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Perkembangan zaman menuntut sumber daya manusia yang mampu
menghadapi segala situasi dan tantangan dengan penuh percaya diri. Sumber
daya ini dapat tercermin dalam keterampilan metakognitif. Adanya keterampilan
metakognitif yang rendah mendorong penulis untuk menggunakan modul
pembelajaran STEM berbasis progresi bioteknologi. Tujuan dari penelitian ini
adalah untuk menganalisis efektivitas modul pembelajaran STEM berbasis
progresi bioteknologi untuk meningkatkan keterampilan metakognitif siswa kelas
IX SMP pada mata pelajaran IPA. Penelitian ini merupakan penelitian
eksperimen semu dengan desain pretest-posttest control group design yang
menguji keefektifan modul untuk meningkatkan keterampilan metakognitif siswa
kelas IX SMP bidang bioteknologi. Teknik pengambilan sampel yang digunakan
adalah simple random sampling yang terdiri dari empat kelas kelas IX. Setiap
kelas terdiri dari 32 siswa. Keempat kelas tersebut dikelompokkan menjadi dua,
yaitu kelompok kontrol yang terdiri dari satu kelas (32 siswa) dan kelompok
eksperimen yang terdiri dari tiga kelas (96 siswa). Data diperoleh dengan
melakukan tes analisis dengan uji Independent Sample T-test. Hasil penelitian
menunjukkan bahwa modul pembelajaran STEM bioteknologi berbasis progresi
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metakognitif siswa kelas IX SMP.

ABSTRACT

The times demand human resources that are proficient enough to face all situations and challenges confidently.
These resources can be reflected in metacognitive skills. The existence of low metacognitive skills encourages
the authors to use the learning progression-based biotechnology STEM module. The aim of this study is to
analyze the effectiveness of the learning progression-based biotechnology STEM module to improve the
metacognitive skills of the ninth-graders of junior high school in science subjects. This research is quasi-
experimental research with a pretest-post-test control group design that tested the effectiveness of the module to
improve the metacognitive skills of the ninth-graders of junior high school on biotechnology. The sampling
technique used was simple random sampling which consisted of four ninth-grade classes. Each class consisted of
32 students. The four classes were grouped into two, namely the control group consisting of one class (32
students) and the experimental group consisting of three classes (96 students). The data were obtained by
conducting tests analyze with an independent sample t-test. The results showed that the learning progression-
based biotechnology STEM module had sufficient influence to improve the metacognitive skills of the ninth-
graders of junior high schools.

1. INTRODUCTION

The times demand increasingly superior human resources to balance with individual skills that
are capable of facing various global challenges. Moreover, in the era of Society 5.0, education contributes
the largest portion as a determinant of human resources quality. Furthermore, education does not only
focus on AI (Artificial Intelligence) but also on the human component as the driving force of education
(Barri et al, 2023; Subandowo, 2022). Therefore, it is necessary to have proficient skills so that
individuals can deal with all kinds of situations. In line with the development of the era of Society 5.0,
21st-century skills are also very crucial today because the era of Society 5.0 is aligned with 21st-century
skills. One of which is metacognitive skills. Metacognitive skills are one of the skills that need to be
mastered by individuals. Metacognitive skills should not only be translated as an aspect of thinking but
also as a strategic way of thinking that leads to greater academic success. This metacognitive skill plays an
important role for students because it can identify ways of thinking to solve problems, control themselves,
communicate, and understand the learning they are facing (Daga, 2022; Salsabila & Arif, 2022).
Meanwhile, 21st-century skills require a learning process that focuses on every process of discovery and
concept development done by students. Thus, metacognitive skills are the answer to the needs of the 21st
century in the era of Society 5.0. Regarding metacognitive skills, teachers can develop the skills in various
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subjects. One of them is IPA (natural science). The nature of science which consists of processes, products,
and attitudes can be students' main capital in acquiring metacognitive skills. Science is not only
understood as a collection of knowledge but also as a process of discovery (Aisah, 2020; Kurniawan et al,,
2019). This is in line with metacognitive skills which have an important role in managing and controlling
individuals’ cognitive processes so that they can think more effectively and efficiently. Furthermore, well-
trained metacognitive skills can have a positive impact on students because they understand how the
learning process is good for them so they can control and evaluate the learning process (Andini & Azizah,
2021; Hermanto et al.,, 2021). Besides, metacognitive skills also have an influence on students' learning
outcomes in biology and their critical thinking skills (Amin et al, 2020; Ismarani & Artayasa, 2023).
Additionally, metacognitive skills involve knowledge of mental processes and controlling these processes
to achieve goals. Therefore, students need to master metacognitive skills when they learn science.

