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Abstract: Physics learning is a science learning branch that explores and explains natural
phenomena. Nevertheless, students still consider physics learning difficult because it has
several abstract concepts and mathematics. Also, physics learning is rarely conducted in
terms of higher-order thinking processes. This study aims to investigate students’
engineering thinking skills using STEM PjBL on the “Otok-Otok” boat game. This type of
research is qualitative research with a single case study method. Data were gathered
through interviews, observation, and documentation. The data obtained were analyzed
using a content analysis method. The results showed that the students’ engineering thinking
skills were excellent. STEM-PJBL directs students in structuring the engineering thinking
skills. Students can solve problems in a structured way, from identifying issues to analyzing
alternative solutions to problems. This study is expected as essential information to
implement STEM-PJBL for teachers in their physics learning.
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Introduction

Physics learning provides the theory of physics and its application in natural phenomena and
human activities. The physics learning process should be carried out interactively, where students not
only read, listen, and do the assignments given by the teacher but are also allowed to prove the theory
they have learned (Kola, 2014). In reality, physics learning is a subject that some students consider
difficult and avoid because it requires perseverance, thoroughness, and much practice (Sultan &
Bancong, 2017; Hardiyanti et al., 2018). Students also consider that physics lessons contain much
variety in discussing problems and descriptions to find the answer and too many formulas that must
be memorized, which causes student saturation in learning (Lacambra, 2016). Another difficulty is that
the material is abstract and unrelated to everyday life. Therefore, it is necessary to apply contextual
learning so students can more easily understand the material and solve problems contextually.

STEM is a learning approach that is widespread and exciting issue learning in this era. STEM
combines four disciplines, namely: science, technology, engineering, and mathematics. STEM s
considered proficient in various binding fields of science in the actual world to train students to think
from various contexts (Dou & Cian, 2022; Ortiz-Revilla et al., 2021; Razi & Zhou, 2022). lvanitskaya et
al. (2002) stated that multidisciplinary learning could build students’ higher-order thinking skills and
help them make sense of the relationships among fields of study. STEM implementation is a future
revolutionary effort that can positively impact science learning (Kelley & Knowles, 2016). The
innovative learning model widely used in the current era is STEM project-based learning (STEM-PjBL).
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The uniqueness of STEM PjBL is an engineering design that emphasizes multidisciplinary learning
(Capraro et al., 2013). Lin et al. (2021) posit that STEM-PjBL would develop and explore engineering
design thinking skills. Engineering is a complex series of design activities that involve multiple levels of
component thinking systems (Berland et al., 2014). Design thinking trains students to solve problems
by working in teams, and learning activities can be observed and completed collaboratively (Avcu & Er,
2020). Engineering design thinking also trained students to examine cognitive system issues and
processes to solve existing problems (Winarno et al., 2020). Implementing STEM-PjBL can prepare
students for higher-level thinking that does not emphasize tests but designing or solving (Capraro et
al., 2013; Erdogan et al., 2016; Morgan & Golding, 2010). It also improves students’ creativity (Erdogan
et al., 2016) and sharpens their critical and creative thinking skills (Ariyatun, 2021).

Ethnoscience learning is an educational breakthrough focusing on collaboration between science
and culture in society (Triyanto & Handayani, 2019). Ethnoscience is considered to meet the demands
of the 2013 curriculum that contextual learning will make students easier to build knowledge
associated with culture in everyday life for meaningful learning (Handayani, 2021; Sudarmin et al.,
2019). Applying ethnoscience to science classroom learning will improve student learning activities
(Cassin & Ochoa-Tocachi, 2021; Sumarni et al., 2021). One embodiment of the ethnoscience education
system is traditional games. Traditional games are of ancestral heritage, and used as entertainment
media, whether they use tools or not (Jamalludin et al., 2021; Suryawan, 2018). Traditional games are
very diverse in type; one of the traditional games related to physics in principle is the Otok-Otok boat
game. The Otok-Otok boat is a boat game with a length of about 20 cm, a width of 5 cm, and a height
of 4 cm made of cans. This ship will emit a distinctive sound as a characteristic of the Otok-Otok boat
game (Bangsawan, 2019: 64). The Otok-Otok boat game has many physics concepts in its working
principle, one of them is thermodynamics (Fatmawati & Ishafit, 2021). The concept of thermodynamics
is often encountered in human life (Meli et al., 2022) Ethnoscience can be integrated with STEM-PjBL,
which is considered innovative learning that trains students to be skilled in designing projects and
applying knowledge (Sumarni et al., 2021). Based on the elaboration, this study aims to investigate
students’ engineering design thinking by implementing STEM PjBL through the traditional game of the
Otok-Otok boat.

