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This research aims to scoping review of STEM education as meta-
discipline fostering sustainability and resiliency from Japan and Indonesia
publications. A total of 1112 publications collected from five electronic
databases, namely Scopus, ERIC, Dimension, JS-STAGE, and SINTA. The
research conducted a scoping review of STEM education technology based
on STEM as a meta-discipline used to support sustainability and resiliency
key framework. The scoping review was assisted by the Covidence and
VOSviewer applications. The results indicate that STEM education
technology potentially fosters sustainability and resiliency through

system thinking (72 publications), metacognition (30 publications),
scenarios thinking (49 publications) and literacy (25 publications).
Moreover, this review is to introduce operationalization of STEM
education role for society framework, especially to resolve socio-scientific
issues (SSI's). Therefore, researchers, educators, and policy maker should
be considered sustainability and resiliency as the goals for futurize STEM
education.
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INTRODUCTION

The importance of Science, Technology, Engineering, Mathematics (STEM) education began around
30 years ago, growing, and developing exponentially since the 1990s (Mohr-Schroeder et al., 2015).
Hasanah (2020) identified four key definitions of STEM that are STEM as discipline, STEM as
instruction, STEM as field, and STEM as career within the scope of STEM at the School, University,
and Job levels (Hasanah, 2020). Recently, STEM education has evolved into a meta-discipline
(Kennedy & Odell, 2023). STEM education and research are increasingly recognized globally as
fundamental to national development and productivity, economic competitiveness and societal well-
being (Freeman et al., 2019). The global urgency to improve STEM education may be driven by
environmental and social impacts in the 21st century that in turn endanger global security and
economic stability, known as Socio-scientific issues (SSIs). Government of both developing and
developed worlds have attracted citizens through scholarships and other incentives towards STEM
education owing to its endless, potentials, possibilities and the need for sustainability (Bureau,
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2022). These investments are justifiable owing to the need to sustain leadership in technology,
economy and security (Badmus et al., 2024).

Although various efforts have been built, the results still show intrinsic, institutional, and extrinsic
obstacles (Hasanah & Tsutaoka, 2019). Freeman et al (2019) identify visible trends and
commonalities regarding government STEM policies and structural responses, and student
participation. STEM education not adequately preparing graduates for college, careers, and life
(Kaufman, 2019). Besides that, COVID-19 pandemic confirms that education has not been able to
prepare students to survive with volatility, uncertainty, complexity and ambiguity (VUCA) (Susilayati
et al.,, 2024; Tan, 2023). The complexity of these global factors not only helps students achieve high
scores on math and science assessments (Kelley & Knowles, 2016). Badmus et al (2024) identify
opportunity and access for sustainability of undergraduates. Students need resiliency and
sustainability to face VUCA (Spellman, 2015; Susilayati et al., 2024). Meanwhile, resiliency in science
education is in line with scientific literacy to sustainability literacy (Colucci-Gray et al., 2006).
Futurize STEM education, the ability to take real action and prepare for the future are important
aspects of sustainability (Branchetti et al., 2018). Besides that, the increasing digital technology and
global connectedness have evolved students and employees’ skills need for society (Kaufman, 2019).
This research aims to provides a comprehensive scoping review of STEM education technology
fosters resiliency and sustainability.

Conceptual and theoretical framework

This research using opportunity to learn (OTL) concept (Elliott & Bartlett, 2016; Jam et al., 2017) and
the sociocultural theory of Lev Vygotsky inserted to STEM as meta-discipline framework (Kennedy
& Odell, 2023; Isa et al, 2024) as shown in Figure 1. The STEM technology supports OTL in a
sociocultural context will form resiliency and sustainability agency as follows. Scientist and
Mathematician generate the scientific and mathematical knowledge are used for identify socio-
scientific issues (SSIs). SSIs are complex, ill-defined societal issues that have a basis in sciences (Ke
et al, 2021). SSI-based instruction require the science dimension and the social ramifications to
develop solutions around the issues (Nida et al., 2021). The two SSIs that have the most influence on
students' lives is related to VUCA (Tan, 2023) and SDGs (Colucci-Gray et al., 2006). VUCA can be
fought with vision, understanding, clarity and agility as resiliency (Cruz, 2021; Susilayati &
Hardyanto, 2024). Sustainable development goals (SDGs) in education related to human
development for sustainability (Kushnir & Nunes, 2022). Grey et al (2005) explain literacy skill relate
to sustainability (Colucci-Gray et al., 2006).
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Figure 1. The STEM education technology fosters sustainability and resiliency framework

