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Abstract: This study aims to determine the need for developing STEM-ESD-based teaching 
materials as a learning resource for students in physics subjects in high school. This 
research uses mixed methods, which consisted of qualitative data and quantitative data. 
This research involved 26 respondents spread across several schools in Majalengka The 
instruments used are 17 questionnaires, namely 8 questions to identify difficulties in 
solving physics problems, 7 questions about student responses to the teaching materials 
used and 2 questions about causal factors and expected textbooks. Based on the 
preliminary study conducted, it is known that the teaching materials used so far have not 
met the indicators of good teaching materials, students have difficulty solving physics 
problems with a percentage of 73%, the student responses to the teaching materials used 
with a percentage of 81%, so require STEM-ESD-based teaching materials as a resource 
study. The results of the preliminary study also see that the teaching materials developed 
later can measure critical thinking and problem-solving skills. Based on this, the use of 
teaching materials as a learning resource is needed by students, so it is necessary to conduct 
a needs analysis in the development of STEM-ESD-based teaching materials.  
 
Keywords: Development teaching materials; ESD; STEM 

  

Introduction  

 
The results of the 2015 Program for International 

Student Assessment (PISA) study show that the 
scientific ability of Indonesian students is still low 
(Rahmayani et al., 2019; Zhasda et al., 2018). In the 2015 
PISA results report, the average science score for 
Indonesian students is 403 (Jufrida et al., 2019; Susongko 
et al., 2018). They are ranked 62 out of 69 PISA 
participating countries (Auld et al., 2019; Robertson, 
2021). The low achievement results can be seen in the 
results of The Trend in the International Mathematics 
and Science Study (TIMSS) in 2011 in the fields of 
mathematics and science (Liouaeddine et al., 2018; 
Wendt et al., 2016). The low quality of student learning 
outcomes shows that the learning process carried out by 
the teacher is still teacher centered, so that the teacher 
becomes the only source of learning for students 
(Marshel et al., 2020; Putra et al., 2021; Suhirman et al., 

2023). Teachers use the lecture method more in learning, 
and do not associate learning (Ichsan et al., 2023; Lestari 
et al., 2021) with problems in the real life of students 
every day (Syukri et al., 2021). The learning carried out 
did not train students' skills (Hadi et al., 2018). There are 
significant educational challenges as many US states are 
transitioning their science standards to align with the 
Next Generation Science Standards (Hayes et al., 2016). 
The 21st -century brought about major changes in the 
relationship between technological developments and 
the world of education so that the relationship between 
the two became faster (Tytler, 2020). Along with the 
complex problems in classroom learning activities, 
students' competencies are not limited to process 
abilities but need to have 21st century skills (Artika et al., 
2023).  

The 21st century skills known as 4C Ability include 
critical thinking and problem-solving, creativity and 
innovation, communication, and collaboration (Susilo et 
al., 2020). In facing the development of science and 
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technology, the best facilities are needed so that learning 
can achieve educational goals (Kingsley, 2017), so that 
education can produce graduates who are competent in 
global competition (Sjøen, 2023). To support 21st century 
capabilities, there are several approaches that we can 
use, one of which is STEM (Science, Technology, 
Engineering, and Mathematics) as an approach. 
Currently, many teaching materials in the form of 
Physics books are available (Amalya et al., 2021; 
Widayanti et al., 2019). However, most Physics books are 
still centered on material content and are not contextual 
in studying various phenomena around them. The 2013 
curriculum is a strategic step for the government to 
realize the challenges of the 21st century (Setiawan, 
2020). The rapid advances in technology today have both 
positive and negative impacts (Manalu et al., 2022). To 
minimize the negative impact of the development of 
technology, education should be prepared as a provision 
for sustainable development (Asrizal et al., 2023). This 
issue, as proclaimed by UNESCO (Ahel et al., 2020), 
namely Education for Sustainable Development (ESD) 
or education for sustainable development.  

This is in accordance with what was instructed by 
UNESCO (Ahel et al., 2020) that ESD must be integrated 
in curriculum and textbooks or teaching materials in 
formal education, which consists of early childhood 
education (Martín et al., 2020), primary and secondary 
education (Wang et al., 2021), vocational technical 
education and training, and higher education. Based on 
the results of the literature study, information was 
obtained that the teaching materials used so far have not 
integrated the objectives of STEM-ESD and the problems 
that exist in the teaching materials so far are still routine 
contextual problems (Fathurohman et al., 2023). 
Through this analysis of the needs of teaching materials, 
it is hoped that this can be the first step in the need for a 
product of physics teaching materials that can overcome 
the problem of the less-than-optimal ability of critical 
thinking and problem solving of students. 

 
STEM Education  

STEM learning is an integration of learning science, 
technology, engineering, and mathematics which is 
suggested to help the success of the 21st century 
(Yuenyong et al., 2021). STEM-based Education Skills 
can form human resources (HR). Able to reason and 
think critically, logically, and systematically, so as to be 
able to face global challenges and be able to improve the 
country's economy. STEM can develop when associated 
with the environment, so that there is learning that 
presents the real world experienced by students in 
everyday life (N. Putri et al., 2019). This means that 
through the STEM approach students do not just 
memorize concepts, but how students understand and 
understand scientific concepts and their relationships in 

everyday life. Based on this explanation, learning using 
STEM is an important question, because it provides 
training to students to be able to integrate each and 
every aspect. These aspects are called science, 
technology, engineering, and mathematics (M. A. N. 
Putri et al., 2022). STEM in the process of learning 
Physics is expected to equip students with various skills 
needed by students in the 21st century. Integrated STEM 
learning is an effort to combine science, technology, 
engineering, and mathematics into one class that is 
based on the relationship between subjects and real-
world problems (Belland et al., 2017). 

