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Abstract: Skills in the 21st century require students to have a highly cooperative attitude, 
be able to communicate well, be creative, and think at a high level. To apply these skills, 
the form of approach that can be applied is to use the STEM approach. This study has the 
objective of analyzing the effect of the STEM approach on improving students' natural 
science learning outcomes obtained by analyzing the effect size results. The research 
articles consist of 20 articles sourced from international and national journals. Effect Size 
analysis is based on the grouping of educational levels and student learning outcomes. It 
can be concluded that the STEM approach greatly influences the improvement of science 
learning outcomes for students at both elementary, junior high, and high school levels who 
are in the high category. And the STEM-based approach has a high influence on the three 
elements, especially on the knowledge element. 
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Introduction  
 

Currently, Indonesia has experienced several 
curriculum changes. The independent curriculum is the 
current curriculum. The independent curriculum comes 
with direct ideas and ideas from Nadiem Makarim, 
Indonesian Minister of Education (Kemendikbud Ristek 
RI), who puts forward that freedom in learning is 
freedom of thought. The meaning of independence in 
thinking is that teachers are given the freedom to explore 
the curriculum before it is given to students. With this 
the teacher becomes more aware of the learning needs of 
his students and the concept of learning is no longer 
focused on educators. The purpose of independent 
learning is to fulfill the objectives, materials, methods, 
and assessments in learning for both educators and 
students. So, this independent curriculum exists as an 
answer to the intense competition between human 
resources as a whole in the 21st century. 

In facing the 21st century students must have skills 
that can support their competitiveness which is called 
21st-century skills. According to Scott (2015) 21st 

century skills require students to be able to practice skills 
in learning activities in dealing with various things, 
innovating, collaborating, solving problems, 
communicating effectively, and thinking critically. The 
National Education Association (2008) argues that 21st-
century skills are 4C skills which consist of Creativity, 
Critical Thinking, Communication, and Collaboration. It 
is very important to develop these 21st-century skills so 
that students can face future challenges by having these 
4C skills and there will be an increase in student learning 
outcomes in science lessons at school. 

However, in reality, there are still many educators 
who have not integrated 4C skills into the learning 
process in their curriculum. The reason is that there are 
still many teachers who have difficulties in designing 
21st-century skill-based learning steps, especially in 
science subjects. 

Science is a subject that is incorporated into the 
independent curriculum. Redhana (2019) suggests that 
science is the science that studies the universe to 
conclude certain methods and observations. Pratama et 
al. (2017) and Rahayu (2017) argue that people can get to 
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know living things through their natural surroundings 
by studying science. IPA is related to a process of 
discovery so IPA does not only discuss concepts, 
principles, facts, and collections of knowledge. In 
studying science, students can make it a place to learn 
about the natural surroundings and understand 
themselves and be able to apply their knowledge in life. 
Therefore science is very crucial to learn to develop 
students' abilities in developing their abilities so that 
they can implement them scientifically in social life. In 
helping students to implement their knowledge, a 
multidisciplinary approach is needed, namely an 
approach that studies and solves problems by applying 
the principles of two or more fields of science consisting 
of science, mathematics, technology, and engineering or 
also called the STEM approach (Kanematsu et al., 2016; 
Salame et al., 2019). 

Septiani (2016), suggests that STEM (Science, 
Technology, Engineering, and Mathematics) is an approach 
to learning that combines four scientific disciplines, 
namely technology, natural science (science), 
engineering results, and mathematics. The STEM 
approach is an approach to learning that aims to 
improve students' principles and knowledge and 
support the ability to think scientifically and socially 
interact with those around them (McCright, 2012). The 
STEM approach in the learning process in the classroom 
is carried out using active learning methods which consist 
of collaboration, communication, problem-solving, and 
encouraging students to explore nature more and solve 
problems according to their experiences (Asghar et al., 
2012). 

