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Abstract

Internationally, curricula undergo periodic changes to align the education system with the
latest global demands. Careers in Science, Technology, Engineering and Mathematics (STEM)
education play a crucial role in ensuring the success of these changes in school and in
cultivating a future workforce that contributes to Malaysia’s economy. It is essential to
provide equal opportunities and exposure to the latest trends in education. In the last 5 years,
there have been several literature reviews has been increased emphasis on designing
teaching activities for integrated STEM (iSTEM) learning in elementary education. They
investigating various learning of disciplinary concepts infused in integrated STEM in STEM
subject and non-STEM subject. In addition, a broad-reaching review on integrated STEM not
reaching broad review in five years 2019-2024. This article reports findings from a Systematic
Literature Review concerning teaching activities for integrated STEM in elementary education
for children aged 7-12 in formal education contexts. To provide context, the article presents
systematic literature review findings country of research in the 10 research articles that are
included for analysis. Findings from this research suggest that there is still much work to be
done to move from scenarios where teaching activities for integrated STEM is claimed but is
not evident in activities. Therefore, we suggest educators and researchers to focus on
teaching activities for integrated STEM in elementary education through project-based
learning that provide opportunities for authentic integrated.

Keywords: STEM Education, Integrated STEM, Project-based Learning, Elementary Education

Introduction

Along with world development, the demand for qualified human resources is also increasing
with needs future workforce that contributes to Malaysia’s economy. Integrated STEM is a
combination of STEM subject and non-STEM subjects in teaching activities required to solve
complex disciplinary problems applying iSTEM to facilitate the assessment of student learning
outcomes (Uddin et al., 2021). However, iSTEM has been discussed with various opinions to
be implemented teaching and learning activities in Project-Based Learning (PBL) by (Afriana
et al., 2016; Widiyanti et al., 2020; Winarni et al., 2022). According to (Keleman, 2021; and
Mckay, 2024) iSTEM is achieved through the implementation of teaching activities in PBL can
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improve students collaboration, communication, creativity in thinking skills and meaningful.
Despite the fact that (Yulhendri et al., 2023) suggested the iSTEM can be to seen the
combination of subjects can also improve students' critical thinking and collaboration through
teaching activities in Project- Based Learning.

Keleman, (2021) explained that the implementation teaching activities based on iSTEM can
help students achieve higher thinking skills in the learning process to transfer knowledge and
skills through PBL. (Dare et al., 2021) definitions PBL as an educational strategy approach in
which students conduct their lessons and tasks performed by engineers in real world and
working in teams to do research and solve difficult and complex learning problems (Pou et al.,
2022; Sahin, Alpaslan and Top, 2015). Additionally, (Bates et al., 2022) describes PBL as a
teaching activity that can be implemented into iSTEM education in the classroom to engage
students in exploring real-world problems. PBL can also improve students’ higher-order
thinking skills (Keleman, 2021; Mohamad Nurul Azmi et al. 2017; Zhong et al. 2022).
Moreover, integrated STEM in elementary education can increase the quality of human
resources in industrialization and globalization to fulfill 215 century competencies (Winarni
et al.,, 2022). Furthermore, iSTEM has been widely implemented in educational activities
through PBL in various other domains including language (Wahyuni et al., 2020), astronomy
(Burrows et al., 2021), geography (Foski et al., 2017), programming (Chang & Chen, 2022),
and architecture (Foski et al., 2017).

