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This article presents a synthesis of current trends in STEM research, concentrating on
how professional development affects teachers' opinions and involvement using
bibliometric analysis. The main focus of education and technical growth is STEM, or
science, technology, engineering, and mathematics. This article provides an in-depth
review of the latest research and innovative developments. The study of STEM's
influence on government policy gives insight into government responses to STEM
trends through changes in education policy and the support of stakeholders. The
bibliometric study starts by firstly reviewing publications on STEM in journals
indexed by Scopus by examining patterns of fluctuation and balance every year for the
last ten years. Second, The Sustainability journal has published the most articles on
STEM. Third, with a total of 287 citations, the majority of citations are focused on
papers released in 2018. Fourth, student, learning, and STEM are the author keywords
that are most frequently employed. The necessity of education policy congruence and
the significance of ongoing support and training for STEM teachers' professional
growth are emphasized. and adequate support from the Indonesian perspective.
Recommendations include enhancing teacher training programs, promoting
interdisciplinary approaches, and strengthening partnerships between academia,
industry, and government to advance STEM education in Indonesia.
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Introduction

STEM, which stands for science, technology, engineering, and mathematics, is regarded as the main area of
attention in the fields of technology development and education. This field's skills are seen to be crucial for
overcoming the difficulties of the twenty-first century. (Bartels, 2019; Henry, 2021; Lopez, 2022; Nurtanto, 2020;
Shaby, 2021). STEM forms the foundation for innovation, enables the solving of complex problems, and drives
technological advances that will shape the global future (Chakraverty, 2019; Fuesting, 2019; Grinis, 2019; Wang
etal., n.d.).

Educators' views of STEM education in grades K-12 are influenced by their experience and the role of learning
professionals. (Falloon et al., 2020a). Interdisciplinary linkages, ambitious teaching strategies, and practical
problem-solving skills are common themes that show up. Regarding STEM advancements, STEM instruction,
and the advantages of integrating STEM, the importance of incorporating these elements into educational practices
(Bryan & Guzey, 2020; Belfield & Brock, 2023). There needs to be a framework to advance STEM literacy in
grades K-12 (Falloon et al., 2020b). There is a need to give greater focus to STEM integration, especially in the

context of mathematical and engineering disciplines. (English, 2016).

The article titled "STEM" in-depth reviews recent research and innovative developments. By outlining key trends
and presenting a synthesis of data from relevant articles, the central role of STEM in addressing the complex
challenges of the 21st century can be understood. Studies show that integrating STEM into the ed. Jamaludin
education system can improve students' skills and knowledge. Through citation analysis, Additionally, this essay
will talk about the extent to which research and contributions in STEM have influenced the global outlook on
science and technology. From here, it can be seen to what extent the influence of STEM penetrates various sectors,
including industry, education, and government policies. A series of meta-analyses and syntheses have consistently
demonstrated the positive impact of Computer-Aided Collaborative Education (CSCL) in STEM education.
(Jeong et al., 2019; McKeown et al., 2017). Furthermore, there is a need for different strategies to build learning,
based on a combination of technology, pedagogy, and types of collaboration. By digging deeper into the trends
and citations of the article titled "STEM," insights into the future direction of research and innovation can be
gained. This article becomes a window into the dynamic world of STEM, highlighting current challenges and new
emerging opportunities. Let's dive together into the journey of STEM in carving its mark in the evolution of

knowledge and guiding us towards a more sophisticated future.

Based on some of the research outlined earlier, there is a great opportunity for further research on STEM,
especially in the context of mathematics. With rapid technological advancements, this development can inspire
researchers and practitioners from various disciplines to explore the role of mathematics as a whole, starting from
2014 to 2023. The research aims to address the following questions related to STEM publications between 2014
and 2023: What trends are observed in the publication of STEM articles during this period? Which journals have
been the most prolific in publishing STEM articles? What is the total number of citations received by STEM
articles published between 2014 and 2023? Which keywords are most frequently used by authors of STEM

articles? during this timeframe?
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Literature Review