Research by Wibawa (2020) suggests that there was 
a significant dissimilarity in learning outcomes between 
students who obtained the simultaneous STEM-based 
guided inquiry model and students who studied with 
direct learning models. Research by Herak (2021) by 
applying the STEM approach by using the Google 
Classroom application in learning acids and bases there 
was an increase in student learning outcomes. Research 
by Maulidia et al. (2019) that by using the STEM 
approach using the PBL model on Hooke's law and 
elasticity in class XI MIPA 3 there is a moderate increase 
in student learning outcomes at SMA Muhammadiyah 3 
Jember. 

The project-based STEM integrated science module 
on pressure material conducted by research by Sugianto 
et al. (2018) developed by researchers is suitable for use 
as learning material for junior high school students 
which can accommodate a significant increase in student 
learning outcomes. Research by Prismasari et al. (2019) 
suggests that applying the STEM approach to science 
learning can improve student learning outcomes in 
material for separating mixtures using filtration. 

Research by Laisnima et al. (2020) using STEM-based 
modules on electrolysis and redox material in chemistry 
learning in class XII IPA has increased student learning 
outcomes at YABT Manokwari Christian High School. 

Research by Wahyuni, Ni Putu (2021) by 
implementing STEM-based learning can significantly 
improve students' abilities and can increase students' 
interest in learning which has an impact on improving 
student learning outcomes. Research by Marsya et al. 
(2022) by implementing STEM-based learning there was 
a significant increase in student learning outcomes in 
simple aeronautical material. Research by Abdi et al. 
(2021) using a PhET virtual lab with a STEM approach 
can improve students' physics concepts in learning. This 
is evidenced by the category of the N-gain test in the 
moderate category and an increase after testing through 
objective tests.  

Based on the research above, the application of the 
STEM approach can affect students' natural science 
learning outcomes. So, it is necessary to analyze the effect 

size of the influence of the STEM approach on improving 
students' natural science learning outcomes at school. 

 

Method  
 

This type of research is meta-analysis research. The 
data used comes from international and national 
journals for the last two years. Data collection techniques 
are carried out by searching for data sources through 
international and national journals through Google 
Sholar, Eric, and IEEE. This meta-analysis research uses 
articles related to improving student learning outcomes 
with the STEM approach in science learning. The 
analyzed articles consist of 25 articles. Each article will 
calculate its effect-size value using the equation in Table 
1. 

 

Table 1. How to Determine the Magnitude of the Effect 
Size 
Statistics Formula 

The average of a group 𝐸𝑆 =
𝑋̅𝑝𝑜𝑠𝑡 −𝑋̅𝑝𝑟𝑒  

𝑆𝐷𝑝𝑟𝑒
  

Average of each group  𝐸𝑆 =
𝑋̅𝑒𝑘𝑠𝑝𝑒𝑟𝑖𝑚𝑒𝑛 −𝑋̅𝑘𝑜𝑛𝑡𝑟𝑜𝑙  

𝑆𝐷𝑘𝑜𝑛𝑡𝑟𝑜𝑙
  

Chi-square 
 𝐸𝑆 =  

2𝑟

√1− 𝑟2
;𝑟 =  √

𝑋2

𝑛
 

T count 
 𝐸𝑆 = 𝑡 √

1

𝑛𝑒𝑘𝑠𝑝𝑒𝑟𝑖𝑚𝑒𝑛
 +

1

𝑛𝑘𝑜𝑛𝑡𝑟𝑜𝑙
   

 
After obtaining the effect size value, the results can 

be categorized according to Cohen (1998), namely for the 
low category the effect size is ≤ 0.2; for the medium 
category the effect size is ≥ 0.2 and ≤ 0.8 and for the high 

category the effect size is ≥ 0.8. 
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Result and Discussion 
 

This study aims to analyze the effect of the STEM 
approach on improving students' natural science 
learning outcomes. The data is obtained by calculating 
the effect size of the articles that are relevant to the title 
of this study. The data from this study were collected 
from various sources, namely Google Scholar, Eric, and 
other journals. 

The selected articles were obtained from national 
and international journals totaling 20 articles that met 
certain criteria. The first criterion is research on the 
STEM approach, the second criterion is its effect on 
improving students' natural science learning outcomes. 

The effect size results obtained from the 20 articles 
above are grouped into two parts. First, based on the 
level of education, and second based on the elements of 

learning outcomes obtained by students. The 
classification of articles is in table 2. 

