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1. Introduction

The 21° century is referred to as the age of knowledge, the century of information-based
technology, knowledge-based economy, globalization, the industrial revolution 4.0, and so on. In
this century, there have been rapid and significant changes in the economy, transportation,
technology, communication, information, and education (Sudarisman, 2015; van Laar et al., 2020,
Nupus et al., 2021). Also, in this century, the world of education faces enormous challenges.
Therefore, the 21° century learning process must be able to prepare the Indonesian human
generation to meet advances in information and communication technology in social life.
Furthermore, with the presence of various kinds of challenges in the era of globalization that
require competition, education has become the primary need of society and has become more
crucial (Nazila et al., 2019; Rawung et al., 2021; Malik & Ubaidillah, 2020). In line with this,
education should be able to produce human resources who have the skills to be able to compete in
facing the challenges of the globalization era. Suto (2013) explained that the Assessment and
Teaching of 21° Century Skills (ATC21S) has developed several skills that should be possessed by
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students in facing the 21* century. This development is a combination of the definitions put forward
by the Lisbon Council (European Union) and the Partnership for 21° century skills (United States).
The skills include critical thinking, creativity and innovation, communication, problem solvingand
decision making, information literacy and ICT, collaboration, life and career, as well as individual
and social responsibility.

Various efforts to prepare the 21st century generation need to be done. One of them is that it is
necessary to master knowledge in various subjects including science education. In essence, science
learning is for students to find out about natural facts systematically through a search process in
order to obtain knowledge (Wati & Eka, 2015). One of the skills that are in accordance with the
nature of science is critical thinking skills. Critical thinking is a disciplined process that is
intellectually active and skilled at conceptualizing, applying, analyzing, synthesizing, and
evaluating information gathered from or generated by observation, experience, reflection,
reasoning, or communication, as a guide for belief and in taking an action (Adeyemi, 2012;
Belecina & Ocampo Jr, 2018). Paul and Elder (2019) provide the view that critical thinking is an
active and skilled process in conceptualizing, analyzing and evaluating something through
observing, reasoning, and reflecting on it.

Critical thinking skills need to be developed and are one of the important skills for students,
because through critical thinking skills, students can more easily understand concepts, and be
sensitive to problems so they can understand and solve these problems. The learning process and
training can prepare students to become thinkers who are able to solve problems and become
independent thinkers. That way they can face the challenges of 21%-century life, overcome
problems, make the right decisions, and be responsible (Sitti et al., 2012; Binkley et al., 2012). In
addition, today's social culture tends to be rich in information and knowledge-oriented, making
critical thinking skills one of the skills needed in the 21st century (Wang, et al., 2017; Alismail &
McGuire, 2015; Brown, 2015; Erdogan, 2019; Pursitasari et al., 2020; Putra et al., 2018; Saputr et
al., 2020). Critical thinking is related to wise and reflective thinking in making decisions, solving
problems, and connecting with skills in providing good arguments to support ideas (D'Alessio et
al., 2019; Asysyifaetal.,2019; Chen, 2017). Thus, critical thinkingis a skill that involves cognitive-
intellectual activity by considering logical and objective aspects in making decisions (Maryani, et
al., 2021).

In fact, the critical thinking ability of high school students in Indonesia is still quite low. This is
based on the results of a study conducted by the International Trends in International Mathematics
and Science Study (TIMSS) in 2015. TIMSS measures students' abilities and skills in mathematics
and science subjects. The question instrument presented has the characteristics of a high cognitive
level that can measure students' critical thinking skills. The results show that students in Indonesia
consistently fall at the bottom where Indonesia is ranked 45th out of 50 countries (Rahmawati &
Nizam, 2018). The results of previous research indicate that students' critical thinking skills need
to be improved (Fauzi, 2019; Roviati et al., 2019; Miarti et al., 2021; Yuliyani et al., 2021; Wati et
al., 2021)