Method

This type of research is descriptive qualitative research. Qualitative research data can be pictures,
sketches, words, or sentences used to systematically, facts, and accurately describe objects (Johnson &
Christensen, 2013). One type of descriptive research is a case study. A case study is a method to
investigate and study events or specific issues in more depth and detail (Yin, 2018). The research design
used is a single case study because the researcher only focuses on one case: the students’ design
thinking skills with implementing the STEM PjBL student worksheet of the Otok-Otok boat game.

Qualitative research data were collected through observations, interviews, and documentation.
Observations were carried out to observe the overall learning and discussion process. The researchers
observed, recorded, and documented the objects observed in videos of activities and transcripts of
verbal data on group discussions. Interviews were conducted after the learning activities to find more
detailed information about students' activities and participation during the learning process.
Furthermore, the data obtained were then analyzed with content analysis. Content analysis is a
systematic and objective method that emphasizes written, verbal, or visual communication analysis
(Elo & Kyngds, 2008). A credibility test is used to check the data obtained with the data in the field. The
credibility of the data was examined using the triangulation technique. Data triangulation is checking
or comparing data for trustworthiness findings (Creswell, 2012). In this study, the triangulation used by
the researcher is a triangulation of methods.
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Results and Discussion

Engineering thinking is the ability to solve complex problems by making simple solutions by
making prototypes or designs as core learning. Engineering thinking in this research includes thinking
systematically, finding problems, visualizing, improving, solving problems creatively, and testing the
final stage (adaptation) (Lucas & Hanson, 2016).

Systematic Thinking

The results of research on indicators of systematic thinking show that students can define
problems well and systematically. In this indicator, there are three questions, namely: defining the
problem, defining the cause, and defining the solution required by the client. The following are student
opinions that lead to engineering thinking on indicators of systematic thinking of defining the problem.

“... the case of the Yunicee motorboat accident and the sinking of the steamship Sultana.”

(Discussion, K1, G1).

“...About the sinking of the ship.” (Interview, K4, V4).

The second question is to define why the problem occurs. Opinions from participants with
answers that lead to the category of engineering thinking are as follows.

“... the passenger motor ship is because there was a big storm surge, in my opinion, the

sultana is more accurate because there was a boiler explosion.” (Discussion, K1, P1).

“...the shipbuilding material is not good enough.” (Discussion, K4, C4).

The third question is to define the solution to the problem. The results of the discussion with
several students that lead to the resolution of the issue are as follows.

“A client who asked an engineer to make a miniature ship so that the company knows how

good quality the ship should be.” (Discussion, K2, F2).

“The client wants a miniature steamer to be made with a budget of less than IDR 100,000.”

(Interview, K4, V4).

Based on the description, the results show that students can think systematically in analyzing a
problem. Students show a good pattern of systematic thinking because they can connect the three
issues of defining the problem, the cause, and the solution. They understand the linkage of each.
Systems thinking is a coherent pattern according to the steps and the relation. Even with a different
delivery, all the answers are correct and follow the client’s problems. In other words, students are
flexible in understanding a problem if they can solve problems with diverse and logically precise
answers.

Thinking systematically in problem-solving positively impacts engineering thinking and trains
students to solve problems like engineers. An engineer will face a complex problem that must be solved
by designing and then making a solution with structured steps. Jafer (2020) posits that complex and
challenging tasks or problem-solving will involve students acting like engineers in investigating, making
decisions, and designing a project. In short, complex problem-solving activities will provide
opportunities for students to design and produce work.

