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ABSTRACT

This study focused on teachers’ perception of Science, Technology,
Engineering, and Mathematics (STEM) education as an initial step in
Indonesian curriculum development. It was expected to provide
information about how STEM education emerges into Indonesian
curriculum and what the challenges of STEM implementation from
teachers’ view as a significant element in education. Twenty-five in-service
teachers participated in the STEM professional development program in
South Sulawesi, Indonesia, which was divided into four sessions;
Presentation, Simple Experiments, and Developed Experiments. The last
session of the program was an Interview which was conducted for data
collection. The findings revealed that STEM is considered an old instruction
in Indonesia but emerges as a new term to most teachers. Furthermore,
teachers need support from the government to improve the capabilities for
well-implemented STEM class. Some challenges are also revealed as part of
the government’s responsiveness.

Keywords: Teacher perceptions, STEM education, Challenges, Professional
development

INTRODUCTION

STEM education is an integrated education combining two or more of
STEM subjects including scientific inquiry, technology, engineering design,
and mathematical analysis into an interconnected learning standard, such
as teaching behaviors, curriculum matter, and educational policy. It aims to
encourage the country's potential STEM talents and enhance its
competitiveness. In addition, STEM as a teaching instruction positively
affect the student’s skills and attitudes toward science; strengthen students’
interest in science, technology, engineering, and mathematics; and keep
students focus on modern science and technology (Kelley & Knowles, 2016;
Oyana et al., 2015; Sari, Alici, & Sen, 2017).
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STEM was not only an issue that has roused the attention of American
educational circles but also the focus of curriculum development in many
countries (Fan & Yu, 2016). In Indonesia, curriculum development has been
marked by the implementation of school-based management. It involves
reforming the national education objectives, decentralizing management
from the government of schools, and implementing the 2004 curriculum,
KTSP curriculum, and 2013 curriculum. The new curriculum goal is
promoting students' ability to apply knowledge in real-life situations
(Suprapto, 2016b) that is also known as a part of STEM education. Further,
the government has been socializing the importance of STEM as one of the
best approaches to fit the current education system (Depdiknas, 2016).
Unfortunately, due to many teachers in Indonesia, this socialization
program, however, apparently can be accessed only by a limited number of
teachers, and the understanding of STEM education among Indonesian
teachers is still under expectation.

Previous researchers confirmed that teachers are an essential
element in the curriculum development process, their roles are growing,
and implemented curriculum will be more accessible with the trained
teachers (Elliott, 1994; Konokman, Yelken, Karasolak, & Cesur, 2017; Oliver,
1965). In STEM Education, the teachers should provide an environment
that enhances the self-confidence of the students so that the students is not
afraid of making mistakes; give the students with the theoretical and
practical information that enable them to have high-level thinking skills as
well as the academic knowledge in Science, Technology, Engineering, and
Mathematics courses; help the students make innovations the new
information (Akran & Asiroglu, 2018). Teachers assist the curriculum
development process through their knowledge of curriculum, teaching
experiences, and feedback or evaluation (Konokman et al., 2017). They are
the most significant influence on whether the new curriculum is
appropriate to the current curriculum and implemented successfully into
practice (Driel, Beijard, & Verloop, 2001; Driel, Bulte, & Verloop, 2005).

For this reason, teachers’ perceptions are considered as a critical issue
to grasp how STEM education can be implemented in Indonesia. To this end,
in-service teachers are expected to show positive attitudes towards STEM
in Indonesia and provide any beneficial information on STEM and STEM
implementation in the future based on their experiences. Researcher
emphasize the background in contributing to curriculum development in
Indonesia, to the teaching quality improvement, and contributing to the
literature on STEM education in Indonesia. The following research
questions guided the study.

1. What are teachers’ perceptions on STEM education and STEM
implementation in Indonesia?
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2. What are teachers’ perceptions on the challenges of STEM
implementation in Indonesia?

