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Abstract--STEM education is widely adopted and has a positive impact on developed countries. Constructive
and focused on STEM education in Indonesia, starting in 2019. But STEM must be held in facing the challenges of
the 21st century. This study aims to examine vocational teacher perceptions related to understanding STEM in
Indonesia. A total of 157 vocational teachers were involved in the research questions (RQ). Open and closed
questionnaires represent the expression of their perceptions when implementing STEM learning. The results of the
study illustrate that STEM needs to be improved continuously and continuously. Researchers need to focus on
vocational teachers as an essential role in the success of new learning reforms. However, the involvement of parties
can accelerate positive thinking about STEM learning in the vocational field.

Keywords--STEM education, Teacher perception, Vocational teacher, learning reform

I INTRODUCTION

The industrial era 4.0 has a significant impact on vocational education in the 21st century. Decisions in the
concept of vocational learning require scientific and technological understanding to become increasingly dominant.
This condition requires reform and transition to understand vocational learning with concepts and patterns that are
more beneficial for students' lives in the future. Facts in the field of vocational teachers better complement the
concept of learning individually without involving the role of the teacher in one scientific or cross-scientific
discipline in the whole concept. In this context, the need for awareness of curriculum content in the academic and
vocational fields has a strong attachment. It can be integrated into a complete science from various perspectives.
For example, the academic fields of physics, chemistry, and mathematics so far have provided more concepts to
instil scientific principles and not cross applied sciences following their vocational fields. The academic field, as a
scientific basis, must provide an applied concept. The 21st Century and Industrial Era 4.0 eliminate individual
interest in vocational learning and involve multidisciplinary science in the viewpoint of the same competence. This
relation is encapsulated in the concept of STEM (Science, Technology, Engineering, and Mathematics). The goal
is a richer student learning experience [1]. STEM-based vocational learning is referred to as meta-disciplinary or

trans-disciplinary [2], which is required as an entity.
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STEM-based vocational learning is a new pattern applied in Indonesia. Through the professional development
program, the STEM concept learning is given to vocational teachers in the form of planned training and mentoring
for three years. This program began in 2019 as a form of training learning activities for vocational teachers. The
presence of STEM is expected to be able to improve learning practices that have led to science in the revised 2013
curriculum. STEM complements the concept of thinking through changes in vocational teacher mindset. This is an
effort to improve the quality of education in Indonesia. The teacher as a key in preparing students to teach STEM
[3].

Vocational teachers must be able to understand STEM, package problems in the surrounding environment and
incorporate elements of STEM into this problem. This concept can be carried out by a discipline that discusses the
perspective of other scientific fields or involves teachers from various disciplines in the agreed-upon product. The
aim of STEM learning is for students to explore, discover and solve problems [2]. The STEM implementation has
several approaches including silos, embedded, and integrated. The STEM silo type approach is expertise teachers
and academic teachers who carry out the involvement of each field. The disadvantage is that not all fields have
complete integration. The embedded type of STEM approach is a teacher of expertise and an academic field who
sit together discussing a particular project with specific mentoring and learning capacities. Weaknesses that arise
are differences in Basic Competence and proper collaboration. Whereas the STEM integrated type approach is
between inter-field teachers completing intact long-term work. Implementation of STEM-based learning is not an
easy task, especially this concept sounds very foreign, besides that STEM can run if supported by curriculum and
between teachers have the same understanding.

STEM education has been promoted in various developed countries (Japan, Korea, Australia, and UK) and even
developing countries (Thailand, Singapore, Malaysia) and is seen as providing a change in learning. They
emphasize a new understanding of multidisciplinary (science, technology, engineering, and mathematics)
integrated into modern life [4]. STEM is seen as having an impact on long-term success on daily problems, problems
in the world of work, the need for work skills, even to economic well-being [5], besides community development.
Indonesia realizes the importance of STEM in the learning professional development program starting in the last
2019. However, learning in the 21st Century emphasizes multidisciplinary skills that are able to equip long-term
skills in STEM education, Indonesia. This study aims to describe the perceptions of vocational teachers related to

the existence of STEM programs conducted by survey data analysis.