 
Table 2. Article Code, Effect Size, and Category Used 
Article Code Effect Size Category 

P1 1.77 High 
P2 1.3 High 
P3 1.4 High 
P4 1.49 High 
P5 0.74 Currently 
P6 1.03 High 
P7 0.78 Currently 
P8 1.3 High 
P9 1.55 High 
P10 1.17 High 
P11 0.75 Currently 
P12 1.34 High 
P13 0.4 Currently 
P14 1.06 High 
P15 0.62 Currently 
P16 0.6 Currently 
P17 0.53 Currently 
P18 1,9 High 
P19 0.65 Currently 
P20 0.80 High 

 
Based on the data in table 3, it can be seen that each 

effect size of the article regarding the effect of the STEM 
approach on increasing students' natural science 
learning outcomes. The average result of the effect size 
on the effect of the STEM approach on improving 
students' natural science learning outcomes is 1.06 
which is in the high category. 

Furthermore, the results of the effect size of the 
research on the effect of the STEM approach on the effect 
of increasing students' natural science learning 
outcomes based on their level of education. The effect 
size results can be seen in Table 3. 
 

Table 3. The Effect of the STEM Approach on Increasing 
Student Science Learning Outcomes Based on Education 
Level 
Level of 
education 

Article 
Code 

Effect Size Average 
Effect Size 

Category 

 
 
 
Primary 
School 

P1 1.77  
 

1.25 

 
 

High 
P2 1.3 
P3 1.4 
P4 1.49 

P11 0.75 
P20 0.80 

 
 
 
 
Junior High 
School 

P5 0.74  
 
 
 
 

1.06 

 
 
 
 
 

High 

P6 1.03 
P7 0.78 
P9 1.55 

P10 1.17 
P12 1.34 
P13 0.4 
P18 1.9 
P19 0.65 

 
 
Senior High 
School 

P8 1.3  
 

0.82 

 
 

High 
P14 1.06 
P15 0.62 
P16 0.6 
P17 0.53 

 

From the calculation of the effect size, the effect of 
the STEM approach on improving students' science 
learning outcomes at the educational level, an effect size 
value of 1.25 is obtained with the high category at the 
elementary level, at the junior high school level, an effect 
size value of 1.06 is obtained with the high category, and 
at SMA level obtained an effect size value of 0.82 with 
the high category. Based on the level of education, it was 
found that the STEM approach greatly influenced the 
increase in science learning outcomes for students at 
both elementary, junior high, and high school levels who 
were in the high category. 

Research by Herak (2021) argued that by applying 
the STEM learning model to science subjects in class VIII 
of SMP Negeri 11 Kupang there was an increase in 
student learning outcomes. Research by Lestari, Puji, et 
al. (2022) suggests that STEM-based learning in class VII 

at MTSN 3 Bantul can increase student learning activity, 

which means that there is also an increase in student 
learning outcomes. Research by Wijayanto et al. (2020) 
suggests that using the STEM approach in applying the 
project-based learning model in vector material in class 
X IPA at SMA 3 Muhammadiyah Jember can improve 
students' understanding of material concepts and 
students are also active in preparing projects in solving 
problems using physics concepts. 

Following research by Yanni (2018) that applying 
the STEM approach can improve student learning 
activities by training students to develop steps in dealing 
with problems and increasing students' intelligence in 
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mastering learning material and there is also an increase 
in learning outcomes students at Integrated Al-Ulum 
Islamic Middle School for class VIII students in Medan. 
Research by Rahmi et al. (2022) stated that the results of 
learning science in theme 1 in class IV of SD Negeri 001 
Muara Badak by applying the STEM-based Pjbl learning 
model experienced a considerable increase in each cycle. 

The result of the second effect size is that the effect 
of the STEM approach on learning outcomes can be 
grouped into three elements of learning outcomes. The 
effect size results can be seen in Table 4. 