The dynamics of the development of 21*'-century skills need to be overcome by presenting an
innovation in learning. The government through its 2013 curriculum provides a solution so that
education can help prepare students' skills in facing the developments of the 21st century. The
current 2013 curriculum can be integrated with a particular approach such as the Science,
Technology, Religion, Engineering, Arts and Mathematics (SRTEAM) approach to support the
development of these skills. The STREAM approach is a learning approach that develops from the
STEM and STEAM approaches (Agustina, et al., 2018). The STREAM approach as well as the
STEM approach is an approach designed to develop 21st century skills that can be used in various
areas of everyday life (Barcelona, 2014; Sen et al., 2018). STREAM was originally a strategy often
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used by scientists, engineers and technicians to design a product that is beneficial to life (Bybee,
2013). The STREAM approach is multidisciplinary because it integrates several disciplines
including science, technology, religion, engineering, arts, and mathematics (Agustina, et al., 2020;
Capraro & Slough, 2013).

The STREAM approach steps refer to the STEM approach. The steps of the STEM approach
according to Suwarma (2014) emphasize the engineering process consisting of four stages, namely:
Thinking stage (P), Design stage (D), Create stage (B), and Test stage (U). At the thinking stage,
students identify problems that occur in the surrounding environment to find solutions by
exchanging ideas. At the design stage, students design a solution in the form of a product to solve
the problems obtained. Atthe stage of making, students make a product as a solution that has been
designed. In the test phase, students test the products that have been successfully made. If at the
test stage students get failures or deficiencies in the products made, students can repair the product
(Suwarma, 2014). The four stages emphasize the engineering process, integrated with the scientific
process which includes the stages of formulating research questions, planning investigations,
carrying out investigations, analyzing data, drawing conclusions and communicating (NRC, 2012;
Agustina, et al., 2018; Widodo, 2021).

The STREAM approach, like STEM and STEAM, has several advantages when implemented
in learning activities, including; the STREAM approach shows positive results in students'
scientific knowledge, the STREAM approach teaches students to think to solve problems actively,
creatively, and innovatively, the STREAM approach can bridge abstract concepts systematically
into science, technology, inquiry and art, through technology students are able to create their ideas
into the latest technology, the integration of art into STREAM will foster student creativity in
creating fun learning tools, the integration of religious values (religion) in STREAM can increase
students' faith and build the nation's morals, with the STREAM approach students can apply the
learning outcomes obtained in everyday life (Agustina, et al., 2020; Hadinugrahaningsih et al.,
2017; Syukri, 2013). In addition to having advantages, the STREAM approach has several
weaknesses or shortcomings, including: requires habituation in time management, students who
have weaknesses in experimenting and gathering information will have difficulty, requires mature
teacher competence to prepare for the learning process (Agustina et al., 2020; Hadinugrahaningsih
etal., 2017).

Ecosystem is one of the topics contained in biology subjects. In the 2013 curriculum, there are
basic competencies for ecosystem materials. The basic competencies are analyzing ecosystem
components and interactions between ecosystem components. Fried and Hademenos (2006)
suggest that an ecosystem is a group that includes components that interact with each other at a
certain place and time. The place or area is known as a habitat whose area can be as small as a fish
pond or very wide like an ocean. The interactions that occur in an ecosystem involve various
components, both biotic and abiotic. In the interactions that occur, there is reciprocity between
these components so that they form a certain pattern. This study aims to describe the improvement
of students' critical thinking skills on ecosystem materials through the STREAM approach.

2. Method

The method used in this study is the pre-experimental method, namely research conducted in
the experimental group without a control class. The design used is one group pretest-posttest
(Creswell, 2016). The target population is class X MIPA students from a high school in Bandung
Regency for the 2021/2022 academic year, totaling 249 people. Sampling was done purposive
sampling technique. The samples in this study were 35 students in class X MIPA 5 from a high
school in Bandung Regency.
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Data collection techniques were obtained through tests using limited description questions of
10 questions. The test instrument is used to determine the improvement and differences in students'
critical thinking skills obtained from the results of the pretest and posttest scores. The indicators of
critical thinking skills measured in this study use indicators of critical thinking skills according to
Ennis (1985), namely: elementary clarification, basic support, inference, advanced clarification,
and strategy and tactics. After obtaining the data in the form of pretest and posttest scores, an
analysis was performed by comparing the pretest scores and posttest scores (gain) and conducting
statistical tests. Furthermore, the results of the n-gain score are interpreted based on the n-gain
criteria according to Hake (1998), namely if n > 0.7 then it has high criteria, if 0.3 <n < 0.7 then it
has medium criteria, and if n < 0.3 then has a low criterion.

