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Abstract: Addressing global challenges requires a strong focus on
environmental sustainability within educational institutions. This research
aims to analyze the project outcome and student’s responses of Renewable
Energy STEAM Kit. The study involved 31 students who participated in
the learning project using Renewable Energy STEAM Kit. Data was
collected through observation to assess the project outcome of learning
activities, and survey & interview to gather student’s responses about their
experiences from learning activities using Renewable Energy STEAM Kit.
Data processing utilized descriptive quantitative methodologies to derive
significant insights from the provided data. According to the result, 96.8%
of students agreed and strongly agreed that the Renewable Energy STEAM
Kit is easy to use, interest, flexible, benefit, and relevant. Only 3.2% of
students that disagreed about that statement. The results of this study can
be concluded that Renewable Energy STEAM Kit's success in being user-
friendly, engaging, flexible, beneficial, and relevant to students'

i

educational experiences and future aspirations.
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Introduction

In the face of growing environmental concerns and
the urgent need for sustainable solutions, educating
students about renewable energy has become more
critical than ever. Significant amounts of greenhouse
gases, such as methane, carbon dioxide, and nitrous
oxide are expected to rise over time due to the rapid
rate of «civil and industrial growth (Olabi &
Abdelkareem, 2022). In this context, science education
holds an important role in our everyday lives. Coker et
al. (2010) states that teachers need to contextualizing
energy concepts in school curricula, while also
contributing to  increasing awareness  about
environmental issues.

Science education should educate students about
addressing global challenges and empowering them to
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contribute to solutions (Kyle, 2020). Climate change is
one of the most urgent issues confronting the
international community (Han & Ahn, 2020). Utilizing
renewable energy sources is a key strategy for reducing
the impacts of climate change (Sinsel et al.,, 2020).
Therefore, science teachers need to integrate renewable
energy concepts into learning activities to raise
students' awareness of climate change issues.
Integrating renewable energy concepts into education
not only raises awareness but also equips students with
the knowledge and skills necessary to innovate, drive
future advancements in this field, and create a more
sustainable future (Annan-Diab & Molinari, 2017;
Khanum & Haleem, 2023).

The integration of STEM (science, technology,
engineering, and mathematics) with art is called
STEAM (science, technology, engineering, art, and
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mathematics), the aim of which is to increase student
involvement in STEM topics through self-expression,
aesthetics, and interdisciplinary projects (Engelman et
al., 2017). The integration of art in STEAM is expected
to make learning more meaningful, because students
are involved in realizing the learning competencies
they must achieve in real form in the form of work
(Mu'minah & Suryaningsih, 2020). The STEAM
approach is defined as the integration of two or more
scientific disciplines in solving real-life problems. The
STEAM approach can support student creativity
(Aguilera & Ortiz-Revilla, 2021). STEAM education
aims to produce well-rounded, innovative thinkers
who are prepared to tackle complex problems in a
rapidly changing world.

STEAM education is a teaching approach that
fosters the learners’ interest in STEAM courses by
fostering their individual capabilities of expression,
innovation, and aesthetic perception (English, 2017).
STEAM activities can also attract the attention of
students, encourage and improve their creativity
(Khamhaengpol et al., 2021). Projects and activities in
STEAM education often involve collaborative efforts
(Hawari & Noor, 2020). Students work in teams, learn
to communicate effectively, and leverage each other’s
strengths to achieve common goals. STEAM education
relies heavily on hands-on activity and experiential
learning. Students engage in projects and activities that
require them to apply theoretical knowledge in
practical, tangible ways (Videla et al., 2021). STEAM
education enables students to learn cooperatively
through “learning by doing”, to solve practical
problems through practical processes, and to connect
knowledge with real life (Hsiao & Su, 2021).

A science kit is a collection of materials and
instructions that are packaged together and used as
learning media to improve understanding of science
(Dickerson et al., 2014). The science kit can help
develop students' cognitive skills, such as observation,
analysis and interpretation (Lederman et al., 2023).
Through hands-on experience with scientific concepts,
students can develop a deeper understanding of how
nature works. Most science kits involve students in
hands-on learning activities related to creating
questions, collecting data, interpreting data, and
including assessment (Jones et al., 2012). Linn & Miller
(2005) emphasizes the importance of collaboration and
social interaction in science learning. Linn & Miller also
revealed that the Science Kit can provide opportunities
for students to work together, share ideas, and build
students' communication and teamwork skills.

The Renewable Energy STEAM Kit was developed
with the aim of making complex renewable energy
concepts accessible and engaging for students. The kit
includes materials and instructions for building solar-
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powered devices, wind turbines, and small-scale
hydroelectric generators. It also incorporates artistic
elements, such as designing aesthetically pleasing
structures and creating visual presentations of energy
concepts.

Developing a STEAM (Science, Technology,
Engineering, Arts, and Mathematics) Kit involves
integrating various educational theories and principles
to create a comprehensive and effective learning tool.
The theoretical basis for such a development can be
categorized into several key areas. Constructivism, as
proposed by Jean Piaget and further developed by
Jerome Bruner, emphasizes the importance of active
learning. According to this theory, learners construct
their own understanding and knowledge of the world
through experiences and reflecting on those
experiences (Ozdem-Yilmaz & Bilican, 2020). A STEAM
Kit designed with constructivist principles encourages
students to actively engage in hands-on activities,
experiments, and projects, facilitating deeper
understanding and retention of concepts.

