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Abstract  

STEM education has become increasingly popular, including  for pre-service teachers (PSTs). 

Preparing PSTs in STEM-based practices is essential to generate STEM-ready teachers. This study 

reviews STEM education literature for PSTs and provides recommendations for future research 

and practices. We investigate the Indonesian contextðthe fourth  largest populated  country in the 

world and the largest economy in Southeast Asia. The bibliometric  analysis of 31 research papers 

revealed that STEM education for Indonesian PSTs was first reported  in 2017, rapidly increasing 

to involve 110 researchers. 15 disciplinary backgrounds from 31 higher education institutions  

across Indonesia have participated in STEM education research, indicating  a collaboration, and 

inclusive implementation  of STEM education. However, the integrative review revealed diverse 

perceptions of STEM implementation.  We recommend a framework (STEM-DiMRECS) as guidance 

to conduct integrated  STEM learning: Discipline Integration,  Multiple  representations, Realistic 

and relevant problems, employing  the Engineering design process, Collaboration,  and Student -

centered learning. 
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INTRODUCTION  

In Indonesiaðthe largest economy in Southeast Asia 
and the fourth  most populous  nation in the world,  with  
more than 300 ethnic groups living  in a diverse 
archipelago (Worldbank,  2022)ðSTEM (science, 
technology, engineering , and mathematics) education 
aims to improve  the competency of its Indonesians. The 
Indonesian Ministry  of Education and Culture  (MoEC) 
has conducted various programs and partnerships. In 
2018, the signing  of a partnership  agreement with  Casio 
Computer  CO., Ltd.  (a Japanese-based electronics 
company) òmarks our  joint  efforts to strengthen 
cooperation in the field  of education, particularly  in  
developing  competencies in the fields of science, 
technology, engineering and mathematicsó (MoEC, 
2018). In 2020 the Ministry  of Education and Culture  
conducted òKIHAJAR  (KIta  HArus  belaJARðwe must 
learn) STEMó ðan effort  to actualize the Indonesian 
education vision  (MoEC, 2020b). In 2021, through  the 
SEAQIS program,  STEM learning became one of the 
flagship  programs of SEAMEO-QITEP (Southeast Asian 

Ministers  of Education Organization -Quality  
Improvement  for  Teacher and Education Personnel) in 
Indonesia (MoEC, 2021). However,  despite these 
milestones, STEM learning  appears outside the 
Indonesian Education curriculum,  which  has led to 
different  perceptions among the academic community  
about how STEM should be implemented  and 
developed. This paper aims to explore the literature  
concerning the characteristics of Indonesian pre-service 
teachersõ (PSTsõ) STEM education. 

STEM Education  Movement  

STEM education movement has become global since 
its introduction  in the 1990s (Bybee, 2010). The acronym 
STEM continues to expand and grow  as a label involving  
at least one STEM discipline  in the classroom or 
curriculum  (Bybee, 2013). Ozkaya (2019) reported the 
STEM research trend  from  1992 to 2017, finding  STEM 
education research increasing, particularly  in the last 
five  years of this period.  The United  States dominates 
this research, followed  by England and Australia , 
collectively  endorsing STEM programs and courses and 
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establishing STEM education movement. Key projects 
are, as follows : 

1. United  States: Project lead the way (PLTW), 
engineering  by design program  and the next 
generation science standard  (NGSS) program  
(Ritz & Fan, 2015). 

2. England: STEM national  center, science 
community  representing education  (SCORE), 
STEMworks and the STEMNET (STEM network)  
(Ritz & Fan, 2015).  

3. Australia:  10-year (2016-2026) national  STEM 
school program  to ensure all Australian  youth  
achieve the essential STEM knowledge  and skills  
(Council,  2015) .  