18225



Zaenuri et al. Fostering Sustainability and Resiliency Skills through STEM Education Technology

Therefore, the SSIs solution can be approached with STEM (as a meta-discipline) agencies including
system thinking (SyT), metacognition (MeC), scenario thinking (ScT), and literacy (Ltr). STEM
education technology tool support these agencies (Hurt et al., 2023). In STEM as a meta-discipline,
technologist and engineer design and provide technology and engineering product (Kennedy & Odell,
2023). Technology and engineering product support Scientist and Mathematician to train resiliency
and sustainability agencies (Kennedy & Odell, 2023). Felder (2016) categorized STEM instructional
technology tools into five types, namely Course management system (CMS)/ Presentation hardware
and software (PHS/ Personal response systems (PRS)/ Simulation, virtual laboratories (SVL)/
Interactive multimedia tutorials (IMT)/ Communication tools (CTS) (Felder & Brent, 2016). Overall,
this conceptual operationalization framework of STEM as a meta-disciplinary plays a role in society
to fosters sustainability and resiliency. For piloting, researchers used Japan and Indonesia
publication as the context of developed and developing country based on PISA score.

METHODOLOGY

The researchers chose to conduct a scoping review of STEM education technology fosters resiliency
and sustainability to (1) identify key characteristics STEM instructional technology tools support
sustainability and resiliency agency and (2) identify and analyse STEM research gaps fosters
sustainability and resiliency (Munn et al, 2018). This study approach to scoping review was
systematic and shared many characteristics of systematics literature reviews (Munn et al., 2018).
This scoping review using five-stage framework (Arksey & 0’Malley, 2005) and the guidance
proposed by Levac et al. (2010) and Peters et al. (Peters et al., 2020). The five-stage used in this study
are (1) stating research question; (2) identifying relevant studies; (3) selecting studies; (4) charting
the data; and (5) collating, summarising, and reporting results.

Stating research questions (RQs)

This research was conducted to introduce and scoping review the STEM education technology fosters
sustainability and resiliency. Specifically, the purpose of this study’s is to answer the following
research questions (RQs):

e RQ1.What are the STEM education technology trends?
e RQ2. What are the technology link strength of STEM education technology?
e RQ3. What STEM education technology and skills foster sustainability and resiliency?

Identifying relevant studies

The researchers determine search terms and search logic to define important elements of the
literature object to be studied according to the research objectives. Search term were developed
using the PCC (P - Population or participants; C - Concept; and C - Context) framework, derived from
the research question (Munn et al,, 2018). The PCC framework using as a guide to develop clear,
meaningful objective and eligibility criteria (Pollock et al., 2023). In this scoping review, P -
Population was STEM education, C - Concept was resiliency and sustainability, and C - Context was
Japan and Indonesia. Our search terms consisted of three main components, namely: STEM, Japan,
and Indonesia, including synonyms to capture all relevant titles. Synonymous keywords are
combined, while components are combined using Boolean AND to obtain more focused and
productive search results (Laher & Hassem, 2020). The search terms used to include variants and
synonyms are shown in Table 1.

Table 1. Key search terms

Boolean PCC elements Search terms
operator
AND, OR P - STEM education STEM OR STEAM AND educat* OR learn*
OR C - resiliency and | Resilien* OR sustainab*
sustainability
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Boolean PCC elements Search terms
operator
OR C - Japan and Indonesia Japan OR Indonesia

The material reviewed comes from five electronic databases, namely Scopus, ERIC, Dimension, J-
stage and Sinta. Scopus is an indexation service and database provider or journal data center under
the auspices of Elsevier. Meanwhile, literature searches on the Scopus database are carried out with
the help of Publish or Perish (PoP) software which can retrieve and analyze academic citations
(Saputra etal.,, 2023) (https://harzing.com/resources/publish-or-perish). ERIC is widely recognized
as the largest full-text database of education-related literature (https://eric.ed.gov/). Dimension is
the world's largest linked research database (https://app.dimensions.ai/discover/publication). J-
STAGE is a platform for scholarly publications in Japan
(https://www.jstage.jst.go.jp/search/global/_search/-char/en. It is developed and managed by the
Japan Science and Technology Agency. SINTA (Science and Technology Index), delivering access to
citations and expertise in Indonesia sponsored by Indonesian Ministry of Education, Culture,
Research and Technology (https://sinta.kemdikbud.go.id/). The combination of these five databases
allows researchers to find comprehensive papers related to this research topic.