Incorporating teaching activities for integrated STEM into PBL in elementary schools requires
high levels of cognitive challenge, including elaboration, abstraction, iterative thinking,
transformation, problem reduction, and reasoning. These abilities are critical in the
development of problem-solving abilities. Implementing teaching activities with iSTEM in PBL
for elementary education can improve students understanding of the basic skills that they
need to learn starting in primary school. Implementing teaching activities with iSTEM in PBL
for elementary education can improve students understanding of the basic skills that they
need to learn starting in primary school. Furthermore, based on past studies, Integrated STEM
in project-based learning can also be seen as a management process that involves a series of
complex efforts based on challenging questions, research activities, decision-making and the
creation of realistic and good outcomes (Blumenfeld et al. 1991; Dasgupta et al. 2019; Lin et
al. 2018; Sulaiman et al., 2018; Sulaiman et al., 2024; Diego-Mantecon et al., 2021). Although
there is no extensive literature on iSTEM in project-based learning in primary education, there
is a lack of comprehensive studies that focus on citation analysis to reveal trends, patterns
and research gaps in publications on this field in primary education. This paper conducts an
SLR analysis of iSTEM in the project-based learning literature to look at previous publications,
identify leading research areas, and uncover knowledge and networks. In addition to
documenting iSTEM in teaching activities through project-based learning in primary
education in 2019 and 2024, this study highlights key emerging research frontiers, on iSTEM
teaching activities in project-based learning in the challenges STEM education.

Literature Review

Although other methods for discussing integrated STEM are present in the literature, for
example, via teaching frameworks (Siew and Ambo, 2020) or in terms of integration STEM
content, pedagogy, or context (Cheng and So, 2020), the dominant teaching activities used in
the literature is one that frames iSTEM solely in terms of interdisciplinary. For example,
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Dugger, (2010) categorized iSTEM into four categories: (a) four separate disciplines; (b) two
of the four disciplines are emphasized, (c) one discipline is integrated into the other three,
and (d) all four disciplines have equal emphasis and are approached in an interdisciplinary
way. In a similar vein, (Uddin et al., 2021) investigates the contribution of individual disciplines
in the successful projects such as disciplines Engineering, Biological Sciences and Technology
appear as the principal disciplines in interdisciplinary research having a STEM focus. By
contrast, non-STEM interdisciplinary research is led by disciplines-Studies in Human Societies,
Language, Communication and Culture, and History and Archaeology. STEM is primarily
Science, or Science and Mathematics, incorporating the other three or two disciplines,
respectively, through the full integration of the four disciplines.

The teaching activities based on iSTEM in Project-Based Learning is very closely related to the
project itself based on outdoor learning activities, project-based learning activities outside
the room was in the form of training, guidance, and small group discussion (Sukamti et al.,
2019). Teaching activities for Integrated STEM in Project-based learning requires
interdisciplinary collaborative learning, guidance from the teacher, and is more process-
oriented for product or results. According to Hsu and Shiue, (2017) Integrated STEM is based
on relationships among three presences - cognitive presence, social presence and teaching
activities presence in inquiry the interdisciplinary project-based learning and students decide
for themselves what the output and effect will be produced. From a holistic perspective,
teaching activities for integrated STEM in project-based learning enables the creation of an
integrated context composed of elements such as flexible environments, learning culture,
intentional content, and professional educators for practical experience, knowledge and
cooperation resulting from research in the project carry out (Bergmann and Sams, (2014). In
this sense, the relationship between teaching and learning produces a new learning
environment, which, ultimately, not only enhances overall educational capabilities, even
addressing the 21st century demands of education and also puts in practice a STEM
acculturation in elementary school (Imbaquingo and Cardenas, 2023; Ketelhut et al., 2020;
Yulhendri et al., 2023).

In the context of this study, there are countries that have conducted iSTEM studies over a
five-year period though publication (Santaolalla et al., 2020; Wan Rashid et al., 2020; Hsu and
Shiue, 2017; Budi Setiawan et al., 2020). In fact, there are nine countries: Thailand, UK,
Switzerland, Malaysia, Czech, USA, Belgium, Kosovo and China involved in research teaching
activities for iSTEM in project-based learning in elementary education. This study also
addresses the gaps in teaching activities for iSTEM into project-based learning in elementary
education by conducting a SLR analysis literature review that is globally in Scopus and WOS
databased. By examining 350 carefully selected documents, the study aims to provide a
thorough view of the data supporting the efficacy current state, growth, and evolution of
iSTEM in teaching activities in project-based learning in elementary education. The goal is to
uncover emerging trends in STEM education, and identify the teaching activity a can
implementation in iSTEM for STEM education challenges. This research aims to expand the
existing knowledge base, answer research questions, and establish a strong foundation for
future studies. This finding will be enriching research in STEM education though iSTEM in
literature and also offering valuable insights for scholars, practitioners, and policymakers.
Therefore, the purpose of this SLR was to focusing on three main research questions outlined
below:
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1. Do most articles included in the dataset involve the integrated of STEM?

