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Abstract

Science, technology, engineering, and mathematics (STEM) education has recently emerged as a
mainstream way for the global education community to address global crisis issues. This
systematic review provides an in-depth overview of international STEM researcher collaborations
and trends in STEM education’s most recent research topics. We examined 49 peer-reviewed
articles selected from 244 articles published in three reputable international journals from January
2014 to December 2018. We used inclusion criteria, percent agreement, and Cohen’s kappa
coefficient to reduce research bias. There is an urgent desire to understand why STEM education
research trends increase significantly each year. Goals, policies, curriculum, and assessment
continue to dominate research topics. Our findings highlight the essential points in implementing
STEM education that can be used as a base for future planning. Researchers and stakeholders can
use several aspects of the findings to understand how effective carefully preparing school
interventions can be. However, it appears that international collaboration among STEM
researchers is still minimal. Cross-country and cross-cultural research collaboration should be

promoted to play an essential role in maximizing STEM research and dissemination.
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INTRODUCTION

Many global challenges (e.g., resource destruction,
food production, health, biodiversity damage, and green
energy exploration) require advanced science and
technology development. Here, many education
institutions and policymakers worldwide are pushing
for STEM competency improvement to fulfil the demand
for today’s and the future’s STEM workforces. Thus,
STEM has become a particular concern to ministries of
education worldwide (Lee et al., 2019).

Some empirical studies have shown that STEM
education positively influences the improvement of
education quality. Students can gain valuable
interdisciplinary skills and knowledge to solve real-life
engineering or technology problems through STEM
education (Fan et al., 2020). Students can also make
scientific justifications about the designs they make

(English & King, 2019). STEM education contributes to
students’ attitudes and learning outcomes (Guzey et al.,
2016) and improves STEM literacy (Falloon et al., 2020),
student creativity (Ozkan & Umdu, 2021), problem-
solving skills (Jamaludin & Hung, 2017), and readiness
for future career choices (Moore & Smith, 2014).

The application of STEM education does not appear
to be as simple as its acronym (science, technology,
engineering, and mathematics); in fact, the critical points
of its construction are frequently thought about very
differently (Tawbush et al., 2020). Some reports have
shown a gap between the number of graduates and the
workforce’s needs in STEM fields (Vulperhorst et al.,
2018). This can certainly be a threat to a country’s
economic growth and development. Therefore, early
anticipation is needed to establish and maintain global
economic security and stability. Wong et al. (2016)
explain a debate among stakeholders about whether
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Contribution to the literature

e This study examines trending topics that are developing in STEM education in all continent and highlights
the possibility of collaboration between STEM scientists in the world.

e This systematic review has shown that STEM research increases significantly year by year, triggered by
academics’ interests and concerns in STEM education.

e This systematic review discovered that cross-country and cross-cultural research collaboration should be
promoted to play an essential role in maximizing STEM research and dissemination.

STEM is a science agenda or a multidisciplinary agenda.
Its implementation at the school level has become very
diverse and poorly organized.

In line with various ongoing programs, STEM
publications in several journals continue to increase.
Between 2013 and 2017, STEM research trends began to
emerge and develop (Lin et al, 2019). Like the
bibliometric studies conducted by Ha et al. (2020), the
trend of STEM research in Southeast Asia has also
increased rapidly over the last three years, with Malaysia
contributing the most out of the countries. According to
data Li et al. (2020a) also showed that STEM publications
have increased in Europe and the Americas over recent
years.

The increasing publications about STEM education
have attracted the attention of researchers who have
conducted reviews on both general and specialized
scopes (Kaleci & Korkmaz, 2018). Many studies reveal
that maximizing STEM outcomes requires a combination
of learning approaches, learning orientation, and
duration of teaching (Wahono et al., 2020). New
technology has been created to aid STEM learning
(Ibafiez & Delgado-Kloos, 2018). Review research on the
instructional practice of STEM education has shown that
teachers face obstacles such as weak pedagogical skills,
curriculum limitations, and difficulties in assessing
students (Margot & Kettler, 2019; Thibaut et al., 2018).

