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Abstract. The latest Approach in the teaching-learning process called “Science, Technology,
Engineering and Mathematics” (STEM) has become the most recent trend in this decade. STEM
aims not only to process and produce talents with expertise in education but also to function as a
catalyst for economic growth and national development. However, there are still impending issues
associated with the usage of STEM in secondary school, one of which is related to the quality of
teachers. Previous research was used as a reference to discuss each of the problems analysed using
NVIVO 12.0 software. The result showed that (i) an effective curriculum and (ii) increased
motivation and teacher assistance in implementing STEM were the basis for improving teacher
quality in STEM-based learning. STEM is useful in science learning, used in applying knowledge
and skills for problem solving in everyday life. To improve teacher quality in the STEM-based
teaching and learning process, teachers must master the conceptual model, design, implementation
and evaluation of an integrated curriculum. Ongoing assistance to teachers to increase motivation in
the STEM-based teaching and learning process also needs attention.

Keywords: effective curriculum, ongoing assistance, responsibility in the teaching-learning process,
STEM-based instruction, teachers’ quality.

1. Introduction

Sense of responsibilitan the teaching-learning process is an essential quality of a teacher [1] . It comprises their
awareness of required knowledge and skills, such as syllabus improvement, technology integration to refine and assist
classroom instruction, conflict resolution, and keeping up positively strong connection between teacher and learners
throughout the teaching-learning process [2]. This also extends to teachers’ tactfulness in performing their educational
duties [3] and to their carefulness in selecting appropriate learning media in accordance with school courses and
learners’ developmental stages [4]. Eventually, the effective teaching-learning pmca: requires teachers to show high
motivation to such an extent that it will similarly encourage their students to learn [5].
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To develop expertise in 2 1*'-century skills, teachers must have the capability to integrate STEM into the
teaching-learning process, as the approach is expected to take the role as the primary learning medium in
the future [6]. According to [7], 21%-century skills mainly involve the implementation of technology,
creativity, critical thinking, interpersonal skills, and excellent social competence. STEM is a teaching-
learning approach which blends four disciplines: sciences, technology, engineering, and mathematics [8] an
embodiment of the skills every teacher has to know inside out in present-day education. The integration of
these four disciplines in STEM will allow more relevant and more connected, meaningful learning [6].

STEM integration into secondary school education can improve students’ motivation during classroom learning
[9]. STEM has been observed to make teaching-learning process more appealing; stimulate imagination, productivity,
observation, design, and engineering skills; and boost high-order thinking and psychomotor development [10].
Teaching-learning process can be successfully achieved if teachers have the required qualities for their education
attempt [11], teachers who have quality will produce quality students [12], and STEM will help learners arrive at better
comprehension if the approach is supplemented with qualified teachers [13] suggested that qualified teachers can
improve the experience of teaching and learning in STEM namely mastering: (1) solid teaching graces, techniques, or
line of attack: (ii) in-depth knowledge and preparation for lesson presentation; (iii) teachers’ caring and open attitude
towards both the students and the learning process; and (iv) reasonable capability for teachers.

Studies by [14-16], and discourse some coming issues in STEM-based instruction, particularly concerning
teachers’ quality in secondary school: first, teachers’ scarce skill to integrate STEM addicted to classroom instruction;
second, their relatively minimal knowledge on the nature of STEM; and third, the difficulty they face in generating
meaningful and appropriate real-world connections in STEM-based instruction. These issues need to be further
addressed to improve teachers’ qualities in STEM implementation [7]. Qualified teachers now have become the staple
of education as students’ learning needs in STEM-related fields become more compelling [17]. Accordingly, they
recommend that teachers’ quality be better-quality substantially to guarantec successful STEM-based instruction.
Improving teachers’ quality involves linking STEM to real-world conats [18]. A study by [19] found that the
integration of STEM into teaching-learning process can help build teachers’ self-confidence in STEM-based
instruction. Teachers’ quality and self-confidence in STEM-based instruction at school are still considered low and
remain a challenge that has to be dealt with immediately [20-22]. The teacher's loss in integrating STEM learning is
due to lack of pedagogical competence, and professional competence [14]. Additionally [15], assert that teachers’
mastery of effective and efficient classroom instruction is to some extent not yet impressive. One of the difficulties
faced by teachers in STEM learning in teaching and learning is when constructing relevant interactions [16].

