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The writing of this paper aims to discuss the learning of PjBL with 21t century science leamning
the STEM approach to science learning in the face of the demands ™
of the 21st century. The science learning model that is in o N
accordance with the STEM approach is one of the Project Based

Learning learning models. The STEM learning model with STEM

approach is project-based learning by integrating STEM fields that

can provide students with opportunities for contextual learning

through complex activities such as exploring planning learning

activities, implementing projects collaboratively, and ultimately

producing a product outcome. The purpose of this paper will also

describe the concept of STEM and the implementation of the STEM

approach to science learning. The method used in this paper is a

literature review by selecting several articles and journals

regarding the STEM approach and its implementation in junior

secondary education. In addition, a basic curriculum competency

study of 2013 was conducted at the junior high school level that

could be integrated into the STEM approach. The results of the

study show that some basic competencies at the junior secondary

school level in science learning can be integrated with the STEM

approach in the form of activities to familiarize the STEM

approach in the classroom and the provision of projects to

students. Thus the implementation of the STEM approach at the

junior secondary school level in science learning can be done in

Indonesia in order to prepare competent human resources in

facing the challenges of the 21st century. The Pjbl approach and

STEM can shape students into human resources who are capable

of critical and creative thinking, systematic and logical so as to be

able to meet 21st century human resource standards and be able to

face increasingly complex global challenges.

Abstract

I. Introduction

Education that is carried out from time to time is always changing in accordance with
the times. Therefore, teachers as learning managers are required to be more creative and
innovative in order to make learning outcomes more optimal. This is in accordance with the
Law of the Republic of Indonesia Number 20 of 2003, Article 1 paragraph 19, concerning the
National Education System (Sisdiknas) that education is a conscious and planned effort to
realize a learning atmosphere and learning process so that students actively develop their
potential to have spiritual, religious, self-control, personality, intelligence, noble character,
and skills needed by themselves, society, nation and state. (Simorangkir and sembiring, 2018)
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Progress a nation or a country is very much determined by qualified and competitive
human resources (HR). To prepare quality and competitive human resources, education is a
strategic tool. Education at this time must adapt to the characteristics of students who are
demanded in the 21st century.

The 21st century national education aims to realize the ideals of the nation, namely the
Indonesian people who are prosperous, happy, with an honorable and equal position with
other nations in the global world, through the formation of a society consisting of quality
human resources, namely independent individuals. , willing and able to realize the ideals of
his nation. In line with this, the Ministry of Education and Culture formulated that the 21st
century learning paradigm emphasizes the ability of students to find out from various sources,
formulate problems, think analytically and collaborate and collaborate in solving problems.

Based on his book 21stCentury Skills: Learning for Life in Our Times, there are several
competencies and / or skills that 21st century human resources must possess. In general, 21st
century skills are divided into three skills, namely Learning and Innovation Skills. and
Innovating), Information, Media, and Technology Skills (Technology and Information Media
Skills) and Life and Career Skills (Life and Career Skills).

In the framework of preparing 21st century humans who live in the nuances of a
knowledge society and mega competition with such rapid waves of change, a learning model
that is not only deductive but also inductive is needed. The learning model needed is one that
can ensure that students have the skills to learn and innovate, the skills to use technology and
information media, and be able to work and survive by mastering a number of life skills.
There are several learning models that deserve to be applied in 21st century learning.
However, the most popular and widely implemented are the Project Based Learning (PjBL),
Inquiry Based Learning (IBL) learning model, and the ones currently being intensively
published are STEM Project Based Learning.

Project Based Learning is project-based learning where the learning process is student-
centered and provides a meaningful learning experience for students. Student learning
experiences and concept acquisition are built on the products produced in the project-based
learning process.

Apart from PjBL, current learning needs to keep up with the times in the era of
globalization, one of which is by integrating Science, Technology, Engineering, and
Mathematics (STEM). The relationship between science and technology and other sciences
cannot be separated in science learning. STEM is a discipline that is closely related to one
another. Science requires mathematics as a tool in data processing, while technology and
techniques are applications of science. The STEM approach to learning is expected to
produce meaningful learning for students through the systematic integration of knowledge,
concepts and skills. Some of the benefits of the STEM approach make students better able to
solve problems, innovators, inventors, independent, logical thinkers, and technological
literacy.

