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Abstract 
This study emphasises how crucial it is to include STEM education in schools as a means of 
developing students' 21st-century competencies and equipping them for the difficulties 
posed by the coming 4.0 industrial revolution. The study focuses on the importance to solve 
the difficulties instructors encounter when implementing STEM. The study synthesises 
findings from research by Shahali, Ihsan Ismail, Lilia Halim, McGowen, Goh, Pauline, 
Matthews, Bobbie, and others using a thorough literature review methodology. This approach 
incorporates a variety of viewpoints and identifies potential solutions to provide a nuanced 
knowledge of the difficulties facing STEM education. The study's main findings highlight the 
variety of difficulties teachers confront, such as students' waning enthusiasm in STEM 
subjects, a lack of preparatory knowledge, few opportunities for training, a lack of facilities 
and equipment, and a widespread phenomenon known as the "End of Syllabus Syndrome." 
These difficulties are made worse by the administrators' lack of assistance. The report does, 
however, offer realistic answers to these problems, highlighting the necessity of increased 
awareness, thorough teacher preparation, assuring proper infrastructure, and encouraging 
cooperation between administrators and teachers. The results highlight STEM's beneficial 
effects on students' learning and highlight how it may help students reach their full potential 
and produce information that is useful and long-lasting. The study lays the groundwork for 
subsequent inquiries by highlighting the need for more research on the long-term impacts of 
adopted solutions on STEM education. It also emphasises how crucial it is to look at the 
efficacy of programmes for training teachers and how administrative assistance affects the 
use of STEM. Future studies should also examine how STEM is changing to reflect societal 
shifts and technological breakthroughs, and comparative analyses of various educational 
systems can reveal best practices for STEM education around the world. 
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Introduction 
The learning approach is constantly changing with specific innovations, including in the 
teaching and learning of science, mathematics, and Design and Technology (RBT). One 
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approach in current learning is the STEM approach. STEM, which stands for Science, 
Technology, Engineering, and Mathematics, integrates these four disciplines and was 
introduced in the United States through education policies by the National Science 
Foundation in the 1990s. In addition to the four scientific disciplines, STEM can also be 
combined with Medicine, referred to as STEMM, or diversified with Arts, abbreviated as 
STEAM. The presence of Arts in STEAM can enhance creativity and reasoning, making the 
learning experience more meaningful and memorable in the long term. The use of STEM as a 
form of integration of these four disciplines is considered a suitable solution at present 
because fragmented learning of Science, Technology, Engineering, and Mathematics makes 
learning meaningless and boring (Kelley & Knowles, 2016). Students learning under the STEM 
approach can also create interactions and form experiences in conducting authentic 
investigations (Tofel-Grehl & Callahan, 2014). 
21st-century skills encompassing communication, cooperation, critical thinking, and 
creativity, collectively known as the 4C skills, are crucial skills to be developed today. Teachers 
are required to facilitate education that equips students with 4C skills to help them face the 
challenges of globalization (Teo, 2019). STEM has a positive relationship with 21st-century 
skills (Kan & Murat, 2018). These skills are enhanced through inquiry-based learning (Kembara 
et al., 2019), with STEM being one of them (Tofel-Grehl & Callahan, 2014). The relationship 
between STEM and 21st-century skills indicates that they are inseparable and mutually 
related. 
The introduction of Science, Technology, Engineering, and Mathematics (STEM) curricula into 
elementary schools is a significant advancement in the ever-changing field of education, as it 
has a profound impact on students' engagement with core subjects. It is essential that 
research be conducted on the knowledge, readiness, and proactive participation of science, 
math, and design and technology (RBT) educators in the development and implementation of 
STEM programmes. This study is extremely important because it aims to clarify the crucial 
connection between teacher involvement and the effective application of STEM education, 
illuminating the potentially transformative effects on both teachers and students. 
It is imperative that this field be studied because there is a growing need in the workforce for 
21st-century skills, or 4C skills—communication, cooperation, critical thinking, and 
creativity—that go beyond traditional academic knowledge. It is crucial to equip the next 
generation with a strong foundation in STEM subjects as well as the practical application of 
their knowledge in an era driven by globalisation and technological advancements. Therefore, 
understanding how educators view and use STEM programmes is essential to developing 
educational policies that work and creating an atmosphere that supports the development of 
holistic skill sets. 
Furthermore, the significance of this study goes beyond the classroom setting. The 
advancement of society, economic expansion, and innovation are all accelerated by STEM 
education. This study intends to provide insights that can guide curriculum development, 
teacher training initiatives, and educational practices by investigating the role of teachers in 
STEM implementation. In the end, having an in-depth knowledge of how educators interact 
with STEM education will help teachers improve their methods of instruction while also 
preparing students to be skilled problem solvers, critical thinkers, and cooperative members 
of a world that is changing quickly. 