According to [23], STEM-based learning has also fallen off in the United States. [15] has complained about little
research that examines applicable principles and techniques for facilitating effective STEM-based instruction. [24]
have defined three factors that contribute to lack of awareness among teachers regarding quality improvement in
STEM-based instruction: (i) STEM is not properly understood; (ii) there is no clear vision about the nature of STEM-
based instruction; some people even consider STEM irrelevant and of little importance; and (iii) there is still lack of
partnership and synergy between related authorities to create well-established STEM teaching-learning framework. To
arrangement with the issues associated with teachers’ quality in STEM-based instruction, [25] advocates integrated,
engaging and meaningful STEM-based learning by considering the following aspects: (i) project-based learning; (ii)
flexible instructional time; (ii1) consistent instruction with two or more teachers; (iv) orientation towards development
of social skills; (v) comprehensive use of technology; and (vi) learning process can be implemented both inside and
outside the classroom. STEM in secondary school will be successful if school subjects are integrated with STEM,
engineering curriculum design, student cohorts, community involvement, and relevant practices [10].

One of the greatest issues is to create effective STEM learning [26], and this requires that experienced
teachers’ be of highest priority. Therefore, continual professional training and mentoriff§ are absolutely
necessary to provide qualified teachers. [27] assert that the need to teach, learn and master 21*-century skills
is inevitable in almost every aspect of life today, including in school education. Qualified teachers are the
answer to the issues and challenges described earlier.

[
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2. Method

This article is a literature review to appearance at improving the quality of teachers in STEM leaming in
junior high schools. Data was extracted from scientific articles found from reputable scientific journals.
International journals with Q1 reputation be present 27.4%, with Q2 reputations impressively as 8.06%,
with Q3 reputations as much as 4.8%, with Q4 reputations greatly as 8.06% and international journals
considerable as 25.8%. National journals with Sinta two (S2) repute were 3.2%, S3 with 9.6%, with S5
reputations were 4.8% and national journals were 8.06%. The articles were analyzed with the relief of
NVIVO 12.0 software.

3. Result of Literature Review

3.1. Views of Teachers and Pre-Service Teachers on STEM

Five study literature synthesis was used to support this study, covering the study Radloff & Guzey
“Investigating Changes in Pra-service Teachers’ Conceptions of STEM Education Following Video
Analysis and Reflection™; Pryor, Pryor, & Kang “Teachers’ thoughts on integrating STEM into social
studies instruction: Beliefs, attitudes, and behavioral decisions”; Kocakaya, Kotluk, & Karakoyun “Pra-
service Physics Teachers' Views on Designing and Developing Physics Digital Stories™; Erdogan & Ayse
Ciftci “Investigating the Views of Pra-service Science Teachers on STEM Education Practices”; Kuen-Yi
& John “Taiwanese Pra-service Teachers' Science, Technology, Engineering, and Mathematics Teaching
Intention”. However, to support these last five studies, researchers refer to other studies. Details are
explained in the following sections.

There are similarities and differences in the five studies above, in Radloff & Selcen's study he studied
how to optimize learning through integrated STEM. The findings show that seeing and reflecting integrated
STEM practices can improve understanding of STEM concepts in teachers Pre-service on STEM integrated
approaches, which represent a practical method for preserving the professional development of STEM
teachers [26]. Almost in line with the study of Pryor, Pryor, and Kang in his study that formed the intention
of teachers in integrating STEM content into the teaching of social studies. The findings of the study reveal
that attitudes towards behaviour integrate STEM in learning, can form 15 beliefs, subjective norms are
formed by five normative beliefs, and attitudes and norms predict behavioural intentions [19]. However, in
addition to the similarities between the two studies, there are differences. In the study Radloff & Guzey
studied in Pre-service teachers, while in the study Pryor, Pryor, & Kang studied teachers who have a lot of
experience in teaching and leaming.