An in-depth literature review of "STEM" Articles provide insight into a number of significant topics. For instance,
anumber of studies have examined how science instructors see STEM education, emphasizing both its advantages
and disadvantages. The need for a professional development model to support teachers in enacting STEM
education (El-Deghaidy & Mansour, 2015; Bohrnstedt et al., 2023). Although teachers in the United Arab
Emirates (UAE) have a positive attitude towards STEM, they face challenges such as documentation and lack of
time. (Hamad et al., 2022). Primary school teachers noted their initial aversion to STEM and the need for support
in overcoming barriers. (Samara & Kotsis, 2023). The importance of teacher preparation for integrated STEM
education, focusing on concept knowledge, curriculum knowledge, and implementation knowledge (Firat, 2020).
These studies collectively underscore the necessity of continual assistance and professional growth for educators

to successfully execute STEM instruction.

Various studies have explored the use of tablets and applications Regarding early childhood education, especially
in the domains of robotics, mathematics, STEM, and literacy. (Yang et al., 2024). This technology has the capacity
to enhance kids' educational experiences. There are benefits to using tablets in math learning, including increased
collaboration and engagement. (Kaggwa et al., 2023; Svela et al., 2019). Tablets and apps have the opportunity to
engage children with disabilities and pre-service teachers in robotics-based activities, respectively (Howard &
Park, 2014). Overall, these studies emphasize the positive impact of tablet use and apps in early childhood
education, especially in STEM and literacy contexts. Numerous research has looked into how professional growth
affects teachers' views on STEM education. Teachers' understanding of integrated STEM education develops
throughout a 3-week professional development program, with their conceptual models becoming more complex.
(Ring et al., 2017). Improved perceptions of science teachers regarding E-STEM, especially in disadvantaged
schools, after they attend professional development programs (Amoa-Danquah, 2023; Aydogdu et al., 2020).
Professional development has a beneficial effect on teachers' perceptions, efficacy, and confidence. of STEM.
(George et al., 2020). The significance of successful professional development in STEM teaching and pointed out

the necessity of many formats in addition to consideration of contextual factors. (Goodenough et al., 2014).

Meanwhile, the study of the influence of STEM on government policy provides a perspective on government
responses to STEM trends through changes in education policy and industry support. This literature review
provides a strong theoretical foundation for "STEM" articles, helping to form an in-depth understanding of the

developments, influences, and ramifications of STEM trends across several domains.

Method

This study uses bibliographic research methodology and makes use of explicit and methodical mapping
procedures that are drawn from. (Andrade-Arenas et al., 2023a; Angraini et al., 2024; Cansiz Aktas, 2022; Gusteti
et al., 2024; Julius et al., 2021; Karampelas, 2023; Kartika et al., 2023; Rafiq et al., 2023; Triyono et al., 2023;
Utami et al., 2023a, 2023b). This study applied bibliographic design using systematic and explicit attribution

methods (Andrade-Arenas et al., 2023b;; Sofwan et al., 2024). The literature review stage follows four steps, along

894



International Journal of Education in Mathematics, Science and Technology 14 (2026) 892-906 M. U. Gusteti et al.

with research conducted (Huan et al., 2022; Julia et al., 2020). These stages involve (1) search steps, (2)
bibliographic filters, (3) complete bibliographies, and (4) bibliographic evaluation. The Publish or Perish (PoP)
program is used in this study's search strategy to go through bibliographic databases. Because Scopus is one of
the largest databases offering peer-reviewed literature, it was selected as a database source for reference searches
using PoP apps (Khusna et al., 2024; Suseelan et al., 2022). Therefore, Scopus became the only database used in
this study. Certain criteria were set for all bibliographies to be included in the analysis, involving three main
aspects: (1) Bibliography-type journals only, (2) Article titles containing the phrase "STEM", and (3) Search year
ranges were limited from 2014 to 2023 (last 10 years).

Search Procedure

The software tool Bibliographic databases were explored using Publish or Perish (PoP)., particularly focusing on
Scopus. These databases are recognized as the leading sources of peer-reviewed scholarly works. The preference
for Scopus is attributed to its wider range of content compared to other databases (Andrade-Arenas et al., 2023b).
Remarkably, they hold about 70% more publications than the Web of Science (Julia et al., 2020). In this study,
specific criteria were set for including bibliographies, such as the inclusion of only journal types, article titles
featuring "STEM Education," and a search period limited to the last decade, from 2014 to 2023. Figure 1 shows

how to use the PoP program for a bibliographic search.