STEM was introduced in 1990 by Mark Sanders. 
Initially the term used was "SMET" which stands for 
Science, Mathematics, Engineering, and Technology. 
However, one NSF office worker (National Science 
Foundation) complained about the pronunciation of 
"SMET" which sounded like "smut" so that the acronym 
"STEM" was born (Holt, 2012; Syahmani et al., 2021). The 
purpose of implementing STEM learning is to create 
staff who have competence in the fields of science, 
technology, engineering and mathematics which are 
included in fields that are considered promising fields 
for getting better jobs (Setyaningsih et al., 2022). These 
four areas are stated as the key to success in the country's 
development in the 21st century (Listiaji et al., 2022). 
STEM learning is considered capable of creating an 
intelligent workforce to think critically, think logically 
and systematically (M. A. N. Putri et al., 2022). If the 
application of STEM can be implemented, it will 
produce graduates who are able to face challenges 
globally and are able to improve the economy in a 
country (Sholahuddin et al., 2022; Wu et al., 2016). The 
STEM discipline has been described by the National 
Academy of Engineering and National Research in 2009 
in Katehi, Pearson, & Feder including: 

Science, is the discussion of nature, including 
natural laws related to physics, chemistry and biology, 
as well as the application of facts, concepts, principles 
and practices related to these teachings. Science is a body 
of knowledge accumulated over time through scientific 
research to create new knowledge that informs the 
engineering design process; Technology, is not a strict 
discipline, this discussion includes systems, processes, 
knowledge, and equipment systems of all people and 
organizations that are used to create and service 
technological objects as well as the objects themselves. 
Throughout history, humans have developed 
technology to meet their needs and wants. Most modern 
technologies are products of science, engineering and 
technical equipment are used in both fields; 
Engineering, discussing the design and creation of 
products made by humans and the process of solving 
problems. This process is designed under constraints. 
One of the limitations in engineering design is the laws 
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of nature or science. Other constraints included in 
engineering design include cost, time, available 
materials, agronomy, environmental regulations, 
productivity and repair ability. The discussion of this 
technique uses the concept of science and mathematics; 
Mathematics, discussion of patterns of relationships 
between numbers and shapes. Special branches in 
mathematics include arithmetic, geometry, algebra, 
trigonometry and calculus. Mathematics is used in 
discussions of science, engineering and technology. The 
results of the study (Dou, 2019) say that STEM in the 
context of literacy has the goal of:  

Develop students' abilities to acquire knowledge, 
attitudes and problem-solving skills in different life 
situations, explain natural phenomena that occur, and 
draw conclusions from STEM; Understand the 
characteristics of STEM disciplines such as inquiry, 
knowledge forms, and human-initiated design; Creating 
an intellectual, material and cultural environment and as 
a caring citizen; and constructive and reflective personal 
participation (eg, limited resources, energy efficiency, 
and environmental quality) to have a desire to be 
involved in STEM-related scientific research. There are 
three approaches to STEM learning that can be 
developed according to Shekhar et al.  (2014), including: 

The silo approach, which is an approach that 
provides opportunities for students to gain knowledge 
rather than technical skills. The characteristics of the silo 
approach are that learning is still authoritarian for 
educators, students do not get many opportunities to 
actively participate in learning. This approach 
emphasizes knowledge so that it can be assessed; 
Embedded approach, namely an approach that 
emphasizes mastery of knowledge in the real world as 
well as problem-solving methods in the social, cultural 
and functional fields. The embedded approach 
emphasizes material integrity and connects the main 
material to the backing or embedded materials; An 
integrated approach, namely an approach that combines 
different STEM fields and does it in one subject. The 
integrative approach combines subjects including 
critical thinking skills, problem solving by integrating 
learning materials in the classroom. In line with the 
STEM application aims to develop students' skills by 
combining several scientific fields. Students will be more 
active in participating in learning that is they can 
develop the skills they have. 

Gogia et al. (2018) proposes that the development 
of educational science begins to consider STEM learning 
as an important way to address the challenges and 
demands of this century. This starts from the idea that 
an individual must have the competence to understand 
STEM related to global issues; scientific recognition from 
other non-scientific explanations; propose a reasonable 
idea based on relevant evidence; fulfill responsibilities at 

local, national and global levels. There are several 
aspects in the STEM-based learning process according to 
Priemer et al. (2020), namely: Asking questions (science) 
and defining problems (engineering); developing and 
using models; planning and conducting investigations; 
analyzing and interpreting the data (mathematics); 
using mathematics; information and computer 
technology; computational thinking; build explanation 
(science) and designing a solution (engineering); engage 
in evidence-based arguments; obtain, evaluate, and 
communicate information. 

In the development of STEM-based textbooks, it 
will be paired with the PjBL model starting from 
reflection, research, discovery, application, and 
communication because STEM is just an approach, not a 
learning model (Mujiono et al., 2021), so it is hoped that 
it can improve critical thinking and problem-solving 
skills. Several findings also state the results of the 
effectiveness of implementing PjBL in learning activities 
on students' critical thinking skills (Aqlan et al., 2022). 
Based on the characteristics of PjBL, it is not surprising 
that PjBL is suitable to be paired with STEM. As with the 
findings of (Kinley et al., 2021). PJBL STEM 
compatibility because they are the same equally 
challenging and motivating learners (Kaur et al., 2020; 
Mardiani et al., 2023). This makes students feel 
motivated to be active in conducting investigations and 
finding solutions to problems during learning activities 
to foster critical and creative thinking skills. 