3. Result and Discussion
The results of the average pretest and posttest data were analyzed by the n-gain test. This n-gain
value indicates an increase in students' understanding of ecosystem material. Based on the average

pretest and posttest scores, the N-gain value is obtained which is presented in Table 1.
Table 1. Data average value of n-gain

.. L . N-Gain Criteria
1 Think kill
Critical Thinking Ski 0.67 Mediom

Based on Table 1. shows that students' critical thinking skills using the STREAM approach have
increased with the N-gain value that occurs, which is 0.67 including in the medium category. The
criteria for increasing critical thinking specifically based on criteria from low to a high level can be
seen in Figure 1.
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N-Gain criteria in general

Figure 1. N-gain criteria from low to high level

Based on Figure 1.shows that 47% of students get an n-gain score with high criteria. As many
as 39% of students get an n-gain score with medium criteria. While the remaining 11% of students
obtained an n-gain score with low criteria.

The number of students who get an improved score with high criteria is indicated because
ecosystem learning through the STREAM approach provides opportunities for students to build
their own knowledge through independent thinking processes. Students can exchange ideas in
dealing with problems. These activities can hone students' critical thinking skills. This is in
accordance with Messier's opinion in Hadinugrahaningsih et al. (2017) that STEAM learning not
only makes students learn basic theories in learning but will also learn problem solving skills,
critical thinking and collaboration skills. Learning with the application of the STEAM approach
provides opportunities for students to develop critical thinking skills and students' abilities during
the implementation of learning activities.
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This is in accordance with several studies that have shown that the STEM and STEAM
approaches can improve students' critical thinking skills. As research conducted by Zulfawati and
Mayasari (2021) explains that STEM learning is able to train students to think critically, as
evidenced by the profile of students' critical thinking abilities distributed on indicators giving a
simple score of 94.62 with a very high category, building basic skills of 95.38 very high category. ,
the indicator provides further explanation of 64.62 in the medium category. Hidayati et al's research
(2019) shows that the application of multimedia-STEM education can improve critical thinking
skills with an N-gain value of 0.501 which is in the medium criteria. Research by Cahyani and
Sulastri (2021) states that with the STEAM approach which is integrated with the PBL. model,
students' critical thinking skills have improved a lot. N-gain analysis was also carried out on each
indicator of critical thinking skills. The results of the N-gain analysis for each of these indicators
are presented in Table 2.

Table 2. Average improvement of critical thinking skills indicator

Indicator N-gain Score Criteria
Elementary clarification 0,49 Medium
Basic support 0,53 Medium
Inference 0,55 Medium
Advanced clarification 0,52 Medium
Strategy and tactics 0,67 Medium

Based on Table 2 the indicators that experienced the highest average increase were the strategy
and tactics indicators of 0.67 which were in the medium criteria. Meanwhile, the indicator that
experienced the smallest average increase was the elementary clarification indicator of 0.49 with
medium criteria. The indicator that experienced the highest increase was the fifth indicator of
strategy and tactics with a score of 0.67 with medium criteria. This indicator experienced the
highest increase because at the time of learning students were trained to determine alternative
solutions. This is done by students when making products in the form of ecosystem dioramas in
learning. At this stage students discuss to determine the theme of the ecosystem diorama that will
be made. Students also discussed making ecosystem diorama product designs and the working
steps of their manufacture. The discussion encourages students to think critically in determining
strategies and tactics. This finding is in accordance with Hadinugrahaningsih et al. (2017) opinion
that through the STEAM approach, students can develop problem-solving skills and interact with
others. This can make it easier for students to determine the appropriate alternative solutions to
problems faced by students.

