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Abstract. STEM education provides a particular context required for student
learning in the 21st century. One of the st-century skills is digital literacy. Stu-
dents’ digital literacy skills need to be developed to ensure that students will be
able to maximize the use of technology in 21st-century learning. This study aims
to improve students’ ability to think creatively using the STEM method in the
learning process. This study was completed using the qualitative method. The
results show that 1) the adoption of the STEM method in the learning process
can improve the quality of 21st-century teachers and students because the STEM
method is an interdisciplinary approach enabling students to use science, technol-
ogy, engineering, and mathematics in real-life contexts connected to their schools,
the world of work and the global world; 2) the obstacles include the lack of teacher
preparation in teaching and understanding the diversity of student behavior; 3) to
enhance the effectiveness of learning activities, teachers must be more creative,
innovative and present good competencies. To improve their competence, teachers
can continue to learn and attend training.
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1 Introduction

As we currently live in the early 21st century, when the social and economic world has
changed, communities are becoming more socially diverse, inducing the emergence of
21st-century skills. The 21%-century skillsr are a new set of skills needed to prepare
students to survive and work in the digital age. North Central Regional Education Lab-
oratory and Metiri Group have introduced a 21st-century education model known as
enGauge 21st Century Skills. According to this model, four main criteria are significant
for generating generations with excellent survival skills in the 21st century. Chapoo
(2019) described that those four criteria included digital literacy, inventive thinking,
effective communication, and high productivity.

The first 21st-century skill is digital literacy which includes communication compe-
tence, data analysis and interpretation, model understanding and assessment, task man-
agement and task prioritization, involvement in problem-solving, along with protecting
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well-being and security (Chapoo 2019). Students’ digital literacy should be enhanced to
ensure their ability to use technology in 21st-century learning.

The second skill is inventive thinking. Inventive thinking is defined as a cogni-
tive activity that supports the application of creative and critical thinking, along with
problem-solving skills, through innovative or specially designed activities. NCREL and
Metiri Group (Chapoo 2019) and the Committee on Workforce Needs in Information
Technology (2001) have described several elements of inventiveness, consisting of adapt-
ing to and managing complexity, self-regulation, curiosity, willpower to take risks, and
promoting higher levels of thinking.

The third skill is effective communication. In this 215 century, every individ-
ual should have effective communication skills, which include information delivery,
teamwork, interpersonal skills, social responsibility, interactive communication, and
environmental communication (Chapoo 2019).

The fourth skill is high productivity. According to NCREL and Metiri Group (Chapoo
2019), high productivity is defined as students’ ability to proficiently produce relevant,
high-quality, intellectual, current, and original information products. In addition, high-
productivity skilled students are also competent in delegating and arranging assignments
based on importance and priority. They also present astonishing skills in planning and
producing high-quality products.

Our observation conducted in April-June 2022 suggested low students’ creative
thinking abilities due to the learning model that was not in accordance with the material.
Accordingly, one of the alternative learning models that can be used by teachers is
the STEM method. STEM approach aids students in connecting their learning to their
environment, the real world, and everyday life, resulting in students’ better understanding
without being involved in investigative activities (Winarni et al., 2016).

Low conceptual mastery affects students’ creative thinking skills because they
require a more comprehensive conceptual knowledge to comprehend a material pre-
sented in a more understandable manner, provide interpretation and apply it (Hermansah
etal. 2017). One available solution to overcome this issue is the application of the STEM
model. Greater creative thinking skills bears positive effects on students’ life. One of the
constructive impacts offered by creative thinking skills is enhanced self-actualization
and potential. Besides, since their actions are carried out quickly, they can provide accu-
rate outcomes, and they produce numerous, original, and distinctive works, fascinating
their surrounding environment. Creative thinking is also needed to solve the problems
in the community (Mardhiyana et al., 2016).

However, Indonesian students present relatively low creative thinking skills, espe-
cially in the field of science. The data from the 2018 PISA results showed that Indonesian
results are Lower than in 2015. Besides, the 2018 PISA results showed that Indonesia
ranked 9th from the bottom (71), with an average score of 396. It is above Saudi Arabia,
which had an average score of 386, while China occupied first place with an average
score of 590.

Several studies have been conducted to improve students’ low creative thinking.
Previous research conducted by Jayadinata et al. (2016) indicates that learning with dis-
covery learning models and conventional models can improve students’ creative thinking
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skills, with the discovery learning model presenting better improvement in students’ cre-
ative thinking skills. Meanwhile, a study conducted by Rahayu (2011) reported increas-
ing learning outcomes and creative thinking abilities of seventh-grade students of state
junior high school students after they attended learning with the process skills approach
in the heat material. In addition, research conducted by Wardani et al. (2019) indicated
an increase in students’ creative thinking skills after they attended learning using the
mind mapping model.