Science learning with the STEM approach needs to be implemented in project-based
learning units (PjBL), in which students are challenged to be critical, creative, and innovative
in solving real problems, which involve collaborative group (team) activities. In STEM-based
learning students use science, technology, engineering, and mathematics in real contexts that
connect schools, the world of work, and the global world to develop STEM literacy that
allows students to be able to compete in the 21st century.

Through PjBL-STEM learning, students will apply science, technology, engineering,
math content to solve problems. Students will build new knowledge accompanied by
developing skills and positive attitudes.
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This paper attempts to describe several things regarding STEM in Indonesia, namely
how the concept and understanding of STEM and the implementation of the STEM approach
in science learning at the junior high school level in facing the demands of the 21st century.
STEM implementation design in science learning at the junior high school level. Apart from
that the authors discuss STEM as an approach that can integrate aspects of STEM such as
Science, Technology, Engineering and Mathematic.

I1. Review of Literatures

2.1 Project Based Learning (PjBL)

The PjBL learning model emphasizes contextual learning through complex activities
(Trianto, 2014), based on very challenging questions and problems and guides students to
design, solve problems, make decisions, carry out investigative activities, and provide
opportunities for students to work independently ( Wena, 2014). The use of this learning
model involves project work where students will work to construct learning to then produce
real products.

Project-based learning has the following characteristics (Kemdikbud, 2014). 1).
Learners make decisions about a framework. 2). There are problems or challenges posed to
students. 3). Students design processes to determine solutions to problems or challenges
posed. 4). Students are collaboratively responsible for accessing and managing information to
solve problems. 5). The evaluation process is carried out continuously. 6). Students
periodically reflect on the activities that have been carried out. 7). The final product of the
learning activity will be evaluated qualitatively. 8). Learning situations are very tolerant of
mistakes and changes

According to the steps of the PjBL learning model are as follows: 1). Open the lesson
with a challenging question (start with the big question) 2). Planning the project (design a
plan for the project) 3). Develop a schedule of activities (create a schedule). 4). Oversee the
course of the project (monitor the students and the progress of the project). 5). Assessment of
the resulting product (assess the outcome) 6). Evaluation (evaluate the experience)

2.2 Project Based Learning (PjBL) Science, Technology, Engineering and Mathematics-
(STEM) in Science Learning
PjBL (project based learning) is a learning model suggested in the 2013 curriculum,
while STEM is more of a big strategy. There are similarities between the characteristics of
PjBL and PjBL-STEM, but PjBL-STEM places more emphasis on the design process. The
design process is a systematic approach in developing solutions to problems with well-
defined outcomes (Capraro, et al., 2013). The PjBL-STEM learning process in guiding
students consists of five steps, each step aimed at achieving a specific process. The following
are the stages in the effective STEM-PJBL learning process (Laboy-Rush, 2010).
1.  Stage 1: Reflection
The purpose of the first stage is to bring students into the context of the problem and
inspire students to immediately start investigating / investigating. This phase is also
intended to link what is known and what needs to be learned.
2. Stage 2: Research
The second stage is the form of student research. The teacher provides science learning,
select readings, or other methods to collect relevant information sources. The learning
process occurs more during this stage, student learning progress concrete abstract
understanding of the problem. During the research phase, the teacher often guides the
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discussion to determine whether students have developed conceptual and relevant
understanding based on the project.
3. Stage 3: Discovery
The discovery stage generally involves a process of bridging research and known
information in project development. When students begin to study independently and
determine what is still unknown. Some models from STEM-PJBL divide students into
small groups to present possible solutions to problems, collaborate, and build cooperation
among friends in groups. Another model uses this step in developing students' abilities to
build a habit of mind from designing to design.
4. Stage 4: Application
At the application stage the goal is to test the product / solution in solving problems. In
some cases, students test products made from predetermined conditions, the results
obtained are used to correct previous steps. In other models, at this stage students learn a
broader context outside of STEM or linking STEM field disciplines.
5. Stage 5: Communication
The final stage in each project is to create a product / solution by communicating
between friends and class scope. Presentations are an important step in the learning process
for developing communication and collaboration skills as well as the ability to receive and
apply constructive feedback. Often the assessment is based on the completion of the final
steps of this phase.