Problem Finding

The second indicator of engineering thinking is finding problems. This indicator directs students
to solve problems using physics concepts. The results of the group’s discussion will be described as
follows.

“.. the KMP. It is because there was a big storm surge. Thermodynamics is about heat,

steamships are also affected by heat. So both theorize heat.” (Interview, K1, G1).

“..Judging from the formula U = Q + W, so there is the heat of combustion plus the work

of the water that pushes out of the exhaust when it is out, it appears as kinetic energy.”

(Discussion, K3, T3).

In addition, students are also asked to describe the concepts of technology, engineering, and
mathematics. The answers for each group are as follows.
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“Technology is like equipment for making ships, such as pliers and scissors. The technique

is how to make a ship. While mathematics calculates the budget to buy tools and materials.”

(Interview, K1, G1).

“I do not understand the technology, but it is related to the technical steps to make a ship.

For mathematics, that is about the budget for tools and materials.” (Interview, K4, V4).

The results showed that students understand and relate the concept to the studied physics of
thermodynamics. The information obtained initially includes definitions, theories, and examples of its
application in everyday life. The student develops the information obtained to associate with the
problems and solutions that are planned or designed. In other words, conceptual understanding will
be more meaningful if it is studied from general to specific, and students can relate to the concepts
obtained. The concepts obtained are associated with the solution made in general or detail in part of
the prototype. A good understanding of concepts will help students in engineering thinking. Students
will consider each component in making a prototype of the Otok-Otok boat. The scientific information
found will be more meaningful because it is applied directly to the solution. Concept understanding is
the ability of students not only to understand the material but also to re-express and apply concepts
according to their cognitive structure. Scientific investigation of information or concepts will provide
information to students before the engineering design stage in solving problems (Chizek et al., 2018).

Visualizing

After defining the problem, causes, and solutions and knowing the relevant physics concepts,
the following indicator of engineering thinking is visualizing. The meaning of visualizing is to create or
describe the design of the chosen solution. The results of the group’s discussion will be described as
follows.

“... the forepart must be sharp to light the criteria for a fast-moving ship.” (Discussion, K1,

N1).

“Um.. if it is connected to the concept of first thermodynamics Law, the movement of the

ship is influenced by the work. The exhaust can be made a little longer so that the pressure

is maximum later.” (Discussion, K2, H2).

[ suroesioy |

draw a design ship that you will

TMote:

|5 Wwe chose a pownled frod decgn. in ocder to split the flow
> The fuel we use is cooting o, because I you we olher oils (kerctent,
sel, pefroleum) it wall explode
aterial we Use fo make boets i cans, because cans have
tncss than Water So they dond sink eaﬁf\_.,

paird  olor that we chose s red which tneoes bold

Figure 1. Ekémple of Student Answer Design

In visualization, each group of student design the solution. Figure 1 is an example of the students’
design of the Otok-Otok boat. The design of the Otok-Otok was carefully thought out, starting from the
selection of materials accompanied by an explanation of physics concepts. For example, the boat’s
shape had to be sharp because it could split the waves quickly. In addition, students recognized the
manufacture of exhaust and boilers as the main components in steamships related to the laws of
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thermodynamics. This indicates that the design process is not just about design but also scientific
inquiry and theories. The existence of a design process to produce work will make students more

creative and enthusiastic (Williams et al., 2004). The design results will be more diverse, seen in each
group’s different forms of design and thinking.

INSTRUCTIONS: Write dows all the tools and materials you need. along with the estimoted cost?
Toolt and tnatecials
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z) Scissors

3) can (7600 x3) = 21 Coo |I
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&) Cecking Oil |
7) Cudter ( 7000 x1> = 7000

8) Hammec

9) Pauler \
o) NMacker |
w) Perec |
2) Piai (9scox!): SE<-T0)

Total Budged = .C4:F00 ‘

Fi—gdfe 2. Example of Student Answer Budget Plan

Furthermore, students try the estimated costs required and do not exceed the budget limit.
However, one group provides the most significant budget due to the purchase of glue to deal with leaks
(Figure 2). The cost consideration process is necessary because it constructs students’ abilities with
mathematics to calculate the expenses needed to achieve solution effectiveness.