The STEM definition  varies. Hasanah (2020) reports 
that STEM has four  different  fundamental  definitions:  
STEM as discipline,  instruction,  field,  and career. In the 
educational context, the STEM acronym is used òfor  
anything  and everything  vaguely related to one or 
combination  of the four  disciplinesó (p. ix) (Vasquez et 
al., 2013). The STEM abbreviation  itself  has extended to 
other disciplines  and focuses, such as STEAM, with  the 
òAó for  Arts;  STREAM, with  the òRó for  Reading and 
wRiting;  STEMM, with  an additional  òMó for  Medicine;  
and steM with  the only  capitalized òMó to show 
Mathematics as the focus (Tan & Kidman,  2021). This 
broad and different  interpretation  could lead to 
confusion for  policymakers,  curriculum  developers, 
school communities,  and higher  education to adopt, 
develop and implement  STEM education in their  
institutions.  To prevent further  different  perceptions, in  
this study,  the term STEM refers to educational context 
as a learning approach to learn science, technology, 
engineering, and mathematics in an integrated manner 
by removing  the traditional  barriers between the 
disciplines  (Jolly, 2017; Vasquez et al., 2013), with  
implementation  including  STEM teaching and learning, 
development,  and assessment. 

Regarding STEM implementation,  there are different  
terms and definitions  for  STEM integration;  however, 
researchers agree that the greater the integration,  the 
better the learning  outcomes. There is little  agreement on 
what  constitutes integration.  Roberts and Cantu (2012) 
introduce  three approaches for  teaching STEM, 
including  the STEM disciplines  being taught separately 
(silo approach), one or more disciplines  embedded in 
another STEM discipline  (embedded approach), and the 
STEM disciplines/content  areas taught  as one subject 

(integrated approach). Vasquez et al. (2013) propose four  
levels of integration:  disciplinary,  where STEM 
disciplines  are learned separately; Multidisciplinary,  in 
which  each disciplineõs principles  and skills  are learned 
individually  by the pupils  while  yet referencing a 
common topic; Interdisciplinary  learning  involves  
concepts and skills  from  two  or more closely related 
disciplines  to deepen knowledge  and abilities, and; 
Transdisciplinary  learning  consists of applying  
knowledge  and skills  from  two  or more disciplines  to 
real-world  issues or projects to shape the studentõs 
learning  experience. Also, Hobbs et al. (2018) promote 
three integration  models: the holistic  model representing 
all disciplinary  and interdisciplinary  activities, the 
interconnected model representing interdisciplinary  
activities, and the amalgamated model representing a 
meta-discipline  that focuses exclusively on the areas of 
overlap and convergence among STEM disciplines .  

Teacher and Pre-Service Teacher on STEM Education  

Research has shown that STEM learning  is 
advantageous to students, e.g. a positive  impact  on 
learning  outcomes (Amalya  et al., 2021; Yildirim,  2016), 
cultivating  learning  attitude,  technical thinking,  and 
creativity  (Chen & Chen, 2021; Oschepkov et al., 2022) 
and contribute  to developing  21st-century skills  (Celiker, 
2020; Sheffield et al., 2017). Undeniably,  the teacher who  
facilitates the learning  experience for  students drives 
success in STEM learning.  Teachers with  good STEM 
understanding  (Keane & Keane, 2016), positive  beliefs 
and sufficient  competencies (Park et al., 2016) will  create 
a favorable STEM learning environment  in the 
classroom. The teacher, as the fundamental  learning  
source (Saat et al., 2021), is essential in facilitating  the 
learning  process. The teacher creates a problem to 
challenge studentsõ higher-ordered thinking  and 
encourages students to actively  participate  in the 
learning  process (Suebsing & Nuangchalerm,  2021). In 
contrast, deficient  STEM teachersõ knowledge  and 
understanding  will  lead to limited  and ineffective 
learning  (Bell et al., 2018). Hence, preparing  teachers to 
be STEM-ready is essential. 