There are several advantages to this research. It provides educators with a chance to consider 
how they teach and gain insights that can improve professional development programmes 
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that are specifically designed to meet the needs of STEM schooling. The results can be used 
to inform and encourage the integration of STEM education into primary school curricula by 
policymakers. A well-designed STEM curriculum not only imparts knowledge but also 
cultivates a mindset that is necessary for success in an increasingly complex and 
interconnected global landscape. Students stand to benefit most from this. 
In conclusion, research on the awareness, readiness, and participation of science, math, and 
RBT teachers in STEM programmes is not just an academic endeavour; rather, it is a critical 
analysis of the major participants in the educational revolution. By looking into this field, we 
set the stage for a time when STEM education is more than just a curriculum; rather, it will 
act as a catalyst to develop the abilities and perspective required to take advantage of the 
opportunities and challenges presented by the twenty-first century. 
 
Challenges in STEM Implementation 
The integration of science, technology, engineering, and mathematics (STEM) in the STEM 
Education teaching approach brings many benefits but also involves several issues and 
challenges that need to be addressed. Meanwhile, the fourth industrial revolution (4.0) has 
caused changes in educational innovation, such as the development of artificial intelligence 
and digital physical frameworks, making humans interact with technology routinely 
(Shahroom & Hussin, 2018). Another challenge is the internet of things, big data, and cyber-
physical systems (Jeon & Suh, 2017). These challenges require teachers to prepare students 
to have the knowledge and skills to address these issues (Nordin & Norman, 2018). This is 
because the fourth industrial revolution encourages everyone to develop new knowledge and 
competencies so that the education system can respond quickly to the developments and 
changes that exist (Lee et al., 2018). 
The implementation of STEM as one approach to learning is highly suitable in the era of the 
fourth industrial revolution (Hafni et al., 2020). Since STEM Education integrates several 
subject areas to creatively solve problems for future innovation (Roberts, 2012). Based on the 
study by Ni'mah et al (2019), the motivation and experiences of students to shape and create 
something increase through STEM-based learning. 
The pressure to implement STEM is strengthened by the existence of several advantages 
obtained through STEM approach learning, including (1) improving students' correlational 
mathematical abilities, (2) enhancing students' critical thinking skills, (3) enhancing creative 
thinking skills, (4) improving students' systematic and logical thinking according to the 
demands of 21st-century skills, and (5) enhancing students' problem-solving abilities. These 
findings confirm that STEM is a potentially applicable approach in the 21st century and the 
era of the fourth industrial revolution. 
 
Implementation Limitations 
The Teaching Approach of STEM Education is an area of study that is gaining increasing 
attention among education researchers. Despite the many benefits that can be gained 
through research in this field, there are several limitations that need to be considered. While 
it holds great potential for addressing current challenges, the implementation of STEM 
learning faces numerous obstacles (Wahono & Chang, 2019). Therefore, this study was 
conducted to explore the difficulties faced by mathematics and science teachers during the 
implementation of STEM in the last five years to find appropriate solutions to minimize their 
challenges in the future. Active student involvement in STEM learning requires various 
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support programs such as a clear curriculum, guidance and assessment instruments, the 
integration of Engineering and Technology knowledge into the Science and Mathematics 
curriculum, and the enhancement of scientific inquiry skills (Kennedy & Odell, 2014). 
Currently, the STEM approach in Malaysia is not explicitly stated in the national curriculum 
but is implied in the curriculum goals, demanding students to be faithful, creative, innovative, 
productive, and able to contribute to the community, nation, and civilization worldwide. 
Additionally, the knowledge patterns that can be developed in the curriculum consist of both 
single (monodisciplinary) and multiple disciplines (multidisciplinary). It can be assumed that 
the implementation of STEM in Malaysian education is an extension of the concept of the 
2013 curriculum. However, the development of a STEM-supportive curriculum framework is 
time-consuming (Nugroho et al., 2019) and can be anticipated by implementing STEM that 
supports the 2013 curriculum by incorporating existing local wisdom in Malaysia (Suhery, 
2017). 
The implementation of STEM in education is greatly influenced by teacher competencies, 
including their perceptions. Furthermore, teachers are required to possess sufficient 
knowledge to guide students to acquire skills suitable for the demands of the 21st century. 
Other findings indicate that teachers' readiness to implement STEM based on behavioral and 
affective and cognitive aspects is high but not yet optimal in providing STEM-based learning. 
Teachers' understanding of STEM is also very low, and students lack motivation to participate 
in STEM learning (Susilo & Sudrajat, 2020). Based on the identified obstacles, it is necessary 
to explore other difficulties faced by teachers in implementing STEM to make the STEM 
learning process more effective (Thibaut et al., 2018). 