I METHODOLOGY

Researchers adopt quantitative instruments. This research uses a survey approach with the aim of testing the
perception of vocational teachers about the implementation of STEM education in strengthening 21st-century skills.
Argues that this survey research was conducted to collect data with a certain time limit with the intention of
obtaining information from questions according to the nature of the existing conditions [6]. The population in this
study is vocational teachers with a level of participation in the development of professional learning in Yogyakarta,
Indonesia. Purposive sampling is used in determining representative samples. A total of 157 vocational teachers in
various schools in Yogyakarta were involved as respondents. Respondents came from three public schools and one

private school.
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Table 1: Vocational Teacher Demographic Data in the STEM Perception Survey

Number of Respondents : 157
Type of school
Public school : 118 (75.16%)
Private school : 39 (24.84%)
Gender
Male : 105 (66.88%)
Female : 52 (33.12%)
Age
23-30 years : 37 (23.57%)
31-40 years old : 65 (41.40%)
41-50 years old : 12 (7.64%)
> 51 years old : 43 (27.39%)

A series of questionnaires in the form of open and closed question items about teacher perceptions and

understanding of STEM education in strengthening 21st-century skills. The instrument was developed by

considering expert testing. The experts are STEM researchers from VEDC BOE Malang.

Questions in the instrument are as follows:

1
2
3
4.
5
6

7.
8.

What do you know about STEM education (RQ1)?

What do you know the skills needed in the 21st century (RQ2)

Is STEM Education able to improve students' skills in facing 21st-century challenges (RQ3)?

Does the school support the learning process that uses STEM (RQ4)?

Are you with other teachers in determining STEM-based learning goals (RQ5)?

Are you having difficulty describing competencies that have the potential to be passed down to STEM
(RQ6)?

What method do you use in STEM-based learning (RQ7)?

Do you understand higher-order thinking skills (RQ8)?

The responses from the teacher were analyzed using interpretative methods to be interpreted and grouped

based on characteristics. The statistical method is used to analyze several factors involved in the instrument.

Qualitative content analysis is done by looking at alternative answers. Each aspect of the question is coded

according to the STEM education's descriptive and constructive point of view in the program.

RESULTS AND DISCUSSION

The results of the survey conducted to vocational teachers in the STEM learning professional development

program in Yogyakarta, Indonesia on the perception of STEM education and 21st-century skills are presented in

the following figure:
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Figure 1: Vocational teacher perceptions of professional development in STEM learning and 21st century
STEM skills

Figure 1. Explains that most vocational teachers care about STEM education in 21st-century skills. Question
items with "yes" answers dominate. In the statements RQ4 and RQ1 the argument that the answer "no" is quite
high, ie above 40% is related to understanding STEM and school infrastructure. Understanding STEM is interpreted
as learning with limited to the final product, this is a misunderstanding. While the infrastructure has been explained
because this is the basis of the program carried out in the current semester and the delivery of material has been
done well in advance, so the limitations in submitting practice material outside the proposed program.

The RQ1 about the definition of STEM (N = 157) as much as 57.32% describes a cooperative explanation by
involving all your disciplines according to their area of expertise. The rest 42.68% lack of interest in STEM
education. Most of them are over 50 years old and their abilities are limited to multidisciplinary about STEM [7].
They are more accustomed to learning discussion. As a result, experiencing misconceptions in understanding
STEM integrated with several disciplinary areas of expertise in achieving the curriculum [8]. The data, the
researcher recommends that STEM is set in clear rules to be applied.

The RQ2 and RQ3 statements reveal the knowledge of vocational teachers involving 21st-century skills in the
concept of learning. Overall the question of learning trend in the challenges of the 21st century has been well
defined, namely 4C skills and ICT involvement. These results describe that the STEM approach is able to answer
21st-century skill needs. STEM education is an effective medium in applying skills in the 21st century [9].
Researchers argue that STEM is able to equip students to have good analytical skills and be able to solve problems
around, besides being able to prepare for future skills needs. Sharpened the understanding that STEM is able to
provide increased problem-solving skills and critical and analytical thinking. The primary skill that students prepare
is the global economic challenge [10], [11]. The researcher concludes that the driving driver in the success of STEM
is the teacher in mastering disciplinary competence.