BACKGROUND
STEM Education

In the 1990s, The National Science Foundation (NSF) started using the
acronym "SMET" standing for "Science, Mathematics, Engineering, and
Technology" and then it changed to the new term, STEM, in 2001. In the last
two decades, NSF has used STEM to refer to the four separate and distinct
fields. In fall 2007, they realized that the acronym of STEM is ambiguities;
thus, STEM education retitled become "Integrative STEM Education." The
notion of integrative STEM education includes approaches to explore
teaching and learning between and among any two or more of STEM
subject, and between a STEM subject (Sanders, 2009). The specializations
of each subject are explained as follows (Burghardt & Hacker, 2004; Kelley
& Knowles, 2016):

1. Scientific inquiry. Preparing students to think and act like real
scientists, ask questions, hypothesize, and conduct investigations using
standard science practices.

2. Technology. As objects, knowledge, activities, and decision.

3. Engineering design. As an approach to delivering STEM education
creates an best entry point to include engineering performs into
current secondary curriculum.

4. Mathematics thinking. Providing the necessary rationale for students
to learn mathematics through valuating design solutions and see the
connections between what should be learned in school with what is
required in STEM career skills.

Nowadays, STEM Education is known as a multidisciplinary subject
that covers the daily life experience of the student to create more
interactive, precious learning process and to prepare highly competent
workers for the future global marketplace. Moore et al. (2014) designated a
framework that includes six principles for STEM education. Those are
including the inclusion of math and science content, student-centered
pedagogy, the means of making mistakes, group collaboration, engaging
and motivating lesson, integration of engineering design of redesign
challenge (Moore et al., 2014).

STEM education does not only talk about STEM disciplines but also
pedagogy and curriculum. The curriculum emphasizes problem-solving of
real-world challenges among the four subjects. STEM pedagogy describes
the teachers' role in STEM instruction (Margot & Kettler, 2019). The
practical instruction in STEM concepts relies on the use of the effective
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instructional method (Smith, Rayfield, & McKim, 2015). Further,
instructional methods can be defined as the specific techniques used to
present educational content as well as one of the most significant
determinants of student attention, learning, and retention (Cronbach &
Snow, 1981; Sallee, Edgar, & Johnson, 2013). STEM has been around for
quite a long time without response until educators in 1957 concurred on
the estimation of STEM for guaranteeing America's edge in the worldwide
economy (White, 2014), it was simply advanced of late in Indonesia due to
constrained sources. The idea of STEM in Indonesia became well known
recently, particularly in advanced education level. It is reliably created in
the training area, and specialists, educators, and events were gone to it
(Suprapto, 2016a).

The development of STEM gives chances to every single level student
to ace abilities and substance fundamental for 21st-century learning and
through utilizing an assortment of movement-based learning models,
understudies are given chances to quicken to a thorough profundity of
information (Meyrick, 2011; Shernoff, Sinha, Bressler, & Ginsburg, 2017). It
includes issue-based and venture-based discovering that enables
understudies to investigate genuine issues all the while creating cross-
educational program abilities, for example, thinking skills, reasoning skills,
collaboration, problem-solving, creativity, and research skills that could be
valuable for choosing vocations in science. Students currently assume real-
world connections to what they are learning, or else they may completely
disengage (El-Deghaidy & Mansour, 2015; Havice, Havice, Waugaman, &
Walker, 2018) that they conceivably find in STEM instruction. Further,
doing what students need is not as simple as they anticipate. Given the
previous study, STEM instruction has met several implementation factors
from the students side, educators, government, and also educational
programs (Hasanah & Tsutaoka, 2019; Kanadh, 2019; Siew, Amir, & Chong,
2015). Thus, serious efforts are being made to transform traditional
learning approaches to effective STEM instruction particularly in preparing
the readiness for education, in considering teachers as a critical element of
education who create a strong positive correlation with students’ academic
performance, majoring in STEM field as well as pursuit of a career in STEM
area (Awad, Salman, & Barak, 2019; Shumow & Schmidt, 2013).