Furthermore, the third of the five studies above were found to be almost identical, namely in the study
of Kocakaya, Kotluk, & Karakoyun; Erdogan and Ayse Ciftci; and Yi Lin & John. In the study## Kocakaya,
Kotluk, and Karakoyun, his study aimed to find out the views of physics teachers Pre-service on the effects
of planning and df¥eloping digital physics stories (DST) in enhancing their 21st century capabilities. In his
study, he found that they developed many of their 21st century skills; such as ICT (information and
communication) technology, critical thinking, problem solving; planning, self-control, responsibility,
production; communication, collaboration, and collaboration while creating their digital stories. Thus,
designing and developing digital stories has a positive effect on the skills of physics teachers Pre-service,
and improves many 21st century skills. In his study, it is suggested that researchers pay more attention to
the use of ICT to succeed in 2 Ist century skills[28].

Further, Erdogan and Ayse Ciftci's study tested the views of science teach@§ Pre-service on STEM
educational practices. The findings show that science teachers Pre-service want to apply STEM education
when they become teachers; they want to gain further knowledge about STEM education. In addition,
science teachers Pre-service have submitted their views on the basic reasons, benefits and limitations of
STEM education, and have made proposals for the development and dissemination of STEM education.




Young Scholar Symposium on Science Education and Environment (Y SSSEE) 2020 IOP Publishing
Journal of Physics: Conference Series 1796 (2021) 012072 doi:10.1088/1742-6596/1796/1/012072

science teachers Pre-service learn about STEM education and how to apply it, with the help of STEM
education practices conducted within the scope of this research. Therefore, Pre-service teachers who are
future teachers need to be informed and trained about STEM education [27].

This is supported by the Yi Lin & John investigation, which examines the perceived behaviour of
teachers pre-service, as well as attitudes towards behavioural intentionfmong pre-service science teachers
towards STEM education. The results of the investigation showed that higher perceived behavioural control
and subjective norms were associated with stronger STEM teaching intentions. Positive attitudes and better
knowledge were indirectly associated with higher subjective norms and perceived behavioural control,
which resulted in stronger STEM teaching intentions. In addition, in the results of the study, gender did not
affect the intentf@h of teachers pre-service to adopt the STEM teaching approach. However, teachers pre-
service who are in different fields tend to influence knowledge and behaviour c@trol[29].

Findings from Serhat Kocakaya, Kotluk, & Karakoyun study that to develop 21st century skills required
media such as ICT (ifflormation and communication technology) and teaching technique skills for teachers
in learning to apply critical thinking, plnulem solving; planning, self-control, responsibility, production;
communication, cooperation. Therefore, to design and develop digital-based physics stories have a positive
effect on the skills of physics teachers pre-service as well as to improve 21st century skills. One of the
suggestions to improve 21st century skills is through the application of STEM (Science, Technology,
Engineering, and Mathematics) integrated teaching and learning practices in education. According to
Shaughnessy (2013) that STEM education refers to problem solving that includes concepts and procedures
from mathematics and science while combining teamwork and engineering design methods and using
appropriate technology[28].

Radloff and Guzey's study emphasizes that teaching teachers mf§t use an integrated STEM approach.
He also stated that there is a challenge to 2 st century skills, which is how to make learning effective through
integrated STEM. Supported in the study of Pryor, Pryor, & Kang, integrating STEM contentffito social
teaching and learning, can shape teachers' intentions in investigating beliefs in STEM. While Erdogan &
Ayse Ciftei haveffliven importance to the development of 21st century skills in every aspect of [ff§. STEM
education plays an important role in improving these skills and it is hoped that teachers will be able to
orgfhize the leaming environment accordingly

Integrated STEM practices can enhance teachers' STEM concepts of integrated STEM approaches,
representing a practical STEM method of professional teacher development Pre-service (Radloff & Guzey,
Moore, Johnson, & Peters-Burton) in their study stated that integrated STEM is teaching and learning that
provide content and practice of disciplinary knowledge including science and mathematfg, through the
integration of engineering practices and related technology design engineering. Here, the authors discuss
six key components of each integrated STEM unit or activity, including: (a) relevant and interesting
contexfgg (b) technical design challenges, (c) elements of failure and redesign, (d) mathematics or science-
based real-world context, (e) student-centre teaching approaches, and (f) emphasis on teamwork and
communication skills.