However, students cannot master metacognitive skills directly. As practitioners, teachers must
stimulate them so that students' thinking skills can develop. Teachers can do several things to stimulate
students to have metacognitive skills. One of them is by implementing a relevant learning approach such
as STEM (Science, Technology, Engineering, and Mathematics). STEM is seen as a learning approach that
can improve students’' metacognitive skills (Anggraini et al., 2021; Darmawan et al., 2020). Even, STEM-
based modules can motivate students to study science. The STEM approach shows students how concepts,
principles, science, technology, engineering, and mathematics are integrated to develop products,
processes, and systems for human life so that students can understand learning materials more easily
because this approach applies real activities around them (Patika et al., 2023; Zulaiha & Kusuma, 2020).
This confirms that the STEM approach is seen as the right approach to apply in learning because the
nature of natural science is seen as a process, product, and attitude. Science is rich in competencies to
explore and understand the natural surroundings scientifically, so metacognitive skills play an important
role in mastering these competencies. These metacognitive skills are also seen as awareness in the
thinking process. Therefore, if this awareness is realized, students can complete each process of doing
assignments that are in line with the indicators of metacognitive skills (Kurniawan et al.,, 2019; Siregar,
2019). This process is very relevant to the progress of student learning. This learning progress is often
referred to as learning progression. Learning progression is a sequence of students’ continuous learning at
various stages of development, ages, and grade levels. These stages are carried out by students and cover
three aspects, namely characteristics, breadth, and depth. Learning progression is also defined as a
measurable path that students can follow in the process of developing their knowledge and gaining skills
over time. Therefore, it is often called map construction in learning (Choi & Mislevy, 2022; Kula-Kartal,
2022). Students’ ability to follow learning progression well enables them to acquire targeted skills. Thus,
learning progression is very concerned with a process which is also the main thing in the STEM approach
and the nature of science.

Metacognitive skills, which are the main things in the era of Society 5.0 and the 21st century, are a
challenge for science teachers because they have to be able to stimulate students' thinking skills and
provide them with the full nature of science in classrooms. Unfortunately, reality shows the opposite
things. Students' metacognitive skills in science subjects are poor, especially in biotechnology materials.
Based on the preliminary study, the percentage of metacognitive skills of the nine-graders of junior high
school (SMP) reach 44% which is classified as poor. Whereas, these biotechnology materials reflect the
development of science because they link science and technology. In addition, several factors, such as the
use of modules that cannot stimulate students' metacognitive skills and the lack of innovative learning
model implementation can cause students’ poor metacognitive skills. If this continues, it can adversely
affect human resources, both from students’ and teachers’ points of view. As a result, this gives a logical
consequence that existing resources can probably create a generation that is weak because they are
unable to solve their daily problems which are reflected in their metacognitive skills. Therefore, changes
and improvements are needed in science learning activities, especially to improve students’ metacognitive
skills in biotechnology material. One of them can be conducted by developing modules based on models or
innovative learning approaches. The aforementioned description encourages the researchers to develop a
learning progression-based biotechnology STEM module to improve the metacognitive skills of the ninth-
graders of junior high schools in biotechnology materials. The STEM implementation which results in
meaningful learning through systematic integration of knowledge, concepts, and skills can motivate
students to have higher-order thinking skills (Deviana & Aini, 2022; Hindrasti et al., 2022). Higher-order
thinking skills such as metacognitive skills are reflected in student learning outcomes in which learning
outcomes are also inseparable from the processes that individuals go through. Furthermore, the nature of
science which consists of processes, products, and attitudes that must be holistic in one lesson provides a
logical consequence that student learning progress is very important. Meanwhile, students' thinking
abilities at a higher level are formed through learning processes and activities that can stimulate students
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to elaborate on the knowledge they have acquired (Soedimardjono & Pratiwi, 2021; Suastra et al,, 2021).
Thus, it is hoped that the presence of the learning progression-based biotechnology STEM module can
provide a natural science learning atmosphere in the classroom that motivates students to acquire high
metacognitive skills. Moreover, teachers not only implement innovative learning approaches such as
STEM but also guide students with a learning progression map so that the development of students'
metacognitive skills can be controlled in every process. These metacognitive skills can be seen from the
learning outcomes which are patterns of action, values, understanding, attitudes, appreciation, and skills
that are reflected in all individuals’ behavior. In this regard, the aims of this study is to analyze the
effectiveness of the learning progression-based biotechnology STEM module to improve the
metacognitive skills of the ninth-graders of junior high school in science subjects.