The inclusion and exclusion criteria in selecting full-text publications for scoping review based on
Table 2. Selected publications had to focus STEM education topics or its synonym related to
technology, resiliency and sustainability agencies in Japan/Indonesia. Other criteria included full-
text empirical research in reviewed journals, published between 2014 to 2023, and written in
English.

Table 2. Criteria in selecting full-text publication

Criteria Included Excluded
Population Focused on STEM education topics or | Not focused STEM education
its synonym topics or its synonym
Concept Related to technology, resiliency and | Not related to technology,
sustainability agencies resiliency and sustainability
agencies
Context Focuses on STEM education in | Other country
Japan/Indonesia
Publication type Full-text empirical research in peer- | Not empirical research:
reviewed journals editorials, reviews, books and
book chapters, conference
proceedings, theses and
dissertation, another document
Publication year Published between 2014 to 2023 Published before 2014 or after
2023
Language English Other languages

Selection studies

Researcher selected publication studies by the multiple step search and screening process. The
selection process based on the PRISMA-ScR (Preferred Reporting Items for Systematic reviews and
Meta-Analysis extension for Scoping Reviews) (Tricco et al, 2018). Screening, eligibility, and
inclusion were used Covidence application. Covidence is the world's number 1 software for managing
and simplifying online literature reviews which can be accessed via https://app.covidence.org/. The
third authorimported 1112 references records from Mendeley to Covidence. Covidence helps writers
check duplicate references so writers can remove them easily. A total of 9 record duplicate removed.
Next, the author screened 1103 the titles and abstracts, then removed 690 irrelevant papers as
shown in Figure 2. The third researcher then input the full text of the relevant articles for feasibility
assessment. A total of 413 full-texts were assessed for quality to reduce bias in research results.
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Inclusion criteria refers to Laher & Hassem (2020) as shown in Table 2 (Laher & Hassem, 2020).
Technically, the second and third authors carried out screening independently. Two other authors
resolved if there were differences in results between the second and third authors, so that the four
authors discussed to determine full text inclusion.
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Figure 2. The PRISMA-ScR flowchart
Charting data

A total of 266 eligible full-texts were included for data extraction and synthesis. Full text extraction
is classified based on some special system coding tags as in Table 3. Full text extraction is carried out
in a divided manner: the first two authors carry out extraction for the first half of the number of
articles, and the next two authors screen the other half. The final author reviews screening results
from the first four authors. If there are disagreements, the final decision is made through discussion
with all authors. After reaching a joint agreement between the five authors, export data extraction
was then carried out to make synthesis. For charting data, researchers used three coding as shown
in Table 3.

Table 3. Special system coding tags for data extraction

Coding Content

STEM major disciplinary Science (S)/ Technology (T)/ Engineering (E)/
Mathematics (M)/ Art (A)/ STEM/ STEAM/ Other
0)

Instructional technology tools (Felder & | Course management system (CMS)/ Presentation

Brent, 2016) hardware and software (PHS/ Personal response

systems (PRS)/ Simulation, virtual laboratories
(SVL)/ Interactive multimedia tutorials (IMT)/
Communication tools (CTS)/ Other (0)
Sustainability and resiliency agencies | System thinking (SyT)/ Metacognition (MeC)/
(Colucci-Gray et al, 2006; Spellman, | scenarios thinking (ScT)/ Literacy (Ltr)
2015)

The data extraction form was designed to collect data from primary studies to answer research
questions (RQs) based on 267 full-texts included. Synthesis is carried out by mapping data extraction
from Covidence and visual output from VOSviewer software (Hiererra et al.,, 2023; Mustapha et al,,
2023., Nugraha et al., 2023; Van Eck & Waltman, 2023).
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Coding of STEM major disciplinary

The included publications coded based on STEM major disciplinary. Researchers analysed the
publication content for coded into one of seven the most appropriate STEM major disciplinary coding.
The seven coding are 1) Science (S), 2) Technology (T), 3) Engineering (E), 4) Mathematics (M), 5)
Art (A), 6) Science, Technology, Engineering, and Mathematics (STEM), and 7) Science, Technology,
Engineering, Art, and Mathematics (STEAM).