David Kolb's Experiential Learning Theory
suggests that learning is a process whereby knowledge
is created through the transformation of experience.
Kolb's model involves four stages: concrete experience,
reflective observation, abstract conceptualization, and
active experimentation (Kayes & Kayes, 2021). A
STEAM Kit designed with this theory in mind provides
students with concrete experiences (e.g., building
models, conducting experiments), encourages reflection
(e.g., discussing outcomes, comparing results),
facilitates conceptual understanding (e.g., connecting
activities to theoretical principles), and promotes
experimentation (e.g., modifying designs, testing new
ideas).

Lev Vygotsky's Social Constructivism theory
highlights the importance of social interaction in
learning. According to Vygotsky, learning is a social
process, and knowledge is constructed through
interaction with others (Taber, 2020). A STEAM Kit
based on this theory encourages collaborative projects,
peer-to-peer learning, and group problem-solving
activities. It supports the idea that students learn better
when they work together, share ideas, and construct
knowledge collectively.

Howard  Gardner's Theory of  Multiple
Intelligences posits that individuals possess different
kinds of intelligences, including logical-mathematical,
spatial, linguistic, musical, bodily-kinesthetic,
interpersonal, intrapersonal, and naturalistic. A well-
designed STEAM Kit incorporates activities that cater
to a variety of intelligences, ensuring that students with
different strengths and learning styles can engage and
succeed. For instance, a STEAM Kit might include
building projects for bodily-kinesthetic learners,

7104



Jurnal Penelitian Pendidikan IPA (JPPIPA)

drawing and design tasks for spatial learners, and
group projects for interpersonal learners.

The development of a STEAM Kit is underpinned
by a rich theoretical foundation that draws from
constructivism learning theory, experiential learning,
social constructivism theory, and multiple intelligences
theory. By integrating these theories, a STEAM Kit can
provide a multifaceted, engaging, and effective
educational experience that prepares students for the
complex, interdisciplinary challenges of the future.

There are several reasons to conduct this research,
like promoting sustainable education, enhancing
creativity and innovation, improving science
educational tools, and contributing to educational
goals. The global shift toward sustainability highlights
the importance of educating students about renewable
energy. By analyzing project outcomes, this research
can assess how well the STEAM kit educates students
about renewable energy sources, which is crucial for
fostering environmentally conscious future citizens.
The integration of STEAM education is also designed to
enhance creativity and problem-solving skills. This
research helps determine how effectively the kit fosters
these skills, particularly in relation to creative person,
process, and product dimensions.

The Renewable Energy STEAM Kit represents a
novel approach to achieving educational goals. By
combining hands-on activities with interdisciplinary
learning, this kit aims to engage students in exploring
renewable energy in an interactive and meaningful
way. The novelty of this kit is in the use of the STEAM
learning approach. The development of STEAM-based
science kits will potentially make students more active,
challenged, and try to solve a problem in learning,
especially in the Renewable Energy Sources material.
This article examines student responses to the
Renewable Energy STEAM Kit, highlighting the impact
of this innovative educational tool on their engagement,
understanding, and enthusiasm for renewable energy
topics. Through analyzing these responses, we gain
insights into the effectiveness of the STEAM approach
in fostering a deeper connection between students and
sustainable energy practices.

Method

The study involved 31 students who participated
in the learning project using Renewable Energy STEAM
Kit. Teacher and observer overseeing the activities were
also included to provide observational data. Data was
collected through survey, observation, and interview to
gather student’s responses about their experiences from
learning activities using Renewable Energy STEAM Kit.
Data processing utilized descriptive quantitative
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methodologies to derive significant insights from the
provided data. Quantitative analysis was carried out
with descriptive statistics to summarize the survey and

assessment data. Each question was statistically
represented, with table showing percentage
distribution of responses. Descriptive statistical

methods, including editing, coding, categorizing, and
tabulating questionnaire items, were employed for data
analysis.

Result and Discussion

The Renewable Energy STEAM Kit provides
students with hands-on tools and materials, such as
mini solar panels, wind turbines, water turbine
components, and also learning module to explore and
understand the principles of renewable energy through
interactive and practical activities. The kit was also
validated by experts to ensure its educational
effectiveness and alignment with learning objectives.
After the expert validity, the kit was tested on a small
scale of students to ensure its feasibility.

Students” Project Outcomes

The learning project utilizing the Renewable
Energy STEAM Kit involves a structured and
immersive process designed to engage students
comprehensively. It begins with an introduction to
fundamental renewable energy concepts, facilitated by
clear and interactive instructional module. Students
then form teams to do collaborative learning and idea
exchange. They proceed to explore the Kkit's
components, conducting hands-on experiments that
demonstrate the principles of renewable energy.
Throughout the project, students are encouraged to
document their observations, analyze data, and draw
conclusions based on their experiments. Teacher guides
the process, providing support, and ensuring that all
students understand the key concepts of renewable
energy.

After conducting hands-on experiment and
assembling the Renewable Energy STEAM Kit, each
group makes a unique miniature models. Before they
make the miniature models, they have to determine the
sketch design first. It helps them to construct the real
miniature model. Figure 1 is an example of the sketch
design made by students.