 
Table 4. Effect Size Results of STEM-Based Science 
Teaching Materials on Student Learning Outcomes 

Learning 
outcomes 

Article 
Code 

Effect 
Size 

Average 
Effect Size 

Category 

Attitude P10 1.17 1.17 High 
 
 
Skills 

P6 1.03  
0.97 

 
High P9 1.55 

P11 0.75 
P17 0.53 

 
 
 
 
 
 
 
Knowledge 

P1 1.77  
 
 
 
 
 
 

1.08 

 
 
 
 
 
 
 

High 

P2 1.3 
P3 1.4 
P4 1.49 
P5 0.74 
P7 0.78 
P8 1.3 

P12 1.34 
P13 0.4 
P14 1.06 
P15 0.62 
P16 0.6 
P18 1.9 
P19 0.65 
P20 0.80 

 
From the calculation of the effect size the effect of 

the STEM approach on improving students' natural 
science learning outcomes, an effect size value of 1.17 is 
obtained in the high category in the attitude element 
learning outcomes, and in the skill element, the effect 
size is 0.97 in the high category. Meanwhile, the 
knowledge element obtained an effect size value of 1.08 
in the high category. Learning outcomes consist of three 
elements, which consist of attitude elements, skills 
elements, and knowledge elements. From the 
calculations, it is found that the STEM-based approach 
has a high influence on the three elements, especially on 
the knowledge element. Sukma (2018) argues that the 
STEM approach can affect student assessment which 
consists of affective, psychomotor, and cognitive aspects. 

Research by Fitriansyah et al. (2021) suggests that 
using the STEM approach in learning will improve 
students' scientific attitudes in compiling scientific work 
procedures. The STEM approach in the guided inquiry 

learning model is more effective than not using the 
STEM approach. Research by Syarifuddin et al. (2022) 
suggests that after and before learning activities there is 
an increase in students' ability to think critically by using 
the STEAM-based PBL learning model. Students can 
solve a problem, answer several questions, and conclude. 

The STEM approach supports students to develop 
different mindsets and improve their critical thinking 
skills. The application of this STEM-based approach can 
also increase the activeness of students in discussions 
which can increase student achievement. Research by 
Octaviyani et al. (2020) suggests that the application of 
STEM-based learning can hone students' creative 
thinking abilities. Research conducted by Twiningsih et 
al. (2020) argues that using STEM-based learning can 
improve students' skills it affects students' learning 
outcomes. The result of learning is the intelligence 
possessed by students after participating in the process 
and experiencing experiences in learning (Kunandar, 
2013). Learning outcomes show the success and quality 
of student learning (Slameto, 2010). 
 

Conclusion  
 

It can be concluded that the effect size results 

obtained with the STEM approach have a high influence 
on improving students' natural science learning 
outcomes at the elementary, middle, and high school 
levels. Also, from the effect size calculation, it is found 
that the use of STEM-based teaching materials has a high 
influence on the three elements, especially on the 
knowledge element. 

 
Acknowledgments  
The researcher would like to thank the supervisor of the 
Integrated Science Development course who has helped the 
author develop this article. Researchers also thank their 
beloved parents, family and friends for their support in this 
research. 

 
Author Contributions 
Fina Afriani Putri: preparation for writing-original draft, 
results, discussion, methodology, conclusions, review, and 
editing; Usmeldi and Asrizal: analysis and proofreading. 
 
Funding 
No external funding. 
 
Conflicts of Interest 
The author declares that there is no conflict of interest 
regarding the publication of this paper. 
 

References  
 

Abdi, M. U., Mustafa, M., & Pada, A. U. T. (2021). 
Penerapan Pendekatan STEM Berbasis Simulasi 
PhET Untuk Meningkatkan Pemahaman Konsep 



Jurnal Penelitian Pendidikan IPA (JPPIPA) November 2023, Volume 9 Issue 11, 1025-1030 

 

1029 

Fisika Peserta Didik. Jurnal IPA & Pembelajaran IPA, 
5(3), 209–218. 
https://doi.org/10.24815/jipi.v5i3.21774 

Asghar, A., Ellington, R., Rice, E., Johnson, F., & Prime, 
G. M. (2012). Supporting STEM Education in 
Secondary Science Contexts. Interdisciplinary 
Journal of Problem-Based Learning, 6(2). 
https://doi.org/10.7771/1541-5015.1349 