The purpose of this systematic review of STEM
education is to examine trending research topics and
authors” nationality that are developing in STEM
education in all continent of the world. Studying STEM
research topics and trends worldwide will allow
researchers to build more advanced STEM education
and follow technological advances and local culture.
This systematic review differs from existing STEM
reviews in several ways. First, this review emphasized
the possibility of international collaboration among
STEM scientists, which differentiates it from reviews
that focus on other STEM topics (Hasanah, 2020;
Jayarajah et al., 2014; Li et al., 2019, 2020b). International
collaboration research is essential for boosting the
science dynamic (Fu et al., 2022; Matthews et al., 2020).
This study can serve as a starting point for various
educational institutions and stakeholders around the
world to collaborate on developing or implementing
STEM in the future. Second, this study is unique in that
it compares the STEM implemented in some continental.
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America and Europe continents are closely focused on
advancing STEM (Kayan-Fadlelmula et al., 2022; Li et al.,
2020b). In global terms, Asia is far behind the other
continent and risks being left behind. With this initial
step, we wanted to discover how other continents that
conceptualize and prioritize STEM education (Tawbush
et al., 2020), such as America and Europe, implement
STEM in order to inform research and practice in Asia,
especially Southeast Asia. Third, this review covers
publications from 2014 to 2018. This particular time span
was chosen because, prior to the year 2014, publications
on STEM education are limited. Finally, the review
includes only research journal articles in three reputable
journals indexed in the SSCI database and deemed
suitable for the purposes of this research, namely Journal
of Research in Science Teaching (JRST), International
Journal of STEM Education (IJ-STEM), and International
Journal of Science Education (IJSE).

METHODS

This research is a systematic review in which
individual research reports are the subject of analysis
(Cooper et al., 2009). The systematic review is helpful to
summarize the latest knowledge on a particular topic
with a systematic and transparent method of answering
research questions.

Inclusion Criteria

Inclusion criteria are used in systematic reviews to
reduce researcher bias (Zawacki-Richter et al., 2020). The
following points are the inclusion criteria we used:

1. For this study, articles related to STEM research
that were published in journals indexed in the
SSCI database were selected. This SSCI database
is chosen because they are known for including
high impact factors. A series of systematic review
studies (Lin et al., 2019; Tsai & Wen, 2005), have
continuously documented researchers” interest in
science education research on analyzing research
publications in three main journals. The current
study, which follows a similar research rationale
to previous studies, intends to review in three
main STEM education journals: JRST IF 4035
(coverage 1963-1967, 1969-2020) (Cite score: 7.2;
SNIP: 3,231); IJ-STEM IF 1850 (coverage 2014-
2020) (Cite score: 3.0; SNIP: 2058), and IJSE IF 1611
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(coverage 1987-2020) (Cite score: 2.8; SNIP: 1,636)
as per August 2020.

2. The articles published period is January 2014 to
December 2018. Our reason for choosing this
particular period is twofold. Publications on
STEM education are limited to the year 2014. In
addition, IJ-STEM also started its publication also
in that year.

3. The articles are published in English.

4. The articles are research articles (i.e., quantitative,
qualitative, and mixed-method).

5. The research articles on STEM integrate at least
two disciplines.

6. The research setting in the articles is both formal
and informal primary to secondary school.

Search Article, Selection, and Assessing Bias

We used keywords with Boolean logic, namely:
“STEM EDUCATION” or INTEGRATED STEM” or
“STEM INTEGRATION” or “STEM LEARNING” or
“STEM INSTRUCTION,” to search relevant articles in
the three reviewed journals. We collected 244 articles
published by the three journals, consisting of 49 articles
published in JRST (coded JRST 1 to JRST 49), 51 articles
published in IJSE (IJSE 1 to IJSE 51), and 144 articles
published in IJ-STEM (IJ-STEM 1 to IJ-STEM 144). The
code is given to each article to facilitate researchers to
conduct in-depth screening.

We selected articles thoroughly through a screening
process using the established inclusion criteria. Two
independent raters selected all articles individually. The
raters had previously agreed to these inclusion criteria to
minimize different perceptions between raters. We
measured the reliability of raters by the percent
agreement and coefficient of Cohen’s kappa. The percent
agreement ranges from 0-100, while Cohen’s kappa
coefficient ranges from -1 to +1. We discussed to concede
the judgement’s raters or used a third rater to see
whether there was a disagreement in deciding which
article(s) should be accepted or excluded (Jahan et al.,
2016). The percentage agreement between the two raters
is 93.4%, and kappa’s coefficient is 0.8 with a level in the
substantial category, according to (Belur et al., 2018). The
evaluation of articles in the screening process resulted in
49 articles that met the criteria and could, thus, be further
analyzed. Figure 1 shows the screening process in more
detail.

Data Analysis

We used the content analysis method in the process
of reviewing articles. In this method, articles are
classified based on year of publication, research
methods, authors’ nationality, international
collaboration, and research topics. We used a formula
developed by Howard et al. (1987) regarding the

Toatal identification /Search
results by KEYWORDS
n= 244 articles

!

JRST [JSE
n=49 atticles n=51 articles

[-STEM
n= 144 asticles

!