Teachers’ perception of STEM Education

Gurol (2004) & Tasdemir (2003) in Konokman, et al, (2017)
confirmed that no matter how well the new system in education is, it will
not achieve its objectives unless teachers as implementers can fulfil their
task efficiently. Otherwise, teachers are seen not only as active curriculum
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implementers but also as primary elements giving feedback about the
current curriculum to improve it. Teachers are expected to manage the
curriculum at least implementation level by mastering principles of
teaching, significances, contents, learning-teaching approaches, educational
technologies, and evaluation processes. Thus, teachers contribute to the
curriculum development process with their practical experience,
knowledge of curriculum, and feedback about the implemented curriculum.

Some studies have been investigating teachers' perception in STEM
education for in-service teachers as well as pre-service teachers (Calisici &
Sumen, 2018; El-Deghaidy & Mansour, 2015; Erdogan & Ciftci, 2017;
Hammack & Ivey, 2016; Pitiporntapin, Chantara, Srikoom, Nuangchalerm,
& Hines, 2018). Erdogan & Ciftci (2017) and Calisici & Sumen (2018) have
worked with pre-service teachers’ perceptions on STEM through training
and activities in Turkey. The background of this study is to reveal pre-
service teachers' perception of STEM Education in Turkey, however,
without considering in-service teachers’ perception. The data collection
was conducted through interviews and analysed by content analysis. The
result showed that pre-service teachers show positive attitudes toward
STEM Education. Besides, the pre-service teacher should be supported
through the seminar, conferences, etc. to have the necessary content
knowledge and pedagogical knowledge related to STEM education and
provided with the required resources and materials.

On the other hand, El-Deghaidy & Mansour (2015) and Hammack &
Ivey (2016) have studied in-service teachers perception in Egypt and the
United States of America. The benefit of STEM education has been
emphasized in the direction of teacher perceptions because of its
contribution to creative thinking and creativity. It also revealed that
teachers have felt lacking in STEM education knowledge, especially in
engineering, application, science, and technology. These previous studies
also recommended a STEM professional development program in order to
strengthen the content, curricular, and pedagogical knowledge to teach
STEM effectively. However, articles did not further identify in-service and
pre-service teachers’ perceptions toward STEM and the possible challenges
at the same time that can be very helpful in STEM curriculum development.

Some studies have been conducted in US, Egypt and Turkey, but there
is no study have been done in Indonesia. Further, Different from the
previous research that primary focus on one experience “pre-service or in-
service experiences”, not “pre-service and in-service experiences” (Calisici
& Sumen, 2018; El-Deghaidy & Mansour, 2015; Erdogan & Ciftci, 2017;
Hammack & Ivey, 2016; Pitiporntapin et al., 2018). Further, none of the
study considered teachers’ perception on STEM challenges (Calisici &
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Sumen, 2018; Hammack & Ivey, 2016; Pitiporntapin et al., 2018; Srikoom,
Hanuscin, & Faikhamta, 2017).

METHOD
Participants

This study employed phenomenological research which tries to
understand people's perceptions and perspectives relative to a particular
situation (Leedy & Ormrod, 2015). In this case, Researcher intended to gain
teachers’ perception of STEM education and STEM implementation based
on their understanding and experiences. This study was conducted in
Pangkep Regency located within 49 km from Makassar, the capital city of
South Sulawesi, Indonesia. The participants were recruited from 38 sub-
districts in Pangkep. 25 in-service physics teachers attended the
professional development program. It consisted of six new teachers with
less than ten years of teaching experience and 19 experienced teachers with
more than ten years of teaching experience. Further, 14 teachers were
randomly selected and interviewed. All participants had an academic
degree in science and taught physics in the senior high school level.

Data Sources and Analysis

In this study, teachers’ perceptions on STEM are based on their
experiences, understanding, and beliefs which were measured with
preconditions through professional development program (Calisici &
Sumen, 2018; El-Deghaidy & Mansour, 2015; Erdogan & Ciftci, 2017;
Hammack & Ivey, 2016). Twenty-five participants were grouped with four
to five teachers in each group. To ensure anonymity, all names of
participants have been coded.

This STEM professional development program was conducted before
data collection that aimed to provide initial information as well as teachers'
necessity to build successful, sustainable, and integrative STEM education.
The program was a four-day training as pictured in Table 1 with MGMP
Fisika- Physics Teacher Association- supports.