Fitriansyah, R., Werdhiana, I. K., & Saehana, S. (2021). 
Pengaruh Pendekatan STEM dalam Model Inkuiri 
Terbimbing Terhadap Sikap Ilmiah dan Kerja 
Ilmiah Materi IPA. Jurnal Ilmiah Pendidikan Fisika, 
5(2), 225. https://doi.org/10.20527/jipf.v5i2.3598 

Herak, R. (2021). Peningkatan Hasil Belajar IPA Peserta 
Didik Kelas VIII Materi Sistem Ekskresi melalui 
Pengaruh Model STEM. Jurnal Studi Guru Dan 
Pembelajaran, 4(1), 127–134. 
https://doi.org/10.30605/jsgp.4.1.2021.516 

Kanematsu, H., & M. Barry, D. (2016). STEM and ICT 
Education in Intelligent Environments (Vol. 91). 
Springer International Publishing. 
https://doi.org/10.1007/978-3-319-19234-5 

Kunandar. (2013). Penilaian Autentik. Rajawali Pers. 
Laisnima, L., & Siregar, T. (2020). Modul Pembelajaran 

Berbasis Science, Technology, Engineering and 
Mathematics (STEM) untuk Meningkatkan Hasil 
Belajar dan Keterampilan Proses Peserta Didik 
Pada Materi Redoks dan Sel Elektrolisis. Jurnal 
Ilmu Pendidikan Indonesia, 8(2), 84–90. 
https://doi.org/10.31957/jipi.v8i2.1237 

Marsya, A., Syafi’i, A., & Wulandari, A. Y. R. (2022). 
Efektivitas Pendekatan Stem Pada Materi Pesawat 
Sederhana Terhadap Hasil Belajar Peserta Didik. 
Jurnal Natural Science Educational Research, 5(1), 
135–141. Retrieved from 
https://journal.trunojoyo.ac.id/nser/article/vie
w/15760 

Maulidia, A. L., & Supriadi, B. (2019). Inovasi 
pembelajaran fisika melalui penerapan model PBL 
(problem based learning) dengan pendekatan 
STEM education untuk meningkatkan hasil belajar 
siswa pada materi elastisitas dan hukum hooke di 
SMA. Seminar Nasional Pendidikan Fisika, 4(1), 185–
190. Retrieved from 
https://jurnal.unej.ac.id/index.php/fkipepro/art
icle/view/15164 

McCright, A. M. (2012). Enhancing Students’ Scientific 
and Quantitative Literacies through an Inquiry-
Based Learning Project on Climate Change. Journal 

of the Scholarship of Teaching and Learning, 12(4), 86–
101. Retrieved from 
http://search.proquest.com/docview/131432836
4?accountid=13042 

Octaviyani, I., Kusumah, Y. S., & Hasanah. (2020). 

Peningkatan Kemampuan Berpikir Kreatif 
Matematis Siswa Melalui Model Project-Based 
Learning Dengan Pendekatan Stem. Journal on 
Mathematics Education Research, 1(1), 10–14. 
Retrieved from 
https://jurnal.unsyiah.ac.id/JIPI/article/view/2
1774 

Pratama, I. W. A., Mahadewi, L. P. P., & Suartama, I. K. 
(2017). Pengembangan Multimedia Interaktif 
Berbasis Model VAK Pada Mata Pelajaran IPA 
Siswa Kelas V Di SDN 2 Banjar Bali. Jurnal 
EDUTECH, 5(1), 132–141. Retrieved from 
https://ejournal.undiksha.ac.id/index.php/JEU/
article/view/20635%0Ahttps://ejournal.undiksh
a.ac.id/index.php/JEU/article/download/20635
/12617/31061 

Prismasari, A. H., & Indrawati, I. (2019). Science, 
Technology, Engineering and Mathematics (Stem) 
pada peambelajaran IPA SMP. Seminar Nasional 
Pendidikan Fisika, 4(1), 43–45. Retrieved from 
https://jurnal.unej.ac.id/index.php/fkipepro/art
icle/view/15123 