 
Education Sustainable for Development (ESD)  

Education for Sustainable Development (ESD) was 
first proclaimed by the United Nations in 2005 which is 
a comprehensive paradigm in all aspects of life. The 
concept of sustainable development is based on 

development that meets the needs of the present, but 
does not reduce the ability of the next generation to meet 
their own needs (Giangrande et al., 2019). ESD can be 
defined as education that empowers humans to try to 
understand and solve problems that threaten life on 
earth. ESD integrates the principles of sustainable 
development in all aspects of education and learning 
(Atack, 2021). ESD is an effort to provide education and 
knowledge so that students can take advantage of nature 
while preserving it. ESD is designed to realize a holistic 
personality, a love for the environment that people feel 
and apply in an environmentally friendly life every day 
(Hsiao et al., 2021). Education for Sustainable 
Development is expected to change the paradigm and 
behavior of the whole community to participate in its 
implementation. The four pillars of sustainable 
development include building economic resilience that 
is just and sustainable, and preserving the environment 
and society to preserve cultural diversity (Hsiao et al., 
2021). Developments that are taking place in various 



Jurnal Penelitian Pendidikan IPA (JPPIPA) March 2024, Volume 10, Issue 3, 1124-1133  
 

1127 

countries are now experiencing rapid progress in 
various fields (Willats et al., 2018). However, many 
disasters occur in the environment such as floods, 
droughts, environmental pollution, landslides and even 
forest fires, which not only cause substantial losses but 
also deaths. The international community has agreed on 
the importance of protecting the planet from pollution 
and destruction through education on sustainable 
development (Lambini et al., 2021). This development is 
a commitment and responsibility of the global 
community to save the earth from destruction due to 
development that does not pay attention to 
environmental sustainability. Sustainable development 
is used to facilitate the transition towards sustainability 
in order to understand the interaction between humans 
and the environment in which they live. The importance 
of sustainable development lies in meeting human needs 
while preserving other life on Earth (Misiaszek, 2022). 
ESD is an attempt to offer humanity insight into the uses 
of nature, with an emphasis on sustainability. 

ESD is designed to be known by the whole 
community to build characters that are environmentally 
friendly, love the environment, and easily adapt to 
everyday life. The presence of ESD enables society to 
develop environmental and social resilience in four 
pillars, namely a just and sustainable economy and the 
preservation of the country's cultural diversity (Pimdee, 
2021). Indonesia has also responded positively to the 10 
year discourse ESD. The Ministry of Education views 
education for sustainable development as a paradigm 
that makes human beings with noble morals a blessing 
to the universe (Haryono, 2020). This enables humans to 
meet their own needs, taking into account the needs of 
present and future generations. This sustainable 
development paradigm invites people to think about the 
planet and its sustainability (Zejnilovic et al., 2023). 
Education is expected to develop an understanding of 
the importance of ecological balance and social 
responsibility for nature which enables students to work 
synergistically with other people and with all natural 
systems. Thus, a critical awareness of the environment 
(social and natural) emerges and various interventions 
for the better environment (Guo et al., 2022). 
 

Method  
 

The participants were grade XI MIPA students in 
one of the SMAN in Majalengka which can be seen in 
Figure 1 (with regional boundaries marked with red 
lines).  

 

 
Figure 1. Location research in Majalengka 

 
This study used a mixed-method (Creswell, 2004), 

consisting of qualitative data and quantitative data. The 
sampling technique was conducted by purposive 
sampling. Data collection was done by giving 
questionnaires to students. The questionnaire was given 
to 26 students (18 eneng and 8 aa), for each question 
students used a four-point Likert scale (Reardon et al., 
2017). Respondent was asked to state the following Table 
1.  

 
Table 1. Likert Scale Four-Point 

Statement Information 

SA 
A 
D 
SD 

Strongly Agree 
Agree 

Disagree 
Strongly Disagree 

 
The questionnaire contains 15 questionnaires, 

namely 8 questions to identify difficulties in solving 
physics problems, 7 questions about student responses 
to the need teaching materials. Qualitatively 2 questions 
about causal factors and expected textbooks; the data 
and information obtained during the research study are 
analyzed and then interpreted. 
 

Result and Discussion 
 

Analysis response of the students toward difficulty 
in physic lesson consists of eight questions which the 
students were asked to choose one answer from the 
question that was given to them. The statements about 
the difficulty in the physic lesson are presented in table 
2. 

Table 2 presents P1-P3 statements are meant to 
know the preference for the physic lesson. The data that 
was obtained about 62.5 % of students dislike physic 
lesson, but some students consider physics lessons to be 
very useful for life with a percentage of 50%, and 
students cannot solve problems in real life by studying 
physics by 68.8%. The P4-P8 statement is purposed to 
recognize the students' responses regarding the difficult 
subject. The data that are obtained supposed that most 
of the students believed difficulty during the physic 



Jurnal Penelitian Pendidikan IPA (JPPIPA) March 2024, Volume 10, Issue 3, 1124-1133  
 

1128 

lesson because they must be challenged with equation 
and formula, experiment and testing, conceptual 
explanation at the same time. It is proved with the 73,8% 
percentage. This finding is maintained with the research 
by Sharpe et al. (2020) that assumed there are three 
students' difficulties in getting the concept of physic, 
namely; there is misunderstanding from the students in 
knowing the phenomena during resolving the problem, 
misread or ma misinterpret from the question that 
asked, and the students' mathematic skills that are still 
low. So when using STEM-based teaching materials, 
students will be trained in Science, Technology, 
Engineering and Mathematics. In addition, students will 
be more aware of sustainable living with the ESD 
approach in teaching materials. 
 