The screening process in Duplicate (by title)
phasel ’ n=1article
n =243 articles
L
The screening process in Excludal (non
phase 2 — researh article)
n = 20%atticles n = 3darticles
The screening process
phase 3 Exdluded (non STEM)
= B5articles ) n="124atticles
The screening proses
phase 4 Eaduded (STEM in
—
n = 49articles higher education)
{appropriate with n=36 articles
inclugion criteria )

(Fudl read)

Figure 1. The step of systematic review

author’s nationality. Author’s nationality quantitatively
identifies an author’s contribution to an article,
including articles with multiple authors. The author’s
nationality score shows the contribution of each author
in a publication and can see which countries have most

productively contributed to STEM development
Howard et al.’s (1987) formula can be calculated:
1.5
Score = —?=1 Tl

where n is the total number of authors and i is the order
of every author. For example, in the paper published by
Adamuti-Trache and Sweet (2014), the first author
gained a score of 0.6 for USA. The second author from
Canada contributed 0.4 to her country. The same method
was applied to calculate the country scores for each
paper.

We coded using research by Li et al. (2019) and Tsai
and Wen (2005) to analyze STEM research topics further.
The nine categories are teacher education; teaching;
learning conception; learning context; goal, policy,
curriculum, evaluation and assessment; cultural, social
and gender issue; history, philosophy, epistemology,
and nature of science; educational technology; and
informal learning.
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Table 1. Article distribution by year of publication
Year of publication

Journal — 505 2016 2017 2018 Lol
JRST 3 0 1 3 4 11
IJSE 1 3 5 2 5 16
JSTEM 1 3 2 9 7 2
Total 5 6 8 14 16 49

Methods in STEM Research

30

20 -

- b
0

Mixed-method

Quantitative Qualitative

Figure 2. Distribution of articles by research method

RESULTS

Article Distribution by Year of Publication

The number of STEM education articles being
published in the three journals increases from 2014 to
2018. Table 1 presents the 49 articles from the JRST, IJSE,
and IJ-STEM by year.

From Table 1, we can see that STEM-related topics are
increasingly attracting the attention of researchers as
there is an increase in the number of publications each
year. In 2014, the number of STEM publications was the
lowest at 10% in the three journal databases. Also, its
increase grew to 12% in 2015 with six articles, and in 2016
to 16% with eight articles. In 2017 it increased to 29%
with 14 articles published and reached the highest
percentage, 33%, in 2018 with 16 articles.

Research Approach

According to the research method used in the articles,
the 49 articles were grouped into quantitative,
qualitative, and mixed methods. The frequency
distribution chart is presented in Figure 2.

The research methods in STEM education in the
journals JRST, IJSE, and IJ-STEM predominantly use
qualitative methods. Twenty-six out of 49 articles used
qualitative methods with the distribution of five articles
in IJSE, six articles in JRST, and 15 articles in IJ-STEM. 13
articles that used quantitative methods were distributed
with five IJSE articles, four JRST, and four IJ-STEM. The
remaining 10 articles use a mixed-method, with six
published in IJSE, one in JRST, and three in IJ-STEM.
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Table 2. Ranking of countries contributions from 2014 to
2018 publications in three journals

2014-2018 (N=49) 2014-2018 (N=49)

Rank Country Score Rank Country Score
1 USA 3619 8 Slovenia 1.00
2 Canada 272 9 Israel 0.68
3 Australia 240 10 India 0.60
4 Netherlands 1.79 11 Greece 0.16
5 UK 1.21 12 Iceland 0.12
6 Denmark 1.00 13 Lebanon 0.07
7 Croatia 1.00 14 China 0.05

Several different qualitative methods were found
including case studies, phenomenology, document
studies, narrative inquiry, and grounded theory.
Meanwhile, the quantitative method most frequently
used in STEM research is the conduction of surveys or
questionnaires rather than the implementation of a
learning intervention. Interviews, surveys, and study
documents were used in the mixed-method studies.

Author’s Nationality and International Collaboration

The author’s nationality quantitatively identifies an
author’s contributions in an article, including articles
with multiple authors. The author’s nationality score
shows each author’s contribution in a publication and
can be used to determine which countries are most
productive in terms of STEM development (Medina-
Jerez, 2018). Howard’s (Howard et al., 1987) formula
estimates each author’s contributions to an article fairly
neutrally based on the number and order of authors.
Table 2 shows the rankings of countries that contributed
to STEM education research in the three journals from
2014 to 2018.

We identified that only 14 countries intensively
contributed to STEM education development in terms of
academic publications over five years. The countries
ranked in the top five were the USA, Canada, Australia,
the Netherlands, and the UK. The USA contributed
enormously with a score of 36.19. The Americas have the
highest STEM research contribution score when grouped
by country of origin, followed by continental Europe,
Australia, and Asia. During the 2014-2018 period, no
contributions were found on the African continent in
JRST, IJSE, and IJ-STEM articles.