The sketch in Figure 1 illustrate the integration of
renewable energy technologies within a rural
environment. This model show how natural resources
like water, sun, and wind can be harnessed to provide
sustainable energy solution for citizens around the
village. Surrounding the village are agricultural fields
with irrigation systems powered by microhydro
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energy. Small wind turbine and solar panel are also
placed in these areas to supplement the energy supply.
After students sketch the design, they will transform it
into tangible products that address problems in
innovative, effective, and refined ways, fostering future
innovation development (Puchongprawet &
Chantraukrit, 2022).

Sketsa V

Figure 1. An example of a sketch made by students

Students work in groups using project-based
learning (PjBL) model to construct their sketch design.
Classroom learning that incorporates the STEAM
approach is highly effective when paired with a PjBL
model (Subiki et al., 2023). They place components that
have been created, such as solar panel, wind turbine,
and water turbine, following their designs. This phase
involves problem-solving and iterative adjustments as
students refine their models. This enhances their
communication and cooperative skills. This encouraged
students to consider how they could enhance their
models and performance on the modeling assignment
(Lyon & Magana, 2021). Furthermore, learning project
with STEAM approach also involves teamwork, allows
students to collaborate, and shares ideas (Li et al., 2022;
Hawari & Noor, 2020). Students feel joyful and
motivated when learning with the STEAM PjBL model,
and they find that it helps them better understand
science concepts (Badriyah et al., 2020; Lestari, 2021).
STEAM-based learning also can create a creative
learning atmosphere (Rahmayanti et al., 2024).

The project culminates in presentations where
students show off their findings and the miniature
models they have constructed, integrating various
elements such as colors, shapes, and sizes into
functional designs. At this stage, teachers should
promote  students' active  self-expression by
encouraging them to create and present their own
projects. This approach enhances their language
proficiency, communication skills, and fosters
development in social, humanistic, and artistic aspects
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(Chen et al., 2019). Figure 2 shows an example of
creative product which presented by a group of
students.

project using Renewable Energy STEAM Kit

According to Figure 2, students in a group tried to
make a model of a village which near the waterfall.
They placed all of renewable energy components from
the STEAM Kit well. There were wind turbine in a
field, solar panel besides the house, and also
microhydro in the river. Students used a variety of
materials to make that artistic model. They also
combined colors, shapes, sizes, and shapes into one
beautiful whole. The inclusion of artistic elements in
the STEAM kit encouraged creativity and innovation
(Graham, 2020; Presley et al., 2016). Students enjoyed
designing  visually appealing structures and
incorporating artistic flair into their projects. This
integration of art helped students see the connection
between technical knowledge and creative expression,
fostering a more holistic understanding of the subjects
(Nutov, 2021). STEAM education can fostering
motivation of students through new, interactive, and
experiential teaching methods (Kersanszki et al., 2024).
An understanding of science should be given to
students by first showing them the process of that
knowledge in real terms, then students can construct
their own knowledge (Rahmad & Wulandari, 2024).

The other groups make the unique miniature
models like a sustainable rice field, modern farm,
sustainable green open space, etc. These models
demonstrated their understanding and application of
renewable energy concepts. These models serve as an
educational tool, demonstrating how integrated
renewable energy solutions can be applied in real-
world scenarios to address energy needs while
promoting environmental stewardship. The diversity
and uniqueness of these models reflect the students'
ability to innovate and creatively express their
knowledge. The uniqueness of the models indicates
that students were encouraged to think creatively and
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develop their own designs, and also demonstrating
their capacity for innovation. This aligns with the
STEAM approach, which integrates artistic expression
with scientific and technical learning (Guyotte et al.,
2014). In science education, the STEAM approach can
equip students with the skills to apply their knowledge
in creating designs that serve as tools for addressing
environmental issues through the use of technology
(Setianingrum & Jumadi, 2023). The teacher's role is
also crucial in fostering students' emotional well-being
and motivation, ensuring they stay engaged in learning
while also nurturing their creativity (Rahmatiah et al.,
2023).

Through learning project using Renewable Energy
STEAM Kit, students gain educational experiences that
integrate multiple disciplines. It was offering a
comprehensive approach in learning science. These
projects which involve hands-on activities, combine
several disciplines, such as science, technology,
engineering, arts, and mathematics. Students might
explore the concepts of renewable energy (science),
utilize technological tools for data collection and
analysis (technology), design and construct miniature
models related to renewable energy (engineering),
apply creative design principles to enhance their
miniature model projects (arts), and use mathematical
calculations to optimize their models' efficiency
(mathematics). The STEAM-based learning approach
not only deepens students’” knowledge of science but
also exposes them to other subjects like technology,
engineering, art, and mathematics, highlighting the
interconnectedness of these disciplines (Habibi, 2023).
STEAM education according to Henriksen et al. (2019)
is about integrating subject matter in a transdisciplinary
way that engages people in creativity, problem solving,
and project or problem-based learning, in addressing
real-world problems.

Overall, the use of the Renewable Energy STEAM
Kit has significantly impacted students' learning
experiences and project outcomes. Through engaging
in hands-on activities, students were able to integrate
knowledge from multiple disciplines, including science,
technology, engineering, arts, and mathematics. The
projects fostered creativity, critical thinking, and
problem-solving skills as students designed and
constructed innovative models utilizing renewable
energy concepts. It prepares them to think creatively
and analytically, equipping them with the skills needed
to tackle complex real-world problems.

