.). STEM vs. STEAM vs. STREAM: What’s the difference? Niche. URL:
https://www.niche.com/blog/stem-vs-steam-vs-stream/ (accessed: 26.12.2025)

2 Koo M. (2025). ChatGPT Research: A Bibliometric Analysis Based on the Web of Science from 2023 to
June 2024. Knowledge, vol. 5, no. 1, article 4. DOI: https://doi.org/10.3390/knowledge5010004

3 Zhumabay N., Varis S., Abylkassymova A., Balta N., Bakytkazy T., Bowen G.M. (2024). Mapping the
Kazakhstani STEM Education Landscape: A Review of National Research. European Journal of STEM Education,
vol. 9, no. 1, article 16

4 Herro D., Quigley C. (2017). Exploring teachers’ perceptions of STEAM teaching through professional
development: Implications for teacher educators. Professional Development in Education, vol. 43, no. 3, pp. 416-438.
DOI: https://doi.org/10.1080/19415257.2016.1205507

5 Gilgiin C., Avan C., Doganay K. (2025). Astronomy Education in Preschool: Foundations of Early
Scientific Thinking. In: Yilmaz A., Aydinli B. (eds.), Exploring Scientific Minds in Early Childhood: Environment,
Rights, and STEM Integration. Ozgiir Yaynlar1. DOI: https://doi.org/10.58830/0zgur.pub1044.c4162

6 Yakman G. (2008). STE@M Education: An overview of creating a model of integrative education.
Proceedings of PATT-19 Conference, Salt Lake City, USA. URL:
https://www.researchgate.net/publication/327351326 (accessed: 26.12.2025)

7 Muhlenfeld-Johnson J., Mason S., White H. (2025). STREAM: A perspective to evolve education towards
the 22nd century. AJE Forum. URL: https://sites.psu.edu/ajeforum/2025/02/19/stream-a-perspective-to-evolve-
education-towards-the-22nd-century-by-julie-muhlenfeld-johnson-sarah-mason-and-heather-white/ (accessed:
26.12.2025)

8 Irwanto I., Hutahaean E. (2025). Two decades of STEM education studies in higher education: A
bibliometric analysis. Journal of Turkish Science Education, vol. 22, no. 3, pp. 451-467

9 Nurazmi N., Bancong H., Nurfadilah N., Yusal Y. (2025). Mapping the evolution of STEAM education: A
bibliometric analysis of global trends from 2016 to 2025. International Journal of Learning, Teaching and Educational
Research, vol. 24, no. 9, pp. 940-965. DOI: https://doi.org/10.26803/ijlter.24.9.45

10 Millan M.D.C.S., Arango J.P.B. (2025). Bibliometric analysis on the STEM/STEAM approach in the
training of natural sciences teachers in Colombia. Discover Education, vol. 4, no. 1, article 266

11 Wardat Y., Al-Omari A.A.H., Khasawneh O.M., Rawagah H.G. (2025). Mapping the landscape: A
bibliometric analysis of integrating STEM into science and mathematics classes. Eurasia Journal of Mathematics,
Science and Technology Education, vol. 21, no. 5, article em2637

12 Lexia Learning (n.d.). A full breakdown of the science of reading components. URL:
https://www.lexialearning.com/blog/a-full-breakdown-of-the-science-of-reading-components (accessed: 26.12.2025)

13 Houston S.M., Lebel C., Katzir T., Manis F.R., Kan E., Rodriguez G.G., Sowell E.R. (2014). Reading
skill and structural brain development. Neuroreport, vol. 25, no. 5, pp. 347-352

14 Coyle D., Hood P., Marsh D. (2010). CLIL: Content and Language Integrated Learning. Cambridge:
Cambridge University Press. DOI: https://doi.org/10.1017/9781009024549

15 Dalton-Puffer C. (2007). Discourse in Content and Language Integrated Learning (CLIL) Classrooms.
Amsterdam: John Benjamins Publishing. DOI: https://doi.org/10.1075/111t.20

16 Schramm T., Jose A., Schmiemann P. (2021). Modeling and measuring tree-reading skills in
undergraduate and graduate students. CBE—L.ife Sciences Education, vol. 20, no. 3, article ar32

17 Malone K., Helmer J., Dukenova A., Assanbayev A. (n.d.). Determining the state of STEM/STEAM
education at the primary school level in  Kazakhstan. NU  Research  Portal. URL:
https://research.nu.edu.kz/en/projects/determining-the-state-of-stemsteam-education-at-the-primary-schoo/
(accessed: 26.12.2025)

18 Aria M., Cuccurullo C. (2017). bibliometrix: An R-tool for comprehensive science mapping analysis.
Journal of Informetrics, vol. 11, no. 4, pp. 959-975. DOI: https://doi.org/10.1016/j.joi.2017.08.007

19 Abylkassymova A.E. et al. (2024). STEM education impact on the development of primary school
students' meta-subject skills: An experimental study in Kazakhstan. Frontiers in Education, vol. 9, article 1669765.
DOI: https://doi.org/10.3389/feduc.2025.1669765