Table 1:
The Detail of STEM Professional Development Program

TIME ACTIVITY

1st day Introduction

e The definition of STEM education

e The role of each subject in STEM education; science,
technology, and engineering and Mathematics

e The significance of STEM education
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e Teaching strategy for STEM education

2nd day Simple Experiments

e Global warming demonstration
¢ Thermal expansion model

e Discussion

3rd day Developed Experiments
e Spectrometer
e Building Rocket

e C(reating a lesson plan
e Discussion, group presentation

4th day Interview
e Interview

This STEM professional development program emphasizes several
things. Firstly, it is about teachers' understanding of the concept of
integration and how to teach S-T-E-M. Secondly, teachers need to have a
background in one or more disciplines in STEM, both content knowledge
and processes, and the interdisciplinary methods that are developed from
the four main subjects. Lastly, the STEM teachers' preparation program
should be different from science teachers' preparation, technology
teachers' preparation, or mathematics teachers' preparation program
because it represents the integration of disciplines (Pimthong & Williams,
2018). There are four activities; as mentioned above Introduction, Simple
Experiment, developed experiments, an interview, and the content cover
the concept of Science, Technology, Engineering, and Mathematics and the
implementation.

Introduction activities aimed to provide an overview or initial concept
about STEM education to all participants. It was divided into three sessions
with two speakers; these sessions talked about the definition of STEM
education, the importance of STEM education, the role of technology and
engineering in STEM education, as well as teaching strategy in STEM
education. Meanwhile, the simple experiment part was divided into two
sessions, utilized the teaching material provided by the facilitator. In this
session, researchers started giving a picture of how STEM instruction is
conducted through the physics experiment based on the indicator in the
Indonesian curriculum. All participants were observed simple STEM
experiments as brainstorming to be ready for integrated STEM experiments
in the next session. This activity was followed by a discussion at the end of
the course. Furthermore, the third activity was developed with two
sessions. In this part, the teacher conducted and controlled more complex
experiments that were also based on the Indonesian curriculum. This
session aimed to picture STEM education as a simple method that is not as
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tricky as teachers imagine. In the end of this session, teachers in a group
were in charge of creating and presenting a lesson plan based on their
experiment.

In the last part of the professional development program, a semi-
structured interview as data collection in this study was conducted with
nine experienced teachers and five new teachers. It looked more like
natural conservation with the participant doing most of the talking and the
researcher doing most of the listening. The researcher also took notes for
each participant to script a piece of valuable information, recorded the
conservation to discover how we have influenced the flow of the story, and
at the end, the result.

In this session, Researchers asked some questions as follows:

1. How did your pre-service teacher training like? Did STEM exist?

2. Have you ever heard about STEM education before the professional
development program?

3. How do you think about STEM instruction comparing to conventional
instruction?

4. What value can you get from STEM education? Which subject is the
most difficult?

5. What do you think about STEM impact on the student's knowledge and
skill?

6. What challenges that you think might be found in STEM education
through physics class?

To explore the diversity and discover comprehensive data, the
participants were divided into two groups; new teachers (0 to 10 years of
teaching experience) and experienced teachers (more than 10 years) — this
data analysis aimed to point out the common and the consistency of
participants in answering the questions. After finishing the interview
session, the data analysis started by making a summary with the table
description for each item.

RESULTS

In this section, the teachers’ perceptions of STEM education are
displayed based on the order of interview questions. The first question was
asking the experience of teachers during their training; undergraduate
and/or graduate level.
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Table 2:
Science Teachers’ perceptions of their experiences during pre-service
training
Category Participant

[ have never found STEM Six experienced teachers

Education during my pre-

service training and never

conducted STEM class

[ have never found STEM Three experienced teachers

Education during pre-service and all five new teachers

training, but [ have done some

STEM classes

According to Table 2, all teachers revealed that STEM education does
not exist in the university level in Indonesia for the last 30 years based on
their teaching experience. Even though eight teachers admitted that they
tend to conduct STEM instruction without knowing the term of STEM
education, but the implementation really depends on the teacher’s interest
and motivations, because of unprovided guidance, reference, or instruction
from community as well as government. Moreover, this finding also shows
that new teachers put more attention and interest in STEM education
compared to experienced teachers based on the frequency of STEM
implementation.