2. Which publication and countries are implementing teaching activities for iSTEM in
Elementray education research?

3. What are the teaching activities used when applying iSTEM in Elementray education
research?

This study provides a thorough understanding the varions of teaching activitis for iSTEM in
project-based learning in elementary education research by using SLR method in the field.
These researches are guiding the approaches teaching activities though learning of effective
iSTEM in project-based learning for current education challenges. The research analysis aims
to clarify the teaching activities for iSTEM in project-based learning in elementary education,
offering a detailed overview of its past and present state in five years (2019-2024) while laying
the groundwork for future advancements. Ultimately, this research seeks to enhance the
effectiveness and innovation of educational systems through teaching activities base on
iSTEM in project-based learning in elementary education.

Methods

This study used data from the Scopus and WQOS database to reliable source of peer-reviewed
literature. Both databases are known for its stringent quality control and wide geographical
coverage, making it ideal for SLR analysis. The SLR analysis in both databases was chosen
because it provides a broad overview of the research, identifying trends, and influential
emerging areas in STEM education though iSTEM in elementary education. The data
collected, publication institutional and country contributions to the teaching activities though
iSTEM in elementary education research with providing into future STEM education.

This study using three procedure SLR (identification, screening for eligibility and inclusion)
(see table 2). By using these three procedures, the author was able to search and synthesize
the research in its entirety, resulting in a transparent and organized review.

Systematic Search Strategy

To examine the related publications, we followed the modified guidelines for systematic
research reviews, Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) flow diagram of the search strategy (Page et al., 2021). The terms ‘integration in
STEM, ‘integrate STEM’, ‘PBL STEM’, ‘project STEM’, ‘elementary students’ & ‘STEM
education’ were used in Scopus and WOS, along with subject filters to refine results (see Table
1).

Identification

Scopus and WOS are the primary sources for this SLR investigation. Scopus is a reference and
theoretical database launched by Elsevier in 2004. WOS is a website that provides
membership-based access to various databases and comprehensive reference information on
a range of scholarly disciplines. Table 1 displays the keywords used to find publications
relating to teaching activities though iSTEM in elementary education students.
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Table 1
Search Keywords and Strings in Scopus and WOS Databases
Databases Keywords used

TITLE-ABS-KEY ( ( ( "integration* STEM" OR "integrated STEM" OR "STEM

education" ) AND ( "project based learning" OR "project STEM" OR "project STEM*

elementary student" ) ) ) AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-TO (
Scopus LANGUAGE , "English" ) ) AND ( LIMIT-TO ( EXACTKEYWORD , "STEM Education" )
OR LIMIT-TO ( EXACTKEYWORD , "Project-based Learning" ) OR LIMIT-TO (
EXACTKEYWORD , "Students" ) OR LIMIT-TO ( EXACTKEYWORD , "Education" ) )
AND ( LIMIT-TO ( OA, "all" ) ) AND ( LIMIT-TO ( SUBJAREA, "SOCI") )
(ALL=(( "integration* STEM" OR "integrated STEM" OR "STEM education" ) AND (
"project based learning" OR "project STEM" OR "project STEM* elementary
student" ) )) AND (DT==("ARTICLE") AND LA==("ENGLISH") AND OAJ==("ALL OPEN
ACCESS") AND PY==("2019" OR "2020" OR "2021" OR "2022" OR "2023" OR
"2024") AND TASCA==("EDUCATION EDUCATIONAL RESEARCH") AND OAJ==("ALL
OPEN ACCESS") AND LA==("ENGLISH") AND DT==("ARTICLE") AND PY==("2019" OR
"2020" OR "2021" OR "2022" OR "2023" OR "2024"))