Scopus search Help
Authors: Years: 2014 - 203 | Search |
Affiliations: ] ] Search Direct
Publication name: IS5N: Clear All
Title words: STEM education
Keywords: STEM education New -

Figure 1. Search for the PoP Application Bibliography

Bibliographic reference search results are saved in the app and exported into CSV file format, which is then

opened in the Excel application. Files that have been saved are checked and given additional metadata.

Filter Bibliography

Three criteria are used to choose a bibliography:

(1) it must include the context of STEM education;

(2) it must be written in English; and

(3) it must be published by a publisher of a recognized bibliographic database.
The Scopus database, which is taken from the PoP program, is used to monitor each bibliography that is to be
included or removed from the bibliographic analysis process. The article type is the sole reference type selected.
Because they are conference papers, mistakes, notes, editorials, reviews, clones, or publications without abstracts

attached, some of the reference lists that are shown during the PoP application search process are not chosen. The
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PoP application's first search yielded 1,730 reference lists, which were then divided into 869 chosen reference
lists. Because they did not meet the requirements, 861 reference lists weren't chosen. The total number of referrals

produced by searches using PoP apps each year is displayed in Table 1.

Table 1. Bibliographic Selection Results

Year of Publication Inclusion % Exclusion % Total
2014 32 28.8 79 71.2 111
2015 46 33.8 90 66.2 136
2016 50 35.2 92 64.8 142
2017 45 31.9 96 68.1 141
2018 90 45.0 110 55.0 200
2019 93 46.5 107 53.5 200
2020 125 62.5 75 37.5 200
2021 130 65.0 70 35.0 200
2022 145 72.5 55 27.5 200
2023 113 56.5 87 43.5 200
Total 869 861 1,730

As seen in Table 1, the quantity of article publications peaked between 2018 to 2023 with each year publishing
200 articles on STEM, and the lowest number occurred in 2014, with only 111 articles. From the visualization, it
can be seen that from 2014 to 2016 the number of articles about STEM always increased. However, in 2017, there
was a decline in article publications, and from 2018 to 2023 there was another increase in the publication of
articles about STEM. From the table, it can be seen that the number of Exclusion is higher than Inclusion, with a
total of 861 articles, while Inclusion is 869 articles. It can be concluded that the number of inclusions and

exclusions has only a small comparison.

Bibliography Completeness

To perform filtered bibliographic analysis, metadata is reviewed and finalized. Aspects like the paper title, author
name, publishing country and institution, abstract, author keywords, article link, publisher, and year of publication

are all examined in the review. A bibliographic analysis is carried out following the completion of the metadata.

Bibliometric Analysis

The following four criteria served as the foundation for the bibliographic analysis: (1) publication patterns; (2)
top STEM article publishing journals; (3) top STEM article citations; and (4) most often used keywords in STEM
author publications. Bibliographic analysis is carried out and the findings are seen using the VOS viewer tool.
Large data sets may be processed quickly and effectively using VOSviewer, which also offers a variety of
visualizations, analysis, and observations. Furthermore, VOSviewer may generate publication, author, and journal

maps using distributed channel-centric keyword maps or shared citation systems. The EndNote bibliographic file
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is the sort of file that is loaded into the VOSviewer program for examination.

Results and Discussion

Publication Trend-Based Analysis

More research is required to examine the patterns of STEM-related journal publications from 2014 to 2023. There
has been a rise and fall in the quantity of publications across the time frame. There was an increase from 2014 to
2016, a decrease from 2017, and again increase from 2018 to 2023. The years 2018 to 2023 recorded the highest
number of publications. Therefore, it can be concluded that the interest and popularity of research on STEM topics

will reach its peak in 2018 to 2023.