Coding of STEM instructional technology tools

There are six coding for STEM instructional technology tools. The six coding are 1) Hardware and
software (PHS, 2) Personal response systems (PRS), 3) Simulation, virtual laboratories (SVL), 4)
Interactive multimedia tutorials (IMT), 5) Communication tools (CTS), and 6) Other (0). These five-
coding adopted from (Felder & Brent, 2016). Researchers analysed the publication content for coded
into one of six the most appropriate STEM instructional technology tools coding.

Coding of sustainability and resiliency agencies

Researchers using four-coding of sustainability and resiliency agencies (Colucci-Gray et al., 2006;
Spellman, 2015). The four-coding are 1) System thinking (SyT), 2) Metacognition (MeC), 3) scenarios
thinking (ScT), and 4) Literacy (Ltr). Researchers analysed the publication content for coded into one
of four the most appropriate STEM major disciplinary coding.

Collating, summarizing, and reporting findings

Researchers conducted analysis by descriptive statistical (i.e frequency distribution, percentage) to
answer RQ1; to answer RQ2 and RQ3 related codes were grouped into thematic categories as
described in the previous section. Studies coded within the same category were revisited, and related
information was collated, read, and summarized to develop thematic categories. Details from
publications exemplifying particular thematic categories, or divergences, were noted. Checks were
made within and across these categories, and narrative descriptions were combined to report
findings with discussions among the authors.

Limitations

This scoping review has several limitations using methodological approach that should be
considered. First, authors recognize that there are pros and cons for any database used; we might
have missed important studies that are not indexed by SCOPUS, ERIC, Dimension, JS-STAGE, and
SINTA; and/or published in language other English. Second, researchers focus on sustainability and
resiliency agencies based on Spellman (2015) and Colucci-Gray et al. (2006), although there may still
be other important agencies. Finally, the choice of publication context in Japan representing
developed countries and Indonesia representing developing countries is also a limitation of this
study. However, this study has been based on various underlying scientific considerations.

RESULTS AND DISCUSSION
STEM education technology trends (RQ1)

Trends in STEM Education publications in the last ten years (2014-2023) are presented based on
trends in the number of publications on Figure 3, and STEM link category trends on Figure 4.
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Figure 3. Trends of STEM publication numbers

Based on Figure 3, the number of STEM education publications tends to increase over the last ten
years (2014-2023). STEM education is the top publication number in 2023. These results indicate
that STEM is still a publication trend in the following years, including in 2024.
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Figure 4. Trends publications of STEM link category
Link integration category:
STEM: Science-Technology-Engineering-Mathematics
S-T: Science-Technology
S-E: Science-Engineering
STEAM: Science-Technology-Engineering-Art-Mathematics
M-E: Mathematics-Engineering
S-R: Science-Religion
S-M: Science-Mathematics
T-A: Technology-Art
T-H: Technology-Humanity

Based on data extraction analysis from Covidence as shown on Figure 3, and Figure 4, STEM is the
current trends of publications. This result is in line with network visualization in VOSviewer as

shown on Figure 5.
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Figure 5. Trends of STEM link with VOSviewer

Based on Figure 5, STEM shows the largest size with the most networks with 123 links, 1372 link
strength, and 129 occurrences. Based on this research, STEM integration provides the greatest
opportunity to foster sustainability and resiliency. Researchers can utilize these themes according to
their respective gaps and needs. For example, researchers can use learning models to obtain
instructional impacts such as STEM-inquiry-resiliency or STEM-inquiry-sustainability. S-T link
integration provides opportunity to foster sustainability and resiliency. Researchers can utilize these
themes according to their respective gaps and needs. For example, researchers can use e-scaffolding
to obtain instructional impacts such as ESEL-resiliency or ESEL-sustainability. Researchers can also
use S-E link integration to foster sustainability and resiliency. Researchers can utilize these themes
according to their respective gaps and needs. For example, researchers use EDP become EDP-
resiliency or EDP-sustainability. STEAM link integration fosters sustainability and resiliency too.
Thus, researchers can utilize art that is rarely featured in STEM. For example, STEAM-resiliency or
STEAM-sustainability.