Web of
Science

The study’s scope was defined by search field, education level, and timeline, excluding
irrelevant papers. Using PRISMA ensures a systematic, transparent, and replicable approach,
providing a structured for searching, screening, and reporting data. This method helps
eliminate bias through clear inclusion and exclusion criteria. This rigorous process resulted in
325 documents Scopus and 25 documents WOS (see Fig 1), all of which were included in the
final database after thorough screening (see Table 1). The screening procedure was then
restricted to items published between the years 2019 and 2024, considering (Kraus and Dasi-
rodriguez, 2020) research field maturity concept. Because the amount of published research
was sufficient to conduct a representative review, this timeline 2019 until 2024 was taken
into consideration.

Screening all Document Founds

The next step is screening. During this step, the papers were either included or omitted from
the research relying on a set of criteria (see in Table 2). Here, the first step includes eliminating
journals (systematic literature reviews), novels, book and chapters as well as conference
proceedings from being considered. The screening procedure was then restricted to items
published between the years 2019 and 2024, considering (Kraus and Dasi-rodriguez, 2020)
research field maturity concept. Because the amount of published research was sufficient to
conduct a representative review, this timeline 2019 until 2024 was taken into consideration.
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Table 2
Screening and Eligibility Criteria for Inclusion and Exclusion of Articles
Criterion Screening for Eligibility Exclusion
Literature review type Journal (research articles) Book, chapters, and systematic
literature review articles in conference
proceedings
Language English Not-English
Field STEM education, integrated Not field education
STEM, iSTEM in project-based
learning
Education level Elementary education Secondary and high education
Timeline Between 2019 and 2024 Before 2019

Consequently, based on table above the author decided to exclusively examine empirical
research papers written only in English. Provided that 350 articles did not match the inclusion
requirements, they were excluded using this procedure.

Screening for Eligibility

The eligibility procedure is crucial in SLR analysis to ensure accurate and reliable results.
Eligibility procedure has followed the screening method (see Table 2). The author personally
examined the articles extracted to guarantee that all of the remaining articles met follow the
requirements. This was achieved by reading the titles, abstracts, and complete contents of
the papers. Therefore, 350 articles (325 documents Scopus and 25 documents WOS) were
determined to be appropriate for additional screening and eligibility, which 3 duplicate
articles, 120 excluded articles not follow requirements, 68 reports not retrieved and 149
articles excluded were eliminated after screening. Finally, there were ten papers that needed
to be evaluated relying on the exclusion and inclusion criteria (see fig 1).

This part of the procedure resulted focus on teaching activities though iSTEM in project-based
learning in elementary students and not are published as a non-STEM education for
secondary and high level. Hence, the systematic literature review potentially comprised ten
papers.

261



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN PROGRESSIVE EDUCATION AND DEVELOPMENT

Vol. 14, No. 4, 2025, E-ISSN: 2226-6348 © 2025

Identification of studies via databases and registers

Records identified from™: Records r?“"“"‘*‘" before
E Scopus (n = 323) Sm[?ll.rl?gl?igéte records removed
“S‘ Web of Science (n = 25) (n = 3)
-..L'=_. Records marked as ineligible
A by automation tools (n = 0)
= Records removed for other
reasons (n= 0}
| S
v
| Records excluded*™
Records screened n=120)
(n=347) 1.  Full-text articles are not
following requirements
2. Literature review type
v
Reports sought for retrieval Repaorts not retrieved
= (n=227) g (n = 68)
=
a
2
o ¥
Reports excluded:
Reports assessed for eligibility [nzﬁi 49)
(n=158) 1. The articles are not published
in 2019-2024.
2. The related articles are not in
English languages
3. Education level not in study
4. Studies are not in the field of
h— STEM education.
2 Studies included in review
= (n =10}
e Reports of included studies
= (n=10}

Figure 1. PRISMA 2020 flow diagram of the search strategy (Page et al., 2021)

Inclusion

The teaching activities for encouraging iSTEM in elementary education were the focus of the
publications in this SLR. The Scopus and WOS databased were used to select ten articles for
the Figure 1 given. These databases were selected for the quality and nature of their
publications, particularly in the STEM education field though iSTEM for elementary students.
The research’s goals were all linked to teaching activities iSTEM in learning project activities
for elementary students.