Publication

m2014 m2015 2016 2017 w2018 w2019 m2020 m2021 w2022 w2023

Figure 2. Publication Trends per Year

The following details may be inferred from Figure 2. The number of publications increased from 4 percent in
2014 to 6 percent in 2016. 2017 had a little decline of 5%, however beginning in 2018, this trend flipped and there
was a notable gain. There was a steady increase from 2018 to 2022, with 2022 having the most publications (17%).
In 2023, it dropped to 13% from its highest point the year before. This suggests that, although there has been some
yearly variation, there has been a general rising trend in the publication of STEM-related journal papers over this
time. The period from 2018 to 2022 marks a striking increase in publication numbers, indicating a growing interest

and prominence in STEM research during these years.

Subsequent data showcase the top 10 journals that published articles on STEM research from 2014 to 2023. This
research highlights a widespread ambition to understand and advance STEM competencies across various aspects
of life. Table 2 indicates that the top 10 journals are as follows: Sustainability (Switzerland) has the most articles
(33 total), followed by Education Sciences (32 total), the Eurasian Journal of Mathematics, Science and
Technology Education (20 total), and the International Journal of Science and Mathematics Education (11 total).

Table 2. The STEM-related journals with the highest number of papers published between 2014 and 2023
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Journal Number of articles
Sustainability (Switzerland) 33
Education Sciences 32
Eurasia Journal of Mathematics, Science and Technology Education 20
International Journal of STEM Education 19
International Journal of Technology and Design Education 16
International Journal of Science Education 15
Journal of Turkish Science Education 13
Journal of Science Education and Technology 12
Journal of Baltic Science Education 11
International Journal of Science and Mathematics Education 11
Number of articles

m Sustainability (Switzerland)

® Education Sciences

® Eurasia Jurnal of Mathematics,
Science and Technology Education

International Journal of STEM
Education

M International Journal of Technology
and Design Education

™ International Journal of Science
Education

m Journal of Turkish Science
Education

M Journal of Science Education and
Technology

¥ Journal of Baltic Science Education

m International Journal of Science and
Mathematicas Education

Figure 3. The Proportion of Journals That Have Published the Most Articles on STEM

Figure 3 visualizes the distribution of articles among the leading 10 journals that have featured research on STEM
from 2014 to 2023. This chart demonstrates academic interest and efforts directed towards understanding and
promoting STEM competencies, as seen in the percentages of published articles across these notable journals:

1. "Sustainability (Switzerland)" and "Education Sciences" are leading the chart, each with 18% of the
published articles, indicating a significant contribution to STEM research in their respective domains.

2. With 11% and 10%, respectively, the "Eurasia Journal of Mathematics, Science and Technology
Education" and the "International Journal of STEM Education" come in second and third, respectively,
demonstrating their contributions to the dissemination of research that advances STEM education.

3. Other noteworthy journals that contribute to the wider discussion and investigation of STEM subjects are
the "International Journal of Technology and Design Education,” "International Journal of Science
Education," and the "Journal of Turkish Science Education," with 9%, 8%, and 6% of the articles,

respectively.
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This distribution underscores the collective endeavor of these journals in advancing STEM research, reflecting a

global ambition to integrate and enhance STEM skills in education and various sectors.

Citation Count Analysis (Annual Citations)

Here's the data detailing annual citation counts spanning from 2014 to 2023.

Table 3. The Annual Number of Citations

Publication Year The quantity of references The quantity of articles
2014 1,557 32
2015 1,441 46
2016 1,660 50
2017 1,771 45
2018 2,189 90
2019 1,939 93
2020 2,259 125
2021 1,089 130
2022 810 145
2023 124 113
Total 14,839 869

Table 3, which shows the number of articles produced year and the number of citations from 2014 to 2023,
provides numerous important insights. Initially, there is a general increasing trend in citations, peaking in 2020
with 2,259 citations, suggesting that research in this field has been gaining more attention over the years. However,
there was a noticeable decline in citations in the subsequent years, particularly in 2023 when citations significantly
dropped to 124. This decline could be attributed to various factors, such as the recency of publications or shifts in
research focus. Concurrently, there is a general rising tendency in the quantity of papers produced annually.,
indicating growing interest and research activity in this field. The ratio of citations to articles varies across the
years, highlighting the varying impact of research over time. Overall, the table reflects a vibrant and active
research community with a substantial impact, as evidenced by the total of 14,839 citations across 869 articles

over the ten years.