Since STEM is a multidiscipline topic, we can see how
writers collaborate in STEM publications. We found the
number of publications with two, three, or five authors
to be common (Figure 3). Authors can also come from
the same or different countries. The data shows that
most collaboration happened among authors from the
same country, 73.5%, while 12.2% were collaborations
among authors from different countries. In other words,
international researcher collaboration in STEM
education remains limited. Figure 4 shows the pattern of
scholarly collaborative research in more detail.
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Collaboration in STEM Education
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Figure 3. Number of authors in an article
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S=five or more co-authors

Figure 4. Distribution of scientist collaboration

Research Topics

Research topics in STEM education articles are
diverse each year from 2014-2018. We categorize STEM
topics according to Tsai and Wen (2005). The results
show that STEM research projects are primarily related
to goals, policy, curriculum (34.7%), teacher education
(22.4), learning context (12.2%), and culture, social
aspects, and gender (12.2%) (Table 3).

STEM education’s main goal is to increase students’
interest in STEM careers and minority participation in
STEM fields. To understand the emphasis on students’
STEM career preferences, Chachashvili-Bolotin et al.
(2016) used social cognitive career theory (SCCT). SCCT
was developed to predict what factors influence
students” career preferences based on self-efficacy,
outcome expectation, interest, environmental support,
and barriers (Nugent et al., 2015). Another instrument,
expectancy value theory (EVT), developed by Eccles, is
used as a framework for predicting STEM career interest
(Gottlieb, 2018). EVT emphasizes the relationship
between motivation or expectations and task values
(Lykkegaard & Ulriksen, 2016). Goals and curriculum
are two interrelated things and the STEM curriculum
facilitates students to choose their careers in STEM.

Several studies on the STEM education curriculum
reform highlighted the opening of inclusive schools and
an engineering design process (EDP). Inclusive schools
or inclusive STEM high schools (ISHSs) are schools
established to broaden the reach of STEM education to

Table 3. Tabulation of frequency of research topics in JRST,
IJSE, & IJ-STEM

Research topics

2014 2015 2016 2017 2018 2014-2018

Teacher education 1 1 6 3 11(22.4%)
Teaching 0(0.0%)
Learning-conceptions 1 1 2 4(8.2%)
Learning-context 1 2 3 6(12.2%)
Goals, policy, 2 2 5 3 5 17(347%)
curriculum

Culture, social, gender 1 3 2 6(12.2%)
Phllosophy,. history, 0(0.0%)
nature of science

Educational 0
technology 1 1(2.0%)
Informal learning 1 3 4(8.2%)
underrepresented /underserved/unwelcome  people

(Lynch et al., 2018). ISHS was created for all low-income
students and other minority students to study STEM.
ISHSs are schools that do not enforce new student
admission criteria-either economic level criteria or
academic achievement (LaForce et al., 2016).

EDP is a set of procedures that engineers follow to
address problems. The design process is iterative which
means the processes are repeated as many times as
necessary to arrive at outstanding solutions, making
changes along the way as we learn from failure and new
design possibilities are revealed. Engineering and
technology provide a context where students can test
and develop their scientific knowledge through
problem-solving activities (Berland & Steingut, 2016).
The implementation of EDP builds student’s cognitive
structures to apply engineering designs in science and
technology learning activities.

Teacher education is another fascinating topic to
investigate. The scope of research is focused on
developing professional teachers and policies
supporting STEM education in schools. One of the most
significant barriers to STEM integration is the teacher’s
lack of STEM knowledge (Nadelson & Seifert, 2017).
Teachers need professional development to improve
effectiveness in STEM teaching (Shernoff et al., 2017).
Professional development can facilitate teachers to gain
pedagogical knowledge and content if the program is
sustainable, collaborative, coherent, and reflective
(Estapa & Tank, 2017).

Other issues are related to culture, society, and
gender. These topics are never forgotten when we talk
about STEM. Adamuti-Trache and Sweet’s (2014)
findings revealed that revealed that there is still a gender
gap in STEM engagement between men and women.
People of color still have limited access to STEM
education and this education is dominated by the upper-
middle class.

Learning conception illustrates how students acquire
concepts or apply STEM concepts to make engineering
designs to solve problems. Students’ conceptual
understanding and conceptual change can be assessed
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when applying engineering design (King & English,
2016). Meanwhile, learning context outlines how a
learning environment or learning approach can be
created that matches STEM achievements. Research
shows that STEM teaching focuses on student-centered
learning (Keiler, 2018) and constructivist situations
(Wild, 2015) and engages students to develop their
interests in science through laboratory enquiry (Burgin
et al., 2015).

