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ABSTRACT

21st century learning refers to students for 4C (Critical Thinking, Communication, Collaboration, and
Creativity) namely skills that students must have, such as problem solving skills, critical thinking skills,
teamwork skills and communication skills. Critical thinking skills are something that must be instilled in
students so that students are able to explore a problem and can solve it effectively and efficiently. Efforts
that can be made to improve the quality of learning involve students to be able to build their knowledge
and be able to solve a problem. One way to overcome this is by using the STEM (Science, Technology,
Engineering, and Mathematics) approach. This study aims to determine the effect of the STEM approach
in learning to improve critical thinking skills and cognitive learning outcomes of class X SMA Negeri 1
Tahunan. The subjects in this study were students of class X MIPA. The sampling technique used in this
research is cluster random sampling. This research method is True Experimental Design research using
the Pretest and Posttest Control Group method. There are two classes in this study, namely the
experimental class and the control class. Analysis of the t test data is used to see the difference in the
mean between the two samples. The t-test of the cognitive learning outcomes of students in the
experimental class and control class in the pretest obtained ttable <tcount, namely 1.66 <6.11. The t-test
of the cognitive learning outcomes of students in the experimental class and control class in the Posttest
obtained ttable 1.66 <tcount 6.145. The results of research between critical thinking and student learning
outcomes there are significant differences, so this study can be concluded that the STEM approach is
effective for improving critical thinking and student learning outcomes.
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INTRODUCTION

21st century learning is a transitional curriculum in which learning develops from
teacher-centered to student-centered (Dongre & Weinberg, 2019; Schuster dkk., 2019).
This is of course to answer future challenges where students must be able to innovate in
solving the problems they face. 21st century learning refers to students for 4C (Critical
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Thinking, Communication, Collaboration, and Creativity) namely skills that students must
have, such as problem solving skills, critical thinking skills, teamwork skills and
communication skills (Madjid dkk., 2020; Waldman dkk., 2020). One of the government's
goals in implementing the 2013 curriculum is an effort to achieve the educational goals
listed in Government Regulation No. 17 of 2010 which is to develop the potential of
students who are devoted to God Almighty, knowledgeable, capable, critical, creative and
innovative, and sensitive to the social environment.

High-level thinking is one of the abilities to solve problems in the 21st century.
High-level thinking requires critical thinking skills as a scientific process, Larasati &
Hidayati, (2018). So critical thinking skills are something that must be instilled in students
so that students are able to explore a problem and can solve it effectively and efficiently
Madden et al., (2013). Critical thinking refers to the ability to analyze information,
determine the relevance of the information collected and then interpret it in solving
problems (Chaudhuri dkk., 2020; Leng dkk., 2020; Yang dkk., 2020). With the existence
of critical thinking skills one can also solve complex problems that are being faced by
creating new and unpublished ideas that function to learn knowledge by identifying
problems and finally being able to find creative problem solving.

Critical thinking skills are important for students to have, especially in studying
science, especially in Biology subjects, which contain a lot of exploratory activities. When
students think critically they will be encouraged to think for themselves (Ghaben &
Scherer, 2019; Hochhaus dkk., 2020), formulate hypotheses, analyze and synthesize
events, to go further by developing new hypotheses and testing their hypotheses against
facts Karakog, (2016). In improving it, it is necessary to use the right model and approach
so that there is a need for good experiments and can improve critical thinking skills
(Amado-Alonso dkk., 2019; Rahmah dkk., 2022). Higher order thinking skills include
critical thinking, logical, reflective, metacognitive, and creative thinking King, (1997).

Learning outcomes are a very important factor that must be considered by every
teacher, because the learning outcomes achieved by students show how far students are
able to master or understand a subject matter that has been given by the teacher in learning
(DeFilipp dkk., 2019). To find out the learning outcomes it is necessary to do an
evaluation at the end of a lesson. Sudjana, (2016). Learning outcomes are the abilities
possessed by students after students receive learning experiences. Susanto (2016: 5) states
that student learning outcomes are abilities that children acquire after going through
learning activities (Dianovi dkk., 2022; Najeed dkk., 2022; Rohmalimna dkk., 2022).
According to Benjamin Bloom in Sudjana (2016) three domains (domains) of achieving
learning outcomes are cognitive, affective and psychomotor.