Students’ Responses of Renewable Energy STEAM Kit

In product development, researchers need
responses from users regarding the product being
developed. In this context, the users of the kit are
students which participated in this research. The
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responses were gathered through questionnaire.
Questionnaire of student’s responses of Renewable
Energy STEAM Kit was reviewed on five aspects, ease
of use, interest, flexibility, benefit, and relevance
(Zulirfan et al., 2021). This questionnaire use likert
scale, 1 to 4 (strongly disagree to strongly agree). Table
1 shows the items of questionnaire to gather the data of
students’ responses of Renewable Energy STEAM Kit.

Table 1. Items of questionnaire

Aspect Items

Ease of use STEAM Kit is easy to assemble anywhere

The STEAM Kit User Guide is easy to
understand

Enjoy learning using STEAM-based project
methods

Students would like to do another STEAM
project in the future

Use a variety of materials in doing STEAM
projects

Make various Renewable Energy products from
STEAM Kits

STEAM projects make science subjects more real
and useful

Feel enthusiast about learning science through
the STEAM Kit

The components in the STEAM Kit are relevant
to the Renewable Energy concept

The concept of Renewable Energy becomes
easier to understand after using the STEAM Kit

Interest

Flexibility

Benefits

Relevance

Each aspect in Table 1 contains 2 relevant
questions to gather student’s responses. Ease of use
means how simple and intuitive a product is to use (Qu
et al., 2022). Interest means the level of curiosity,
engagement, or attention that a person has towards a
product (Setiawan, 2021). Flexibility means the ability
of a product to adapt to different situations, needs, or
user preferences (Ejaz, 2021). Benefits means the
positive outcome or advantage gained from using a
product (McNally et al, 2010). Relevance means
relatedness or the degree to which something is closely
connected or applicable to a specific context, situation,
or individual's needs and interests (Cross, 2021). Each
student which participated in this research fill the
questionnaire according to their feeling after using
Renewable Energy STEAM Kit. Table 2 is the detail
result of students’ responses about Renewable Energy
STEAM Kit. According to Table 2, we can make the
graph for each aspect. Figure 3 shows the graph of the
average percentage of students’ responses regarding
Renewable Energy STEAM Kit.

According to Figure 3, 32.3% of students agreed
and 62.9% strongly agreed that STEAM Kit is easy to
use. Only 5% of students who stated disagreed. It
indicates that the instructions and components are
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user-friendly and allowing students to use the kit with
minimal difficulty. Such ease of use is essential for
allowing students to concentrate on learning and
experimenting rather than dealing with technical
challenges. According to the interview process,
students said that Renewable Energy STEAM Kit is
easy to use at home, classroom, laboratory, or outside
the classroom. The wuser guidance makes the
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experimentation easier. It allows users to easily adapt
and personalize their learning experiences with the kit,
fostering creativity, experimentation, and deeper
understanding of renewable energy principles. The kit
is considered safe for use as it does not include any
toxic or flammable materials, sharp objects, or items
that are prone to breaking easily (Zulirfan & Yennita,
2022).

75,80
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W Strongly

Disagree
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Aspects

Flexibility
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Figure 3. Graph of the average percentage of student responses from each aspect

Table 2. Percentage of each aspect about students’
responses of Renewable Energy STEAM Kit

Percentage of each aspect (%)

Aspects . .
Strongly disagree Disagree Agree Strongly agree
Ease of use 0.00 6.45 4194 51.61
0.00 3.22 22.58 74.19
Interest 0.00 3.22 32.25 64.52
0.00 6.45 48.39 45.16
Flexibility 0.00  0.00 45.16 54.84
0.00 0.00 25.81 74.19
Benefits 0.00 0.00 25.81 74.19
0.00 6.45 4194 51.61
Relevance 0.00 3.22 2258 74.19
0.00 3.22 19.35 77.42
Average 0.00 3.22 32.58 64.19

A total 40.4% of students agreed and 54.9%
strongly agreed that STEAM Kit is interesting. While
5% of students stated disagreed. The high level of

agreement (95.3%) suggests that the kit successfully
engages students and captures their interest. Engaging
students is critical for effective learning, as it maintains
their motivation and enthusiasm. The low percentage
of disagreement indicates that the kit's content and
activities are generally well-received, making it a
valuable tool for sparking student curiosity and
participation. According to observation, almost all of
students participated well in the process of the project.
They felt interested when they saw and assembly the
kit with their friends. Kit was interesting for them
because it was the first time, they had made a project
related to learning science (Zulirfan & Yennita, 2022).
Furthermore, teaching through an integrated approach
can enhance interest in STEAM content, particularly
when introduced to students at an early age (Barlex,
2011).

A total 35.5% of students agreed and 64.5%
strongly agreed that STEAM Kit is flexible. It means
that there are no students who disagree that the kit is
flexible. The unanimous agreement on the Kkit's
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flexibility highlights its adaptability to different
learning environments and teaching styles. This
flexibility allows teachers to integrate the kit into
various curricula and instructional methods, enhancing
its utility as an educational resource. The absence of
disagreement underscores the kit's design effectiveness
in catering to diverse classroom needs. STEAM kit
facilitate students to solve the contextual problem
(Hamimi et al., 2024). Lecturer involvement in learning
is also crucial for creating engaging and stimulating
experiences for students, ensuring that the learning
process remains interesting and avoids becoming
monotonous (Rozi & Ruyani, 2024).