However, there has been no study that investigates the efficiency of the STEM model
inimproving students’ creative thinking skills, even though the STEM method relates the
material to student’s real life. Besides, the solutions offered previously are not contextual,
so this study examines the use of the STEM method.

Anintegrated approach is highly expected in the education field. Additionally, STEM
can help the students to solve real-world problems by applying multi-disciplinary con-
cepts (Shernoff et al. 2017), such as critical thinking, collaboration, and creativity (Bur-
rows and Slater 2015). However, most teachers have received training focusing on only
one discipline (Honey et al. 2014). Also, most schools and classes still segregate STEM
courses into different departments and learning subjects at all levels of education. Therein
lies a significant challenge for educators and administrators in promoting integrated
STEM courses.

Science, Technology, Engineering, and Mathematics (STEM) are closely related con-
tent areas. One way to understand their complex interrelationships is by using real-world
context. Engineering is a discipline that applies scientific knowledge and mathematical
computations to design processes, products, or technology to solve problems (Chai
2018). Technology can facilitate the advancement of scientific and mathematical knowl-
edge and engineering design. The primary core competencies required in the recent
society are sufficient STEM knowledge and the ability to integrate these knowledge
resources to design solutions to problems.

STEM education aims to improve STEM literacy which includes knowledge and
understanding of scientific and mathematical concepts, along with required processes in
personal decision-making, participation in civic and cultural affairs, and economic pro-
ductivity. STEM education also aims to persuade students to explore further education
and careers in STEM-related fields. A literature review showed that children undergo
numerous developmental between 6 and 12 years old, especially in cognitive develop-
ment (Canadian Federation of Child Care in (Khanlari, n.d.). Therefore, STEM education
is more effective if implemented as early as possible. Therefore, the foundations of sci-
ence, technology, and mathematics education should be provided in elementary school
(Marulcu 2010). Early introduction to STEM education facilitates students’ understand-
ing of the materials (Marulcu 2010), reducing barriers to getting into demanding jobs
related to STEM.

Funding for innovation and entrepreneurship have now prioritized STEM-related
field on a national level, such as the 21st Century Minds (21CM) Accelerator Program.
This program aims to prepare children with the 21st-century skills required for their
digital careers, including the ability to think intelligently and creatively, solve problems,
persevere and take risks, have strong digital skills, and the ability to work collaboratively
(Chapoo 2019).
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Education in science, mathematics, engineering, and technology (STEM) is widely
recognized as an urgent national priority (Honey et al. 2014). Excellence in STEM skills
is the central determining factor for employment, productivity, and competitiveness in
a variety of sectors and areas, including health, technology innovation, manufacturing,
information distribution, politics, and culture (Asunda 2014; Peters 2006). Innovation
in the STEM field increasingly drives economic growth and improves human qual-
ity of life. Thus, integrated STEM education has been a meta-discipline, focusing on
innovation, designing solutions, and leveraging technology (Kelley and Knowles 2016).
Consequently, students are expected to engage in a rigorous curriculum, with instruction
and assessment in mathematics, science, and engineering design (Kelley and Knowles
2016).

Our observation carried out in April-June 2022 at the Imppres Kala Elementary
School, Bima Regency, Indonesia, suggested that in the learning process, most of the
teachers only focus on one subject per day, as opposed to obligatory thematic learn-
ing. Further, we observed some teachers only gave assignments in the form of drawing
activities or even memorizing multiplications and then left the class. As a facilitator, the
teacher should accompany the students as they carry an essential role in students’ learn-
ing. Besides, teachers should also help and encourage students to develop some skills
while also being a source of information, advice, and knowledge (Rahmawati, 2019).
There are nine main roles of teachers in teaching and learning activities, namely informer,
organizer, motivator, director, misiator, transmitter, facilitator, mediator, and evaluator,
Sardiman in Rahmawati (2019). The current Indonesia 2013 curriculum emphasizes
active student learning, where students learn from their experience and critical thinking
while the teachers act as a facilitator.

The learning process in the 21st century has focused on globalization, the information
society, the expansion of the technology industry, competition in the economy field, and
increasing demand for a more creative workforce. To compete in this world of tomorrow,
the Indonesian workforce must have 2 1st-century skills, which can be developed through
the implementation of STEM education. The available literature suggests several STEM
curriculum designs that require a combination of theory and practice in real situations,
design processes, problem-solving abilities, and other related aspects to find possible
solutions. STEM learning can be applied through the context of Problem-based learning
(PBL), Science, Technology, and Society (STS), and Socio Scientific (SSI) education.