In the study Yi Lin & John is quite different from the other 4 studies. In their study concluding STEM
teaching behaviour in teachers Pre-service Science and Technology infEaiwan, they evaluated positively on
the impact of STEM teaching, and teachers Pre-service stated the need to have access and control of
teaching resources needed to implement further STEM programs. This is the current challenge to provide a
medium that can help teachers Pre-service in the future. Radloff & Guzey's study shows that in teaching
and learning teachers Pre-service strive to integrate STEM. This is because students are often not interested
in science and mathematics when taught separately without integration in STEM disciplines.
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3.2. The Significance of STEM for Teachers

According to Mitts and Siekmann & Korbel, STEM is an acronym for the disciplines of science, technology,
engineering and mathematics taught and applied in traditional and disciplined ways or through a
multidisciplinary, interconnected and integrative approach. STEM teaching and learning can be delivered
in a real-world context. According to Cavlazoglu & Stuessy, STEM integration in a real-world context can
increase motivation, increase appeal, and improve student achievement in STEM learning effectively. To
increase the effectiveness of teachers in STEM education can be done with STEM training. STEM education
provides many benefits for various circles in education, as STEM education unites the disciplines of
knowledge, leads to effective and quality learning, unites practice in real life, as well as stimulates
individuals to think critically Yildirim and Altun ,. Supported by Akyildiz STEM education can provide
relevant and practical learning experiences for all students. In addition, STEM education can increase
interest in teaching and learning in the Corlu, Capraro, & Capraro classes [9]. In addition to STEM teachers
are also useful for teachers Pre-service.

The benefits for teachers Pre-service STEM can enhance their imagination, hands-on skills, observation
skills, design skills, engineering skills, and high-level thinking skills; helps with continuous knowledge with
real-world knowledge, is more productive in increasing interest in lessons, and can help to develop the
ability of teachers Pre-service to design projects. If that is achieved then the process of teaching and learning
in the classroom is more fun Kasza & Slater. In line with the study of Yildirim & Sevi teachers Pre-service
in his study stated that teaching and learning in STEM in the classroom conducted more fun, enable learning
by living and doing, as well as be able to develop imagination, productivity and psychomotor skills.

3.3. Trend Issue: Teachers' Low Quality in STEM-based Teaching-Learning Process

Every developed country is trying to achieve an increasing number of competent graduates in sciences,
technology, engineering and mathematics (STEM) [30]. STEM includes a group of disciplines considered
crucial to master in the fields of education, industry, and many others. [31] defines STEM as (i) knowledge
in sciences, technology, engineering, and mathematics; (i) a form of human efforts; (iii) material,
intellectual and cultural manifestations of the world; and (iv) emotional human ideas that contribute to
education. Consequently, teachers have to expand their relevant knowledge, solid capability and practical
experience in STEM-based instruction.

Beginning from mid-to school mid-level, studies show students' interest in STEM subjects is getting
weaker [32]. This issue is primarily caused by considerable workload and minimum job satisfaction among
teachers, which in turn leads to lack of performance [33]. Successful STEM-based instruction is strongly
associated with teachers” quality since qualified teachers will be able to create effective learning through
suitable instruction. Accordingly, teachers should encourage themselves to improve their knowledge and
skills and become an inspiring facilitator throughout STEM -based teaching-learning process [23]. Teachers
can improve their quality by building their own self-confidence [34], but it remains a serious challenge.
[16]describe how teachers’ quality in the classroom can be improved if teachers actively get engaged in
their students” academic learning. As a qualified teacher, the teacher must also prepare content [35] and also
teaching materials in leaming[4]. Hence, the quality of teachers should be taken seriously to respond to
challenges in the education world from time to time (continuous improvement).

The National Research [36] defines five characteristics of an effective teacher in STEM-based
instruction, described in Figure | below:
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Figure 1. Characteristics of effective teacher in STEM-based instruction.




Young Scholar Symposium on Science Education and Environment (Y SSSEE) 2020 IOP Publishing
Journal of Physics: Conference Series 1796 (2021) 012072 doi:10.1088/1742-6596/1796/1/012072

3.4. Sirategies to Solve the Issues
Figure 2 rough idea the strategies for improving teachers’ quality in STEM-based instruction.