A total 33.9% of students agreed and 62.9%
strongly agreed that STEAM Kit is beneficial. Only 3%
of students who stated disagreed. A combined 96.8% of
students acknowledging the benefits of the STEAM Kit
indicates that it positively impacts their learning. This
perception of benefit likely stems from the kit’s ability
to enhance understanding, foster critical thinking, and
provide hands-on learning experiences. The minimal
disagreement suggests that the kit meets educational
objectives effectively for the vast majority of students.
Teaching kit in research provide benefits in the
formation of positive attitudes and increasing
knowledge in renewable energy learning related to
energy-saving behavior and carbon reduction (Chou et
al., 2015). The use of the Science Kit as a tool in science
education through the experimental method aims to
enhance students' knowledge and skills to their fullest
potential (Budiastra et al, 2022). The STEAM-
integrated PjBL model also require active participation
from students both individually and in groups (Luh et
al, 2023). Through group collaboration, students
engage in problem-solving investigations, enabling
them to construct the essential concepts of the lesson
from their discoveries (Sarjani et al., 2023).

A total 21.0% of students agreed and 75.8%
strongly agreed that STEAM Kit is relevant. Only 3% of
students who stated disagreed. The overwhelming
agreement (96.8%) on the Kkit's relevance indicates that
students see a clear connection between the Kkit's
content and real-world applications. This relevance is
essential for making learning meaningful and
applicable to students' lives, particularly in
understanding the importance of renewable energy in
addressing global challenges. Utilizing a kit or teaching
aids in science education provides an added advantage
for students, as it allows them to grasp multiple
concepts simultaneously by engaging with their
environment (Erlina et al., 2022). The high percentage
of strong agreement suggests that the kit effectively
addresses contemporary issues and aligns well with
students' interests and future aspirations.

September 2024, Volume 10 Issue 9, 7103-7112

The Renewable Energy STEAM Kit proved to be an
effective tool for engaging students in the study of
renewable energy. The hands-on, interdisciplinary
approach captured students' interest, enhanced their
understanding of key concepts, and fostered creativity
and collaboration (Kim et al., 2019). There is also
increase in students' conceptual understanding after
they utilize STEAM activity (Aurelia et al., 2023). By
integrating renewable energy education into STEAM
activities, educators can inspire the next generation of
innovators and problem-solvers to contribute to a
sustainable future (Abdurrahman et al., 2023).

Conclusion

The learning project using Renewable STEAM Kit
results a creative outcome. Teachers and observers
agreed that learning outcomes are awesome, unique,
and creative. Students were able to integrate
knowledge from multiple disciplines and construct
creative product. The projects also fostered creativity,
critical thinking, and problem-solving skills as students
designed and constructed innovative models utilizing
renewable energy concepts. Average 96.8% of students
agreed and strongly agreed that the Renewable Energy
STEAM Kit is easy to use, interest, flexible, benefit, and
relevant. Only 3.2 % of students that disagreed about
that statement. The feedback and observations
underscore the Renewable Energy STEAM Kit's success
in being user-friendly, engaging, flexible, beneficial,
and relevant to students' educational experiences and
future aspirations. These findings affirm its
effectiveness as an educational resource for promoting
understanding and interest in renewable energy
technologies.

Acknowledgments

Sincere appreciation to the State Junior High School 1
Surakarta and individuals whose contributions and support
have greatly enhanced the quality and rigour of this research.

Author Contributions

Conceptualization, LR, S. B. R, S.; methodology, L.R.;
validation, S. B. R. and S.; formal analysis, L.R., S. B. R, S,;
investigation, L.R; resources, LR, S. B. R,, S.; data curation,
LR, S. B. R, S.: writing—original draft preparation, L.R,;
writing —review and editing, S. B. R, S,; visualization, L.R., S.
B. R, S. All authors have read and agreed to the published
version of the manuscript.

Funding
This research received no external funding.

Conflicts of Interest
No potential conflict of interest was reported by the authors.

7109



Jurnal Penelitian Pendidikan IPA (JPPIPA)

References

Abdurrahman, A., Maulina, H., & Nurulsari, N. (2023).
Heliyon Impacts of Integrating Engineering
Design Process Into STEM Makerspace on
Renewable Energy Unit to Foster Students’
System Thinking Skills. Heliyon, 9(4), e15100.
https://doi.org/10.1016/j.heliyon.2023.e15100

Aguilera, D., & Ortiz-Revilla, ]. (2021). STEM vs.
STEAM Education and Student Creativity: A
Systematic Literature Review. Education Sciences,
11(7), 331. https://doi.org/10.3390/ educscil1070

331
Annan-Diab, F., &  Molinari, C. (2017).
Interdisciplinarity: = Practical =~ Approach to

Advancing Education for Sustainability and for
the Sustainable Development Goals. The
International Journal of Management Education,
15(2), 73-83. https://doi.org/10.1016/].ijme.2017.
03.006

Aurelia, C., Santhalia, P. W., & Kristiyanto, W. H.
(2023). STEAM-Integrated Problem-Based
Learning: Indonesian Music on Sound Wave
Concepts. Jurnal Penelitian Pendidikan IPA, 9(10),
9078-9084. https:/ /doi.org/10.29303/jppipa.v9il0
.3495

Badriyah, N. L., Anekawati, A., & Azizah, L. F. (2020).
Application of PjBL with Brain-Based STEAM
Approach to Improve Learning Achievement of
Students. Jurnal Inovasi Pendidikan IPA, 6(1).
https://doi.org/10.21831/jipi.v6i1.29884

Barlex, D. (2011). The STEM Programme in England: Help
or Hindrance for Design & Technology Education?
Leiden: Brill.