Link strength of STEM Education technology (RQ2)

Technology in STEM education publications was extracted based on Instructional technology tools
according to Felder & Brent (2016) including six instructional technology tools. The results show that
the top instructional technology tools are simulation, virtual laboratories (SVL) as shown on Figure
6.

27
23

—
—

Frequency
®m Communication tools (CTS) Personal response systems (PRS)
Interactive multimedia tutorials (IMT) Presentation hardware and software (PHS)
= Course management system (CMS) = Simulations, virtual laboratories (SVL)

Figure 6. STEM instructional technology tools category

Apart from that, Figure 6 also shows that course management systems (CMS) and presentation
hardware and software (PHS) are respectively the second and third most frequently used
instructional technology tools. However, interactive multimedia tutorials (IMT), personal response
systems (PRS) and communication tools (CTS) are rarely reported in STEM education publications.
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Therefore, these last three instructional technology tools are an opportunity to complement
publications in STEM education. Technology is the main mediator in STEM integration as shown on

Figure 7.
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Figure 7. Network visualization of Technology publications

Based on Figure 7, technology shows the second largest visualization after STEM with 127 links, 1202
link strength, and 96 occurrences. Apart from that, STEM-technology is the top link strength (63
points), followed by STEM-science (60 points), STEM-mathematics (58 points), and STEM-
engineering (55 points). Meanwhile, the link strength of technology-science is 76 points, technology-
engineering is 69 points, technology-mathematics is 65 points, engineering-science is 70 points,
mathematics-science is 62 points, mathematics-engineering is 65 points. Then, the technology trends
in STEM education are discussed based on the instructional technology tools categories as follows.

Simulation, virtual laboratories (SVL)

The publication trends on Simulation, virtual laboratories (SVL) category including hydraulic
robotics arm (Herlanti et al,, 2019), game design for mobile app-based IoT (H. Lestari & Rahmawati,
2020), AI-STEM based such as game, fuzzy logic, artificial neural network, robotics (J. M. Sari &
Purwanta, 2021), STEM-IoT learning media (Hamid et al., 2022), robotics project (Choirunnisa et al.,
2023), hybrid laboratory of a simple spectrophotometer with STEM project-based learning (Shidiq
etal, 2022), STEM-based Vlab (R. P.Sari etal., 2020), PhET simulation (Khaeruddin & Bancong, 2022;
Yunzal, Jr. & Casinillo, 2020), virtual lab (Syukri et al., 2022), programming and computational
thinking (Quyen et al,, 2023), augmented reality (Pambudi et al., 2022), and mobile net-based
transfer learning (Deviana Sely Wita & Subekti, 2023). The use of simulation and virtual laboratories
have the potential to train resiliency. Robotics, game design, and simulation on Vlab or internet using
can train algorithms and pattern recognition in computational thinking. This ability supports
students to transform, an important part of resilience thinking (Folke et al., 2010). Besides that, the
project trains students to create real work which is an important part of sustainability (Ramisio et
al,, 2019). Therefore, simulation & virtual laboratory as the technology and engineering product
support resiliency and sustainability agencies.

Course management systems (CMS)

The publication trends on Course management systems (CMS) category including blended learning
(Ardianti et al., 2020; Haryadi et al., 2021), campus e-learning (Sumin et al., 2021), cooperative
problem-based learning (CPBL) (Towip et al., 2022), e-scaffolding enhance learning (ESEL) (Sarah et
al,, 2022), hybrid learning (Hayati et al., 2022), IBL-STEMWeb (Batlolona & Jamaludin, 2022), mobile
learning application (Rachmadtullah et al., 2023), Moodle e-learning (Restanti et al., 2023), physics
mobile learning (Asmiliyah et al., 2021), STEM physics interactive multimedia (Husniyah & Ramli,
2023), STEM project mobile (Siregar et al., 2023), STEM-based digital classroom (Zainil et al., 2023),
STEM-based e-learning (Wiyono et al., 2022), STEM-based natural science online learning (Wardani
et al, 2021), STEM-PBL approach online chemistry learning (Arisa & Sitinjak, 2022), STEM-TPACK
learning website (Chai et al., 2020). Course management systems such as Moodle, digital and mobile
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learning are the technology and engineering product too. The use of course management systems
have the potential to train resiliency on internet using. To access course management system needs
algorithms and technology literacy. Algorithm supports students to transform, an important part of
resilience thinking (Folke et al.,, 2010). Besides that, using CMS supported technology literacy, an
important part of sustainability (Colucci-Gray et al.,, 2006). Therefore, course management systems
as the technology and engineering product support resiliency and sustainability agencies.