20 Durrani N. (2025). STEM teachers' agency for gender equality in STEM education: A mixed-methods
study. International Journal of Educational Development, vol. 110, article 102983. DOI:
https://doi.org/10.1016/j.ijedudev.2025.102983

65


https://www.niche.com/blog/stem-vs-steam-vs-stream/
https://doi.org/10.3390/knowledge5010004
https://doi.org/10.1080/19415257.2016.1205507
https://doi.org/10.58830/ozgur.pub1044.c4162
https://www.researchgate.net/publication/327351326
https://sites.psu.edu/ajeforum/2025/02/19/stream-a-perspective-to-evolve-education-towards-the-22nd-century-by-julie-muhlenfeld-johnson-sarah-mason-and-heather-white/
https://sites.psu.edu/ajeforum/2025/02/19/stream-a-perspective-to-evolve-education-towards-the-22nd-century-by-julie-muhlenfeld-johnson-sarah-mason-and-heather-white/
https://doi.org/10.26803/ijlter.24.9.45
https://www.lexialearning.com/blog/a-full-breakdown-of-the-science-of-reading-components
https://doi.org/10.1017/9781009024549
https://doi.org/10.1075/lllt.20
https://research.nu.edu.kz/en/projects/determining-the-state-of-stemsteam-education-at-the-primary-schoo/
https://doi.org/10.1016/j.joi.2017.08.007
https://doi.org/10.3389/feduc.2025.1669765
https://doi.org/10.1016/j.ijedudev.2025.102983

» /

N al -
O —— A Y N — 0
C =\ \ ~

STREAM-IIEJATI'OI'HKA 3EPTTEYJIEPI: SCOPUS BUBJIMOMETPUSAJIBIK
TAJIJAYBI 2005-2025

N ISSN 1813-1123 BECTHHMK 2KY Ne2(119)/2026 e U »

LN

#

A.K. Omapxanosa®, JK.A. Opuinxanosa™”, HJK. Cepanuesa®, JI.P. Kapux6aesa*

YKazax ynmmuix ko130ap nedazo2uxansix ynusepcumemi,
Kazaxcman Pecnybnuxacwl, Aimamei K.
%[ JKancyzipos amuvinoazwl Kemicy ynusepcumemi, Kazaxcman Pecnybnuxacet, Tardvikopear K.
“e-mail: aomarhanova763@gmail.com, zhakentyl414@gmail.com, nailya_seralieva@mail.ru,
Dariga-77@mail.ru

Anoamna. Ocwvl makana SCOPUS depexkopuirbiy 2005 orcornoan 2025 scvinea Oetiinei marimemmepi He2izinoe
nedazoeuxkanviy zepmmeyiaepoeci STREAM-6inim 6epyoiny s6omtoyusacel men Kazipei Hca20atiblH  HCAH-IHCAKMbL
OUOIUOMEMPUSIBIK, MANOAYObL YChIHAObL. Hezizel maxcam — eblibiMObl, mexXHOI02UsHbL, OKYIocaszyoul, unscenepuixmi,
6HepOI JHCIHe MAmeMamuKansl Oipikmipemin mexcnanoik macin pemindezi STREAM-6inim 6epyoin damy ypoicmepin,
bacvlM MAaKpIpLINMAPLIH HCIHE HCATNBL bLIIMU KYPULILIMbIH 3AMAHAYU Ne0d202UKa KOHMEKCMIHOe aHbIKMAy.
"Ileoazoeuxa" sicone "STREAM" kinm ce30epi apkviivl anvihean 6acmanksl Hamudicenepoi HaKmoliAeAHHAH KeUin
254 sviivimu Kyorcam mandanovl. Tanoay R Studio opmacwinoazer Bibliometrix naxemi xomezimen scypeizindi, ozan
JHCHLIOBIK ICAPUATAHBIMOAD OUHAMUKACHL, Kitm cO30epoiy Oiprecin Ke3oecy iceninepi, makblpblnmvlK Kapmaniap,
coHoau-ax enodep meH aguiuayusinap 6otvinua 6eninic Kipedi. Heeizei nomuowcenep conabl OH JHCHLIOLIKMA
AHCapuUsIAHLIMOapObIy  aumapavikmai ocyin kepcemedi, 6yn STREAM-ea STEM owcone STEAM mooenvoepinin
arcangacel peminoei Hcahanobly Kbl3bl2YUWbLIbIKMbLY apPMyblH KYalaHoulpaovl. 3epmmeydiy Helizel kiacmepiepi
neoazoeuKa, UHX}CeHepIiK Oinim bepy, yugpaviK Hcane OHAAUH OKbIMY, COHOAU-AK JHCACAHObL UHMEILLeKMIY 6Cin Keie
orcamkan penin aman emedi. I eoepaghusnvix manoay vlivimu OenceHOinikmin sxcemekuli endepoe uoeblpIaHAHbIH
JICOHE XANBIKAPATLLIK bIHMBIMAKMACMBIKMbIY WeKmeYii, 0ipax O0ambln Kele JCAmKaHulH Kopcemedi. AnblH2aH
depexmep canadasvl bLIbIMU KYPbLILLIMHbIY NAHOPAMAILIK KOPIHICIH Oepedi, OHbll MEeNCNIHOIK CUNAMbIH JICIHE
yugpviy Kypanioapovl o0au api unmezpayusiay aneyemin aman emedi. Homuoicenep Oonawax 3epmmeynep, oky
b6azoapramanapwin a3ipaey sicane STREAM-nedazoeuxa caracvinoazel 6inim bepy cascamol yuiin 6azoap 601a aniaowl.