The cognitive domain is the realm that includes mental (brain) activity. According to
Bloom, all efforts related to the brain are included in the cognitive domain, there are six
levels of thinking (Avgerinos dkk., 2019; Facon dkk., 2019), starting from the lowest level
to the highest level, namely: knowledge, understanding, application, analysis, synthesis.
(synthesis), and evaluation (evaluation) Daud, (2012: 250). The first two aspects are called
low-level cognitive and the next four aspects are high-level cognitive. Cognitive learning
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outcomes are students' ability to learn a concept at school and are expressed in scores
through Susanto's test results, (2013) to determine the level of success in learning
achievement Dimyati and Mujiono, (2006).

One approach that is able to train and improve critical thinking skills and cognitive
learning outcomes is STEM (Science, Technology, Engineering, and Mathematics)
(Hartini dkk., 2022; Nopiana dkk., 2022). STEM is a learning approach that connects four
fields, namely science, technology, engineering, and mathematics into one holistic whole,
Roberts, (2012). According to Roberts (2012) the advantages of the STEM approach
include: (1) increasing understanding of the relationship between principles, concepts, and
disciplinary skills, (2) arousing students' curiosity in triggering students' creative
imagination and critical thinking, (3) helping students to experience and understand the
process of scientific inquiry, (4) encourage collaborative problem solving and work
together in groups, (5) develop the relationship between critical thinking and learning
(Hickson dkk., 2019; Hua dkk., 2019). One of the factors supporting the success of the
learning process, teachers need to help students to improve their learning outcomes and
critical thinking skills through a STEM approach that can support students to learn
actively.

RESEARCH METHODOLOGY

The research was conducted at SMA Negeri 1 Tahun class X MIPA. This study used
cluster random sampling (area sampling). The choice of this technique was due to the fact
that the samples taken in this study were not individual classes. It is known that the classes
that are the sample have the same abilities. The equivalence test is carried out first. The
research was conducted at SMA Negeri 1 Tahunan class X MIPA. This study used cluster
random sampling (area sampling). The choice of this technique was because the samples
taken in this study were not individual classes. Classes that are sampled are known to have
the same ability to do a compatibility test first.

This research was carried out using quantitative experimental research, the True
Experimental type of design is the Pretest-Posttest Control Group Design (Sugiyono, 120:
2010). In this study it was designed to strengthen critical thinking skills and cognitive
learning outcomes. By applying the STEM approach to improve critical thinking skills and
cognitive learning outcomes in the experimental class. The following is the research
design used in the study:

Table 1. Research Design

Group Pretest Treatment Posttest

E 01 X 03

K 02 04
Information:

E : Experimental group
K': Control Group
O1: The results of experimental class students before learning STEM
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0O2: The learning outcomes of control class students before conventional learning O3: The
experimental class student learning outcomes after STEM learning
O4: Student learning outcomes in the control class after conventional learning
X: Treatment of learning using STEM

The data collection instrument was using multiple choice questions which were
carried out in a pretest where students were given questions that measured critical thinking
skills and cognitive learning outcomes. This is done to measure students' initial abilities,
then learning is carried out using the STEM approach with virus material. And giving a
posttest to measure improvement after learning with the STEM approach. Data analysis
using normality and homogeneity tests as prerequisite tests and t-tests. After obtaining
valid and reliable data results, a t-test was then carried out to determine differences in
critical thinking skills and cognitive learning outcomes of students in the experimental and
control classes.

RESULT AND DISCUSSION
Data on cognitive learning outcomes in this study were obtained from pretest scores
before being given treatment and posttest scores after being given treatment. The
experimental class was treated using the STEM approach, while the control class was only
treated using conventional learning. The following is Table 2. Which shows the results of
the pretest and posttest homogeneity tests.
Table 2.1. Experimental and Control Class Pretest Homogeneity Test

Class S? Fhitung Frabel Conclucion
Experiment 31,036 1,97 3,98 Homogen
Control 15,700

Calculation data from cognitive learning outcomes, experimental class pretest scores
and control class Fcount (1.97) and Ftable (3.98) so that it can be concluded that Fcount
<Ftable, based on the calculation results, the two classes are said to be homogeneous.

Table 2.2. Posttest Homogeneity Test of Experimental and Control Classes

Class s? Fhitung Frabel Conclucion
Experiment -24,553 0,74 3,98 Homogen
Control -3,308

Calculation data from cognitive learning outcomes, posttest values of the
experimental class and control class Fcount (0.74) and Ftable (3.98) so that it can be
concluded that Fcount <Ftable, based on the calculation results, the two classes are said to
be homogeneous.