Meanwhile, the indicator that experienced the lowest increase was the first indicator of
elementary clarification with a score of 0.49 with medium criteria. This indicator experienced the
lowest increase because students were not used to formulating questions. This is supp orted by the
results of interviews with biology subject teachers. Teachers are not accustomed to applying the
steps of the scientific method to students, especially to class X MIPA students because the previous
learning process was mostly done online. So that the learning activities carried out tend to aim for
students to understand the concept of the material presented. So when working on questions with
these indicators, students experience difficulties which makes the scores obtained low.

Basically every indicator has increased. The size of the N-gain value is influenced by several
factors. The task of making ecosystem diorama products assisted by a STREAM-based worksheet
trains students to formulate questions. The first indicator of critical thinking, namely elementary
clarification, can develop in students. Other critical thinking skills can also be developed through
learning using the STREAM approach. The PDBU stage (think-design-create-test) will direct
students to discuss with each other in groups in order to determine the problem to decide what

189



ecosystem diorama theme to choose. So that with group discussions students will get used to
arguing with each other and are trained to give reasons for their opinions. This is part of the
indicator bassic support.

After the discussion, a mutually agreed conclusion was produced. This is able to encourage
students to be able to induce and consider the results of induction. These skills are part of the third
indicator, namely inference. At the test stage, students are directed to present the results of the
ecosystem diorama products that have been made in front of the class. Students will be trained to
express opinions in front of many people. In addition, students will be trained to provide advanced
clarification. Through the presentation process, students convey the results of their group
discussions. This requires the ability to master the concept. So that students are able to give a
definition according to the source of learning.

Data analysis of students' critical thinking skills was followed by statistical testing. This test was
carried out to prove the research hypothesis. The test that was carried out was the paired sample
test with the help of the SPSS version 20 application. It was found that the value of the calculation
using the paired sample test found that students' critical thinking skills showed a significant value
of a of 0.027 less than o = 0.05. Thus, the results of testing using the paired sample test have the
results Ho rejected and H; accepted so that it can be stated that there is a significant difference in
the results of students' critical thinking skills before and after being given treatment (Sugiyono,
2019). The difference that occurs is because at least the STREAM approach has several advantages
in the process of implementation. The STREAM approach teaches students to think to solve
problems actively, creatively and innovatively. Through technology students are able to create their
ideas into the latest technology. The STREAM approach can bridge mathematically abstract
concepts into technology science, inquiry and art. The integration of arts into STREAM will foster
student creativity in creating fun learning tools. The integration of religion aspects into science can
enhance students' faith and building the nation's morals. The STREAM approach can provide
opportunities for students to be able to apply the learning outcomes obtained into everyday life
(Hadinugrahaningsih et al., 2017; Agustina, et al., 2020).

Several studies have shown that the STEM or STEAM approach has a significant effect or
difference on critical thinking skills. Sandi's research (2021) shows that the STEM approach has a
significant effect on increasing understanding of electroplating concepts, critical thinking skills , and
students' cooperative skills. Ahmad's research (2020) explains that there are differences in critical
thinking skills after using the STEAM approach, especially in learning experiences. Kang’s
reaserach (2019) explained that STEAM education in South Korea had a positive impact in the
form of increasing teacher professionalism and providing a fairly high increase in students'
cognitive and affective learning. Research by Agustina et al (2020) states that the STREAM
Approach can equip students' thinking habits.

4. Conclusion

Based on the results of the research and discussion, it can be concluded that students' critical
thinking skills can be improved through learning using the STREAM approach in ecosystem
material with an increased score of 0.67 with moderate criteria. The calculated value using the
paired sample test shows a significance value of o 0of 0.027 which is less than o = 0.05 meaning that
Hoy is rejected and H is accepted so that it can be stated that there is a significant difference in the
results of students' creative thinking skills before and after being given treatment. The researcher
provides suggestions that are expected to be useful for future researchers who will develop similar
research topics.
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