The Top 10 Articles with the Most Cited

The 10 most quoted STEM articles are listed in Figure 4. First place goes to the article with the most citations,
which was written by Ong et al. in 2018 and has 287 citations. Borrego came in second with 283 citations. In
Figure 4, the highest number of citations first appeared in 2018 with 287 citations, which are related to writing
(Ong et al., 2018). Meanwhile, the second-highest citation was recorded in 2014, attributed to works written by
Borrego and Henderson (2014). On the other hand, there was the first lowest number of citations in 2017, which

was related to publications by Blackburn (2017) with the number of citations of 162, the second lowest number
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of citations published by Belland et al. (2017) with the number of citations of 167.

Blackburn, H. (2017) @ STEM @ Ong, M. S. (2018)

Provide a comprehensive overview of

Highlights the importance of counterspaces in
the status of women in STEM in

2R P R e STEM higher education for women of color,
higher education, focusing on N, 4 providing a safe haven from isolation and
recruitment, retention, and faculty microaggression. These spaces, which can be
issues, and identifying key publishers

and journals in the field

peer relationships and mentoring, national
Belland, B. R. (2017) . STEM diversity conferences, and campus
_—TTTTESS student groups
Conducted a meta-analysis of 144 -I
studies and found that computer- Borrego, M. &. (2014)
based scaffolding had a consistently P ~
N

’ Highlights the need for effective
positive effect on cognitive h
outcomes in STEM education. They change sirdtegles/in promoting

evidence-based teaching in STEM
% T higher education
To p Te n : @ Sintema, E. J. (2020)
°
Most Clted | The impact of COVID-19 on the

! academic achievement of grade 12

Artic I es students in STEM subjects has been a
English, L. D. (2017
9 » ( ) Found that robotics activities

N\, @
@ . "

: N, ’
This paper explores the pedagogical improved pre-service teachers'
advantages of integrated STEM emotional, behavioral, and cognitive
activities, with examples of the ~ = engagement in STEM, as well as their

-

integration of medelling and lesson design skills
engineering design

both physical and conceptual, operate in a

-
-

variety of ways, including through peer-to-

also highlight the importance of
context-specific customization and
support.

Zeidler, D. L. (2016)

Challenging the deficit framework
prevailing in STEM education,
advocating sociocultural

concern In various countries
approaches

O

Kim, C. K. (2015)

: : De Jong, T. S. (2014)
Shernoff, D. J. (2017) 1 1

. . A platiorm that facilitates inquiry-
Found that teachers feel ] R based learning in STEM education. It

unprepared to implement integrated

provides a variety of virtual and
STEM, indicating the need for

remote labs, as well as datasets, to

significant changes in teacher support this approach.
education

Figure 4. Most Cited Articles on STEM from 2014 to 2023

Author Keyword Based Analysis

Based on the author's keywords, an analysis was performed using the VOSviewer tool. By visualizing the
interconnections between commonly used terms in publications, this tool provides insight into the primary topics

and how they relate to one another within the study environment.

VOSviewer is a tool for creating network-based maps from scientific data. These maps are commonly used to
visualize relationships between various entities, such as journals, researchers, articles, or keywords. In Figure 3,
VOSviewer is used to create a keyword map of literature related to STEM education. Keywords shown on the
map, such as "stem", "education”, "technology", "engineering", and "science", are terms that often appear in the

literature analyzed.

The lines between the nodes indicate relationships or connections between these themes. For instance, "student"
is strongly connected to "learning", indicating that many discussions or publications involve the relationship

between students and their learning processes within STEM fields.

The density of nodes and the thickness of the lines could represent the strength or frequency of the connections.

Areas with more nodes and thicker lines suggest well-established research areas with many connections.
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Figure 5. Author Keyword Network Visualization

Recommendations for Follow-Up Research

1. Gap Analysis: 1dentify areas with fewer connections to explore under-researched aspects or to find
unique intersections between topics that could benefit from further study.

2. Emerging Trends: Look for emerging trends by examining the peripheral nodes that are beginning to
form connections to the central clusters.

3. Impact Studies: The node "impact" connected to "STEM" and "education" suggests potential for studies
that measure the impact of different STEM educational approaches or technologies.