To enhance teacher competence, both in-service and 
PSTs require professional development  (PD) activities. 
In Southeast Asian region, Saat et al. (2021) conducted 
PD in Malaysia through  a scientist-teacher-students 
partnership  (STSP) program.  The program  increased 
teachersõ cross-cutting  STEM knowledge,  elevated 
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confidence and enthusiasm, and provided  exchange 
information  and support  between schools and 
universities.  In Indonesia, Toto et al. (2021) reported 
increased teachersõ understanding  and readiness to 
implement  STEM education after joining  a science 
learning  simulation  PD workshop.  Similarly,  through  a 
Thai-based PD program,  Suebsing and Nuangchalerm  
(2021) reported increased teacher understanding  and 
satisfaction toward  STEM. However,  research indicates 
most teachers lack the knowledge  and preparation  to 
implement  STEM education, leading to dissatisfied 
teaching STEM experiences and resistance (Jho et al., 
2016). PD programs are usually  limited,  selective and 
restricted to teachers from  a particular  discipline  
background  or pre-requisite IT and technological skills. 
Thus, in addition  to PD for  in-service teachers, a more 
systematic and continuous  STEM preparation  program  
is needed. STEM education for  PSTs could address this 
problem,  creating a future  workforce  of classroom 
teachers with  the skills, knowledge  and experience 
regarding  STEM education (Vasquez et al., 2013). In 
addition,  Kim  et al. (2019) and Radloff  and Guzey (2016) 
showed that insufficient  PST knowledge  in the multiple -
discipline  STEM content would  be detrimental  to STEM 
learning  in the future.  Promoting  STEM education for  
PST includes the STEM learning  process and 
development.  Ayaz  and Sarikaya (2019) conducted 
engineering design-based science teaching to enhance 
PST perception toward  STEM. Bartels et al. (2019) 
reported collaborative  mathematics and science 
methods to improve  STEM understanding  and ability  to 
design lesson plans. In STEM development, Noh and 
Khairani  (2020) developed an assessment to measure 
attitudes of PST toward  STEM, and Ngabekti  et al. (2019) 
constructed a STEM-based mobile learning  media in the 
ecosystem context for  biology  and science PST. 

STEM Education  for  Pre-Service Teachers in  
Indonesia   

In Indonesia, STEM education is increasing, both in 
research and practice, for  all levels of education. In 
Southeast Asia, based on a bibliometric  review  of STEM 
education (Thao et al., 2020), between 2000-2019, 
Indonesia was the third  highest nation contributing  to 
STEM education research, behind Malaysia and 
Thailand  researchers. In that report,  Thao et al. (2020) 
showed that the trend of STEM education research from  
Indonesia continuously  increased, with  the highest jump  
occurring  from  2018 to 2019. Similarly,  Farwati  et al. 
(2021) reported a massive increase in STEM education 
implementation  in Indonesia through  a scoping review  
in 2015-2020, with  the highest growth  in 2019 and a slight  
decrease in 2020 due to being affected by COVID -19 
pandemic disruptions.  Farwati  et al. (2021) also showed 
that STEM education had been implemented  on all  levels 
of education, from  elementary to undergraduate,  with  
high  school as the most significant  portion.  In addition,  

they also reveal a wide  range of Indonesian provinces 
that implemented  STEM education, with  West Java, East 
Java, and Central Java as the three dominant  provinces 
conducting  more than 60% of the research. Farwati  et 
al.õs (2021) and Thao et al.õs (2020) reports show that 
Indonesian researchers are conducting  STEM education 
research, yet little  STEM education research involving  
PST is reported. 

Several Indonesian universities  have established 
STEM centers (e.g., Indonesia University  of Education 
[http://stemedcenter.upi.edu ] and State University  of 
Semarang [https://mipa.unnes.ac.id/v3/tag/stem ]). 
As STEM education has a diffuse  definition  and broad 
interpretation,  the research and implementation  of 
STEM education for  PSTs must be stronger. A  
comprehensive literature  review  is needed to provide  
direction  for  future  STEM implementation  and 
development  in Indonesia.  

Literature  reviews regarding  STEM education in the 
Indonesian context are beginning  to emerge. Nugroho  et 
al. (2021) conducted a literature  review,  òthe urgency of 
STEM education in Indonesiaó, to investigate how to 
implement  STEM education for  teachers. Meanwhile,  
Nurwahyunani  (2021) reviewed  the literature  on 
improving  the quality  of science learning  in Indonesian 
schools through  the STEM approach. Zulaikha  et al. 
(2021) conducted a literature  review  concerning the 
STEM approach in physics learning. Thus, our work  
addresses this knowledge  gap by the consideration of 
the following  two  research questions:  

Q1. What is the movement of STEM education 
research for  PSTs in Indonesia? 