I11. Results and Discussion

STEM Implementation in Natural Science Learning

In Indonesia, specific implementation guidelines regarding STEM education and
approaches are not yet available. However, there are several educational institutions that have
applied it in the education system, one of which is the Sampoerna School System. This is
what makes their education system different from the curriculum used by other public
schools. Currently, Indonesia is preoccupied with the latest curriculum, namely the 2013
curriculum, which was revised in 2017. There are several differences from the previous
curriculum where this curriculum emphasizes critical thinking, higher-order thinking,
creative thinking, problem-solving skills, Strengthening Character Education (PPK) and
literacy.

In the latest curriculum implemented in Indonesia, there are many aspects that allow
STEM implementation to enter into it. In the STEM approach, students are required to always
be active in class, both hands-on activity and minds-on activity. The use of technology and
information is always required in its application. Independent learning and learning based on
the latest issues that occur in society are mandatory in implementing STEM. The STEM
approach is in line with the principles of preparing RPPs in the 2013 edition of the 2017
curriculum revision.In the planning principle, student-centered learning. Learning is designed
in such a way that students can explore themselves and issue ideas and opinions regarding
learning material. Another principle is present-day orientation, in which teachers as
facilitators are required to be "technologically literate”, constantly updating and upgrading
knowledge in their fields of expertise so that they can motivate students to continue to
innovate (Kemendikbud, 2017). There is a conceptual framework for the STEM approach at
each level of education. At the early education level, implementing the STEM approach is
only limited to generating and stimulating the curiosity of students through activities that
support this process. At the elementary school level, investigative and exploration
activities.Furthermore, at the basic education level, students are exposed to the basics of
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STEM knowledge and relate their knowledge to situations of everyday life through
investigative and exploration activities. Furthermore, At the junior high school level, the
potential of students is explored by providing guidance and capacity building in the STEM
field through analysis of local and global issues in solving problems. Whereas at the senior
secondary level, STEM education focuses on strengthening and enriching abilities in the
STEM field through activities to explain the STEM concept at a higher level..

Based on the basic competency analysis in the 2013 curriculum, science and
mathematics can be integrated into learning in Indonesia, especially at the junior high school
level. The integration of the STEM approach to the two subjects is based on the basic
competencies of each subject so that in one lesson two basic competencies will be achieved at
once. This can be time efficient. In addition, students can learn based on problems that occur
everyday by using more than one STEM subject so that meaningful learning occurs. In
addition, the integration of STEM subjects can be done by combining science and
engineering even though engineering subjects are not framed in certain basic competencies in
the curriculum.

Research on PjBL-STEM has been conducted before on science learning, with different
dependent variables. Research by Afriana, et al. (2016) show that PjBL-STEM can improve
scientific literacy and interesting and motivating learning, help understand teaching materials,
form creative attitudes, and students are increasingly aware of the importance of protecting
the environment. The application of PjBL-STEM provides new experiences for students,
giving rise to motivation and interest in studying the theme of air pollution. Ismayani (2016),
revealed that PjBL-STEM can improve students' creative thinking skills. The learning that is
applied is considered useful because in PjBL-STEM students are invited to carry out
meaningful learning in understanding a concept and exploring through a project activity, so
that students are actively involved in the process. This fosters students to think critically,
creatively, analytically, and improve higher-order thinking skills (Capraro, et al., 2015).
Tseng, et al. (2011), revealed that PjBL-STEM provides students with experiences in solving
real problems with practical activities, so as to increase effectiveness, meaningful learning,
and support future careers.

IVV. Conclusion

PjBL and STEM learning can train students' abilities and talents to face 21st century
problems. The results show that PjBL-STEM can improve scientific literacy, motivation,
material understanding, creative thinking skills, effectiveness, meaningful learning, and
support future careers.

The STEM approach is an approach that interconnects and integrates STEM subjects in
order to create learning based on problems of everyday life so that it can train students to
apply the knowledge learned in schools with phenomena that occur in the real world.

In implementing the STEM approach at the junior high school level, it can be done
through assignments that require a prior study of the basic competencies that students want to
achieve so that in a combination of integration of STEM subjects it can be in line with the
applicable curriculum in Indonesia. Therefore, implementing the STEM approach at the
junior high school level in science learning can be done in Indonesia in order to prepare
competent human resources in facing the challenges of the 21st century.
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