4. Curriculum Design: The connection between "design" and "STEM education" could be explored to
develop innovative STEM curricula that incorporate the latest findings in pedagogy and technology.

5. Educational Technology: Given the presence of "technology" and its connection to "STEM", there may
be room for research into how emerging technologies are influencing STEM education.

6. Interdisciplinary Projects: The map suggests a relationship between subjects like "science" and
"engineering". Research could explore interdisciplinary educational projects that bridge these subjects.

7. Teacher Training and Development.: Since "teaching" is a visible node, investigating the professional
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development of STEM teachers and how they can be better equipped to teach in a rapidly evolving

educational landscape could be valuable.

In the last ten years, research on STEM in education only began in 2014 and was published in journals that are
indexed by Scopus. Since then, there have been changes in STEM research, as seen by variations in the quantity
of publications in 2023. Even Nevertheless, the overall number of published papers has increased, decreased, and
increased again, reaching 869. This demonstrates that STEM education has not yet reached its full potential in
recent years. Between 2017 and 2018, there was the most rise in publications throughout that period, with 45
papers. The trend pattern of this publication shows that the discussion about STEM needs to be increased again

because it has not yet reached the expected level of popularity.

Although related articles are not as well-known, several journals have contributed to mapping research in STEM
fields. In the last ten years, according to Table 2, the 869 journals that are listed on Scopus have made the most
contributions to the publication of STEM-related papers. Researchers' choice of journals for publishing also
reflects their reputation and credibility, including the publisher's trustworthiness (Julia et al., 2020). However,
some journals cannot be controlled by management, causing dissatisfaction among those who use the Scopus

index.

Of all the publications available, it can be identified which article has had the greatest impact on other research.
The use of quotes is one of the parameters for evaluating the achievements of a scientist. As seen in Figure 3, the
most impactful STEM articles were published in 2018, with 287 out of 200 papers receiving citations overall.
Based on the article titles listed in Table 3, research in STEM fields has also delved quite deeply into STEM

concepts in the context of education.

Certain keywords are most often utilized by authors when publishing STEM research findings; these keywords
capture the spirit of the author and the sentence's overall meaning. (Julia et al., 2020). Certain keywords (author
keywords) that the researcher uses in a research article indicate that they capture the core of the subject matter
being examined. The phrase 'Student' from cluster 1 with six elements is the author's most utilized keyword in
STEM study, as seen in Figure 4. The phrase 'Learning' from cluster 2 has six entries, making it the second biggest
order. The phrase 'STEM' from cluster 3 has five elements and is the third highest order. It is evident from these
three author keyword words that STEM education in his study is intimately tied to learning and the function that

instructors play in the educational and technological worlds.

Conclusion

To summarize, the four questions asked at the beginning can be answered as follows. First, publications on STEM
in Scopus-indexed journals show patterns of fluctuation and equilibrium every year for the last ten years. Second,
The Sustainability journal has published the most articles on STEM. The top-ranked journal published 33 articles,
while the tenth-ranked journal published only 11 articles. Third, many citations are concentrated on articles

published in 2018, with a total of 287 citations. The most frequently cited articles are works (Ong et al., 2018).
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With 287 citations. Fourth, the author keywords most used by the top three writers are student, learning, and

STEM.

Limitations and Recommendations

The use of a single application for bibliometric analysis and restrictions on the range of other apps utilized are the
study's limitations. Additionally, there are limitations on bibliographic data sources that are only sourced from
Scopus. The breadth of study in this area is currently restricted, but it may be broadened by enhancing bibliometric
mapping in the context of STEM research using apps or other techniques in addition to different bibliographic
databases. Thus, there is need for additional development or enrichment of STEM bibliometric mapping. STEM
research may hold the key to increasing the efficacy of the educational process. To uncover understudied topics
and investigate new developments in STEM education, future research should concentrate on gap analysis.
Research on the effects of different teaching strategies, including the use of Al technology, is required. It is crucial
to create cutting-edge curriculum that includes the newest pedagogical and technical developments, such as
artificial intelligence. Examining multidisciplinary initiatives and the use of instructional technology in STEM
education might yield insightful information. Finally, to adjust to the changing educational landscape, research

on teacher training and development with an emphasis on using Al tools is essential.
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