Q2. How  is PST STEM education  implemented  in 
Indonesia? 

This study  contributes to the knowledge  corpus by 
exploring  Indonesian PST STEM education. Since 
Indonesia is a vast country  with  a diverse cultural  
community  (the fourth  most populous  nation in the 
world  with  more than 300 ethnic groups), our review  
findings  are presented as recommendations for  an 
international  readership. 

METHODS  

Research Design  

We employed the bibliometric  method (Zupic  &  
Ľater, 2014) to map STEM education research on 
Indonesian PSTs. We also undertook  an integrative  
review  (Toronto & Remington, 2020) to provide  insight  
into  the field.  The bibliometric  approach maps a fieldõs 
structure, development  and òtopographicaló trends 
(Hallinger  & Kovaľeviļ, 2019; Sharma, 2019). The 
integrative  review  provides  an understanding  and 
insight  (Toronto & Remington, 2020), leading to new 
framework  and perspectives (Torraco, 2005) through  
integration,  critique  and synthesis of representative 
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literature.  Recently Tan and Kidman  (2021) undertook  
an integrative  review  of STEM authentic assessment, 
and Ng et al. (2022) proposed a conceptual framework  
for  STEAM integration.  The Bibliometric  method 
mapped research on STEM modules (Triwahyuningtyas  
et al., 2021) and STEM education in the ASEAN region 
(Thao et al., 2020). Hern§ndez-Torrano and Courtney  
(2021) employed both methods to map the research on 
large-scale international  assessments to provide  trends, 
development  and structure. We adopt these methods to 
obtain a comprehensive view  of STEM education for  
Indonesian PSTs for  future  research and practices. 

Data Sources 

A systematic search collected research articles from  
international  and local databases (See Appendix ). 
ProQuest Education and 14 STEM journals that 
mentioned science, mathematics and technology in their  

title  (Tan & Kidman,  2021) also became document 
sources. The search was conducted in May  (ProQuest 
Education) and June 2022 (14 STEM journals) with  the 
keyword  òSTEM preservice teacheró and òSTEM pre-
service teacheró, without  any filter,  including  year limit.  
The Indonesian context and search filter  were not used 
in the search process as we were concerned the 
òIndonesianó word  did  not exist in the title  and abstract 
of the articles. A  total  of 1,872 articles were found,  
consisting of 1,485 ProQuest Education articles and 387 
papers from  14 STEM journals. Double duplicate  
checking, title  and abstract screening, and full -text 
reading were conducted to filter  and select the relevant 
literature.  This inclusion  and exclusion process follows  
the preferred reporting  items for  systematics reviews 
and meta-analysis (PRISMA) guidelines described by 
Moher  et al. (2009), as shown in Figure  1. Hence, 14 

 
Figure  1. Flow diagram for  the search and selection of literature  process from  international  databases (Source: Authorsõ 
own elaboration)  
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articles from  international  databases were included  for  
content analysis.  

Local databases were used to gain more Indonesian-
context research. Indonesian MoEC has provided  a 
website portal  (https://sinta.kemdikbud.go.id ) called 
Sinta (science and technology index) to access accredited 
Indonesian journals. Our  study  used Sinta 1 (indexed by 
Scopus) and Sinta 2 (the first - and second-best ranking)  
as the journal  source. The search was conducted in 
August  2022 by selecting a STEM-related journal,  
applying  an education-only  filter,  using the keywords  
òSTEMó, òScienceó, òMathematicsó, òPhysicsó, 
òChemistryó, òBiologyó, òEngineeringó, and 

òTechnologyó and their  translation  in the Bahasa 
Indonesia language. In addition,  the general education 
journal  with  òeducationó words  without  mention  of any 
specific discipline  in their  name was added. Second, the 
keyword  òSTEMó was used for  each selected journal  to 
obtain relevant articles. 17 Sinta 1 and Sinta 2 journals 
were selected through  these two  steps, illustrated  in 
Figure  2. A  combined total  of 31 papers were accepted. 