The following is Table 3 which shows the results of the pretest and posttest
normality tests.

Table 3.1. Experimental and Control Class Pretest Normality Test

Class N Xhitung Xtabel Conclucion
Experiment 36 2,45 11,08 Normal

Contr 36 1,83 11,0 Norm
ol 8 al
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From the calculation of the normality test for the experimental class using the chi
squared formula, it was obtained Xcount = 2.45 and Xtable = 11.07 at a significance level
of a = 5% with dk = 6-1=5, while the control class used the chi squared formula obtained
Xcount = 1, 83 and X table = 11.07 at a significance level o = 5% with dk = 6-1 = 5. The
criterion used is that HO is accepted if Xcount < Xtable. The data obtained from the
calculations show that the experimental class and control class are normally distributed.

Table 3.2. Posttest Normality Test of Experimental and Control Classes

Class N Xhitung Xtabel Conclucion
Experiment 36 5,91 11,08 Normal
Control 36 2,22 11,08 Normal

From the calculation of the normality test for the experimental class using the chi
squared formula, it was obtained Xcount = 5.91 and Xtable = 11.07 at a significance level
of a = 5% with dk = 6-1 = 5, while the control class used the chi squared formula obtained
Xcount =2, 22 and X table = 11.07 at a significance level a. = 5% with dk = 6-1 = 5. The
criterion used is that HO is accepted if Xcount < Xtable. The data obtained from the
calculations show that the experimental class and control class are normally distributed.
The following is Table 4 which shows the results of the pretest and posttest t tests.

Table 4.1 Experimental and Control Class Pretest t test

Class Rata-rata  thitung trabel Conclucion
Experiment 55,72 6,11 1,66 signifikan
Control 48,78

Based on the calculation above, it is obtained tcount = 6.11 and ttable 1.66 for a
significant level o = 5% and dk = nl + n2 — 2, ttable (1.66) > tcount (6.11) then HO is
rejected and H1 is accepted.

Table 4.2 Posttest Class Experiment and Control t test

Class Rata-rata  thitung tiabel Conclucion
Experiment 68,75 6,14 1,66 signifikan
Control 63,36

Based on the calculation above, it is obtained tcount = 6.14 and ttable 1.66 for a
significant level o = 5% and dk = nl + n2 — 2, ttable (1.66) > tcount (6.14) then HO is
rejected and H1 is accepted. The following is Table 4. Which shows the average results of
pretest and posttest scores based on indicators of critical thinking skills in the
experimental class.

Table 4.1. Pretest and Posttest Results Percentage of Critical Thinking Skills
Experiment Class

No Critical thinking skills indicator Pretest  Posttest

1 Give a simple explanation 62% 74%

2 Build basic skills 69% 92%

3 Conclude 42% 89%

4 Provide further explanation 49% 70%

5 Set strategy and tactics 74% 77%

Rata-rata 59,2% 80,4%
Table 4.2 Percentage of Control Class Pretest and Posttest Critical Thinking Skills
Results
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No  Critical thinking skills indicator Pretest  Posttest
1 Give a simple explanation 48% 70%
2 Build basic skills 50% 79%
3 Conclude 31% 67%
4 Provide further explanation 45% 55%
5 Set strategy and tactics 60% 53%

Rata-rata 46,8% 65%

Based on the results of the research described above, an explanation of the STEM
(Science, Technology, Engineering, and Mathematics)-based learning approach to critical
thinking skills and cognitive learning outcomes of students can be described as follows:
STEM Approach to Students' Critical Thinking Skills
Aspects of Providing a Simple Explanation

The initial ability of critical thinking skills in the aspect of giving a simple
explanation is that the experimental class is 62% and the control class is 48% with a
difference of 14%.

The final ability of the students' critical thinking skills in the experimental class after
being given the application of learning using the STEM approach became 74%. While the
ability of students in the control class after being given the application of conventional
learning to 70%.

The experimental class has been trained to develop critical thinking skills during
learning. Examples of questions presented are several questions that make students have to
analyze so that students are able to produce varied answers because students are able to
see problems from different perspectives (Aldape dkk., 2019; Weiss & Dahlke, 2019). It is
able to stimulate knowledge independently. While the control class has developed critical
thinking skills and there is also less developed critical thinking skills.