Informal learning promotes STEM at a higher rate
than formal learning (Kim & Keyhani, 2019). The unique
settings of an informal program, such as visits to
museums, campuses, or science centers, more effectively
increase student interest in STEM than the school
curriculum teaching (Kisiel, 2014). Informal programs
that are often carried out are outreach programs that still
have structured activities following certain objectives
(Vennix et al., 2018). In the three journals, nothing
specifically discusses teaching and philosophy, history,
and the nature of science, although these topics can be
found implicitly in the discussion of several articles that
were reviewed.

DISCUSSION

Article Distribution: Year of Publication and Research
Methods

With its varying name (STEAM, STEMM), STEM has
been widely presented in various literature. STEM
education is believed to be a way to prepare current
generations to face many of the world’s problems.
Scientists, technologists, mathematicians, engineers, and
others believe that a country’s or world’s economy can
be restored with STEM (Sheffield et al., 2018). Scientific
publications on STEM are published in various journals,
books, and conferences by researchers, academics, and
educators worldwide to support STEM development (Li
et al., 2020a).

From our perspective, the findings of this review
show that researchers’ focus on STEM topics increases
each year. These results simultaneously confirm several
previous studies (Lee et al., 2019; Li et al., 2019, 2020a).
By implication, the claim that STEM research trends are
continuing to rise is a verifiable finding. This systematic
review shows that, although the database used is
limited, if a credible database is used (i.e., according to
scope, reputable database, and referral of the research
community), the results obtained are relatively the same
as studies that use an extensive database. Nonetheless,
this needs to be confirmed in future systematic reviews
on other topics.

Concerning research methods, this study shows that
qualitative methods are more widely used to study
STEM education than other research methods. A
qualitative approach is an essential approach in social
science research. Researchers can gain a better
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understanding of the subject of study, investigate the
specific individual’s context with the activities
performed, explain the process in depth between the
context of the study and the results discovered, and
explicitly combine the researcher’s subjectivity (Maxwell
& Reybold, 2015). A qualitative study designed and
conducted carefully will provide a new source of
knowledge about a phenomenon and support the
development of a framework (Vishnevsky & Beanlands,
2004). In STEM education, this is very urgent,
considering that a consensus on the nature and
procedure of implementing STEM has still not been
reached (Tawbush et al., 2020).

Author’s Nationality

The review analyzed which countries are most
productive in terms of academic articles published on
STEM development. Interesting here is the contrast in
the number of publications between America, Europe,
and Asia. Especially in STEM education, there are
fundamental differences between the two. This review
confirms the findings of previous studies showing that
STEM education-related studies are still dominated by
America and Europe continent (Gil-Doménech, 2020;
Hinojo-Lucena et al., 2020).

These distinctions can be seen in several aspects, such
as funding, curriculum, and interest. The USA, Canada,
Australia, the Netherlands, and the UK were the top five
countries for STEM number publications in the three
journals analyzed. When viewed, the 14 countries that
contributed to published research on STEM
development were countries from the Americas (79%),
Europe (13%), Australia and Oceania (5%), and Asia
(3%); no publications from sub-Saharan Africa were
found in the journals analyzed. If we look at the success
of STEM implementation in America and Europe
continent, this cannot be separated from government
support in terms of both policy and research funding.
The more critical STEM is to a country’s development,
the clearer the support and policies are set out.

America

STEM development and contribution are dominant
in the Americas, especially in North America (i.e., the
USA and Canada). America has many reasons to
improve STEM learning. One of America’s main
concerns relates to the country’s economic condition.
Many companies lament job applicants lacking
mathematics, computer, and problem-solving skills.
Meanwhile, many international students are
predominantly Chinese and Indian (47%) who fill job
opportunities and choose STEM careers more often
compared to American citizens themselves (Burrelli,
2010). In 2017, only 48% of students in America were
interested in STEM fields (American College Testing
[ACT], 2017). Only 0.17% of high school graduates were
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interested in taking science, and only 0.43% were
interested in mathematics. Compared to other countries,
American students also lag in international assessments,
where only 10% of grade 8 students compete in TIMSS
compared to Singapore’s 32% and China’s 25%. In line,
the study by Kocabas et al. (2019) showed that American
students have relatively mediocre scores compared with
Asians.

Given the circumstances, the central government
plays a critical role in advancing STEM education by
collaborating with stakeholders at all levels (Committee
on STEM Education, 2018). The framework for K-12
science education issued by the National Research
Council implicitly emphasizes guiding students
interested in science and continuing their careers in
science, engineering, or technology (National Research
Council, 2012). Central government policy is also
supported by several policies enacted by each state to
regulate the implementation of the STEM curriculum
(Elaine & Sufian, 2019). In addition, it was recorded from
2003 to 2019 that the US Department of Education has
provided funding for 127 development and innovation
projects in STEM education (Li et al., 2020b). Meanwhile,
since 2007, Canada’s Science and Technology Strategy:
Mobilizing Science and Technology to Canada’s
Advantage has supported STEM policy and integration
(DeCoito, 2016).