Improving

Furthermore, the following indicators are improving. Improving is about applying the design in a
final prototype. Each group made an Otok-Otok boat project according to the design. The results
showed that students could make prototypes well. The manufacture of the Otok-Otok boat consists of
three essential parts of the boat’s hull, the boat’s exhaust which is integrated with the boiler, and the
top cover of the Otok-Otok boat. Figure 3 is an example of students’ prototypes of the Otok-otok boat.

Figure 3. Example of Initial Trial of the Prototype of the Otok-otok Boat
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However, after being tested, all groups failed to make the Otok-Otok prototype move well and
produce sound. The average problem for each group was that the boat had a leak at the exhaust and
boiler, which caused the ship not to run well. For this reason, all groups decided to re-discuss the
problems and find solutions to overcome and find the cause of the problem. The trial was conducted
to evaluate whether the prototype could solve problems according to the client’s wishes. Designing
and manufacturing of engineering design activities integrated with repairs (Nuraeni & Zahra, 2021).

“Of course, it has not been effective because it has not appropriate the client’s criteria.

Needs to be fixed to make it run and sound.” (Discussion, K3, E3).

“What is certain is that it is not effective because it has not been able to operate properly.

It needs repairs on the leaking part.” (Discussion, K4, M4).

Creative Problem Solving

In this study, there were failures at the initial trial stage, so students needed to think creatively
and critically about the best solutions to these problems. Each group decided to dismantle the original
exhaust from the Otok-Otok boat, which would then install on the boat body that had been created
(Figure 4). In the original Otok-Otok boat building video, it appears that the exhaust and boiler are
made separately from the hull, so students know how to remove the exhaust and boiler and attach it
to the hull. Students seemed to choose an alternative solution when observed from the process. This
certainly makes students think about solutions or improvements that must cause. The results on
students’ thinking in solving problems are as follows.

“By replacing artificial boilers with original boilers, because the manufacture of the boiler

itself is prone to leaks.” (Discussion, K2, H2).

“Redesigned then replaced the original exhaust.” (Interview, K3, T3).

Figure 4. Otok-Otok Boat Original Exhaust and Boiler

Students get the stimulus and analysis process on the original Otok-Otok boat-making video. It
stimulates students’ ideas and creative thinking by duplicating and replacing the original exhaust of the
Otok-Otok boat. Creative ideas can appear accidentally, but the idea has undergone a different process.
Saeed and Ramdane (2022) posit that creativity can be shown by making something new and unique
or combining old and new components. Creative problem-solving is needed in engineering thinking
because it trains students to solve problems with diverse alternative solutions.

Adapting

After students improve the prototype, the final stage is to retest whether the chosen solution is
in the early-stage trial (figure 5). The differences between the problematic and the chosen solution
were analyzed in this process.
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Figure 5. Example of final Trial the Prototype

Students’ answers varied greatly from the manufacturing process, tools and materials used. They
investigated the complex parts of the boat (position of the exhaust and boiler), analyzed the problem,
and looked for alternative solutions. The higher-order thinking skills include investigating, analyzing,
and adapting the solution. The ability to analyze and adapt is the skill that an engineer must have to
assess the effectiveness of the chosen solution. In other words, engineers should investigate and find
alternative solutions when facing problems and challenges. Engineers must solve problems with
various techniques using either a direct solution or many other alternative solutions (Nusyirwan et al.,
2020). The following is an example of students’ responses to adapting indicators.

“... the boiler has a tiny vacuum. While ours, the Otok-Otok prototype, is big. Maybe that

is why the boat does not produce a sound because the pressure is so high that the boiler

cannot move when it’s pressed” (Discussion, K2, S2).