Presentation hardware and software (PHS)

The publication trends on Presentation hardware and software (PHS) category including STEM
project-based virtual learning module (Yennita et al., 2022), STEAM project-based on static fluids
(Atika et al., 2023) and elasticity (Subiki et al., 2023), BOTIPOSTEM e-book (I. M. Sukma et al., 2023),
PBL-STEM e-module (Adhelacahya et al., 2023), human excretory STEM e-module (Rungkat et al,,
2023), interactive book augmented reality (IBAR) (Wibowo, 2021), e-learning module (Halim et al.,
2020; D. A. Lestari et al., 2023; M. Sukma & Halim, 2022), video (Ramadini & Muttagqiin, 2023), STEM-
SDGs e-module (Aswirna, Kiswanda, et al., 2022), Kodular and flipbook e-module (Yunianta et al.,
2023), free range chicken egg productivity e-module (W etal., 2021), STEM-PBL e-module (Phandini
et al., 2023), reaction rate module on google classroom (Afadil et al., 2023). Presentation hardware
and software such as e-module, e-book, and video are the technology and engineering product too,
contain scientific and mathematical knowledge. The use of presentation hardware and software have
the potential to train resiliency on internet using. To access presentation hardware and software
needs algorithms and technology literacy. Algorithm supports students to transform, an important
part of resilience thinking (Folke et al., 2010). Besides that, using PHS supported technology literacy,
an important part of sustainability (Colucci-Gray et al., 2006). Therefore, presentation hardware and
software as the technology and engineering product support resiliency and sustainability agencies.

Interactive multimedia tutorial (IMT)

The publication trends on Interactive multimedia tutorial (IMT) category including SPLDV calc
application (Hamdu et al., 2020), inquiry e-worksheet on google classroom (Rabbani et al., 2024),
Quest program (Reffiane, 2021), STEM-PBL e-worksheet (Rahayu et al., 2023), space figure STEM-
based discovery learning worksheet (Astryani et al.,, 2022). Interactive multimedia tutorial such as e-
worksheet is the technology and engineering product too. Interactive multimedia tutorial provides
two-way feedback between teacher and learner. Learner needs scientific and mathematical
knowledge to complete worksheet. Besides that, the learner needs algorithm and technology literacy
to access e-worksheet. These algorithm supports students to transform, an important part of
resilience thinking (Folke et al., 2010). Using IMT trains technology literacy, an important part of
sustainability (Colucci-Gray et al., 2006). Therefore, interactive multimedia tutorial as the technology
and engineering product support resiliency and sustainability agencies.

Personal response system (PRS) & Communication tools (CTS)

Personal response system (PRS) RE-STEM android application (Subali et al, 2023), and
communication tools (CTS) Instagram-based media and chemistry practicum video project
(Anggreani et al, 2023). This study only finds out one type personal response system and
communication tools in STEM education technology, namely android application and Instagram.
These two technology and engineering product needs technology literacy. Using PRS and CTS also
trains technology literacy, an important part of sustainability (Colucci-Gray et al., 2006). Therefore,
personal response system and communication tools as the technology and engineering product
support sustainability agencies.

STEM Education technology fosters sustainability and resiliency agency (RQ3)

Based on Figure 1, STEM education technology fosters resilience with systems thinking,
metacognition, and scenarios thinking (Spellman, 2015) and sustainability with literacy (Colucci-
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Gray etal.,, 2006). There are so many STEM education publications foster resiliency and sustainability
as shown in Figure 8. Then, the STEM education technology is discussed based on the resiliency and
sustainability agency categories as follows.