Europe

STEM has been recognized as a significant driver of
science education in Europe where many STEM projects
are funded to support successful STEM implementation.
The Netherlands and the UK are two examples of
countries that struggle with STEM. The Netherlands
education system has implemented technology
education as a separate subject at the lower secondary
education level. In 2004, schools could maintain
technology education as a separate discipline or
integrate it with science. The merge of science and
technology can be seen as a movement towards
integrated STEM education in some Netherlands
schools.

The UK considers STEM critical to its economic
success with engineering and manufactured goods being
the two most significant contributors to the UK
economy. In 2002, a review of science and engineering
skills was conducted to prepare for future demands.
Here, the main context is that, due to the government’s
concerns about there being fewer qualified engineers
and scientists, the number of young people interested in
science, engineering, mathematics, and technology has
been decreasing. Furthermore, the government officially
established the National STEM Program to address
STEM skills issues in schools and colleges in 2006
(Morgan et al., 2016).

Australia and Oceania

Australia has been implementing STEM education as
the international community was interested in STEM
since the mid-2000s (Blackley & Howell, 2015). The
Australian government endorsed the National STEM
School Education Strategy 2016-2026 in December 2015
to improve students” STEM skills and aspirations. This
was based on a report from the New South Wales
Department of Education which stated that STEM
should be a national priority because Australia is amidst
a STEM crisis (Education Council, 2015).

Australia’s STEM education strategy focuses on
improving educator capacity while developing students’
STEM capabilities through problem-based research and
learning. Interestingly, state and commonwealth
governments provide financial assistance for
implementation or research (Sheffield et al., 2018).
Similarly, New Zealand, through the Department of
Education in 2007, emphasized the development of an
integrated curriculum across disciplines. The curriculum
focuses on global and contextual problem-solving. New
Zealand recognizes the importance of implementing
STEM learning based on the interconnection among
science, technology, engineering, and mathematics
(Granshaw, 2016).

Asia

This research demonstrates that the contribution of
countries in Asia to STEM is still low (3%), although it is
known that Asia is the largest continent in the world.
This result aligns with previous studies wherein (Lee et
al., 2019) claim that contributions to STEM publications
in the Asia Pacific were only about 8.5%, while
Americans accounted for 65% of studies.

Some research shows that Asia has a high potential
for competent human resources and a strong interest in
STEM. As per the PISA 2018 score report for science,
some countries in Asia occupy levels 4 (very proficient)
and 3 (basic proficient), such as China, Singapore, Japan,
and Korea. In addition, surveys of secondary school
students” STEM career interests in South Korea and
Indonesia show that students have a high level of
interest in STEM (Shin et al., 2018). On the other hand, it
is estimated that the number of undergraduate students
majoring in engineering in Asia is much higher than
their US and EU counterparts-Singapore (20%) and
China (40%) compared to America (about 6%) and
Europe (12%) (Johnson et al., 2016). A sophisticated and
high-quality STEM curriculum should be better
prepared to accommodate and develop students’
potential and interest in STEM careers in the future. This
will certainly boost economy and national security.

Further support is given by Li et al. (2020b) that more
generally asserts that several Asian countries began to
engage in and develop STEM education, such as
Malaysia, India, Indonesia, Thailand, South Korea, and
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China. Malaysia aims to become a developed country by
utilizing the literate STEM workforce (Bahrum et al,,
2017; Jayarajah et al., 2014). Further, through the New
Economic Model, the Malaysian government aims for
31% of the workforce to work within STEM fields by
2020.

India and Indonesia also take advantage of
demographic dividends by establishing literate STEM
human resources to support sustainable development.
India claims that STEM is the future of its country and
the future of its children. Meanwhile, Indonesia also has
great potential both in terms of its natural and human
resources and, thus, should be able to play an essential
role in the advancement of science and technology
among Asian countries. However, many obstacles
remain in implementing integrated STEM, including
time, resources, and teacher readiness.

Thailand, South Korea, and China are other Asian
countries whose governments fully support STEM
implementation. The government and all stakeholders
including teachers, experts, and policymakers played a
role in Thailand’s STEM success (Srikoom et al., 2017).
South Korea issued a national policy agenda in 2011 to
integrate  STEAM (with additional ‘A’ for arts).
Furthermore, China has set the goal of becoming a
world-class innovator by 2050. The STEM field higher
education research environment significantly impacts
whether China successfully transforms from a
manufacturing-based economy to an innovation-driven
knowledge-based economy (Han & Appelbaum, 2018).
The development of STEM in China is also supported by
financial investment in Research and Development
(R&D) which is the prime determinant for the
advancement of science and technology (Gao, 2017).