Table 2. The Students’ Statements about the Difficulty in 
Learning Physic 
No. Questions 

P1 
P2 
P3 
P4 
P5 
P6 
 
P7 
P8 

I like physics lessons 
I think physics lessons are very useful in life 

I can solve problems in life by studying physics 
I think that physics is difficult and boring 
I have difficulty solving physics problems 

I have difficulty using equations or formulas on 
physics problems 

I have trouble analyzing graphs and pictures 
I have difficulty concluding the material being studied 

 
Analysis response of the student responses to the 

teaching materials used of seven questions. Those 
questions are presented in Table 3. 

Table 3 presents student responses to learning 
resources used by teachers during the learning process. 
In P9 questions, 37.5% of students used textbooks, LKS; 
on P10 questions, 56.3% of students stated that the 
teaching materials used were not interactive; on P11 
questions, 56.3% of students stated that the teaching 
materials used did not train critical thinking; on P12 
questions, 50% of students stated that the teaching 
materials used did not practice problem solving; in 
question P13, 62.5% of students stated that project-based 
teaching materials would be more interesting; in 
question P14, 53.6% of students stated that the teaching 
materials used were not experimenting or making 
projects; on question P15 there are 50% of students 
stating that the teaching materials used cannot make 
students solve problems. This is supported by 
Widayanti et al. (2019) which says that the application of 
the STEM-based teaching material process with the 
existence of projects in learning so that it is needed by 
students.  
 
 
 

Table 3. The Students’ Response to the Teaching 
Materials Used 

No. Questions 

P9 
 
 
P10 
 
P11 
 
P12 
 
P13 
 
 
P14 
 
 
P15 

The learning materials used by the teacher during 
the learning process are textbooks, LKS 

The learning materials I use are very interactive 
during physics lessons 

The learning resources that I use to practice critical 
thinking skills 

The learning resources I use practice problem 
solving skills 

Learning physics will be interesting if you use 
project-based teaching materials. 

Physics textbooks used today do not provide a 
meaningful learning experience (experiments, 

project creation) 
Physics textbooks that are used today are not able to 

make me able to solve problems 

 
The students’ analysis response about causal 

factors and expected textbooks toward the need for 
interactive learning source has four statements. Those 
statements are presented in Table 4.  

 
Table 4. The Students’ Response about Causal Factors 
and Expected Textbooks 

No. Questions 

P16 
 
 
 
P17 

In your opinion, what are the factors causing the 
difficulties and problems experienced by using the 

teaching materials used? 
What kind of teaching materials do you want to 

overcome your difficulties and problems in 
studying physics? 

 
Table 4 presents the constraints and desired 

learning resources as an alternative in learning. 

Question P16 is intended to find out the factors causing 
the difficulties experienced while using the teaching 
materials used, here are some of the students' answers: 
S1: Don't understand 
S2: It's boring especially all this time online 
S3: the teacher rarely comes to class 
S4: Some of the material in the book is explained in as 
much detail as possible, but it is long-winded and does 
not go straight to the part that must be understood. 
S5: Learning online so I don't really understand 
S6: Lack of interactive learning tools so that the left brain 
is often used and the right brain is not 
S7: Sometimes just to read and understand from 
textbooks or worksheets, I feel like I don't understand 
S8: Do not understand the formula, how to use the 
formula 
S9: Because I'm lazy 
S10: sometimes it doesn't explain the material in detail 
and it's a bit difficult to memorize formulas 
S11: Many formulas 
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S12: because the teaching material is in the form of a 
book, it explains it in a dense and long way, so it is a little 
difficult to understand it 
S13: the way the teacher explains it and the teacher rarely 
gives the material 
S14: teachers and teaching materials used are less 
effective 
Question P17 is intended to find out the desired teaching 
materials to overcome difficulties and problems in 
learning physics, here are some of the students' answers: 
S1: Through that experiment, it will be easier to 
understand 
S2: Short and clear explanation 
S3: Provided examples and parables in everyday life so 
that I know what the physics formula is useful in. 
S4: What was explained first was given an example 
S5: Interactive teaching materials 
S6: The one with lots of pictures and experiments 
S7: Want to be explained and immediately put into 
practice 
S8: Teaching materials with visual explanations such as 
videos and pictures 
S9: The one with lots of experimental activities 
S10: If you explain, let alone the experiment, it's really 
fun, so you understand 
S11: learn as much as possible, you can use viewing 
media so you don't get too stressed 
S12: Detailed teaching materials but not too long 
S13: The teaching materials I want are in the form of files, 
pdf, and worksheets to make them more concise and 
easy to understand. 
S14: making experiments, project creation, and other 
practices.  
 

Conclusion  

 
Based on the data from the needs analysis carried 

out, it can be seen that the development of STEM-ESD-
based interactive teaching materials needs to be done. 
The conclusion is that students still have difficulty in 
solving physics problems, students need learning 
materials that can help solve physics problems. The 
contributing factor is that textbooks are difficult for 
students to understand and rarely conduct experiments, 
so students hope that the upcoming textbooks are 
textbooks that make students happy, easy to understand 
and practice critical thinking skills and solve physics 
problems. So, it is very necessary to develop teaching 
materials that are able to train these abilities, namely 
with STEM-based teaching materials with an ESD 
approach. 
 
Acknowledgments 
This work was supported by the Kemendikbudristek 2024 
(PMDSU). We would like to thanks for continuing support and 
feedback from colleagues in the faculties of education. 