“The exhaust winding is not neat if the original one is in the form of an exhaust tube. The

glue is also not much. Then the room in the boiler is too small, and the exhaust we put it

not curved, so the water is easily wasted and does not heat.” (Interview, K3, SR).

Conclusion

Based on the results and discussion above, it can be concluded that STEM project-based learning
positively impacts students’ engineering thinking. Engineering thinking skills directed students to solve
complex problems by identifying and analyzing, linking existing issues to the causes and solutions,
analyzing appropriate scientific concepts, designing, making prototypes, and testing and analyzing
selected alternative solutions. It also conducted students completing tasks in a structured manner.
Engineering thinking is a higher-order thinking skill that should train in physics learning. This study is
expected as basic information for physics teachers that traditional games can be used as an exciting
topic when implementing STEM project-based learning.

Acknowledgment

The author would like to thank the leadership, staff, employees, and physics teachers at
Muhammadiyah 3 Jember Senior High School who have provided opportunities, services, and facilities
to conduct research. The author also thanks the supervisor for the knowledge and advice given while
completing the undergraduate thesis.

References

Ariyatun, A. (2021). Analysis of Ethno-STEM Integrated Project Based Learning on Students’ Critical and Creative
Thinking Skills. Journal of Educational Chemistry (JEC), 3(1), 35-44.
https://doi.org/10.21580/jec.2021.3.1.6574

Avcuy, Y. E., & Er, K. 0. (2020). Design Thinking Applications in Teaching Programming to Gifted Students. Journal
of Educational Technology and Online Learning, 3(1), 1-30. https://doi.org/10.31681/jetol.671621

122



Momentum: Physics Education Journal, 7(1), 2023, 116-124

Bangsawan, I. P. R. (2019). Direktori Permainan Tradisional Kabupaten Banyuasin Sumatera Selatan. Dinas
pendidikan, pemuda, olahraga dan pariwisata Kabupaten Banyuasin.

Berland, L., Steingut, R., & Ko, P. (2014). High School Student Perceptions of the Utility of the Engineering Design
Process: Creating Opportunities to Engage in Engineering Practices and Apply Math and Science Content.
Journal of Science Education and Technology, 23(6), 705—720. https://doi.org/10.1007/s10956-014-9498-
4

Capraro, R. M., Capraro, M. M., & Morgan, J. (2013). STEM project-based learning: An integrated science,
technology, engineering, and mathematics (STEM) approach. In G. Balint, B. Antala, C. Carty, J.-M. A.
Mabieme, I. B. Amar, & A. Kaplanova (Eds.), Sense Publishers (Vol. 2, Issue 1). Sense Publishers.
https://doi.org/10.2/JQUERY.MIN.JS

Cassin, J., & Ochoa-Tocachi, B. F. (2021). Learning from indigenous and local knowledge: The deep history of
nature-based solutions. Nature-Based Solutions and Water Security: An Action Agenda for the 21st Century,
283-335. https://doi.org/10.1016/B978-0-12-819871-1.00012-9

Chizek, L., VanMeeteren, B., McDermott, M., & Uhlenberg, J. (2018). Engineering Encounters: Identifying an
Engineering Design Problem. Science and Children, 055(05). https://doi.org/10.2505/4/sc18_055_05_66

Creswell, J. W. (2012). Educational Research: Planning, Conducting, and Evaluating Quantitative and Qualitative
Research (4th ed.). Pearson Education, Inc.

Dou, R., & Cian, H. (2022). Constructing STEM identity: An expanded structural model for STEM identity research.
Journal of Research in Science Teaching, 59(3), 458—490. https://doi.org/10.1002/TEA.21734

Elo, S., & Kyngas, H. (2008). The qualitative content analysis process. Journal of Advanced Nursing, 62(1), 107—
115. https://doi.org/10.1111/).1365-2648.2007.04569.X