Data Analysis  

We summarized  frequent issues and themes, then 
coded and extracted these into  a categorization matrix  
using NVivo  and Microsoft  Excel software. We also 

 
Figure  2. Flow diagram for  the search and selection of literature  process from  local databases result (Source: Authorsõ own 
elaboration) 
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employed Google maps to provide  the research location 
across Indonesia and VOSviewer software (Van Eck & 
Waltman,  2010) to visualize  the network  and 
relationship  among the authors and the research 
keyword  tendency in our corpus. 

RESULTS 

In this section, we delivered  an analysis, synthesis, 
and visualization  of the selected documents to address 
each research question.  

What  is the Movement  of  STEM Education  Research 
for  Pre-Service Teachers in  Indonesia? 

Our  corpus indicates a positive  and promising  
movement on STEM education for  PSTs in Indonesia. 
The first  publication  was reported in 2017, which  has 
risen notably  since 2020. In our 31 selected articles, 110 
researchers were involved,  with  30 studies conducted 
collaboratively.  The research participants  come from  
various disciplinesðchildhood  PST, elementary school 
PST and specific disciplines  PST (biology,  physics, 
chemistry,  mathematics, science, computer  science, 
educational  technology, electronics engineering,  and 
informatics  and computer  engineering).  Participants 
were also STEM disciplinary  experts and lecturers. At  
least 31 universities  in 15 provinces of Indonesia have 
conducted STEM education for  PSTs. We note three 
STEM research focus areas are favored in Indonesian 
PST research: STEM intervention,  conceptualization,  
and development.  

Below we elaborate on the movement and 
development  of STEM education for  PST in Indonesia 
regarding  the research trajectory, researcher 
involvement,  participantsõ background, distribution  of 
research locations across Indonesia, and research focus. 

Research trajectory   

The number of annual publications,  the distribution  
of publishers and the research topics illustrate  the 
research trajectory in this study.  The first  STEM 
education publication  on Indonesian PST was in 2017 by 
Winarno  et al. (2017). It  investigated STEM career 
interests of science PST examining  linearity  between 
their  interest and talent in their  future  career.  

Figure  3 shows the growth  trajectory of publications  
following  Winarno  et al.õs (2017) publication.  Although  
there were no publications  in 2018, a rapid  increase 
occurred from  2019 to 2021. Presumably, the trend will  
continue in 2022 as the number of publications  in August  
reaches more than half  of the previous  year. This finding  
illustrates  the growth  of Indonesian researchersõ interest 
in this field,  which  also means an increased need for  
STEM education implementation  and development  for  
PSTs in Indonesia. 

Regarding publisher  distribution,  we found  that only  
a few publishers published  our corpus. In international  
databases, 12 of 14 of the selected articles were published  
as conference proceeding articles (11 articles in the 
Journal of Physics: Conference Series and one article in The 
Institute of Electrical and Electronics Engineers, Inc.). The 
remaining  two  studies were published  by Chai et al. 
(2020) in the Sustainability Journal and Wahyu  et al. (2020) 
in the International Journal of Instruction. None of the 
articles was published  in international  STEM journals. In 
the Indonesian databases, 17 articles were published  in 
seven of 54 Sinta STEM-related journals. Six articles 
(Irwanto  et al., 2022; Ngabekti  et al., 2019; Rokhimawan  
et al., 2022; Rosana et al., 2021; Rusydiyah  et al., 2021; 
Yulianti  et al., 2022) were found  in The Indonesian Journal 
of Science Educationðthe only  SCOPUS listed Sinta 1 
journal  in our corpus. 11 articles were published  in Sinta 
2 journals, consisting of five  in The Journal of Research in 
Science Education, two  in The Aksioma Journal, one in The 

 
Figure  3. Annual  publication  of STEM education research for  Indonesian pre-service teachers (Source: Authorsõ own 
elaboration) 
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Education Journal: Theory, Research, and Development, one 
in The Eduscience Journal, one in The Physics Education 
Journal, and one in The Mosharafa: Mathematics Education 
Journal. This finding  indicates that Indonesian 
researchers submit  their  research to reputable publishers 
at the local and international  levels to improve  the 
quality  of STEM implementation  and development  for  
Indonesian PSTs. 