Author Contributions 
PAS as the first author contributed to finding ideas, conducting 
research, writing research articles, collecting, processing, 
analyzing data, and writing articles. IK, AS, and RR as the 
second third and fourth author contributed to directed and 
guided the first author. 
 
Funding 
External funding was provided by Kemendikbudristek. 
 
Conflicts of Interest 
The authors declare no conflict of interest. 
 

References  
 
Ahel, O., & Lingenau, K. (2020). Opportunities and 

Challenges of Digitalization to Improve Access to 
Education for Sustainable Development in Higher 
Education. https://doi.org/10.1007/978-3-030-
15604-6_21 

Amalya, C. P., Artika, W., Safrida, S., Nurmaliah, C., 
Muhibbuddin, M., & Syukri, M. (2021). 
Implementation of the Problem Base Learning 
Model combined with E-STEM Based Student 
Worksheets on Learning Outcomes and Self 
Efficacy on Environmental Pollution Materials. 
Jurnal Penelitian Pendidikan IPA, 7(SpecialIssue), 
37–38. 
https://doi.org/10.29303/jppipa.v7iSpecialIssue.
962 

Aqlan, F., DiFrancesca, D., Swinarski, M., Nikhare, C., 
Rasouli, M., & Dunsworth, Q. (2022). A Holistic 
Design Approach for Integrated Learning in 
Manufacturing Education. 2022 ASEE Annual 
Conference & Exposition Proceedings. 
https://doi.org/10.18260/1-2--41823 

Artika, W., & Rosemary, R. (2023). Environmental STEM 
(E-STEM) in Building Climate-Resilient 
Communities in Aceh: Students’ Awareness. Jurnal 
Penelitian Pendidikan IPA, 9(8), 6238–6246. 
https://doi.org/10.29303/jppipa.v9i8.4970 

Asrizal, Usmeldi, & Azriyanti, R. (2023). Meta-Analysis 
of the Influence of the STEM-Integrated Learning 
Model on Science Learning on 21st Century Skills. 
Jurnal Penelitian Pendidikan IPA, 9(8), 339–347. 

https://doi.org/10.29303/jppipa.v9i8.3094 
Atack, L. (2021). a Proposal for Recalibrating Sdg 4.7. In 

Policy and Practice (Issue 33, pp. 1–21). Retrieved 
from 
https://www.developmenteducationreview.com
/sites/default/files/publications/Full Issue 33 
PDF_0.pdf#page=55 

Auld, E., Rappleye, J., & Morris, P. (2019). PISA for 
Development: how the OECD and World Bank 
shaped education governance post-2015. 
Comparative Education, 55(2), 197–219. 
https://doi.org/10.1080/03050068.2018.1538635 



Jurnal Penelitian Pendidikan IPA (JPPIPA) March 2024, Volume 10, Issue 3, 1124-1133  
 

1130 

Belland, B. R., Walker, A. E., & Kim, N. J. (2017). A 
Bayesian Network Meta-Analysis to Synthesize the 
Influence of Contexts of Scaffolding Use on 
Cognitive Outcomes in STEM Education. Review of 
Educational Research, 87(6), 1042–1081. 
https://doi.org/10.3102/0034654317723009 

Creswell, J. W. (2004). Designing A Mixed Methods 
Study In Primary Care. The Annals of Family 
Medicine, 2(1), 7–12. 
https://doi.org/10.1370/afm.104 

Dou, L. (2019). A Cold Thinking on the Development of 
STEM Education. In M. E., K. E.G., L. J.C., J. Q., L. 
Z., & Z. H (Eds.), 2019 International Joint Conference 
on Information, Media and Engineering (IJCIME) (pp. 
88–92). IEEE. 
https://doi.org/10.1109/IJCIME49369.2019.00027 

Fathurohman, A., Oklilas, A. F., Marlina, L., Kurdiati, L. 
A., Susiloningsih, E., Azhar, A., & Samsuryadi, S. 
(2023). Effectiveness of Using the Mobile Learning 
App for STEM-Based High School Physics 
Materials as Indonesian Student Learning 
Resources on Learning Outcomes. Jurnal Penelitian 
Pendidikan IPA, 9(3), 1018–1023. 
https://doi.org/10.29303/jppipa.v9i3.2991 

Giangrande, N., White, R. M., East, M., Jackson, R., 
Clarke, T., Saloff Coste, M., & Penha-Lopes, G. 
(2019). A Competency Framework to Assess and 
Activate Education for Sustainable Development: 
Addressing the UN Sustainable Development 
Goals 4.7 Challenge. Sustainability, 11(10), 2832. 
https://doi.org/10.3390/su11102832 

Gogia, L. P., & Pearson, D. C. (2018). A Connected 
Learning Approach to General STEM Education: 
Design and Reality. In ACS Symp. Ser (Vol. 1274, 
pp. 121–137). American Chemical Society. 
https://doi.org/10.1021/bk-2018-1274.ch007 

Guo, F., Duan, Y., He, S., Gong, Q., & Yao, Z. (2022). 
Analysis of Sustainable Development Questions of 
College Entrance Examination Geography Papers 
in China: 2010–2020. Sustainability, 14(3), 1526. 
https://doi.org/10.3390/su14031526 

Hadi, S. A., Susantini, E., & Agustini, R. (2018). Training 
of Students’ Critical Thinking Skills through the 
implementation of a Modified Free Inquiry Model. 
Journal of Physics: Conference Series, 947(1), 012063. 
https://doi.org/10.1088/1742-
6596/947/1/012063 

Haryono, H. E. (2020). The Influence of Cooperative 
Learning Model Type Group Investigation Toward 
Results of Learning Science Materials of Students. 
Jurnal Ilmiah Pendidikan Fisika, 4(1), 1. 
https://doi.org/10.20527/jipf.v4i1.1772 

Hayes, K. N., Lee, C. S., DiStefano, R., O’Connor, D., & 
Seitz, J. C. (2016). Measuring Science Instructional 
Practice: A Survey Tool for the Age of NGSS. 