The search was limited the research to peer-reviewed journals articles between 2019 and
2024. The year 2019 was chosen as it was then that STEM education challenge in teaching
activities iISTEM become a topic of focus education in time. To maximise replicability of our
search strategy, we choose to only include peer-reviewed research published in journals.
Following this process, the Scopus and WOS databases were used to select ten articles for the
Figure 1. These databases were selected for the quality and nature of their publications,
particularly in the iSTEM education field. The research’s goals were all linked to teaching
activities though iSTEM in project-based learning in elementary education. Figure 1 PRISMA
following systematic literature review.
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Data Analysis

Studies on teaching activities for iSTEM in Project-Based Learning in elementary education by
Year of Publication

Publication trend are essential indicators for identifying a field’s development. Between 2019
and 2024, not many articles were published on fostering teaching activities for iSTEM in
elementary education. The articles were selected based on the research question. Figure 2
illustrates the distribution of the number of articles by year 2019 until 2024. The graph
displays that the number of teaching activities for iSTEM in project-based learning in
elementary education research articles increased to two articles in 2022 and flat in 2024.
Despite an upward trend to two articles in 2022, interest in this field has been building with
the publication of two articles in 2023 and 2024.

The graph shows that the number of articles on iSTEM in project-based learning in elementary
education research increase continues until there were significant changes publications in
2022 and 2024. Since 2019, there has been a trend of only one publication and a decline again
in 2020 and 2021, Figure 2 are the number of publications published in the field of iSTEM in
project-based learning in elementary education development. Figure 2 Distribution of the
number of articles of teaching activities iSTEM in project-based learning in elementary
education from 2019 to 2024 (see Fig. 2).

%]
i
L

Mumber of Articles

2018 2020 2021 2022 2023 2024

Figure 2. Distribution of the number of articles of iSTEM in project-based learning in
elementary education from 2019 to 2024

The most articles in the databases involve the teaching activities though iSTEM in project-
based learning in elementary education

Relying on the literature review, researchers discovered that seven of teaching activities were
used in teaching activities though iSTEM in project-based learning in elementary education.
The teaching activities used when applying activity iSTEM in project-based learning in
elementary education such as, robotic activities (Prishtina, 2023; Hussin et al., 2019),
student-centred learning activities (Struyf et al.,, 2019), inquiry-based learning activities
(Mckay, 2024), project-based cooperative activities (Siew and Ambo, 2020), collaboration
project activities (Bascopé and Reiss, 2021; Wood & Pranjol, 2024), creative thinking in
project-based learning activities (Sutaphan and Yuenyong, 2023), and design -based learning
activities (Major et al.,, 2022; Luo et al., 2022). The percentage of number the teaching
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activities used though iSTEM in elementary education from 2019 to 2024 is illustrated in
Figure 3.

Robotic activities

Design-based learning 20%
b

20%

Students-centred learning
10%

Creative thinking
10%

Inquiry-based learning
10%

Collaboration project
20% Project-based cooperative

10%

Figure 3. The percentage teaching activities used though iSTEM in elementary education

Based on the pie chart above represent about percentage the articles, this result offers a
comprehensive analysis with regard to the most popular articles on iSTEM that have been
used in project-based learning in elementary education are robotic activities, collaboration
project and design -based learning are twenty percent articles. Meanwhile, student-centred
learning, inquiry-based learning, project-based cooperative and creative thinking are ten
percent article (see Fig.3) used teaching activities in iSTEM in project-based learning. Table 3
shows the summary of the teaching activities used in developing iSTEM in project-based
learning in elementary education

Table 3
Summary of Teaching Activities in iSTEM in teaching activities Identified in Selected Studies
(2019-2024)

No Authors Country/ Teaching  Activities for iSTEM in
A=ASEAN elementary education
NA=Non-ASEAN