Indonesian researchers have broad research topic  
interests, as shown in Figure  4. 105 keywords  appeared 
in our corpus and were analyzed with  VOSviewer 
software (Van Eck & Waltman,  2010). The size of the 
circle illustrates  how frequently  the keywords  were used 
(the more often it  appears, the bigger the circle size), the 
link  of each keyword  indicates relatedness (the closer the 
location of the keywords,  the more frequently  they are 
used together in the article), and the color determines the 
cluster as the most closely related keywords.  Clusters 
collect recurring  keywords  in publications  and can be 
used to identify  the trending  topic covered in the 
literature  (Hern§ndez-Torrano & Courtney,  2021). The 
map shows the three most trending  topic clusters: STEM, 
physics, and technical education. The keyword  STEM 
emphasizes that their  study  focuses on STEM 
implementation  and development.  In contrast, physics 
keyword  indicates the subject discipline  that dominates 
STEM education for  PSTs (on research participant  
background  and real-life  context researchers used).  

Technical education illustrates  the engineering 
process as one of the characteristics of STEM education. 
The map demonstrates life  skills, competence (critical  
thinking,  logical thinking,  content knowledge  and 
creativity),  and pedagogy aspects (STEM teaching, 
learning,  curricula,  media, and assessment). Diverse 

research topics show potential  for  developing  and 
implementing  STEM education with  Indonesian PSTs. 

Author(s)  

110 researchers wrote  the 31 selected articles. Most 
articles are co-authored (97%), with  the Nasrudin  et al. 
(2020) article involving  a collaboration  of eight 
researchers from  five  universities.  Regarding co-
authorship,  Rasyid was the researcher with  the most co-
authorsð12 across two  articles, Nasrudin  et al. (2020) and 
Rasyid et al. (2021) indicating  a wide  collaboration  base. 
All  of the 110 researchers published  at most 1 article as 
first  author.  The authors in our corpus published  at most 
two  articles, either one as the first  author  or both as co-
authors. Winarno  (in Mayasari et al., 2019 and Winarno  
et al., 2017) and Susilawati  (in Rokhimawan  et al., 2022 
and Rusydiyah  et al., 2021) are two  other researchers 
who published  two  articles. Nevertheless, although  it  
could be assumed that there are currently  no particular  
researchers dominating  the Indonesian field,  the number 
of researchers involved  and the collaboration  that has 
been established have become the embryo for  the 
development  of STEM implementation  and research for  
PSTs in Indonesia.  

Participant(s) õ discipline  background 

12 of the 31 articles (39%) involved  participants  from  
different  disciplines, giving  rise to two  or more 
disciplines  as collaboration.  15 different  discipline  
backgrounds were found  among participants,  as shown 
in Table  1. 10 studies involved  science and physics PST, 
and six involved  mathematics, biology,  and primary  
school PSTs. Research that only  occupied participants  in 
one discipline  predominantly  involved  physics PST. 
Irwanto  et al. (2022) examined PST perception of TPACK 

 
Figure  4. Research topics in STEM education for  Indonesian PSTs (Source: Authorsõ own elaboration) 
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(technological pedagogical content knowledge)  for  
future  STEM-related careers involving  8 PST disciplines. 

Five studies involved  university  lecturers as research 
participants.  Nasrudin  et al. (2020) is the only  study  
engaging just lecturers as participants.  Five studies 
(Arifanti  et al., 2021; Jannah et al., 2021; Ngabekti  et al., 
2019; Putri  &  Feriyanto, 2020; Sukma et al., 2022) engage 
lecturers as experts to validate  STEM worksheets, 
learning  media and modules. We included  two  studies 
in our corpus not involving  PST as additional  research 
that indicates STEM education in Indonesia is emerging 
for  non-PST students. Asri  et al. (2021) implemented  
STEM through  project-based learning  for  physics 
students, and Rosana et al. (2021) conducted research 
with  natural  science students.  