Journal of Science Teacher Education, 27(2), 137–164. 
https://doi.org/10.1007/s10972-016-9448-5 

Holt, R. (2012). A case study in STEM education: 
Construction management capstone case study: 
Museum at five points. WMSCI 2012 - The 16th 
World Multi-Conference on Systemics, Cybernetics and 

Informatics, Proceedings, 2, 199–204. Retrieved from 
https://www.scopus.com/inward/record.uri?eid
=2-s2.0-
84875425754&partnerID=40&md5=1efcfef030eec9
58209b5b3e31d749ef 

Hsiao, P.-W., & Su, C.-H. (2021). A Study on the Impact 
of STEAM Education for Sustainable Development 
Courses and Its Effects on Student Motivation and 
Learning. Sustainability, 13(7), 3772. 
https://doi.org/10.3390/su13073772 

Ichsan, I., Suharyat, Y., Santosa, T. A., & Satria, E. (2023). 
Effectiveness of STEM-Based Learning in Teaching 
21 st Century Skills in Generation Z Student in 
Science Learning: A Meta-Analysis. Jurnal 

Penelitian Pendidikan IPA, 9(1), 150–166. 
https://doi.org/10.29303/jppipa.v9i1.2517 

Jufrida, J., Basuki, F. R., Kurniawan, W., Pangestu, M. D., 
& Fitaloka, O. (2019). ERIC - EJ1238303 - Scientific 
Literacy and Science Learning Achievement at 
Junior High School, International Journal of 
Evaluation and Research in Education, 2019-Dec. 
International Journal of Evaluation and Research in 
Education, 8(4), 630–636. Retrieved from 
https://eric.ed.gov/?id=EJ1238303 

Kaur, N., & Pathak, S. (2020). A Novel Approach to 
Enhance Creativity & Amp; Innovation in Indian 
Schools. Journal of Critical Reviews, 7(07), 926–930. 
https://doi.org/10.31838/jcr.07.07.168 

Kingsley, A. (2017). Information Communication 
Technology (ICT) in the Educational System of the 
Third World Countries as a Pivotal to Meet Global 
Best Practice in Teaching and Development. 
American Journal of Computer Science and Information 
Technology, 05(02). 
https://doi.org/10.21767/2349-3917.100010 

Kinley, Rai, R., & Chophel, S. (2021). A journey towards 
STEM education in Bhutan. In STEM Education 
from Asia (pp. 49–62). Routledge. 
https://doi.org/10.4324/9781003099888-3 

Lambini, C. K., Goeschl, A., Wäsch, M., & Wittau, M. 
(2021). Achieving the Sustainable Development 
Goals through Company Staff Vocational 
Training—The Case of the Federal Institute for 
Vocational Education and Training (BIBB) INEBB 
Project. Education Sciences, 11(4), 179. 
https://doi.org/10.3390/educsci11040179 

Lestari, H., Rahmawati, I., Siskandar, R., & Dafenta, H. 
(2021). Implementation of Blended Learning with 
A STEM Approach to Improve Student Scientific 



Jurnal Penelitian Pendidikan IPA (JPPIPA) March 2024, Volume 10, Issue 3, 1124-1133  
 

1131 

Literacy Skills During The Covid-19 Pandemic. 
Jurnal Penelitian Pendidikan IPA, 7(2), 224–231. 
https://doi.org/10.29303/jppipa.v7i2.654 

Liouaeddine, M., Elatrachi, M., & Karam, E. mehdi. 
(2018). The analysis of the efficiency of primary 
schools in Morocco: modelling using TIMSS 
database (2011). The Journal of North African Studies, 
23(4), 624–647. 
https://doi.org/10.1080/13629387.2017.1422978 

Listiaji, P., Widianingrum, R. A., Saputri, A. A. I., & 
Rahman, N. F. A. (2022). PjBL Model assisted by 
Smartphone Sensors to Improve Critical Thinking 
Skills of Prospective Science Teachers. Indonesian 
Journal on Learning and Advanced Education 

(IJOLAE), 4(3), 246–256. 
https://doi.org/10.23917/ijolae.v4i3.18942 

Manalu, E. N. B., Hendri, M., & Rasmi, D. P. (2022). 
Analysis of STEM-Based Student Worksheet 
Development with Scaffolding using the Web. 
Jurnal Penelitian Pendidikan IPA, 8(2), 573–578. 
https://doi.org/10.29303/jppipa.v8i2.1145 

Mardiani, A., Wilujeng, I., & Zulaikha, D. F. (2023). 
Exploring Teachers’ Perspectives on 
Implementation of STEM-Inquiry Integrated with 
Disaster Mitigation. JIPF (Jurnal Ilmu Pendidikan 
Fisika), 8(1), 18–29. 
https://doi.org/10.26737/jipf.v8i1.3101 

Marshel, J., & Ratnawulan. (2020). Analysis of Students 
Worksheet (LKPD) integrated science with the 
theme of the motion in life using integrated 
connected type 21 st century learning. Journal of 
Physics: Conference Series, 1481(1), 012046. 
https://doi.org/10.1088/1742-
6596/1481/1/012046 