Budiastra, A. A. K., Wicaksono, 1., & Erlina, N. (2022).
The Effect of Science Kit and Supervision Models
on The Implementation and Implications on The
Evaluation of Science Practicum Distance
Learning. Jurnal Penelitian Pendidikan IPA, 8(5),
2443-2450. https://doi.org/10.29303/jppipa.v8i5.
1610

Chen, W., Tang, X.,, & Mou, T. (2019). Course Design
and Teaching Practice in STEAM Education at
Distance Via an Interactive E-Learning Platform.
Asian Association of Open Universities Journal, 14(2),
122-133. https://doi.org/10.1108/ AAOUJ-07-201
9-0027

Chou, Y., Yen, H,, & Yen, H. (2015). The Effectiveness
of Teaching Aids for Elementary Students’
Renewable Energy Learning and an Analysis of
Their Energy Attitude Formation. International
Journal of Environmental and Science Education -
IJESE, 10(1), 39-49. https://doi.org/10.12973/
ijese.2015.229a

Coker, B., Cathoglu,

H., & Birgin, O. (2010).

September 2024, Volume 10 Issue 9, 7103-7112

Conceptions of Students about Renewable Energy
Sources: A Need to Teach Based on Contextual
Approaches. Procedia - Social and Behavioral
Sciences, 2(2), 1488-1492. https:/ /doi.org/10.1016
/j-sbspro.2010.03.223

Cross, N. (2021). Engineering Design Methods: Strategies
for Product Design. New York: John Wiley & Sons.

Dickerson, D. L. Stewart, C. O. Hathcock, S. &
McConnell, W. (2014). The Nature and Role of
Science Kits in Affecting Change in Public
Attitude Toward Understanding of Science. In
Communicating Science to the Public (pp. 47-62).
Springer Netherlands. https://doi.org/10.1007/
978-94-017-9097-0_4

Ejaz, M. R. (2021). The Future of Flexible Product
Manufacturing by  Using  Industry 4.0
Technologies in Regard to Consumer Preferences.
Marketing & Menedzsment,  55(3),  7-17.
https:/ /doi.org/10.15170/MM.2021.55.03.01

Engelman, S., Magerko, B., McKlin, T., Miller, M.,
Edwards, D., & Freeman, J. (2017). Creativity in
Authentic STEAM Education with EarSketch.
Proceedings of the 2017 ACM SIGCSE Technical
Symposium on Computer Science Education, 183-188.
https:/ /doi.org/10.1145/3017680.3017763

English, L. D. (2017). Advancing Elementary and
Middle School STEM Education. International
Journal of Science and Mathematics Education, 15(51),
5-24. https:/ /doi.org/10.1007 /s10763-017-9802-x

Erlina, N., Warpala, I. W. S., & Juniartina, P. P. (2022).
Pengembangan Alat Peraga 3D Berbasis Eco-
Friendly Melalui Project Based Online Learning
untuk Meningkatkan Kreativitas IImiah Calon
Guru IPA. Jurnal Pendidikan dan Pembelajaran Sains
Indonesia (JPPSI), 5(2), 177-186. https://doi.org/
23887/jppsi.v5i2.52785

Graham, M. A. (2020). Deconstructing the Bright Future
of STEAM and Design Thinking. Art Education,
73(3), 6-12. https://doi.org/10.1080/00043125.
2020.1717820

Guyotte, K. W., Sochacka, N. W., Costantino, T. E,,
Walther, J., & Kellam, N. N. (2014). STEAM as
Social Practice: Cultivating Creativity in
Transdisciplinary Spaces. Art Education, 67(6), 12-
19. https://doi.org/10.1080/00043125.2014.11519
293

Habibi, M. M. (2023). Strategies for Enhancing Early
Childhood Science Literacy Through STEAM
Education. Jurnal Penelitian Pendidikan IPA, 9(12),
11767-11772. https:/ /doi.org/10.29303 /jppipa.voi
12.4960

Hamimi, E., Danissa, F. P., & Affriyenni, Y. (2024).
Enhancing Critical Thinking Skills Through The
Development of Educational Kit Based on
Problem Based Learning on Conservation

7110



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Material. Jurnal Pendidikan Sains Indonesia, 12(2),
294-314. https:/ /doi.org/10.24815/jpsi.v12i2.3498
1

Han, H.,, & Ahn, S. W. (2020). Youth Mobilization to
Stop Global Climate Change: Narratives and
Impact. Sustainability, 12(10), 4127. https://doi.
org/10.3390/su12104127

Hawari, A. D. M., & Noor, A. I. M. (2020). Project Based
Learning Pedagogical Design in STEAM Art
Education. Asian Journal of University Education,
16(3), 102. https://doi.org/10.24191/ajue.v16i3.
11072