2 Method

This study was carried out at State Elementary School Inpres Kala, Bima Regency, West
Nusa Tenggara, Indonesia. This study seeks to describe the STEM method for the learn-
ing process of 21st-century teachers and students to improve students’ creative thinking
skills. The data were obtained from interviews, documentation, and observations. The
primary data sources in this research were the teachers and students, then followed by
observations and documentation.
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3 Results and Discussion

3.1 STEM Method for 21st-Century Teachers and Students’ Learning Process
to Improve Students’ Creative Thinking Skills

Each course of STEM learning consists of observing, reading, experimenting, discussing,
and closing activities. Each of that activities also applied the STEM aspects, namely
observation, new idea formation, innovation, creativity, and society.

1. Observation, students make observations of their surrounding environment related
to the science concepts being discussed in the learning process. This phase aims to
help students understand the reason an event or problem occurs. For instance, in the
learning of energy sources, students are asked to find as much information as possi-
ble about the use of energy sources, especially in their surrounding environment. In
this stage, the teacher ensures that students observe the events that occur in everyday
life and relate them to scientific concepts. Observations can be made through direct
observation (using the five senses and interviews with local residents) or other rele-
vant sources such as the internet, websites, articles, books, and so forth. Further, the
students are asked to formulate and describe all the information and correlate them
with the material being discussed in their learning.

2. New idea, the students are asked to look for or think of a new idea based on their
obtained information. For instance, after students collect information about the use
of energy sources, students are asked to think of an idea that provides innovations
on the better use of existing energy sources. This stage requires analysis and critical
thinking skills. The teachers have to provide motivation and ensure that students
use all of their imagination to find new ideas. Besides, teachers should also direct
students whenever they make mistakes.

3. Inovation, students are asked to consider what has to be done to generate new ideas.
To help students get through this phase, they are asked to work together, discuss
and present the results of the discussion. In this stage, all students in each group
should actively participate and provide opinions and suggestions. Meanwhile, the
teacher has to direct students in group discussions, primarily in assessing the most
appropriate ideas to be proposed and completed.

4. Creativity, implementation of all opinions, and suggestions from the discussions.
In this stage, students can translate their garnered ideas into sketches, drawings, or
miniatures. The teacher’s role in this stage is as a facilitator in encouraging students
to use their overall imagination and decipher their ideas into draft drawings, sketches,
or miniatures. So the teacher must ensure that all student ideas are included in their
work.

5. Society, this stage aims to facilitate students present their value of new ideas for the
real life of society.

Our interview results with the teachers indicated that STEM can improve the quality
of teachers and students in the 21st century because this method is an interdisciplinary
learning approach, allowing students to use science, technology, engineering, and math-
ematics in a real situation, such as their life in school, in their professional working
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world, a and the global world. This learning is expected to motivate students to acquire
their own knowledge. In accordance with the demands of the 2013 curriculum, teachers
can also use one of the learning models, such as the STEM model. This STEM learning
model can help the students to solve real-world problems by applying concepts that
cross various disciplines and their critical thinking, collaboration, and creativity (Estapa
et al. 2017). Additionally, STEM can develop young students’ understanding of the
multiple roles of engineering in society and help improve achievement, motivation, and
problem-solving by contextualizing math and science content.

3.2 Obstacles Faced by Teachers in Using the STEM Method in the Learning
Process

The STEM method has been confirmed capable of enhancing 21st-century teachers’ and
students’ quality in the learning process, primarily students’ creative thinking skills. In
addition to the benefits being offered, the adoption of the STEM method also carries a
number of obstacles, such as the lack of teacher preparation in teaching and understand-
ing the diversity of student behavior, along with teachers’ minimum ability to operate
technology.

The Law of the Republic of Indonesia, number 14, the year 2005, concerning Teach-
ers and Lecturers, defines a teacher as a professional educator whose main task is to
educate, guide, teach, assess, train, and evaluate students starting from early childhood
education, basic education, secondary education, and formal education. Thus, the teacher
is alearning agent who acts as a facilitator, motivator, motivator, inspiration, and engineer
of learning for students.

In addition, the Law of the Republic of Indonesia number 14 of the year 2005, article
8 also describes that teacher competencies include personality competencies, pedagogic
competencies, social competencies, and professional competencies obtained through
professional education.

3.3 Solutions to Overcome Obstacles in Using the STEM Method in the Learning
Process

To increase the effectiveness of learning activities, teachers must be more creative
and innovative while also enhancing their competencies. Have good competence. As
mandated in the Law of the Republic of Indonesia number 14 of the year 2005, arti-
cle 8, teacher competencies include personality, pedagogic, social, and professional
competencies.

4 Conclusion

In the end, we conclude that the STEM method can enhance students’ creative thinking
skills, along with the quality of 21st-century teachers and students in the learning process.
The STEM stages consist of 1) observation, 2) generating new ideas, 3) innovation,
4) creativity, and 5)society. The use of the STEM method in the learning process aids
students’ in attaining direct experience related to the learning material because the STEM
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method is an interdisciplinary learning approach that enables students to use science,
technology, engineering, and real math.
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