Martín, S. C., Cabezas González, M., & García Peñalvo, 

F. J. (2020). Digital competence of early childhood 
education teachers: attitude, knowledge and use of 
ICT. European Journal of Teacher Education, 43(2), 
210–223. 
https://doi.org/10.1080/02619768.2019.1681393 

Misiaszek, G. W. (2022). An ecopedagogical, 
ecolinguistical reading of the Sustainable 
Development Goals (SDGs): What we have learned 
from Paulo Freire. Educational Philosophy and 
Theory, 54(13), 2297–2311. 
https://doi.org/10.1080/00131857.2021.2011208 

Mujiono, M., & Sarah, S. (2021). Android-Based 
Learning Media Development to Improve Student 
Learning Achievement. Berkala Ilmiah Pendidikan 
Fisika, 9(2), 115. 
https://doi.org/10.20527/bipf.v9i2.8660 

Pimdee, P. (2021). An Analysis of the Causal 
Relationships in Sustainable Consumption 
Behaviour (SCB) of Thai Student Science Teachers. 
International Journal of Instruction, 14(1), 999–1018. 

https://doi.org/10.29333/iji.2021.14159a 
Priemer, B., Eilerts, K., Filler, A., Pinkwart, N., Rösken-

Winter, B., Tiemann, R., & Zu Belzen, A. U. (2020). 
A framework to foster problem-solving in STEM 
and computing education. Research in Science & 
Technological Education, 38(1), 105–130. 
https://doi.org/10.1080/02635143.2019.1600490 

Putra, P. D. A., Ahmad, N., Wahyuni, S., & Narulita, E. 
(2021). Analysis of the Factors Influencing of Pre-
service Science Teacher in Conceptualization of 
STEM Education: Self-Efficacy and Content 
Knowledge. Jurnal Penelitian Pendidikan IPA, 
7(SpecialIssue), 225–230. 
https://doi.org/10.29303/jppipa.v7iSpecialIssue.
877 

Putri, M. A. N., & Dwikoranto, D. (2022). 
Implementation of STEM Integrated Project Based 
Learning (PjBL) to Improve Problem Solving Skills. 
Berkala Ilmiah Pendidikan Fisika, 10(1), 97. 
https://doi.org/10.20527/bipf.v10i1.12231 

Putri, N., Rusdiana, D., & Suwarma, I. R. (2019). The 
Comparison of Student Creative Thinking Skill 
using CBL Implemented in STEM Education and 
Combined with PSL Worksheet in Indonesian 
School. Journal of Science Learning, 3(1), 7–11. 
https://doi.org/10.17509/jsl.v3i1.17557 

Rahmayani, N. S., Arifin, M., & Sunarya, Y. (2019). 
Profile of senior high school students’ scientific 
literacy in Banda Aceh. Journal of Physics: Conference 

Series, 1157(4), 042024. 
https://doi.org/10.1088/1742-
6596/1157/4/042024 

Reardon, T., Harvey, K., Baranowska, M., O’Brien, D., 
Smith, L., & Creswell, C. (2017). What do parents 
perceive are the barriers and facilitators to 
accessing psychological treatment for mental 
health problems in children and adolescents? A 
systematic review of qualitative and quantitative 
studies. European Child and Adolescent Psychiatry, 
26(6), 623–647. https://doi.org/10.1007/S00787-
016-0930-6/FIGURES/6 

Robertson, S. L. (2021). Provincializing the OECD-PISA 
global competences project. Globalisation, Societies 

and Education, 19(2), 167–182. 
https://doi.org/10.1080/14767724.2021.1887725 

Setiawan, B. (2020). The Anxiety of Educational Reform 
and Innovation: Bridging of Top-Down and 
Bottom-Up Strategies within Practice Educational 
Reform of Curriculum in Indonesia. Studies in 
Philosophy of Science and Education, 1(2), 87–96. 
https://doi.org/10.46627/sipose.v1i2.30 

Setyaningsih, E., Agustina, P., Anif, S., Ahmad, C. N. C., 
Sofyan, I., Saputra, A., Salleh, W. N. W. M., Shodiq, 
D. E., Rahayu, S., & Hidayat, M. L. (2022). PBL-
STEM Modul Feasibility Test for Preservice 



Jurnal Penelitian Pendidikan IPA (JPPIPA) March 2024, Volume 10, Issue 3, 1124-1133  
 

1132 

Biology Teacher. Indonesian Journal on Learning and 
Advanced Education (IJOLAE), 4(2), 118–127. 
https://doi.org/10.23917/ijolae.v4i2.15980 

Sharpe, R., & Abrahams, I. (2020). Secondary school 
students’ attitudes to practical work in biology, 
chemistry and physics in England. Research in 

Science & Technological Education, 38(1), 84–104. 
https://doi.org/10.1080/02635143.2019.1597696 

Shekhar, S., Caglar, F., Dukeman, A., Hou, L., Gokhale, 
A., Kinnebrew, J., & Biswas, G. (2014). A 
Collaborative K-12 STEM Education Framework 
Using Traffic Flow as a Real-world Challenge 
Problem. 2014 ASEE Annual Conference & Exposition 
Proceedings, 24.28.1–24.28.9. 
https://doi.org/10.18260/1-2--19920 

Sholahuddin, A., Sya’ban, M. F., Fitriana, R., Shalihah, 
A., & Misbah, M. (2022). Wetland Ethnoscience 
Learning Resources: An Overview of Physical 
Science Concepts. Berkala Ilmiah Pendidikan Fisika, 
10(2), 153. 
https://doi.org/10.20527/bipf.v10i2.12698 