The diversity  of the research participants  indicates 
the expansion of STEM education in various disciplines  
at tertiary  institutions  in Indonesia, particularly  for  PSTs. 
In addition,  many studies involving  cross-disciplinary  
participants  show a promising  development  in 
interdisciplinary  learning  as one of the characteristics of 
STEM education.  

Research location  

ôResearch locationõ in  this study  refers to the research 
participantsõ Higher  Education Institution  (HEI)  
affiliation  and province  location. 21 of the 31 articles list  
their  HEI  affiliation,  five  report  only  the HEI  affiliation,  
and five  studies fail  to mention  affiliation  or location.  

HEI  affiliation  of eight of 10 articles not identifying  
participant  institution  could be inferred  based upon 
author(s) affiliation.  For instance, Djulia  and 
Simatupang (2021), Rasyid et al. (2021), and Shofiyah et 
al. (2022) did  not mention  the institution  and location of 
their  participants.  Still,  since all the authors have the 
same affiliation,  it  suggests that the participants  come 
from  the same institution  as the authors. In other articles, 
Fakhrudin  et al. (2021), Mayasari et al. (2019), Widiastuti  
et al. (2020), Winarno  et al. (2017), and Rokhimawan  et 
al. (2022) only  mentioned HEI  locations, but, given that 
the authorõs affiliation  comes from  these locations, it  was 
also inferred  that the participants  come from  the authorsõ 
institutions.  Hence, we identified  31 HEI  from  15 
provinces across Indonesia involved  in STEM education 
research, as shown in Figure  5. 

STEM education for  PSTs has yet to be researched 
equally  across Indonesia. Most studies were conducted 
on Java Island with  17 publications  (from  the Jakarta, 
West Java, Central Java, East Java, and Yogyakarta 
provinces), followed  by Sumatera Island (from  the 
Lampung,  South Sumatera, Jambi, West Sumatera, Riau, 
Medan, and Aceh provinces) with  12 publications.  STEM 
implementation  for  PSTs has not been reported on from  
the two  largest islands in Indonesia (Papua and 
Kalimantan).  Public universities  account for 71% of the 
researchersõ affiliations.  Three patterns emerged from  
the 31 identified  HEI  affiliations:  17 generic institutions,  
13 Islamic-based institutions  and one Catholic-based 
institution.  Four studies conducted their  research in 
more than one institution,  as reported by Rokhimawan  

Table  1. Research participantsõ discipline  background 

Research participant(s)  Article(s)  

Early childhood  PST Rasyid et al. (2021) 
Elementary/primary  school 
PST 

Amiruddin  et al. (2021), Jannah et al. (2021), Putra et al. (2021), Rokhimawan  et al. (2022), 
Sumirat (2019), & Wahyu  et al. (2020) 

Science PST Chai  et al. (2020), Djulia  and Simatupang (2021), Fakhrudin  et al. (2021), Ngabekti  et al. 

(2019), Putra et al. (2021), Rifandi  et al. (2020), Rusydiyah et al. (2021), Shofiyah et al. 
(2022), Widiastuti  et al. (2020), & Winarno  et al. (2017) 

Mathematics PST Arifanti  et al. (2021), Chai  et al. (2020), Irwanto  et al. (2022), Putri  and Feriyanto  (2020), 
Rifandi  et al. (2020), & Utomo  et al. (2020) 

Biology  PST Fakhrudin  et al. (2021), Irwanto  et al. (2022), Ismet  et al. (2020), Kurniati  et al. (2020), 
Ngabekti  et al. (2019), & Putra et al. (2021) 

Physics PST Azhar  et al. (2022), Elfa Sari et al. (2021), Irwanto  et al. (2022), Ismet  et al. (2020), Mayasari 
et al. (2019), Putra et al. (2021), Sukma et al. (2022), Widiastuti  et al. (2020), Wildani  and 

Budiyono  (2022),& Yulianti  et al. (2022) 
Chemistry  PST Irwanto  et al. (2022), Ismet  et al. (2020), Putra et al. (2021), & Widiastuti  et al. (2020) 
Computer  science PST Chai  et al. (2020) &  Widiastuti  et al. (2020) 