Kinm coe30ep: STREAM, nedacoeuxa, 6ubauomempusiviy maioay, oubauomempuxc, 6itim oepy, woy.

UCCJEIOBAHUSA STREAM-IEJATOI'MKW: BUBJIMOMETPUUECKUN AHAJIU3
SCOPUS 2005-2025

Omapxanosa A.K.Y, Opvinxanoea JK.A.Y", Cepanuesa HIK.?, Kapuxbaesa JI.P.*

YKazaxcxuil nayuonanshuiil scenckuii nedazosuueckuii yuugepcumen,
Pecnybonuxa Kazaxcman, 2. Anmamol
2)Kemuicyckuii ynusepcumem umenu M. XKancyeypoesa, Pecnybnuxa Kazaxcman, 2. Tanovikopean
“e-mail: aomarhanova763@gmail.com, zhakentyl414@gmail.com, nailya_seralieva@mail.ru,
Dariga-77@mail.ru

Annomayus. Hacmosiwyas cmamwst npedcmaeisiem 6cecmoporHutl OubIuOMempudecKutl AHaIu3 3600YUU U
cospemennoeo cocmosinus STREAM-o6pazosanus 6 nedazocuieckux ucciedo8aHusx Ha OCHO8e OAHHbIX ba3bl Scopus
3a nepuod ¢ 2005 no 2025 200. Ocnosuas yeib — 8blA8UMb KII0YE8ble MEHOSHYUU PA38UMUsl, OOMUHUPYIOWUe membl
u oowyro nayunyro cmpykmypy STREAM-06pa3zosanust Kak MesicoOUCYuniuHapHo2o nooxood, 00veouHsioue2o Hayxy,
MeXHONI02UY, YMeEeHUe/NUCbMO, UHIHCEHEPUTo, UCKYCCMEO U MameMamuxy, 8 KOHmekcme cogpemenHol nedazozuxu. C
ucnoavzoganuem Kuouesvix cios "nedacocuxa" u "STREAM" npoananusuposano 254 nayunvix 00KymMeHma nocje
VMOUHEHUsT UCXOOHO20 nouckd. Ananuz evinoaHen ¢ nomowwto naxkema Bibliometrix ¢ cpede R Studio, exnrouas
OUHAMUKY eJHCe200HbIX NYOMUKAYULL, Cemu COBMECHHO20 NOAGIEHUs KIIOYEBbIX Cl08, MeMamuyeckue Kapmol, d
maxoice pacnpeodeieHue no cmpanam u agpuruayuim. Kirouegvie pezyiomamol 0eMOHCMPUPYIOM 3HAYUMENbHbL
pocm uucia nyoaukayui 3a nocieoHee Oecsimuiiemue, 4mo CGUOEMeNbCmeyem 0 603pacmaioujem 2n00anibHOM
unmepece Kk STREAM «kax npooonscenuio moodeneiu STEM u STEAM. Ochognvle Kiacmepvl uccie008aHull
HOOUePKUBAIOM POJIb Ne0a202UKU, UHICEHEPHO20 00PA308aHUsL, YUPDPOBO2O U OHIAUH-00YYEHUS, d MAKIHCE PACMYWYVIO
SHAYUMOCMb  UCKYCCMBEHH020 UHmennekma. Ieocpaguyeckull amaiu3 nokasvieaem KOHYEHMPAyuio HAYYHOU
AKMUBHOCTU 8 8eOVWUX CMPAHAX C OZPAHUYEHHLIM, HO DA3BUBAIOUUMCA MeHCOYHAPOOHBIM COMPYOHUYECHBOM.
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Honyuennvie Oaumvie 0aiom NAHOPAMHBIL 0030p HAYYHOU — APXUMEKMYpPbl  061ACmU, NOOYepKusas eé
MEANCOUCYUNTUHAPHBILI XapaKmep U NOMeHYuan OaibHelwel unmespayuy yu@dposvix uHcmpymenmos. Pezynvmamoi
MO2YM CIYACUMb OPUESHMUPOM 051 OYOYUUX UCCIe008AHUL, PA3PAOOMKU YHeOHbIX NPOZPAMM U 00PA3068aMENbHOU
noaumuxu 6 cgpepe STREAM-nedazozuxu.

Knrouesvte cnosa: STREAM, nedazoeuxa, bubruomempuieckuii anamus, OuOIUOMempuKkc, obpazosatue,
0030p.
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