1 Prishtina, (2023) Kosovo (NA) Robotic activities

2 Struyf et al., (2019) Belgium (NA) Student-centred learning activities

3 Mckay, (2024) USA (NA) Inquiry-based learning activities

4 Siew and Ambo, (2020) Malaysia (A) Project-based cooperative activities

5 Bascopé and Reiss, (2021) Switzerland (NA) Collaboration project activities

6 Wood and Pranjol, (2024) UK (NA) Collaboration project activities

7 Hussin et al., (2019) Malaysia (A) Robotic activities

8 Sutaphan and Yuenyong, Thailand (A) Creative thinking PBL activities

(2023)
9 Major et al., (2022) Czech, Europe (NA)  Design-based Learning activities
10 Luoetal, (2022) China (A) Design -based Learning activities

Based on the Table 3, there are nine countries: Thailand, UK, Switzerland, Malaysia, Czech,
USA, Belgium, Kosovo and China involved in this research using teaching activities though
iSTEM in project-based learning in elementary education.
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Teaching Activities though iSTEM in project-based learning in elementary education
Robotic Activities

Two articles out of ten studies concentrate primarily on the robotic activities in iSTEM in
project-based learning abilities. Robotic activities constitute the third percentage in
developing iSTEM in project-based learning in elementary education. One study was
performed in non-ASEAN countries (Prishtina,2023) and one study was conducted in ASEAN
countries (Hussin et al., 2019). This systematic literature review explains various types of
robotic activities used in iSTEM in project-based learning education, such as the
implementation of the robotics competition project. This study investigates the effect of
mBot robot activities in STEM subjects in project-based learning. The robotic activities
determine their satisfaction and perceptions of the project carried out. Robotics building
allows students to engage in 21%-century learning (Hussin et al., 2019). Robotics activities in
project-based learning generally indicate effects on student’s achievement (Prishtina, 2023;
Hussin et al., 2019).

The results of the study by Abesadze and Nozadze, (2020) revealed that during the project’s
development, Generation X students learned robotics in programming and developed 21°-
century skills, while primary school students’” program while playing and learning
simultaneously. Learning through robotic programming activities with game creation is an
interesting and innovative method to use in practice (Abesadze and Nozadze, 2020).

Students-Centred Learning Activities

In a study, Struyf et al., (2019) discovered that students in a student-centred technology-
enhanced STEM learning environment, reported higher levels of emotional engagement, than
those in a teacher-centred learning environment.

A student-centred learning approach allows students to collaborate with peers and others
frequently. At the same time, there is a pedagogical shift in favour of integrating the four
disciplines of STEM at the school level into one class or a unit, based on the connections
between the disciplines and real-world problems (Moore et al., 2014). As problems requiring
an iSTEM activities are typically ill-structured with multiple solutions, iSTEM education
requires a student-centred learning environment (Moore et al.,, 2014; Wood and Pranjol,
2024).

Inquiry-Based Learning Activities

Inquiry-based learning activities to learning in which students develop knowledge and skills
in critical thinking and collaboration by exploring of real-world problems and development
of public products (Baines et al., 2021; Mckay, 2024). Research has demonstrated that
project-based learning can improve student outcomes, such as academic achievement,
student engagement, and ownership of learning (Saavedra and Rapaport, 2024), including for
students across racial and socio-economic groups (Deutscher et al., 2021; Duke et al., 2020;
Krajcik et al., 2023).

Inquiry-based learning presents a strong alternative to this approach. However, the pressure
to focus on basic skills can lead educators in schools labelled low-performing to prioritize
teacher-cantered rote learning over instructional methods like project-based learning that
promote higher-order thinking (Mohamad Nurul Azmi et al. 2017; Zhong et al. 2022)
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Project-Based Cooperative Activities

Project-based cooperative in project is defined as “a teaching method in which students learn
by actively engaging in real-world and personally meaningful projects” (Choque Soto et al.,
2023). Holm, (2011) further referred to project-based cooperative as a “student-cantered
instruction that occurs over an extended time period. This is when students select, plan,
investigate, and produce a product, presentation, or performance that answers a real-world
guestion or responds to an authentic challenge” (Holm, 2011). This definition suggests that
project-based cooperative focuses on learning about authentic, interesting, and challenging
real-life world problems.