2. METHODS

This study used experimental methods with a pretest-posttest control group design. This design
used an experimental group and a control group which had the same characteristics because they were
randomly taken from a homogeneous population (Nana Syaodih Sukmadinata, 2012). The experimental
group was treated with the product developed, namely the learning progression-based biotechnology
STEM module, while the control group was treated with the old module that was commonly used in
schools.The sampling technique at this testing stage was carried out by a simple random sampling
technique. This technique was used in taking sample members from a random population regardless of
the strata in the population (Sugiyono, 2019). The population of this study was all the ninth-graders at
SMPN 1 Klaten, Central Java. The sample in the control class was IX E class consisting of 32 students, and
the sample in the experimental class was 96 students coming from three classes: IX A, IX B, and IX C
consisting of 32 students each. The data collection technique used in this effectiveness test was a
description test technique. This description test was used to measure students' metacognitive skills
including planning, monitoring, and evaluating. The data analysis technique used an independent sample
t-test. The independent sample t-test was conducted to find out the difference in the mean scores of the
experimental group (group 1) which received the treatment using the learning progression based-
biotechnology STEM module with the control group (group 2) without the treatment or only used the old
modules that were commonly used in schools.

3. RESULT AND DISCUSSION
Results

Table 1. The Results of Pre-test and Post-test Scores of the Effectiveness Test

Number Pre-test Post-test
Grou of The The The The
P Average lowest highest Average lowest highest S S2
students
score score score score
Control class 32 23.75 3 43 30.84 9 53 10.0 101.27
64 5
Experimental 96 28.99 4 56 70.12 15 90 17.5 307.37
class 32 6

After knowing the metacognitive skill scores in the pretest and posttest that shown in Table 1,
then a different test was carried out using the pretest score. Before using this differential test, a balance
test was carried out first to determine the initial abilities of the control and experimental groups. The
results of the balance test for the two groups are show in Table 2.

Table 2. The Results of the Balance Test Analysis

Tests Test types Results Decision Conclusion
Normality Kolmogorov- Control class (Sig. 0.200) HO is accepted The data is normally
Smirnov Experimental class (Sig.0.54) distributed
Homogeneity Lavene Statistic ~ Sig. 0.638 HO is accepted The data is
Homogeneous
Difference Test Independent Teount=-1.605 HO is accepted There are no
Sample t-test df =124 differences
trabel= 1.97928 (balanced)
Sig. 0.111
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Table 2 showed that the normality test for the control class had a significance of 0.200, while the
normality test for the experimental class was 0.54. The significance gain was greater than a (0.05), so HO
was accepted. Therefore, the data were considered to be normally distributed. Whereas the homogeneity
test had a significance of 0.638 which was greater than a (0.05), so HO was accepted and the data were
considered homogeneous. While for the independent sample t-test, it was known that t-count = -1.605
which was smaller than ttable = 1.97928. The probability value reached a significance of 0.111 which was
greater than a (0.05). This showed that there was no difference between the control class and the
experimental class, so it was considered that the two groups were in a balanced condition. After carrying
out the balance test, an effectiveness test was carried out to determine the effectiveness of the learning
progression-based biotechnology STEM module in improving the metacognitive skills of the ninth-graders
of junior high schools. The effectiveness test was carried out after the analysis requirements were met,
namely the normality and homogeneity tests. Table 3 describes the results of the effectiveness test.