International Collaboration

Collaboration =~ among  countries in STEM
implementation is urgently needed (Sharma &
Yarlagadda, 2018). International collaboration can
expand the scope of research and highlight its impact
(Lariviere et al, 2015; Sugimoto et al, 2017).
Furthermore, there are several advantages to
international collaboration: increased visibility, divided
project costs, easy access to expensive physical
resources, gaining a wider influence by sharing data,
and increased creativity by exchanging ideas (Matthews
et al., 2020).

Despite the numerous benefits of international
research  collaboration, this systematic review
discovered that international collaboration between
authors is rare. Similar findings were also revealed by
Gui et al. (2019) and Li et al. (2020a). Some collaborations
were found between researchers from the Netherlands
and the UK; among Israel, Canada, India, and Australia;
the USA and Canada; the USA and Iceland; and the USA,
Greece, Lebanon, and China. Even though science is
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becoming more global and the number of international
papers co-authored is rapidly increasing, analysis has
revealed that actual participation in international
collaboration is much lower. Here, funding, politics,
culture, research ethics, and language impede
international collaboration (Barrera, 2019; Hwang, 2013;
Matthews et al., 2020).

This research also shows that STEM-related research
has not been evenly distributed, with researchers in Asia
still playing minor roles. Asia has abundant natural
resources, a high population, and policies enacted
toward developing STEM education. Asian stakeholders
must take further steps to improve STEM education.
Countries that have implemented STEM in Asia must
cultivate publications related to their findings to be
studied and adapted by other countries with similar
geographic, facility, and cultural characteristics.
Collaboration between STEM researchers in Asian
countries is essential and needs to be improved.

Other findings in this study revealed no STEM
education research in national and international
collaborations in Africa in the three journals examined.
The world’s workforce crisis in STEM fields remains a
concern and Africa is no exception. Since the 2014 Ebola
pandemic, sub-Saharan Africa has faced a STEM
workforce crisis. So far, African countries have engaged
in international collaborations for many years. The
United States, France, and the United Kingdom serve as
the primary collaboration partners, focusing on health
and agriculture (Adams et al., 2013). Recently, an Africa-
China collaboration to improve the quality of STEM
disciplines was announced (Eduan & Yuanqun, 2018).
STEM education research collaboration between
countries worldwide and countries in Africa is also
required for mainstream STEM education.

International collaboration in Africa is an effort that
is required to enhance education and research quality.
According to Blom et al. (2016), countries in Africa
cannot conduct their own scientific research, mainly in
STEM education; STEM field research funding
frequently relies on international collaboration. Sub-
Saharan Africa’s research output in STEM lags behind
other subject areas. The teachers’ lack of teaching
experience and confidence in STEM negatively impacts
students’ achievements and motivations to pursue
STEM careers (Hackman et al., 2021; Tarekegn et al.,
2020). Other factors affecting this are low acceptance or
interest in STEM education in early childhood, high
numbers of students dropping out of school, and the
perception that STEM fields are abstract and difficult to
relate to their daily lives (Demissie, 2019).

Research Topics

The findings of this systematic review study revealed
several important points that must be considered or
investigated further for the success of STEM
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implementation at the pre-university level. We divide it
into four sections and discuss them in the following
paragraph.

First and foremost, standardized curriculum
preparation and competent STEM teacher preparation
are required. An effective curriculum and teacher
mentoring support system will help qualify more
teachers to teach STEM subjects. Many teachers are
interested in STEM, but they cannot confidently
implement it (Shernoff et al., 2017). Professional
development can facilitate teachers to gain pedagogical
knowledge and content if the program is sustainable,
collaborative, coherent, and reflective. Content
knowledge is the basis for implementing a STEM
approach in the classroom and there is a positive
correlation between content knowledge and STEM
conceptualization. This suggests that content knowledge
should be part of professional development in STEM
education (Putra & Kumano, 2018). Content knowledge,
pedagogical knowledge, technological knowledge, and
pedagogical content knowledge are at the core of STEM
education (Chai, 2019). Furthermore, teachers with
STEM  pedagogical content knowledge and
constructivist paradigms become adaptive in STEM
teaching (Allen et al., 2016). However, some teachers
complain that STEM professional development does not
consider each teacher’s educational background,
resulting in poor program outcomes (Baker & Galanti,
2017). Some things that can be done to develop teacher
professional development are classroom action research,
designing curriculums, and attending workshops.