Engineering PST Chai  et al. (2020) 

Educational technology PST Irwanto  et al. (2022) 

Electronic engineering PST Irwanto  et al. (2022) 

Culinary  PST Irwanto  et al. (2022) 

Informatics  & computer  
engineering PST 

Irwanto  et al. (2022) 

Non-PST Asri  et al. (2021) & Rosana et al. (2021) 
Expert or lecturer Arifanti  et al. (2021), Jannah et al. (2021), Nasrudin  et al. (2020), Putri  and Feriyanto  

(2020), & Sukma et al. (2022) 

Note. Bold  font  indicates research involving  participants  with  multi -discipline  backgrounds 
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et al. (2022), who implemented  their  research at two  HEI, 
Rusydiyah  et al. (2021) at three HEI, Fakhrudin  et al. 
(2021) at two  HEI, and Nasrudin  et al. (2020) at four  HEI.  
Although  STEM education for  PSTs has not been 
reported on from  all provinces in Indonesia (15 out of 37 
provinces), the involvement  and collaboration  across 
Indonesian universities  show a promising  growth  of 
STEM education for  PSTs in Indonesia. 

 

Research focus  

Figure  6 shows the classification of the articles into  
three STEM research areas. The inner  ring  refers to the 
STEM research area (intervention,  conceptualization,  
and development),  the middle  ring  refers to the research 
focus, and the outer ring  refers to the life  domain,  object 
or product.  In what  follows,  we explain the findings  
from  each research area. 

STEM intervention  

STEM interventions  were conducted through  
classroom learning  activities, workshops,  internships,  
and field  studies. Most researchers used the STEM 
approach with  project-based learning. PSTs had 
increased science literacy  skills  (Amiruddin  et al., 2021) 
and STEM content knowledge,  particularly  science 
content knowledge,  followed  by engineering, 
technology and mathematics content knowledge  
(Mayasari et al., 2019). The project-based learning  STEM 
approach has promising  implications  for  PSTs to create 
projects as teaching materials (Djulia  & Simatupang, 
2021) and improve  learning  outcomes, even if  conducted 
in an online learning  setting (Asri  et al., 2021). Other 

articles show STEM improves  problem-solving  skills  of 
PSTs (Wildani  & Budiyono,  2022) and develops logical 
reasoning skills  (Utomo  et al., 2020). Four articles report  
a positive  effect through  STEM learning  using simple 
experimental  work  to increase learning  outcomes (Azhar  
et al., 2022), crosscutting concepts to improve  the 
awareness of science learning  and experimentation  
(Sumirat, 2019), Scratch applications  to develop 21st-
century skills  (critical  and creative thinking,  
collaboration,  and communication  skills  (Yulianti  et al., 
2022), and mobile augmented reality  in enhancing 
science literacy  and achievement (Wahyu  et al., 2020). 

Other researchers applied  STEM interventions  
beyond the classroom. Chai et al. (2020) conducted a 
workshop  activity  for  PSTs from  different  disciplines  to 
collaborate in designing a STEMQuest learning  website. 
This intervention  enhanced STEM-related TPACK 
efficacies. Rusydiyah  et al. (2021) found  that a PST STEM 
teaching internship  program  increased the perception 
and skills. STEM interventions conducting  field  study  
activities (Rosana et al.,2021) through  the application  of 
NA -AOGS (natural  animal  audio organic growth  
system) technology (with  soybean crops) enhances 
science process skills  and critical  thinking  skills.  

Indonesian researchers agree that STEM 
interventions  positively  impact  research participants  in 
traditional  classroom settings, workshops,  internships,  
and field  study  activities. However,  in multi -disciplinary  
group  discussions, the PSTs encountered difficulties  
expressing their  subject-specific topic knowledge  and 
contextualizing  and applying  it  to real-world  problems 
(Chai et al., 2020). Problem-solving  abilities  in STEM 

 
Figure  5. Indonesian STEM research affiliations  & location (# indicates research conducted in more than one institution  & 
## indicates private  university)  (Source: Authorsõ own elaboration) 