Therefore, this study uses an integrated approach where STEM elements are combined in
project-based learning and cooperative learning (CL), namely STEM project-based with a
cooperative learning approach (STEM-PBCL). With this integrated approach, students are
encouraged to think creatively and critically based on the combination of STEM disciplines in
designing and making technical products in groups through the project-based learning
process. Fifth-grade students, who are usually 10 tol1 years old, are found to have high
creativity (Smith and Carlsson, 1983) and are able to generate extraordinary ideas (Kim, 2011).
Fifth-grade students in the project-based learning group are exposed exclusively to project-
based learning with unstructured problem solving as given in the STEM-PBCL group. In solving
unstructured problems, students are required to use their existing knowledge and skills and
their reference data sources meaningfully (White and Frederiksen, 1998). STEM is an
approach to interdisciplinary curriculum practices built around authentic problems, including
some or all of the disciplines of Science, Technology, Engineering and Mathematics (Tytler et
al., 2015). STEM, it is important that students experience iSTEM in project-based learning at
the elementary education level.

Collaboration Project Activities

First, we will clarify what we mean by STEM activities, to provide comprehensive educational
experiences in what we have called “STEM education for sustainability”. After that, we will
focus on the concept of resilience, applied to face socioecological challenges, understood as
a process of transformation and adaptation at the individual and community level needed to
face local and global social and ecological changes. Science, Technology, Engineering, and
Mathematics Education for Sustainability (STEMA4S) encourages children and youth to draw
on their STEM competence and the process of science as a key basis for reasonable action in
our world (Beardon, 2003).

STEMA4S can promote raising reflective change-agents to impact their communities and
society through a knowledge-based, action-oriented, participatory and integrative focus
(Bascopé & Reiss, 2021). Furthermore, STEMA4S can be linked to the active involvement of the
local community. This calls for integrating science-based knowledge and its value for society
with other forms of knowledge present in the locality in a way that transcends any discipline
on its own to collectively address a common problem, transiting to a transdisciplinary focus.
Furthermore, STEMA4S can be linked to the active involvement of the local community. This
calls for integrating science-based knowledge and its value for society with other forms of
knowledge present in the locality in a way that transcends any discipline on its own to
collectively address a common problem, transiting to a transdisciplinary focus (Wood &
Pranjol, 2024).
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Creative Thinking in PBL Activities

In Creative Thinking in Project-Based Learning, ideas can be developed by teachers or
students, either individually or in teams through critical thinking (Oyewo et al., 2022).
Furthermore, experiences outside the school environment allow students to learn about their
communities and problems, prompting them to brainstorm possible solutions or features that
could solve the problems and make the project unique.

Design-Based Learning Activities

Teaching approach designed in this way then allows the use of other principles known from
teaching methods such as Design-Based Learning (DBL) (Zhong et al., 2022). However at the
same time there are elements known from teaching based on the use of information
technology such as blended learning (Jordens et al. 2022; Dare et al. 2021; Learning 2018).
Projects can be defined as intensive experiences that engage students in interesting activities
that are important to the project study (Nair and Suryan, 2020).

Result

Country with the most research on iSTEM in Project-Based Learning

In fact, there are nine countries involved in this review. According to the study, Malaysia
conducted the most integrated STEM. In term of quantity, two studies have been conducted
in Malaysia.

QUANTITY OF RESEARCH IN PEBL STEM EDUCATION

halaysia

Thaila rvd
China

UK
Swimzeriand

Czech

LIS,

L T L ss— im

Kosova

Figure 4. Findings on teaching activities through iSTEM in project-based learning in
elementary education research according to the list of countries

Figure 4 illustrate the findings on the teaching activities integrated of STEM in Project-Based
Learning in elementary education research according to a list of countries: Thailand, UK,
Switzerland, Malaysia, Czech, USA, Belgium, Kosovo and China involved in this research.