 
Teachers’ difficultness during implementation of the STEM approach 
Referring to the first literature used in this study (Milaturrahmah et al., 2017), the difficulties 
faced by mathematics teachers based on their experiences in the STEM learning process are 
(1) finding real-life problems related to mathematical topics and (2) providing learning tools 
and materials. Regarding the first difficulty, implementing STEM in mathematics is challenging 
because some mathematical topics are quite abstract, and teachers cannot find suitable 
contextual examples or applications of these topics in real life. The second difficulty reveals 
insufficient learning tools and materials, reducing the motivation of teachers to conduct 
mathematics learning using the STEM approach. 
Meanwhile, based on the literature by Becker and Park (2011), the challenges faced by 
mathematics teachers in implementing STEAM (Science, Technology, Engineering, Arts, and 
Mathematics) are ineffective despite government support due to the following conditions: (1) 
limited time provided for teaching mathematics in class to implement STEAM projects, (2) 
lack of teacher competence to implement STEAM due to insufficient training and support 
references on STEAM projects, and (3) only a few topics in mathematics can be implemented 
in STEAM projects. 
Referring to Parmin et al (2020), who explicitly mention the difficulties faced by science 
teachers in implementing STEM, there are nine difficulties identified from the research, 
including (1) time constraints, (2) barriers to collaborating with other professionals and 
experts related to STEM, (3) uncontrolled teamwork, (4) lack of support from students' 
parents, (5) teacher incompetence in providing the necessary tools and materials in STEM, (6) 
insufficient sponsorship for STEM learning, (7) unsupported school management in providing 
adequate time and funds, (8) school facility limitations, and (9) teachers' unfamiliarity with 
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designing STEM-based teaching plans. According to this article, the most significant difficulties 
faced by teachers are time constraints, especially in planning STEM, support from students' 
parents, and providing learning with STEM integration. 
The fourth literature by Nugroho et al (2019) explores the perspectives of science teachers in 
implementing STEM. Based on the study, the difficulties faced by teachers in implementing 
STEM include (1) inadequate understanding of STEM, (2) government-provided teacher 
training being very general and unrelated to current teaching needs, (3) insufficient school 
facilities, and (4) some teachers not actively participating in school subject teacher 
workgroups as forums for discussing specific subjects and transferring information about 
current teaching approaches, including STEM. 
Referring to the fifth literature used in the study by Newton and Tonelli (2020), the 
implementation of STEM in the classroom presents rational, neutral, and irrational obstacles 
for science teachers. Rational constraints include limited knowledge of STEM, difficulty 
combining science topics with mathematics, and not all topics can be taught using the STEM 
approach. Neutral constraints consist of varying student abilities, low mathematics skills, 
teacher educational backgrounds, time constraints, and limitations in using technology. 
Meanwhile, irrational obstacles include schools located far from urban areas, limited facilities 
and infrastructure, students unfamiliar with STEM learning, low student motivation, lack of 
application in devices, and frequent power outages. 
Furthermore, based on Nessa et al (2017) insights into science teachers, there are several 
difficulties faced by teachers: (1) teacher confidence due to insufficient information about 
STEM, (2) science teachers hesitate to teach integrated science because of their lack of 
expertise, and (3) a lack of teacher confidence that integrated STEM is a suitable approach in 
teaching science. 
Finally, it is known that the difficulties of biology teachers in implementing STEM include: (1) 
teachers not understanding the meaning of STEM in detail but only knowing the abbreviation, 
(2) lack of time in the STEM learning process, (3) low student interest in integrated STEM 
learning, and they still do not understand the essence of STEM learning, and (4) teachers' 
experience in teaching STEM is still low and requires further training to become more 
proficient during implementation (Alfika et al., 2019). 
 
STEM implementation issues in schools 
There are many factors contributing to the issue of empowering STEM in schools. The arising 
issues can be internal or external and may affect the performance of teachers in schools. 
According to Shahali et al (2017), teachers lack prerequisite knowledge about STEM and lack 
sufficient opportunities to be critical, creative, and innovative. Even though teachers are 
provided with STEM education, the information and training they receive are inadequate due 
to the limited time allocated for courses. 
On the other hand, according to a study conducted by McGowen (2007), he analyzed that 
STEM education is also influenced by the lack of facilities and equipment available in schools. 
This is somewhat true, as highlighted in the Nor et al (2017), where teachers cannot conduct 
activities due to insufficient time, laboratory supplies, and allocated budgets. Consequently, 
these obstacles limit students from exploring and discovering more about science and 
mathematics. 