Metacognition | °

Litaracy i 25

# Number of Publications

Figure 8. STEM education technology foster sustainability and resiliency skills
System thinking

System thinking agency is the top STEM education publications foster resiliency and sustainability as
shown in Figure 8. There are 12 skills developed with STEM education technology as shown in Table
4.

Table 4. STEM education technology fosters system thinking

. STEM Education technology

No. | Skills SVL | CMS | PHS |IMT |PRS | CTS
1. Complex matter for design J

project
2. Concept mastery and J J

understanding
3. Creative learning vV
4. HOTS skill v v
5. Learning outcome v v v
6. Problem solving v V v
7. Reasoning ability v
8. Reduce misconception V
9. Science and scientific J

concept
10. | Scientific work v
11. [ Thinking skill v
12. Mastery knowledge and J

limited time

Students’ skills related to system thinking agency including complex matter for design project (Chai
et al,, 2020), concept mastery and understanding (Atika et al.,, 2023; Sarah et al., 2022), creative
learning (J. M. Sari & Purwanta, 2021), creative thinking (Afadil et al., 2023; Anggreani et al., 2023; D.
A. Lestari et al., 2023), HOTS skill (Haryadi et al., 2021; Restanti et al., 2023; Yennita et al., 2022),
learning outcome (Astryani et al.,, 2022; Hamid et al.,, 2022; Subiki et al., 2023), problem solving
(Batlolona & Jamaludin, 2022; T. Lestari et al., 2023; Reffiane et al., 2021), reasoning ability (Siregar
et al,, 2023), reduce misconception (Halim et al., 2020; M. Sukma & Halim, 2022), science and
scientific concept (Syukri et al., 2022), scientific work (R. P. Sari et al., 2020), thinking skill (Irwandi
etal,, 2020).
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Based on Table 4, there are 12 skills foster resiliency related to system thinking. These skills provide
students’ ability to adapt and transform. Besides students’ skills, the publications also discuss teacher
preparation for resiliency. The teacher preparation for resiliency including mastery knowledge and
limited time (Husniyah & Ramli, 2023) needs consideration. There are eight teacher preparations to
conduct STEM education for resiliency. Professional development for resiliency can be highlighted
as the main preparation. This professional development can be started from indigenizing science
curriculum, mastery technological, pedagogical, and content knowledge (TPACK), including time
management.

Scenario thinking

Scenario thinking agency is the second rank STEM education foster resiliency and sustainability as
shown in Figure 8. There are 10 skills developed with STEM education technology foster scenario
thinking as shown in Table 5.

Table 5. STEM education technology fosters scenario thinking

. STEM Education technology
No. | Skills SVL | CMS | PHS |IMT | PRS | CTS
1. 21t century skills v
2. Collaboration skill N
3. Communication N V
4, Differences student V
5. HOTS and 21t century skill v
6. Mathematic communications
7. Motivation vV
8. Performance vV
9. Social emotional N
10. STEM scenarios N

Scenario thinking is the second rank of STEM education publication. The publication related to
scenarios thinking agency including 21t century skills (Towip et al., 2022), collaboration skill
(Wiyono et al., 2022), communication (Fujita, 2021; Kadota, 2017; Rabbani et al., 2024; Rahayu et al.,
2023; Wardani et al., 2021), differences student (Yunianta et al., 2023), HOTS and 21t century skill
(Zainil et al., 2023), mathematic communications (Wandani et al., 2023), motivation (Rukayah et al.,
2022), performance (Yunzal, Jr. & Casinillo, 2020), social emotional (Fukushima et al., 2009), and
STEM scenarios (Wibowo et al,, 2021).

According to Spellman (2015) scenarios thinking strategy including backward and forward timeline
creation, futures wheels, and cross impact matrices. Backward and forward timeline strategy in this
study including 21t century skills, collaboration, communication, and STEM scenario. The cross
impact metrices strategy including mathematic communication. Besides that, future wheels strategy
could be provided such as motivation and social emotional, including difference students for futurize
STEM education (Branchetti et al., 2018; Levrini et al., 2021).

Metacognition

Metacognition agency is the third rank STEM education technology foster resiliency and
sustainability as shown in Figure 8. There are 5 skills can be developed with STEM education
technology as shown in Table 6.