Rahmi, R. P., Meli, N., & Kusdar, K. (2022). Penerapan 
Model Project Based Learning Berbasis STEM 
untuk Meningkatkan Hasil Belajar IPA Siswa 
Sekolah Dasar. Kompetensi, 15(1), 102–110. 
https://doi.org/10.36277/kompetensi.v15i1.71 

Redhana, I. W. (2019). Mengembangkan Keterampilan 
Abad Ke-21 Dalam Pembelajaran Kimia. Jurnal 
Inovasi Pendidikan Kimia, 13(1). Retrieved from 
https://ejournal.undiksha.ac.id/index.php/JPP/
article/view/1694/1481 

Salame, I. I., & Nazir, S. (2019). The Impact of 
Supplemental Instruction on the Performance and 
Attitudes of General Chemistry Students. 
International Journal of Chemistry Education Research, 
53–59. 
https://doi.org/10.20885/ijcer.vol3.iss2.art1 

Scott, C. L. (2015). The Futures of Learning 2: What kind of 
learning for the 21st century?UNESCO Education 
Research and Foresight, Paris. Retrieved from 
https://repositorio.minedu.gob.pe/handle/20.50
0.12799/3709 

Slameto. (2010). Belajar dan Factor-Faktor yang 
Mempengaruhi. Rineka Cipta. 

Sugianto, S. D., Ahied, M., Hadi, W. P., & Wulandari, A. 
Y. R. (2018). Pengembangan Modul IPA Berbasis 
Proyek Terintegrasi STEM pada Materi Tekanan. 
Natural Science Education Research, 1(1), 28–39. 
https://doi.org/10.21107/nser.v1i1.4171 

Sukma, M. (2018). Pengaruh Pendekatan STEM (Science, 
Technology, Engineering, Mathematics) Terhadap 
Pengetahuan, Sikap dan Kepercayaan. Prosiding 
Seminar Nasional MIPA IV, 180–186. Retrieved from 



Jurnal Penelitian Pendidikan IPA (JPPIPA) November 2023, Volume 9 Issue 11, 1025-1030 

 

1030 

https://rb.gy/gjoa43 
Syarifuddin, Z. D., Andjariani, E. W., & Dewi, A. S. 

(2022). Penerapan Pembelajaran Problem Based 
Learning-Steam untuk Meningkatkan 
Keterampilan Berpikir Tinggi pada Materi IPA 
pada Siswa Kelas IV. Jurnal Ilmiah Mandala 
Education, 8(3), 2483–2488. 
https://doi.org/10.58258/jime.v8i3.3801 

Twiningsih, A., & Sayekti, T. (2020). Peningkatan 
Keterampilan Berhitung Siswa Melalui Media 
Kotak Ajaib Berbasis STEM pada Materi Konsep 
Penjumlahan. Jurnal Pendidikan Dasar, 11(1), 10–19. 
Retrieved from 
https://journal.unj.ac.id/unj/index.php/jpd/arti
cle/view/14117 

Wibawa, I. P. G. S. T. (2020). Pengaruh Model 
Pembelajaran Inkuiri Berbasis STEM dengan 
Penugasan Berbantuan Aplikasi Whatsaap 
terhadap Partisipasi Orang Tua dan Hasil Belajar 
IPA Siswa Kelas IV SD Se-Gugus VIII Mengwi. 
Jurnal Pendidikan Dasar Indonesia, 4(2), 79–90. 
https://doi.org/10.23887/jpdi.v4i2.3319 

Wijayanto, B. S., & LNuraini. (2020). Pengaruh Model 
Pembelajaran Project Based Learning Dengan 
Pendekatan Stem Terhadap Hasil Belajar Siswa 
Sma. Jurnal Pembelajaran Fisika, 9(3), 113. Retrieved 
from 
https://jurnal.unej.ac.id/index.php/JPF/article/
view/18561 

Yanni, M. H. (2018). Meningkatkan Aktivitas dan Hasil 
Belajar Matematika Melalui Strategi Pembelajaran 
TAPPS Berbasis Pendekatan (STEM). Jurnal 
Pendidikan Matematika (Judika Education), 1(2), 117–
125. https://doi.org/10.31539/judika.v1i2.373 

 