Second, engineering design processes should be
applied. Here, mathematical and science concepts can be
applied quickly in engineering and technology contexts
(Berland & Steingut, 2016). Students can design models
or prototypes by beginning with brainstorming,
progressing until they have redesigned previously
created products (Chabalengula & Mumba, 2017). When
using engineering design, teachers must package
learning with contextual and straightforward concepts.
For example, English and King (2015) describe how
students are challenged to create the longest-flying
paper plane. Students begin by sketching, measuring
paper, folding paper with calculations, and then
improving the initial design after conducting trials until
they can increase the flying time of the aircraft they
designed. The students have integrated mathematics,
science, and engineering disciplines to measure the
length, shape, thickness, and proportions of the fuselage
and see how the airflow and the aircraft force affect
flight.

Many obstacles exist in applying the EDP, including
student conditions, school support, teacher readiness,
and facilities (Eastman et al., 2017). Expert intervention
is also required to design an appropriate curriculum.
Teachers require special assistance when implementing
engineering design in the classroom. Furthermore, some

teachers have difficulty finding material sources and
implementing engineering designs. Many teachers do
not explain or have exceptional preparedness to
implement engineering design (Bagiati et al., 2015).

Third, informal learning is one of the other features
offered that could help with STEM education. Informal
learning is significantly aligned with the spearhead of
21st-century learning. These kinds of programs can be
conducted either inside or outside the school, most
commonly outside the school. There are several
characteristics of program outreach to increase student
interest or understanding of science. The STEM context
relating to a community or company can be transported
into schools or schools can visit sites outside and the
methods used for teaching are valuable learning and
mentoring opportunities (Ashley et al., 2017).

Informal learning is claimed to impact students’
STEM attitudes and abilities positively. Through
informal learning, students” motivation towards STEM
career choices and engagement in STEM increases
(Chittum et al., 2017). Another example is who guided
students to combine meteorology and engineering in
STEM to promote environmental care and awareness of
the risks of bad weather (Barrett et al., 2014). Findings of
the study by Wiebe et al. (2018) showed the positive
correlation between student’s academic, life experience
and future STEM careers. Following this, teachers
should collaborate on formal and informal learning in
learning activities.

Fourth, STEM-inclusive schools should be
established. Inclusive schools provide opportunities for
underrepresented groups to gain access to STEM
education. The implementation of inclusive schools
positively impacts STEM careers and it is predicted that
inclusive school graduates will study more STEM
courses in college than non-inclusive school graduates
(Means et al., 2016). Inclusive schools are recognized as
an effective way for schools to reform and remove racial,
gender, and social mobility equality gaps in STEM
(Lynch et al., 2018). Directly, inclusive schools support
the core goal of STEM education: improving student
STEM literacy, closing gaps in minorities, and increasing
the STEM field workforce.

CONCLUSION

This systematic review has shown that STEM
research increases significantly year by year, triggered
by academics’ interests and concerns in STEM education.
However, integrating STEM into a curriculum or
educational program was not identified as an easy job
for most teachers or researchers at school. Some of our
findings also highlight essential attributes that can help

implement STEM education, such as preparing
curricula, preparing teachers through continuous
professional development, implementing technical

curricula, implementing inclusive schools, and enforcing
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informal learning. STEM policies in various countries
must be followed carefully in the future to clarify STEM
conceptualization. Researchers and stakeholders in
STEM can consider several aspects of the findings to see
the effectiveness of implementation in carefully
preparing school interventions. This might conclude that
several more in-depth studies are needed regarding
various aspects of STEM education so that
implementation can run effectively and efficiently.

In addition, our study also revealed that cross-
country and cross-cultural collaboration among
researchers play an essential role in maximizing STEM
research and dissemination. This implies that
multinational or multicultural collaboration is required
to enrich and expand STEM findings to tackle the fact
that this collaborative research is slowly progressing
around the world.

In general, current research has greatly increased our
understanding of trending research topics and authors’
nationality that are developing in STEM education.
However, the fundamental question of collaboration
between STEM scientists in the world remains to be
answered. Instead of this systematic review discovered
how international collaboration between authors, it is
important to identify impact of this type of research.
Therefore, further research should be carried out to see
how international collaboration expands and identify its
impact on government policy and school practices. This
is essential for us to develop a better understanding of
STEM practices at the school level and their impact on
learning outcomes should to convince educators and
practitioners to implement STEM in classroom setting.

Besides, though this review was undertaken
rigorously, each systematic review is limited by its the
parameters. This systematic literature review was not
completely comprehensive as the search parameters
were restricted to the three journal indexed in the SSCI
database within 2014-2018 period, empirical journal
articles, and articles written in English. Further research
is warranted beyond the three journal in other databases
investigated in this study to convince and support claims
on collaboration between researchers and countries.
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