Additionally, the 'End of Syllabus Syndrome' is one of the crucial issues occurring in every 
implementation of a new approach in education (Goh & Matthews, 2011). Teachers and 
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students are too bound by the examination-oriented system that requires them to cover the 
syllabus. As a result, teachers do not have enough time, and worse, they are burdened with 
heavy task loads. 
Furthermore, the decreasing number of students in the Science stream shows a negative 
impact on the implementation of STEM. As stated by Jayarajah et al (2014), the decline in the 
number of students in the Science stream is due to fear and lack of confidence to pursue 
STEM fields. This is because they perceive the Science stream to have a heavier curriculum 
compared to other streams. 
The lack of support from administrators is another issue. According to Schwier, support from 
school administrators is crucial, where school leaders need to have an open mind to support 
teachers in implementing new approaches. In this context, school administrators are not 
actively involved in STEM education. The situation worsens when they are not aware of the 
problems faced by teachers in schools. 
 
Solutions to overcome teachers' difficulties in implementing STEM 
The STEM approach has a positive impact on learning. STEM, which stands for Science, 
Technology, Engineering, and Mathematics, combines these four disciplines in education to 
connect with real-life problems. Other reasons for choosing STEM over other learning 
approaches include: (1) the availability of necessary subject adjustments within STEM, (2) the 
ease, simplicity, usefulness, and cost-effectiveness of STEM applications without requiring 
significant expenses and excessive time, (3) the effectiveness of STEM learning processes, 
maximizing student potential, easy understanding, and creating lifelong or lasting learning, 
and (4) generating diverse knowledge with added value (Bozkurt & Özyurt, 2019). 
Applicable solutions to address teachers' difficulties in implementing STEM include: (1) 
Educational authorities should raise awareness among teachers about the importance of 
STEM to motivate them and enable them to guide students actively in STEM-based learning, 
(2) Providing sufficient training so that teachers have the skills to implement STEM, and (3) 
providing the necessary facilities during STEM projects. Teachers need assistance by 
organizing training to develop professionalism, pedagogical support, and curriculum 
understanding so that they are ready to apply the STEM approach in teaching (Setiawaty et 
al., 2020). 
To overcome teachers' difficulties in dealing with insufficient learning tools and materials, 
teachers can seek information from various sources, including other countries, to adopt STEM 
implementation. After finding suitable applications, teachers are encouraged to customize 
and implement STEM applications based on the current facility conditions in their schools 
(Milaturrahmah et al., 2017). Efforts to provide STEM training to teachers are crucial and 
beneficial. Teachers must be given the opportunity to develop their professionalism to be 
ready to guide students with the STEM approach. The crucial role of teachers in learning 
influences the implementation of STEM. Teachers are interested in implementing STEM but 
are unsure whether they can do so without adequate preparation through workshops or 
training. 
The discovery and development of STEM learning tools indicate educators' interest in 
implementing STEM in education, and there is great potential for further development. 
Furthermore, increasing teachers' and the government's awareness of STEM education is 
essential to create opportunities and enhance its implementation. Another solution that 
would greatly assist teachers in implementing STEM is support from school management and 
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other teachers besides mathematics and science teachers. This is because STEM is primarily 
understood by the majority of mathematics and science teachers, and other teachers may 
not be able to assist them in implementing STEM. Additionally, the success of STEM 
implementation will be achieved with a clear and supportive curriculum, as teachers will have 
greater opportunities to implement STEM learning without neglecting the goals of the 
national curriculum. 
 
Conclusion 
The STEM learning approach is a suitable solution for mastering 21st-century skills and 
responding to changes in educational innovation due to the 4.0 industrial revolution. Because 
it is relatively new, the implementation of the STEM approach in learning poses specific 
challenges for teachers. Based on a literature review, the difficulties faced by teachers in 
implementing STEM or STEAM vary depending on the primary focus on mathematics or 
science. However, in some studies, both mathematics and science teachers share common 
difficulties in implementing STEM, such as the following: low understanding of STEM, lack of 
resources, and limited time in the teaching schedule. Therefore, to address the difficulties 
mentioned earlier, several solutions are proposed depending on needs, such as improving 
teachers' understanding of STEM, equipping school facilities, and adjusting curriculum goals 
under STEM implementation. 
In overall, this study provides a deeper understanding of the STEM Education Teaching 
Approach. Despite issues and challenges in the effective integration of science, technology, 
engineering, and mathematics, a student-centered learning approach has proven beneficial 
in increasing students' interest and engagement in STEM subjects. Furthermore, the use of 
the STEM education teaching approach is closely related to students' academic achievements 
in STEM subjects. Therefore, this study provides a strong foundation for further research and 
development in this field, with the hope of enhancing the quality of STEM education and 
helping prepare students for future challenges that are more complex and technologically 
driven. 
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