The RQ4 statement regarding STEM learning infrastructure needs to be reviewed. 41.40% stated that they were
not fulfilled or inadequate. This statement is dominated by public schools, meaning that public school infrastructure

is less flexible in meeting learning needs. However, private schools are more supportive in spending on learning
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needs. Learning strategies need to be prepared as early as possible to anticipate the success of the teaching and
learning program. The characteristics of each educational institution must have authority over STEM.

The RQ5 question about the involvement of other teachers in STEM learning. Current needs, learning consists
of several integrated competencies. Thus, one teacher with another teacher forms a new discipline in completing
existing competencies. In the field of technology and engineering, of course, it is independent and is approved by
strong science and mathematics. 38.85% still work independently. STEM can be applied with three patterns, namely
silos, embedded, and integrated. VVocational teachers can complete one competency with STEM-based learning. As
a vocational teacher has implemented STEM well while partial interaction. Because STEMSs are incomplete, two
or three are represented by each other.

The RQ6 questions about difficulties in describing STEM competencies. As many as 73.89% experienced
difficulties in tracking down potential STEM competencies. A strong consideration arises that STEM has not been
integrated with the existing curriculum. So it needs a new understanding in seeing the potential of STEM can be
applied. For example, C1-C2 on this concept of knowledge will make it difficult to produce STEM products. But
C4 (analysis) to C5 (creating) can easily produce concepts, procedures, flow, to the product. The researcher
recommends that vocational teachers with MGMP, deputy headmasters in the curriculum, and even the education
office need to review the basic competencies of learning.

The RQ7 questions about methods that are compatible with STEM. Vocational teachers provide three
alternatives according to their understanding and interpretation. RQ7a, namely problem based learning by 22.29%;
RQ7b namely Engineering product design by 47.13%; and RQ7c, which is project-based learning at 30.57%.
Vocational teachers describe that STEM-EDP has a preferred learning phase. Their reason is that in the final phase
of learning students present their products and evaluate product failures. STEM learning is not limited to product
success but the causes of STEM failures need to be involved. This is important in their understanding, what mistakes
are made and how in the future does not happen again (conceptual and constructive learning). All literacy
approaches to the STEM method have a positive impact on learning. Among them, STEM-PjBL is able to increase
scientific literacy, motivation, and creativity [12]-[14].

The RQ8 questions about higher thinking skills (HOTS) of 78.98%. This shows that vocational teacher's
concern for HOTS skills is well planned. HOTS has a good positive impact on students for the development of
their education [15]. Studies show that HOTS in the STEM learning discipline is able to produce increased
motivation and achievement [16].

The Indonesian government has a high concern for improving the quality of learning. STEM became a program
through PATK which was conducted for three years. 2019 is the year of STEM program introduction and
implementation and 2020 is the year of STEM expansion. The researcher concludes that STEM with positive impact

will increase gradually.

Triangulation

This stage is carried out in interpreting the documentation of research findings and data interpretation.
Researchers found that STEM literacy is still limited and there is a need to improve the ability of teachers through
a number of programs and the desire to improve the quality of learning by education observers. The relationship of

teacher perception represented by research questions with theory and success was not found. Vocational teachers
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in STEM involvement in improving 21st-century skills are not yet optimal. This happened to all schools in the

study sample.

IV CONCLUSION

The study of vocational teacher perceptions of STEM education in 21st-century skills requires observers from

all parties to be involved in a series. The education office in policy, the school in the facility and the teacher in the

facilitator must have a supportive relationship. Researchers believe that STEM as a new reform in learning requires

vocational teacher awareness. The suggestion is that STEM education must synergize with all education observers

so that the quality of education increases.
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