The experimental class has been trained to develop critical thinking skills during
learning (Myers & Miller, 2021). Examples of questions presented are several questions
that make students have to analyze so that students are able to produce varied answers
because students are able to see problems from different perspectives (Firman dkk., 2022;
Ilham dkk., 2022; Safitri dkk., 2022). It is able to stimulate knowledge independently.
While the control class has developed critical thinking skills and there is also less
developed critical thinking skills.

Aspects of Building Critical Thinking Skills

The initial ability of critical thinking skills in the aspect of giving a simple
explanation is that the experimental class is 69% and the control class is 50% with a
difference of 19%.

The final ability of the students' critical thinking skills in the experimental class after
being given the application of learning using the STEM approach became 92%. While the
ability of students in the control class after being given the application of conventional
learning to 79%.

Amanda (2012) said the STEM approach can instill critical problem-solving
techniques and can generate creativity and curiosity in students. Meanwhile, students in
the control class experienced difficulties because in the control class they used
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conventional learning (Gabriela dkk., 2022; Kartel dkk., 2022; Qureshi dkk., 2022), the
teacher played an active role in explaining all the subject matter and did not involve
student activities during the learning process which resulted in students in the control class
not practicing their critical thinking skills in the learning process. Arinda (2015) said that
current learning still does not provide access to students independently to develop thinking
processes because conventional learning is still dominated by teachers, so students
become less active in learning.

Aspects of Making Inferences

The initial ability of critical thinking skills in the aspect of giving a simple
explanation is that the experimental class is 42% and the control class is 31% with a
difference of 11%.

The final ability of the students' critical thinking skills in the experimental class after
being given the application of learning using the STEM approach became 89%. While the
ability of students in the control class after being given the application of conventional
learning to 67%.

Imam (2016) said students collect data from experimental results, activities will
continue in group discussion activities (Dewi S dkk., 2022; Keshav dkk., 2022), overall
this stage will fulfill students' curiosity about the phenomena around them, through this
stage students will adjust the results obtained with the theory found previously.

Aspects of Making Further Explanations

The initial ability of critical thinking skills in the aspect of making further
explanations is 49% in the experimental class and 45% in the control class with a
difference of 4%. The final ability of the students' critical thinking skills in the
experimental class after being given the application of learning using the STEM approach
became 70%. While the ability of students in the control class after being given the
application of conventional learning to 55%. The final ability of the students' critical
thinking skills in the experimental class after being given the application of learning using
the STEM approach became 70%. While the ability of students in the control class after
being given the application of conventional learning to 55%.

Aspects of Set Strategy and Tactics

The initial ability of critical thinking skills in aspects of managing strategies and
tactics is 74% in the experimental class and 60% in the control class with a difference of
14%. The ultimate ability of thinking skills

The STEM Approach to Students’ Cognitive Learning Outcomes

Based on the research results it is known that the STEM approach can improve
cognitive learning outcomes, this is because the application of STEM-based biology
learning involves students in discussions, experiences, discoveries for knowledge in
groups. According to Bybee in Nida'ul (2019), the STEM approach aims to develop
students who have the knowledge to identify questions and problems. The approach
applied in improving students' cognitive learning outcomes is the STEM approach.
According to Becker & Park in Lutfi et al., (2017) The integration of STEM aspects can
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have a positive impact on learning, especially in improving students' cognitive learning
outcomes in science and technology (Anoum dkk., 2022; Demina dkk., 2022; Hikmah
dkk., 2022). Therefore, the use of the STEM learning approach is very suitable to be
applied to improve students' cognitive learning outcomes. The STEM approach is very
relevant to the development of 21st century skills, which are called 4C: (Critical Thinking,
Communication, Collaboration, and Creativity) Hamdu et al., (2020). According to Wang
in Widayoko, (2020) STEM itself is an interdisciplinary learning approach between
science, technology, engineering, and mathematics. The application of STEM-based
learning will further motivate students to excel and get the best grades and can motivate
students to be more active in discussions.

CONCLUSION

Based on the results of the research and discussion, it can be concluded that there is
an influence of the STEM approach on critical thinking skills and cognitive learning
outcomes. The increase in cognitive learning outcomes of the experimental class is in the
moderate (effective) category. Based on the research results, the authors provide the
following suggestions: The application of STEM-based biology learning needs to be
applied to develop students’ critical thinking skills and cognitive learning outcomes.
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