Table 3. The Results of the Analysis of the Effectiveness Test

Tests Test Types Results Decision Conclusion
Normality Kolmogorof- Control class (Sig. 0.149) HO is accepted The datais
Smirnof Experimental class normally
(Sig.0.60) distributed
Homogeneity Lavene Sig. 0.605 HO is accepted The data is
Statistic Homogeneous
Difference Test  Independent teount = 10.925 HO isrejected  There are
Sample t-test df =124 differences
trabel= 1.97928
Sig. 0.065
Effect size test  Cohen’s d=0.23 Sufficient

Table 3 showed that the analysis prerequisite test was fulfilled because the data were normally
distributed and homogeneous. Meanwhile, the independent sample t-test showed that the t-count was
greater than the t-table. Therefore, it can be concluded that there was a significant difference between the
control and experimental classes. Accordingly, the next step was comparing the mean value of the post-
test results for the control class and the experimental class written in Table 1. The mean value in the
control class reached 30.84, while the average value in the experimental class reached 70.12. Then, the
results of the effect size showed the value of d = 0.23 which, according to Cohen's effect size, belonged to
the sufficient category. This showed that the use of the learning progression-based biotechnology STEM
module had a sufficient effect in improving the metacognitive skills of the ninth graders of junior high
schools. Thus, it showed that the learning progression-based biotechnology STEM module was more
effective than the former student book.

Discussion

The results of the research showed that the product developed, namely the learning progression-
based biotechnology STEM module, was able to improve students' metacognitive skills effectively. It also
provided an understanding that the steps in the learning approach used were able to guide students in
obtaining meaningful learning. The learning progression-based biotechnology STEM module implemented
in this study applied five steps: problem orientation, formulating problems, brainstorming ideas, testing
the best ideas, evaluating solutions, and presenting results (Adi Prayitno & Sugiharto, 2015; Wichaidit et
al,, 2019). The metacognitive skills in this study consisted of three indicators: planning skills, monitoring
skills, and evaluation skills. These three indicators were assessed based on the metacognitive skills
assessment guidelines with the percentage conversion described (Andarwulan et al, 2021; Purwanto,
2002). The increase in the metacognitive skills of students who used the learning progression-based
biotechnology STEM module was seen in the pretest scores in the control group reaching an average of
23.75 to 30.84 in the posttest. The pretest score in the experimental group reached an average of 28.99 to
70.12 in the posttest. Even though they both increased, it was necessary to do a difference test with an
independent sample t-test to find out the differences in students' metacognitive skills in the experimental
and control classes. Based on the results of the independent sample t-test, t-count = 10.925 which was
greater than t-table = 1.97928, so it can be concluded that there was a significant difference in the control
and experimental classes. In addition, the effect size test obtained a value of d = 0.23 which was in the
sufficient category. It means that the use of the learning progression-based biotechnology STEM module
had a sufficient effect in improving the metacognitive skills of the ninth-graders of junior high schools.
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The description of the results of existing research showed that the steps of the learning
progression-based biotechnology STEM module were able to guide students to fulfill the indicators of
metacognitive skills. The first indicator was planning skills strengthened by the first step of the learning
progression-based biotechnology STEM module, namely problem orientation. This problem orientation
provided students with a complete picture of the things they had to solve in learning biotechnology. This
led them to make study plans that they would carry out. Previous study expressed that the planning
process helped individuals to be able to prepare in anticipation of the challenges of the goals to be
achieved (Zaroh, 2018). Goal-setting and planning skills actively influenced the independent learning
process for individuals. In addition, the process of problem identification strengthened students'
knowledge, so they were able to synthesize information they used for discussion (Li et al., 2021; Liu, Y., &
Pasztor, 2022). Thus, the STEM syntax improved students' metacognition abilities because it helped
students determine problem-solving strategies at the beginning of learning on planning indicators. In
addition, they were more responsible, independent, and confident.

Regarding the learning progression-based biotechnology STEM syntax, the second step was to
formulate a problem. This activity still determines the student's planning range (the first indicator of
metacognitive skills). The activity that students do in this step is to write down various things they want
to know after observing the picture at the problem orientation, then students design a project to solve the
problem. According to previous study it was important for teachers to provide opportunities for students
to understand problems independently, whether in the form of concepts or learning materials because it
was important to improve student ability to understand problems (Budianti et al., 2022). Student ability
to understand problems, independence, and self-concept influenced and improved student ability in
problem-solving. This was confirmed by other study stating that the steps needed to solve the problem
were to represent and formulate it after exploring and understanding the problem (Hannania et al., 2022).
In line with this, metacognitive teaching could increase students' metacognitive awareness so that
students had a positive attitude toward learning which had an impact on their academic achievement
(Barri et al., 2023).