Erdogan, N., Navruz, B., Younes, R., & Capraro, R. M. (2016). Viewing How STEM Project-Based Learning Influences
Students’ Science Achievement Through the Implementation Lens: A Latent Growth Modeling. Eurasia
Journal of Mathematics, Science and  Technology  Education, 12(8), 2139-2154.
https://doi.org/10.12973/EURASIA.2016.1294A

Fatmawati, I., & Ishafit, I. (2021). Analisis Pengaruh Bahan Bakar Minyak terhadap Energi Kinetik pada Kapal Otok-
Otok berbantuan Software Tracker Sebagai Alternatif Media Pembelajaran Fisika Gerak Melingkar. Jurnal
Penelitian Pembelajaran Fisika, 12(1), 17-21. https://doi.org/10.26877/jp2f.v12i1.7177

Handayani, R. D. (2021). Etnosains-Fisika. UNS Press.

Hardiyanti, K., Astalini, A., & Kurniawan, D. A. (2018). Sikap Siswa Terhadap Mata Pelajaran Fisika Di Sma Negeri
5 Muaro Jambi. EduFisika, 3(02), 1-12. https://doi.org/10.22437/edufisika.v3i02.4522

Ivanitskaya, L., Clark, D., Montgomery, G., & Primeau, R. (2002). Interdisciplinary Learning: Process and Outcomes.
Innovative Higher Education 2002 27:2, 27(2), 95—111. https://doi.org/10.1023/A:1021105309984

Jafer, Y. J. (2020). Assessing Kuwaiti Pre-service Science Teachers’ Greenhouse Effect Perceptions and
Misconceptions. International Journal of Science and Mathematics Education, 18(4), 657-667.
https://doi.org/10.1007/s10763-019-09992-1

Jamalludin, Handayani, R. D., & Nuraini, L. (2021). The Development of Interactive Learning Media of Parabolic
Motion Lesson Materials with Patil Lele Traditional Games. Berkala lImiah Pendidikan Fisika, 9(2), 126.
https://doi.org/10.20527/bipf.v9i2.10399

Johnson, R. B., & Christensen, L. B. (2013). Educational research: Quantitative, qualitative, and mixed approaches
(5 edition). SAGE Publications, Inc.

Kelley, T. R., & Knowles, J. G. (2016). A conceptual framework for integrated STEM education. International Journal
of STEM Education, 3(1), 1-11. https://doi.org/10.1186/540594-016-0046-Z/TABLES/4

Kola, J. (2014). Student Learning of Physics in Colleges of Education: Analysis of Performances. International
Journal of Development Research, 4(11), 2409-2412.

Lacambra, W. T. (2016). Students’ Academic Performance in Physics 1: Basis for Teaching and Learning
Enhancement. Research on Humanities and Social Sciences, 6(4), 2225-0484. www.iiste.org

Lin, K. Y., Wu, Y. T,, Hsu, Y. T., & Williams, P. J. (2021). Effects of infusing the engineering design process into STEM
project-based learning to develop preservice technology teachers’ engineering design thinking.
International Journal of STEM Education, 8(1), 1-15. https://doi.org/10.1186/540594-020-00258-
9/TABLES/7

123



Momentum: Physics Education Journal, 7(1), 2023, 116-124

Lucas, B., & Hanson, J. (2016). Thinking Like an Engineer: Using Engineering Habits of Mind and Signature
Pedagogies to Redesign Engineering Education. International Association of Online Engineering, 6(2), 4—
13. https://doi.org/http://dx.doi.org/10.3991/ijep.v6i2.5366

Meli, K., Koliopoulos, D., & Lavidas, K. (2022). A Model-Based Constructivist Approach for Bridging Qualitative
and Quantitative Aspects in Teaching and Learning the First Law of Thermodynamics. Science and
Education, 31(2), 451-485. https://doi.org/10.1007/511191-021-00262-7/METRICS

Morgan, S., & Golding, B. (2010). Crossing Over: Collaborative and Cross-Cultural Teaching of Indigenous
Education in a Higher Education Context. The Australian Journal of Indigenous Education, 39(51), 8-14.
https://doi.org/10.1375/51326011100001083