“I tend to conduct STEM education in my classes, but I did not know that it
was called STEM education.”
“It was not an integrated STEM, because I did not complete four subjects,
sometimes I only combine two or three STEM subjects, and try to build the
connection between the learning and students' daily life experiences."

Meanwhile, the second question, “Have you ever heard about STEM
education before the professional development program?” in Table 3 shows
almost the same number of teachers for the two categories. Half
participants did not know about STEM education before PD program and
the rest found out the term STEM education in the last two-year from
various sources currently STEM was adopted by the government and
delivered by supervisors through MGMP meetings.

“Recently, our supervisors encouraged teachers to learn more about STEM

education, we discuss about STEM education in each meeting and will
conduct a one-day seminar to present about STEM education tomorrow.”
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Table 3:
Science Teachers’ knowledge about STEM Education before joining the
professional development program.

Category Participant
[ know about STEM Education Four experienced teachers;
when [ attend this PD two new teachers
program
[ have ever heard about STEM Five experienced teachers;
education before, and this is three new teachers
the second time or more

Besides, the third question was mentioning about STEM education
compared to the conventional learning method. It emerged that there is no
difference between experienced and new teachers’ perceptions. 14 teachers
agreed that STEM education is more challenging compared to conventional
instruction. Three categories are mentioned by the teachers: STEM is
interesting; STEM provides hands-on activities; STEM is the most updated
learning process. They believed that STEM education could give a chance for
students to explore more based on real life and to balance the students’
habits in and outside the classes.

“Nowadays, students are different from 10 years ago. Students become more
active and love playing. Frequently, students cannot be controlled using
traditional learning. STEM education emerges as a new one with enjoyable
activities that match the student's habits and of course the workplace
demand. In addition, even though STEM education is appropriate with the
physics learning process, all facilitators in education also have to realize the
need for effort."

Further, the fourth question revealed the toughest subject among four
in STEM education. Based on the interview result shown in Table 4,
engineering emerged as the most problematic subject to be implemented,
followed by mathematics, technology, and science. This is because most
teachers imagine the complexity of engineering and assume as a problem to
be implemented in the primary and secondary levels.
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Table 4:
Science Teachers believed for the most challenging subject among STEM
subjects
Category Participant
Engineering Four experienced teachers;

three new teachers

Mathematics Three experienced teachers;
one new teacher

Technology Two experienced teachers,
one new teacher

In the fifth question, teachers confirmed a huge advantages of STEM
Education in improving students' quality of knowledge and skKills.
Otherwise, government, as well as all facilitators, including teachers, must
give more awareness in supporting teachers’ capabilities to prepare for
STEM implementation.

Interestingly, one of the new teachers assumed that school goals and
national examination goals become the most sensitive points in STEM
implementation. These conditions have driven the teachers in the learning
process.

“In my school, most of the teachers including me, feel difficult to transfer
from conventional learning to STEM education. We do believe STEM
Education can help students to improve achievement, STEM Education
emphasizes the learning process, so students can deeply understand the
concept of phenomena, and problems, and have an interest in science,
technology, engineering, and mathematics. However, the school goals and
the national examination target do not match to STEM. The school goals
underline the knowledge, answering the question which is not problem-
solving. Hence, there is a gap between the expected learning process and the
expected achievement of students. It causes teachers do not have any choice,
except how to maximize the correct answer of the student in the national
examination."

“In developing countries such as Indonesia, STEM education will be more

appropriate in the urban area compared to rural. It is similar to what we

have done in the previous curriculum development, it needs step-by-step
implementation for a long-term benefit."

To conclude, teachers pointed out some challenges and limitations as
listed below:
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Time limitations in the class and after class,

Teacher is careless about the effective teaching methods,
Lack of technology,

Content of national curriculum

The main goal of a national examination in Indonesia.