After formulating the problem, the next step in learning progression-based biotechnology STEM
was brainstorming ideas followed by testing the best ideas. In this step, the second metacognitive
indicator, monitoring skill, was very influential on metacognitive skills. The STEM biotechnology based
learning progression module gives students space to build hypotheses and prove pre-planned project
designs. The existence of this brainstorming idea allowed students to give feedback to their peers and
their teachers. Furthermore, previous study stated that to facilitate student cognitive processes, teachers
needed to help students by providing feedback internally and externally to create learning communities
and metacognition (Zhu et al., 2020). Other study reinforced the opinion stating that teachers needed to
stimulate students to participate actively in learning to improve their cognitive abilities (Adinia et al,,
2022). Moreover, there were non-cognitive factors that influenced students in solving problems. One of
which was the way students learned and the way teachers taught. Therefore, teachers had an important
role in improving students' ability to reduce process skills errors and final answer errors. In line with this
other study explained that teachers could provide training concerning science process skills for students
during the process of building knowledge (Subeki et al.,, 2022). They created and used information, carried
out research processes, and practiced solving problems in the environment. Moreover, the STEM
approach could develop students' learning attitudes and skills during the learning process (Melina, 2022;
Salsabila & Arif, 2022). Therefore, the use of the learning progression-based biotechnology STEM module
carried out in this study was able to improve students' metacognitive skills. The next step in using the
learning progression-based biotechnology STEM module was evaluating product solutions followed by
presenting the best product results. In this step, students discussed the results and evaluated the process
of making conventional and modern biotechnology. In this step, the last indicator of students’
metacognitive skills was already working, namely evaluating. Evaluation is a skill to reach the integrity of
propositions and the ability to give reasons between opinions, descriptions, and problems with existing
theories (Habibah, 2022; Setiyawati et al.,, 2022; Suriati et al., 2021). One of the evaluation skills in the
STEM approach was thinking skills that are in line with existing facts and evidence. This activity can also
be considered as a review of facts and concepts that can improve evaluation skills (Agnesa & Rahmadana,
2022; Kiswari et al, 2022). This evaluation skill is also a vehicle for clarifying subject matter.
Metacognitive improvement in this study provided an understanding that there were indicators involved
in metacognitive skills that could evaluate students' learning processes so that they had deep meaning in
what they learned and completed their assignments well (Permana & Setyawan, 2022; Simanjuntak &
Sudibjo, 2019).

Therefore, the learning progression-based biotechnology STEM module plays an important role in
stimulating students' metacognitive skills because of the conceptual and strategic support that guides
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students to have good metacognitive skills. Although the use of this module has been proven to be
effective in improving students' metacognitive skills, this module is only limited to biotechnology
materials and printed forms. This has a logical consequence in the field of teaching science. It means there
is still a need to develop students' metacognitive skills in other science materials and even in other
subjects. Considering that metacognitive skills are one of the skills that are needed by individuals in facing
global challenges, it is necessary to further develop similar modules with different subjects. Moreover, the
progress of the times demands the integration of technology in all fields such as education and teaching.
Therefore, digital competence has also become an indispensable skill for educators and researchers, so
that module development is carried out not only in printed forms but also in electronic forms.

4. CONCLUSION

Based on the description of the research and development results, it can be concluded that the
learning progression-based biotechnology STEM module is effective to improve the metacognitive skills of
the ninth-graders of junior high schools. The independent sample t-test showing that the t-count was
greater than the t-table can be the evidence. Besides, it can be concluded that there is a significant
difference between the control and experimental classes. The results of calculating the effect also showed
that this module has sufficient influence in improving the metacognitive skills of the ninth-graders of
junior high schools. The learning progression-based biotechnology STEM module can be an alternative for
teachers to improve students' metacognitive skills, especially in the ninth-graders of junior high schools.
The presence of this module can create a learning environment stimulating metacognitive skills. The
available features provide a display of materials, concrete images, and practice questions to keep students
motivated to learn.
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