Table 6. STEM education technology fosters metacognition

. STEM Education technology
No. | Skills SVL_[CMS |[PHS [IMT [PRS |CTS
1. Cognitive v
2. Critical thinking V N V V
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3. Critical and creative thinking V
4. Solve complex issues v
5. Spatial ability and reasoning V

The STEM education technology fosters metacognition agency including cognitive (Hayati et al,,
2022), critical thinking (Adhelacahya et al., 2023; Ardianti et al., 2020; Hamdu et al., 2020; Indra Puja
Laksana et al., 2023; Khaeruddin & Bancong, 2022; Phandini et al., 2023; Ramadini & Muttaqjiin,
2023; Syukri et al., 2023), critical and creative thinking (Aswirna, Samad, et al., 2022; I. M. Sukma et
al,, 2023), solve complex issues (Asmiliyah et al., 2021), spatial ability and reasoning (Pambudi et al.,
2022). This study highlighted ability to solve complex issues as the main skill. This skill fosters
resiliency agency and other skill as stated above.

Literacy

The final agency is literacy skill for sustainability. There are 4 skills can be developed with STEM
education technology as shown in Table 7. The STEM education skills related to literacy for
sustainability including scientific literacy and environmental friendly (Aswirna, Kiswanda, et al,
2022), digital literacy (Sumin et al., 2021), scientific literacy (Choirunnisa et al., 2023; Subali et al,,
2023; Yuberti et al.,, 2022), visual literacy (Abdullah, 2023).

Table 7. STEM education technology fosters metacognition

. STEM Education technology
No. | Skills SVL | CMS | PHS |IMT | PRS | CTS
Scientific literacy and
1 : ; v
environmental friendly
2. Digital literacy v
3. Scientific literacy V V
4. Visual literacy V

Based on Table 7, there are 4 skills foster literacy for sustainability. This study highlighted STEM
literacy as the main skill that covers other skills.

DISCUSSION

This study scoping 31 skills from STEM education technology fosters resiliency and sustainability
into four agencies, including system thinking, scenario thinking, metacognition, and literacy. Based
on conceptual and theoretical framework in Figure 1, the STEM education technology supported
students’ opportunity to learn with Course management system (CMS)/ Presentation hardware and
software (PHS/ Personal response systems (PRS)/ Simulation, virtual laboratories (SVL)/ Interactive
multimedia tutorials (IMT)/ Communication tools (CTS) (Elliott & Bartlett, 2016; Felder & Brent,
2016). These six types of STEM education technology as the tools to support instructional quality
more interactive and effective. Based on the sociocultural theory of Lev Vigotsky, these tools act as
environmental contribution to individual development of learner. Therefore, the 31 skills as
cognitive functioning a results of interaction on human learning as social process (Badmus et al.,
2024).

SSIs in the context of VUCA and SDGs as the real world need to be solved. The SSIs solution can be
approached with STEM (as a meta-discipline) agencies including system thinking (SyT),
metacognition (MeC), scenario thinking (ScT), and literacy (Ltr). STEM education technology tool
support these agencies (Hurt et al,, 2023). This study operationalize STEM as a meta-discipline,
technologist and engineer design and provide technology and engineering product (Kennedy & Odell,
2023). Technology and engineering product support Scientist and Mathematician to train resiliency
and sustainability agencies (Kennedy & Odell, 2023).
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CONCLUSION

The technology integration in STEM education as a meta-discipline determined by trends, link
strength, scoping and further research fostering sustainability and resiliency. Based on the data,
analysis and discussion above, it can be concluded that STEM education shows the top publication
number in 2023 indicate its current trends. Science discipline and STEM link category are also the
current trends with the most weight visualization, most strength, and most occurrences. Technology
is the main mediator in STEM integration. The top three instructional technology tools are simulation,
virtual laboratories (SVL), course management systems (CMS), and presentation hardware and
software (PHS) can be adopted for effectively STEM education. However, the lowest three
instructional technology tools are interactive multimedia tutorials (IMT), personal response systems
(PRS) and communication tools (CTS) need to be followed up. STEM education fosters sustainability
and resiliency in three categories including system thinking, metacognition, scenarios thinking, and
literacy. For futurize STEM education, researchers, educators, and policy maker should be considered
sustainability and resiliency as the goals. Thus, students can compass and overcome uncertainty and
unexpected pandemics may happen in their future life.
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