SRRl

These are not all wholly new but particularly consequential for STEM
implementation in developing countries, especially Indonesia. Both
experienced and new teachers revealed that the time limit is one of the most
frequent answers. It is not limited only in STEM class but also to STEM
preparation. In the course, teachers only have three times 45 minutes in
grade X and four times 45 minutes in grades XI and XII for one week.
Teachers assume that the time will not be enough for STEM
implementation.

“We should finish much work, excluding teaching arrangement. STEM
Education requires a lot of understanding and preparation, so many
teachers choose conventional learning methods.”

The implementation of the new curriculum depends on the teachers’
attention. Some teachers believe that implementing a new thing is useless.
Besides, these points are supported by the lack of facilities, for instance,
technology. The other challenges came to our findings, the content of the
national curriculum and the goals of the national exam in Indonesia. In
Indonesia, there is no specific curriculum that manages STEM education.
Recently, based on the interview, some teachers just used STEM. Otherwise,
STEM implementation is limited in teachers' creativity to integrate one
subject to the other subject, and there is a small number of integrated STEM
education, most of the teachers only use two or three subject integrations.
Furthermore, teachers also point out the national exam, which exclusively
focuses on knowledge, not skills. These challenges become the last and the
most significant fact that the government should find out before starting
STEM implementation in the whole country.

DISCUSSION AND CONCLUSION

This paper aims to identify teachers’ perceptions of STEM education
and its implementation as well as the challenges in Indonesia that have not
yet been studied comprehensively. Initially, all teachers revealed that STEM
education has not existed in the university level in Indonesia for the last 30
years based on their teaching experience. Even though eight teachers
admitted that they tend to conduct STEM instruction without knowing the
term of STEM education, the implementation really depends on the
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teacher’s interest and motivations due to unprovided guidance, reference,
or instruction from community as well as the government. Moreover, this
finding also shows that new teachers put more attention and interest in
STEM education compared to experienced teachers based on the frequency
of STEM implementation.

Indeed, STEM has been around for decades, and no one realized its
importance until teachers in 1957 broadly agreed on the value of STEM
education for ensuring America's edge in the global economy (White, 2014)
It indicates that STEM education has been existing around the world for a
long ago, but it was just promoted lately in Indonesia with limited
information sources such as friends, and/or the association. The previous
study confirmed that the concept of STEM in Indonesia has become popular
in recent years, especially in higher education levels. It is consistently
developing in the education sector, and researchers, teachers, as well as
events, were turned to it (Suprapto, 2016a). This study also shows that the
three mentioned teachers only conducted two or three subjects and rarely
conducted integrated STEM due to limited knowledge and understanding.
The previous research presented that teachers’ intention and
understanding is depended on their participation in STEM-related
coursework (Karisan, Macalalag, & Johnson, 2019). Thus, more STEM
professional development programs are needed to improve both pre-
service and in-service levels.

Meanwhile, based on the current experiences, most teachers in both
groups have shown positive attitudes toward STEM education compared to
the conventional method. Teachers believe that STEM education is
fascinating, full of hands-on learning, hands-on activities, and the most
updated instruction that can improve students’ knowledge and skills. STEM
education was confirmed more appropriate to the current student’s
characteristics, especially in high school students. The emergence of STEM
in the public K-12 education system provides opportunities for all level
learners to master skills and content necessary for 21st-century learning
and through using a variety of activity-based learning models, students are
provided opportunities to accelerate to a rigorous depth of knowledge
(Meyrick, 2011). It involves problem-based and project-based learning that
allows students to explore real-world problems while simultaneously
developing cross-curriculum skills such as reasoning skills, thinking skills,
creativity, collaboration, problem-solving, and research skills that could be
useful for selecting careers in science. Students now expect real-world
connections to what they are learning, or else they may completely
disengage (El-Deghaidy & Mansour, 2015; Havice et al., 2018) that they
potentially find in STEM education.