Regions where more Studies were Conducted

From the dataset obtained in this study, it can be concluded that non-ASEAN countries are
conducting more research than ASEAN countries. Based on the articles selected in this study,
Figure 5 represent the percentage of teaching activities though iSTEM in project-based
learning for elementary education research in ASEAN and non-ASEAN countries.
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ASEAM

Figure 5. The percentage of teaching activities though iSTEM in project-based learning in
elementary education research in ASEAN and non-ASEAN countries

Based on the pie chart above represent about percentage the articles, only 40% of ASEAN
countries conducted research to improve the teaching activities though iSTEM in project-
based learning at the elementary education. Meanwhile, non-ASEAN countries account for
the remaining 60% in iSTEM in project-based learning in elementary education.

Discussions

From the analysis of the studies, it is possible to infer the growing interest among researchers
in exploring the relationship between iSTEM in project-based learning in elementary
education. The number of studies related to teaching activities through iSTEM that have been
presented and evaluated experimentally has shown that there is research conducted in recent
years, contributing to this result. In this research, various teaching activities through iSTEM
that can be implemented by teachers to improve the knowledge and abilities of students.
However, in the development of STEM education through iSTEM, we briefly summarize some
of the main literature related to the following areas; iSTEM, there are seven main teaching
activities that are user-friendly used among teachers and students though iSTEM education.
In the teaching activities through iSTEM teacher have varying ideas related to the STEM
disciplines within iSTEM instruction.

There seven teaching activities used when applying iSTEM in project-based learning are
Robotic activities, Student-centred learning activities, Inquiry-based learning activities,
Project-based cooperative activities, Collaboration project activities, Creative thinking in PBL
activities and design-based learning activities used by teachers. The collaboration project,
robotic activities and design-based learning activities, can use in teaching and learning. This
this study signifies that the teachers and students utilise these activities to develop
understanding basic concepts of learning through iSTEM in elementary education. This review
also informs us that STEM education though iSTEM in research is growing increasingly with
teachers being the primary beneficiaries. This article finding will also be extremely beneficial
to teachers to conduct teaching activities, it can provide a clear image of the most effective
activities to utilise in integrated STEM in elementary education. In these seven teaching
activities of learning, a teacher was required to improve their ability because, without proper
preparation, it would be challenging to implement it in teaching more explicitly.
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Conclusion

For the current five-year research period, this systematic literature review examined ten
papers based on the activities used to STEM education through iSTEM in project-based
learning in elementary education. Here, the year of publication indicates the existence of
publications of articles on teaching activities though iSTEM, especially after 2022. This
indicates that the importance of iSTEM in teaching and learning at the elementary education
can still be recognized and there is a need to fill the research gap. Based on the SLR analysis,
it was found that the most popular teaching activities used to develop teaching activities
through iSTEM in project-based learning capabilities, according to the findings of this study,
were robotics coding activities, collaborative projects activities and design-based learning
activities. Different teaching activities that include iSTEM need the pedagogical material and
play an important role in establishing of iSTEM in process learning in elementary education.
Based on the findings of this research, it will be necessary to conduct more research that
combines the findings certain teaching activities that are often used to enhance iSTEM in
project-based learning abilities in education. However, teacher may be possible to use a
greater variety of teaching activities in future studies to assist in the development of STEM
education though iSTEM in project-based learning in elementary education.

Limitations and Future Studies

This systematic literature review study gives information on teaching activities through iSTEM
in project-based learning in elementary education. These findings have important implication
for policymakers and educators. As a result, more thorough investigation must be performed
in the near future to tackle the obstacles blocking the improvement of iSTEM abilities in
learning instruction. It may be possible to determine if these approaches have a direct
influence on improving teaching activities iSTEM in project-based learning or whether they
operate as moderators or mediators.

A larger database can also be used to provide further progress in future studies. It is expected
that this study would spark further research to improve these abilities, especially in Malaysia
and in STEM field.
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