Nuraeni, F., & Zahra, Z. N. (2021). Proyek Desain Rekayasa Dalam Pembelajaran Ipa Untuk Meningkatkan
Collaborative Problem Solving Dan Pemahaman Konsep. LENSA (Lentera Sains): Jurnal Pendidikan IPA,
11(2), 47-59. https://doi.org/10.24929/lensa.v11i2.162

Nusyirwan, D., & Prayetno, E. (2020). Mengajar Engineering Design Process Untuk Memperkenalkan STEM Pada
Siswa Madrasah Ibtidaiyah Raudhatul Qur’an. Warta  Pengabdian, 14(4), 272.
https://doi.org/10.19184/wrtp.v14i4.19726

Ortiz-Revilla, J., Greca, |. M., & Arriassecq, I. (2021). A Theoretical Framework for Integrated STEM Education.
Science & Education 2021 31:2, 31(2), 383—-404. https://doi.org/10.1007/511191-021-00242-X

Razi, A., & Zhou, G. (2022). STEM, iSTEM, and STEAM: What is next? International Journal of Technology in
Education, 5(1), 1-29. https://doi.org/10.46328/ijte.119

Saeed, B. A., & Ramdane, T. (2022). The effect of implementation of a creative thinking model on the development
of creative thinking skills in high school students: A systematic review. Review of Education, 10(3), e3379.
https://doi.org/10.1002/REV3.3379

Sudarmin, S., Sumarni, W., Rr Sri Endang, P., & Sri Susilogati, S. (2019). Implementing the model of project-based
learning : integrated with ETHNO-STEM to develop students’ entrepreneurial characters. Journal of Physics:
Conference Series, 1317(1). https://doi.org/10.1088/1742-6596/1317/1/012145

Sultan, Ana Dhigfaini; Bancong, H. (2017). r Pengaruh Pendekatan Multiple Intelligences Melalui Model
Pembelajaran Langsung Terhadap Sikap Dan Hasil Belajar Fisika Peserta Didik Kelas XI IPA SMA Negeri 11
Makassar. Jurnal Pendidikan Fisika  Universitas Muhammadiyah Makassar, 5(1), 51-60.
https://doi.org/https://doi.org/10.26618/jpf.v5i1.341

Sumarni, W., Sudarmin, S., Sumarti, S. S., & Kadarwati, S. (2021). Indigenous knowledge of Indonesian traditional
medicines in science teaching and learning using a science—technology—engineering—mathematics (STEM)
approach.  Cultural  Studies of Science  Education 2021 17:2, 17(2), 467-510.
https://doi.org/10.1007/511422-021-10067-3

Suryawan, |. . A.J. (2018). Permainan Tradisional Sebagai Media Pelestarian Budaya dan Penanaman Nilai Karakter
Bangsa. Genta Hredaya, 2(2), 1-10. https://doi.org/https://doi.org/10.55115/gentahredaya.v2i2.432

Triyanto, & Handayani, R. D. (2019). Adopting Lesson Study to Enhance Pre-Service Teachers’ Pedagogical
Knowledge. The New Educational Review, 56, 244—-254. https://doi.org/10.15804/tner.2019.56.2.20

Williams, W. M., Papierno, P. B., Makel, M. C., & Ceci, S. J. (2004). Thinking Like A Scientist About Real-World

Problems: The Cornell Institute for Research on Children Science Education Program. Journal of Applied
Developmental Psychology, 25(1), 107-126. https://doi.org/10.1016/j.appdev.2003.11.002

Winarno, N., Rusdiana, D., Samsudin, A., Susilowati, E., Ahmad, N. J., & Afifah, R. M. A. (2020). Synthesizing Results
from Empirical Research on Engineering Design Process in Science Education: A Systematic Literature
Review. Eurasia Journal of Mathematics, Science and Technology Education, 16(12), 1-18.
https://doi.org/10.29333/ejmste/9129

Yin, R. K. (2018). Case study research and applications: Design and methods (sixth). SAGE Publications Inc.
https://doi.org/10.1177/109634809702100108

124