Henriksen, D., Mehta, R., & Mehta, S. (2019). Design
Thinking Gives STEAM to Teaching: A
Framework that Breaks Disciplinary Boundaries.
In STEAM Education (pp. 57-78). Springer
International Publishing. https://doi.org/10.1007
/978-3-030-04003-1_4

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

Jones, G., Robertson, L., Gardner, G. E., Dotger, S., &
Blanchard, M. R. (2012). Differential Use of
Elementary Science Kits. International Journal of
Science Education, 34(15), 2371-2391.
https:/ /doi.org/10.1080/09500693.2011.602755

Kayes, D. C, & Kayes, A. B. (2021). Experiential
Learning and Education in Management. In
Oxford Research Encyclopedia of Business and
Management. Oxford University Press. https://doi
.org/10.1093/acrefore/9780190224851.013.294

Kersanszki, T., Marton, Z., Fenyvesi, K., Lavicza, Z., &
Holik, I. (2024). Minecraft in STEAM Education -
Applying Game-Based Learning to Renewable
Energy. Interaction Design and Architecture(S), 60,
194-213. https:/ /doi.org/10.55612/s-5002-060-008

Khamhaengpol, A., Sriprom, M., & Chuamchaitrakool,
P. (2021). Development of STEAM Activity on
Nanotechnology to Determine Basic Science
Process Skills and Engineering Design Process for
High School Students. Thinking Skills and
Creativity, 39, 100796. https://doi.org/10.1016/j.
tsc.2021.100796

Khanum, B., & Haleem, B. (2023). Exploring the Role of
Green Education in Enhancing Multiple Literacies
for the 21st Century: Preparing Students for
Globalized Living and Working in the New
Millennium. Pakistan Social Sciences Review, 7(3),
1083-1098. https://doi.org/10.35484/ pssr.2023(7-
111)89

Kim, Y. E., Morton, B. G., Gregorio, J., Rosen, D. S,
Edouard, K., & Vallett, R. (2019). Enabling
Creative Collaboration for All Levels of Learning.

September 2024, Volume 10 Issue 9, 7103-7112

Proceedings of the National Academy of Sciences,
116(6), 1878-1885. https://doi.org/10.1073/pnas.
1808678115

Kyle, W. C. (2020). Expanding Our Views of Science
Education to Address Sustainable Development,
Empowerment, and Social Transformation.
Disciplinary and Interdisciplinary Science Education
Research, 2(1), 2. https://doi.org/10.1186/s43031-
019-0018-5

Lederman, N. G., Zeidler, D. L., & Lederman, J. S.
(2023). Handbook of Research on Science Education.
Routledge. https://doi.org/10.4324 /97803678557
58

Lestari, S.  (2021). Pengembangan  Orientasi
Keterampilan Abad 21 pada Pembelajaran Fisika
Melalui Pembelajaran PjBL-STEAM Berbantuan
Spectra-Plus. Idequru: Jurnal Karya Ilmiah Guru,
6(3). https:/ /doi.org/10.51169/ideguru.v6i3.243

Li, J., Luo, H., Zhao, L., Zhu, M., Ma, L., & Liao, X.
(2022). Promoting STEAM Education in Primary
School Through Cooperative Teaching: A Design-
Based Research Study. Sustainability, 14(16), 10333.
https:/ /www.mdpi.com/2071-1050/14/16 /10333

Linn, R. L., & Miller, M. D. (2005). Measurement and
Assessment in Teaching (8th ed.). Upper Saddle
River, NJ: Pearson Prentice Hall.

Luh, N., Mareta, 1., Redhana, W., & Suastra, W. (2023).
Multiple Scaffolding STEAM  Project-Based
Learning Model In Science Learning. Jurnal
Penelitian  Pendidikan IPA, 9(8), 6493-6502.
https:/ /doi.org/10.29303 /jppipa.v9i8.4470

Lyon, J. A, & Magana, A. ]. (2021). The Use of
Engineering Model Building Activities to Elicit
Computational Thinking: A Design Based
Research Study. Journal of Engineering Education,
110(1), 184-206. https://doi.org/10.1002/jee.2037
2

McNally, R. C., Cavusgil, E., & Calantone, R. J. (2010).
Product Innovativeness Dimensions and Their
Relationships with Product Advantage, Product
Financial Performance, and Project Protocol.
Journal of Product Innovation Management, 27(7),
991-1006. https://doi.org/10.1111/j.1540-5885.20

10.00766.x

Mu'minah, 1. H., & Suryaningsih, Y. (2020).
Implementasi STEAM (Science, Technology,
Engineering, Art and Mathematics) dalam

Pembelajaran Abad 21. Bio Educatio: (The Journal
of Science and Biology Education), 5(1), 65-73.
https://doi.org/10.31949/be.v5i1.2105
Nutov, L. (2021). Integrating Visual Arts Into the
Mathematics Curriculum: The Case of Pre-Service
Teachers. Teaching and Teacher Education, 97,
103218. https://doi.org/10.1016/j.tate.2020.10321
8
7111



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Olabi, A. G., & Abdelkareem, M. A. (2022). Renewable
Energy and Climate Change. Renewable and
Sustainable  Energy  Reviews, 158, 112111.
https://doi.org/10.1016/j.rser.2022.112111