Further, both teachers’ groups are agreeing that engineering is the
most challenging subject in STEM education, followed by mathematics,
technology, and science. Science can be concluded as the easiest subject

290



I \ﬂ The 2nd 2024 Education, Science, and Technology International Conference
CtpuscienceTecH Vol 2No.1
N

because this study was interviewing physics teachers who face science
almost every day in their life. In addition, engineering voted as the most
difficult subject in STEM. Teachers are unfamiliar with the work of
engineers and have little experience in teaching engineering design
(Hammack & Ivey, 2016; Smith et al,, 2015). All educators need to realize
that engineering is the situated context and the platform for STEM learning.
Based on the previous study, engineering becomes the most challenging
part because of critical challenges that should be considered in STEM
education. These include 1) lack of widely accepted vision, 2) lack of formal
engineering education programs, 3) lack of informal support to engineering
education, 4) rough treatment of engineering key ideas, 5) gender gap, and
6) technical difficulties. Current engineering education curricula are
designed without the strategic vision of what should be covered in K-12
engineering. Indeed, the "qualifications" for engineering educators at the K-
12 level have not even been described, and most teachers do not have
engineering degrees. It is generally true that engineering school graduates
are trained to work as professionals in the industry and are not equipped
nor certified to teach in K-12 schools. Usually, there is an intergenerational
gap in education specifically in engineering education (Ayyash & Black,
2014). These items should be covered to fulfill the engineering domain in
implemented STEM education around the world.

The second research question tried to figure out the possible
challenges in STEM implementation. Teachers specify some challenges
including time limitation, lack of teacher awareness, technology, limited
content of the national curriculum for Integrated STEM, and unmatched
curriculum with STEM education that are also mentioned in the previous
literature review (Hasanah & Tsutaoka, 2019; Kanadh, 2019; Siew et al,,
2015). It was found that STEM implementation will face time limitations,
lack teacher awareness and technology. These difficulties were identified as
the common challenges in STEM education (Shernoff et al., 2017). In this
study, unmatched curriculum is narrowed down to the connection between
national examination goals and STEM goals which become a boomerang for
teachers in STEM implementation.

Based on the previous study, it was suggested to overcome some of
these problems, teachers should be given STEM-based project preparation
training, group activities, and accessible and recycled materials to replace
modern technology should be preferred and STEM projects should be done
outside of school hours (Hattie & Yates, 2013; Higgins, Xiao, & Katsipataki,
2012; Kanadh, 2019; Siew et al., 2015).

The last challenge is the gap between the Indonesian curriculum and
STEM education. There are two points that teachers mentioned; the first is
the content for integrated STEM, and the second is the national examination

291



\’ The 2nd 2024 Education, Science, and Technology International Conference
CEDUSClEI‘ICETEcH Vol. 2 No. 1

ooooooooooooooooooooooo

Nt

target. The learning process in STEM Education emphasizes not only
knowledge but also skills, especially 21-century expertise for students’
benefit in the future workplace (Burrows & Slater, 2015). In the case of
national examination target in Indonesia, it is believed that knowledge is
the only intention that creates the probabilities for teachers to miss skills
development in the class.

There are two ways to organize STEM: correlated curriculum and
broad fields curriculum. McNeil (1990) in Herschbach (2011) defined the
correlated curriculum pattern tends to be the most popular option because
it retains the identity of each subject, and each may be offered as a separate
course. With the broad fields’ curriculum, a cluster of related but different
subjects is organized into a single area of study (Herschbach, 2011). In the
Indonesian case, the correlated curriculum is the possible way to
implement STEM education, which is required the coordination and well
planning among the different stand-alone subjects. Thus, to solve these
challenges, teachers will acquire more preparation for themselves
including deeply observed the contents and make connections for each
content among subjects. More preparations are also need from other
participants in the education sector, including government and
administrators, they need to support teachers through providing facilities
to create well-implemented STEM education in Indonesia.

This study provides an essential step towards STEM implementation
in Indonesia, even though further research is needed. In the future, the
researcher suggested conducting document observation to confirm
teachers’ perception in the first research question for additional data
source and supporting the interview result. Besides, creating effective
STEM professional development programs are needed for Indonesian
teachers in both pre-service and in-service training to build an
understanding of STEM education. Further, identifying students’ respond
after STEM instruction also should be done to complete this study.
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