Purposeful
educational
curriculum

Strategies to
improve teachers’
quality in STEM-
based instruction

Mentoring for
teachers on
STEM-based

instruction

Motivation
boost

Figure 2. Strategies to improve teachers’ quality in STEM-based
instruction.

Syahali suggest that an effective educational curriculum will also lead to effective results in developing
students” interest [37]. Likewise, it can help students exercise their critical problem solving skill [38]. A
study by [39] recommends that STEM-integrated curriculum structure is started with mandatory courses,
for example: (1) introduction to mathematics to strengthen students’ basic algebra and calculation skills; (2)
introduction to science to familiarize fundamental scientific questions and their answers, as well as to engage
students into applications of scientific theories and comparative reasoning; (3) advanced sciences courses;
and (4) curriculum-defined prerequisite integration to other relevant subjects. This is supported by a study
by [6] that implementation of STEM integration into K-12 classrooms can be performed by building,
executing, and evaluating the curriculum effectively. [36] however, in order to produce an integrated
curriculum effectively it needs to be carefully designed so that a relevant curriculum integration model can
be found in STEM teaching [36].

A study by [1] has proved the effectiveness of training and mentoring in STEM-based instruction to help
teachers prepare themselves properly to run a STEM-based teaching-learning process. Mentoring programs
play a crucial role for teachers, according to a study by [34], in which such programs will provide public
education with qualified and professional teachers. Another study also found that STEM-based educational
planning has proved useful for developing teachers’ quality [40]. Also, mentoring programs can elevate
pedagogic skills, which in turn will assist students in STEM learning [41].
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3.5. STEM in Science Learning

In science learmning, STEM is an alternative to train students to apply their knowledge by utilizing
technology, so that students are trained to be literate in science and technology [42]. STEM is used for
knowledge and science process skills for solving problems according to everyday life [43]. STEM-based
learning requires students to become innovators, problem solvers, and inventors who are self-aware,
technology conscious and able to think logically [44]. Also requires teachers and students to think critically
[45].

The STEM approach is expected to produce good learning for students through the systematic integration
of knowledge, concepts and skills [46]. STEM-based learning has the potential to improve the quality of
learning and student motivation in learning science [47], improve conceptual mastery and develop a
multitalented generation [48], increase learning effectiveness [49]. STEM-based learning can make lessons
more meaningful for students [50]. Improve science learning because it creates opportunities to apply
science [51]. Provide feedback on learning and provide a rapidly growing learning experience with a variety
of knowledge and academic knowledge that students have [52]. STEM develops communication skills that
refer to argumentation skills [53].

In STEM learning, it will help students' academic improvement, students can absorb learning gradually
and better [54]. Teachers must be able to compile learning and determine strategies that help students learn
well [55]. The teacher acts as a facilitator so that students can be actively involved in the lesson during the
learning process [56]. Teaching materials are needed in the form of lesson plans, interactive books, videos,
animation stimulation and practicum to support STEM learning [57].

STEM is suitable for use in science learning because it can encourage students to design, develop and
utilize technology, hone cognitive, manipulative and affective and apply knowledge [58]. Through STEM
learning, students do not just memorize concepts, but students can understand science concepts and their
relation to everyday life [59]. Teachers can show students how the concepts, principles and techniques of
STEM can be used in developing products, processes, and systems used in everyday life [60]. Students also
have scientific and technological literacy from reading, writing, observing and doing science so that they
can be used as provisions for living in society and solving problems [61]. The implementation of STEM-
based science learning can increase student creativity in the form of fluent thinking skills, flexible thinking
skills, original thinking skills, detailing skills, assessment skills, curiosity, imaginative nature, feeling
challenged, courageous to take risks and respectful attitude [62].

4. Conclusion

To address forthcoming issues in 21%-century teaching andfJearning, teachers’ quality in STEM-based
instruction needs to be given serious attention. All difficult authorities have to provide their full support
continuously to actualize successful STEM curriculum integration that will help mature responsible younger
generation to further advance national education. To expand the quality of teachers in the STEM-based
teaching and learning process, teachers must lead the conceptual model, design, carrying out and evaluation
of the integrated curriculum. Continuing mentoring to teachers to growth motivation in the STEM-based
teaching and learning process also need to be prominent.
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