Ozdem-Yilmaz, Y., & Bilican, K. (2020). Discovery
Learning—Jerome Bruner. In: Akpan, B,
Kennedy, T.]. (eds) Science Education in Theory and
Practice (p. 177-190). Springer Texts in Education.
Springer, Cham. https://doi.org/10.1007/978-3-
030-43620-9_13

Presley, L., Carroll, B., & Gorbet, R. (2016). It Lives! A
STEAM-Based in-Class Workshop for Promotion
of Creative and Innovation Thinking. 2016 IEEE
Integrated STEM Education Conference (ISEC), 271~
277. https:/ /doi.org/10.1109/ISECon.2016.745754
6

Puchongprawet, J., & Chantraukrit, P. (2022). Creative
Problem-Solving and Creativity Product in STEM
Education. International Journal of Instruction, 7(2),
135-142. https://doi.org/10.29333/aje.2022.7211a

Qu, J., Guo, H., Wang, W., Dang, S., & Liu, H. (2022). A
Study on the Intuitive Design of Target Search
Tasks Under Time and Information Pressure.
Brain Sciences, 12(11), 1464. https://doi.org/10.
3390/ brainscil2111464

Rahmad, M., & Wulandari, S. (2024). Persepsi Guru IPA
Terhadap Pengelolaan Eksperimen IPA. Jurnal
Pengabdian  kepada Masyarakat, 7(3), 449-454.
Retrieved from https://journal.ilininstitute.com/
index.php/caradde

Rahmatiah, R., Rokhmat, J., Jufri, A. W., Gunawan, G.,
& Sukarso, A. (2023). Science Learning
Gamification: Perspectives in Building Student
Creativity. Jurnal Penelitian Pendidikan IPA, 9(11),
981-991. https://doi.org/10.29303/jppipa.v9ill.4
274

Rahmayanti, L., Nugraheni, F. S. A, & Lestari, N.
(2024). Penerapan Pembelajaran IPA Berbasis
Science, Technology, Engineering, Art,
Mathematics (STEAM) untuk Meningkatkan
Keterampilan Proses Kreatif. Jurnal Pendidikan dan
Pembelajaran  IPA  Indonesia,  14(1), 21-29.
https:/ /doi.org/10.23887 /jppii.v14i1".68873

Rozi, Z. F.,, & Ruyani, A. (2024). Development of a
STEAM-Based Homeostatic Module to Improve
Students *~ Cognitive Abilities. Jurnal Penelitian
Pendidikan IPA, 10(6), 3099-3107. https:/ /doi.org/
10.29303/jppipa.v10i6.7253

Sarjani, L. P. W., Suastra, I. W., & Subagia, I. W. (2023).
The Influence of Project-Based Learning Models
on Collaboration Skills and Science Learning
Outcome for Junior High School. Jurnal Penelitian

Pendidikan ~ IPA,  9(Speciallssue), 1284-1292.
https:/ /doi.org/10.29303 /jppipa.v9iSpeciallssue.
7243

September 2024, Volume 10 Issue 9, 7103-7112

Setianingrum, D. A., & Jumadi, J. (2023). STEAM Study
on Local Wisdom of Batik Tulis Yogyakarta to
Develop Science Teaching Materials. Jurnal
Penelitian  Pendidikan IPA, 9(9), 7390-7400.
https://doi.org/10.29303/jppipa.v9i9.5133

Setiawan, S. (2021). Using Kit for Kids At Discovery
Learning Model to Increase Interest Toward
Science Elementary School Students. Journal of
Elementary Education, 5(2), 176-186. https://doi.
org/10.22460/ pej.v5i2.2745

Sinsel, S. R., Riemke, R. L., & Hoffmann, V. H. (2020).
Challenges and Solution Technologies for the
Integration of Variable Renewable Energy
Sources— A Review. Renewable Energy, 145, 2271~
2285. https:/ /doi.org/10.1016/j.renene.2019.06.14
7

Subiki, S., Elika, E. T. P., & Anggraeni, F. K. A. (2023).
Effect of the Project-Based Learning Model with
the STEAM Approach on Learning Outcomes of
High School Students the Subject of Material
Elasticity. Jurnal Penelitian Pendidikan IPA, 9(2),
745-751. https://doi.org/10.29303/jppipa.v9i2.29
26

Taber, K. S. (2020). Mediated Learning Leading
Development —The Social Development Theory of
Lev Vygotsky. In: Akpan, B., Kennedy, T.J. (eds)
Science Education in Theory and Practice (p. 277-
291). Springer Texts in Education. Springer,
Cham. https://doi.org/10.1007/978-3-030-43620-
919

Videla, R., Aguayo, C., & Veloz, T. (2021). From STEM
to STEAM: An Enactive and Ecological
Continuum. In  Frontiers in  Education.
frontiersin.org.  https://doi.org/10.3389/feduc.
2021.709560

Zulirfan, Z., & Yennita, Y. (2022). Feasibility Test of
STEM at Home Prototype Kit as Science Project-
Based Learning Media for Junior High School
Students. Jurnal Penelitian Pendidikan IPA, 8(1), 57-
66. https:/ /doi.org/10.29303 /jppipa.v8il.1122

Zulirfan, Z., Yennita, Y. & Rahmad, M. (2021).
Students” Perception of Home-STEM Project Kits
for Science Learning in Junior High School.
Universitas  Riau  International — Conference on
Education Technology, 49-53.

7112