Sjøen, M. M. (2023). From Global Competition to 
Intercultural Competence: What Teacher-Training 
Students with Cross-Cultural Teaching Experience 
Should be Learning. Scandinavian Journal of 
Educational Research, 67(1), 140–153. 
https://doi.org/10.1080/00313831.2021.1990121 

Suhirman, S., & Prayogi, S. (2023). Overcoming 
Challenges in STEM Education: A Literature 
Review That Leads to Effective Pedagogy in STEM 
Learning. Jurnal Penelitian Pendidikan IPA, 9(8), 
432–443. 
https://doi.org/10.29303/jppipa.v9i8.4715 

Susilo, H., Kristiani, N., & Sudrajat, A. K. (2020). 
Development of 21st century skills at the senior 
high school: Teachers’ perspective. AIP Conference 

Proceedings, 2215(1), 030018. 
https://doi.org/10.1063/5.0000559 

Susongko, P., & Afrizal, T. (2018). The Determinant 
Factors Analysis of Indonesian Students’ 
Environmental Awareness in PISA 2015. Jurnal 
Pendidikan IPA Indonesia, 7(4), 407–419. 
https://doi.org/10.15294/jpii.v7i4.10684 

Syahmani, S., Hafizah, E., Sauqina, S., Adnan, M. Bin, & 
Ibrahim, M. H. (2021). STEAM Approach to 
Improve Environmental Education Innovation and 
Literacy in Waste Management: Bibliometric 
Research. Indonesian Journal on Learning and 
Advanced Education (IJOLAE), 3(2), 130–141. 
https://doi.org/10.23917/ijolae.v3i2.12782 

Syukri, M., Yanti, D. A., Mahzum, E., & Hamid, A. 
(2021). Development of a PjBL Model Learning 
Program Plan based on a STEM Approach to 
Improve Students’ Science Process Skills. Jurnal 
Penelitian Pendidikan IPA, 7(2), 269–274. 

https://doi.org/10.29303/jppipa.v7i2.680 
Tytler, R. (2020). STEM Education for the Twenty-First 

Century. In Integrated Approaches to STEM 
Education (pp. 21–43). 
https://doi.org/10.1007/978-3-030-52229-2_3 

Wang, L. K., Wang, M.-H. S., Shammas, N. K., & 
Holtorff, M. S. (2021). Independent 
Physicochemical Wastewater Treatment System 
Consisting of Primary Flotation Clarification, 
Secondary Flotation Clarification, and Tertiary 
Treatment. In Independent Physicochemical 
Wastewater Treatment System Consisting of Primary 
Flotation Clarification, Secondary Flotation 
Clarification, and Tertiary Treatment (pp. 189–227). 
https://doi.org/10.1007/978-3-030-54642-7_6 

Wendt, H., & Kasper, D. (2016). Subject-specific strength 
and weaknesses of fourth-grade students in 
Europe: a comparative latent profile analysis of 
multidimensional proficiency patterns based on 
PIRLS/TIMSS combined 2011. Large-Scale 
Assessments in Education, 4(1), 1–23. 
https://doi.org/10.1186/s40536-016-0026-2 

Widayanti, Abdurrahman, & Suyatna, A. (2019). Future 
Physics Learning Materials Based on STEM 
Education: Analysis of Teachers and Students 
Perceptions. Journal of Physics: Conference Series, 

1155, 012021. https://doi.org/10.1088/1742-
6596/1155/1/012021 

Willats, J., Erlandsson, L., Molthan-Hill, P., 
Dharmasasmita, A., & Simmons, E. (2018). A 
University Wide Approach to Embedding the 
Sustainable Development Goals in the 
Curriculum—A Case Study from the Nottingham 
Trent University’s Green Academy. In World 

Sustain. Ser (pp. 63–78). Springer. 
https://doi.org/10.1007/978-3-319-70281-0_5 

Wu, X., & Feng, X. (2016). A case study of project-based 
industrial collaborative learning courses for 
teaching high school programming development 
in China. In T. A., S. B., C. N., & W. F (Eds.), IMSCI 
2016 - 10th International Multi-Conference on Society, 

Cybernetics and Informatics, Proceedings (pp. 148–
151). Retrieved from 
https://www.scopus.com/inward/record.uri?eid
=2-s2.0-
85013676237&partnerID=40&md5=76f157b853c7b
6f86b4b55036bf1d477 

Yuenyong, C., Nam, N. D., Buan, A., Suwono, H., 
Wekke, I. S., & Buang, N. A. (2021). The 2 nd 
International Annual Meeting on STEM education 
(IAMSTEM 2019). Journal of Physics: Conference 
Series, 1835(1), 011001. 
https://doi.org/10.1088/1742-
6596/1835/1/011001 

Zejnilovic, E., Husukic, E., Pignatti, L., & Castellano, J. 



Jurnal Penelitian Pendidikan IPA (JPPIPA) March 2024, Volume 10, Issue 3, 1124-1133  
 

1133 

(2023). An experiment of collaborative, 
international, multi-disciplinary design studio – 
Erasmus+ CBHE TACEESM project Summer 
School. Archnet-IJAR: International Journal of 
Architectural Research, 17(3), 574–588. 
https://doi.org/10.1108/ARCH-09-2022-0206 

Zhasda, J., Sumarmin, R., & Zulyusri. (2018). Analysis of 
Biological Science Literacy a Program for 
International Student Assessment (PISA) Class IX 
Junior High School Students at Solok Town. 
International Journal of Progressive Sciences and 
Technologies, 6(2), 402–410. 
https://doi.org/10.52155/ijpsat.v6.2.257 

 


