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Abstract — Increased energy demand, acceleration of
renewable energy, and response to climate change are
global challenges that are being faced today. To
overcome this, education for sustainable development
(ESD) is a concept that can be implemented through
the renewable energy learning project (RELP) in
physics lessons. This study analyzes the project-based
learning on the RELP concept and its influence on
project design, communication, and critical thinking
skills. By using a one-shot case study method on 37
high school students divided into five groups, two types
of renewable energy works were created: solar and
wind. The results found that the students had the
above three skills in the high category. Additionally,
project design and communication skills significantly
influenced critical thinking. This research implies
providing a project-based physics learning concept
relevant to 21st-century skills while achieving ESD.
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1. Introduction

While discussions about renewable energy are no
longer a new phenomenon, its widespread
implementation, particularly in developing countries,
has yet to be fully achieved [1]. Efforts to realize it
are aimed at overcoming climate change,
environmental degradation, the global energy crisis,
and the price of fossil fuels, which continues to
increase along with the increase in population [2],
[3]. As a primary need, electrical energy is an
essential part of living life in the digital era and
increasingly rapid technological developments. This
includes technology in realizing sustainable
procurement of electrical energy originating from
renewable energy to minimize carbon emissions from
dependence on fossil fuels [4]. The electrical energy
that comes from renewable energy comes from solar
energy, biomass, wind, water gravity, geothermal
heat, sea waves, and others [5], [6].

As a developing country, Indonesia is
transitioning to using renewable energy for electricity
generation. Indonesia seeks to target renewable
energy use of 23% in 2025 and 31% in 2050, based
on the National Energy Policy (NEP) [4]. Renewable
energy is a form of realizing two of the Sustainable
Development Goals (SDGs), number 7 (affordable
and clean energy) and 13 (climate action), which are
the basis for ensuring clean, reliable, affordable, and
sustainable energy for present and future generations
in order to decrease climate change effect on the
Earth [7].

Integrated into the SDGs, Education of
Sustainable Development (ESD) has an important
role in taking action to realize renewable energy for
Indonesia. The strategy for building sustainable
energy requires resources from various elements
comprehensively [8]. One is quality human resources
created in the educational environment to form skills
for a sustainable future [9].
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Many topics and approaches to learning methods
related to affordable, green, and clean energy have
been suggested, including experimenting with
renewable energy technology and forming projects in
physics classrooms. Due to being included in the
national education curriculum, teachers need to
consider project-based physics learning through
collaborative  and interdisciplinary  authentic
problem-solving.

In project-based learning activities in groups,
many skills can be formed based on references to
21st-century skills: critical thinking, collaboration,
creativity, and communication [10], [11]. Creativity
skills will grow when designing projects, and good
communication skills can also be developed when
working together [10], [12]. The Renewable Energy
Learning Project (RELP) is carried out in learning
that carries out projects related to renewable energy.
RELP contains components that integrate ESD.
Students introduced to ESD in RELP can develop
one or several industry 4.0 skills. Therefore, this
study aims to describe the RELP program and
analyze the influence of RELP on students' project
design, communication, and critical thinking skills.
The following are the research questions:

1. What is the description, characteristics, and
process of RELP in physics classrooms to
achieve SDGs?

2. What  are students'  project  design,
communication, and critical thinking skills
profiles after experiencing RELP?

3. What is the relationship between students'
project design, communication, and critical
thinking skills in the context of RELP?

2. Methodology

The study employed a one-shot case study design
involving 37 high school students from East Java
province [13]. The study's primary objectives were to
elucidate the students' project activities and evaluate
their project design and communication skills. Data
were gathered during four physics subject sessions,
aligning with the school's curriculum. The learning
process unfolded across these four sessions, as
depicted in Figure 1.

‘—| Overview of

Week 1 Renewable Energy
l—l_> and SDGs

Week2 —>» Project Execution

!

Week3 —>» Project Finalization

Figure 1. The sequence of RELP

Exhibition and
Presentation
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The learning process commences with an
introduction to renewable energy, its various types,
and its significance. It also imparts knowledge about
the sustainable development goals (SDGs) that are a
global imperative while explaining the pivotal role of
students in contributing to achieving these SDGs.
Following this, students engage in group activities
where they conceptualize the type of renewable
energy project they intend to design, with guidance
from the teacher. This process undoubtedly fosters
their critical thinking skills and creativity.

The central activity in the second and third
meetings involves executing the project outside the
school premises. However, during classroom
sessions, the teacher closely supervises the project's
progress, ensuring it aligns with the predefined
learning objectives and the chosen SDGs theme. The
teacher also guides students encountering difficulties
or obstacles throughout this process. Upon project
completion, students are tasked with producing a
written report detailing their project and delivering a
presentation on their designed renewable energy
product.

Students' project design and communication skills
were assessed during this process. In terms of the
former, the assessment rubric used includes design
complexity, originality of ideas, problem-solving
contribution, conformity to the SDGs theme, and
product quality. Meanwhile, the assessment rubric
for the latter is the ability to write a written report,
oral delivery, quality of presentation media, group
readiness, and question and answer.

At the end of the lesson, a critical thinking skills
narrative test is conducted, which has indicators:
evaluating, analyzing, synthesizing, and forming
arguments (structure and validity) [14]. There are
three questions, each requiring students to work on
each indicator. The final score is adjusted to the
criteria according to Hendratno et al. [15]: N = 55-69
(middle); 70-75 (high); >75 (very high).

The research data were analyzed descriptively to
describe the results of the RELP program and the
products produced. What's more, data on project
design, communication, and critical thinking skills
were analyzed descriptively based on the final results
obtained. Each variable is also analyzed for its
relationship using the Spearman correlation and F-
test, determining its interaction pattern. Finally, the
findings of this research are analyzed for their
relationship with the achievement of SDGs and
conclusions drawn.

3. Results and Discussion
This section clarifies the description of the RELP

project designed by the researcher and undertaken by
the students.
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3.1. RELP Overview

RELP exhibits several key characteristics: 1) It
focuses on the creation of renewable energy projects
to address the issue of electrical energy requirements;
2) It is oriented towards ESD, emphasizing the
importance of sustainability and environmental
consciousness; 3) It aims to train students' project
design skills and communication abilities. Following
a brainstorming session on renewable energy project
ideas, each group selected a project theme based on
the analysis of their respective regions (Table 1).

Table 1. RELP project theme

Many groups opted for the wind energy theme,
particularly those situated in coastal areas with high
wind energy potential. A sample of student’s work is
presented in Figure 2. This potential is harnessed to
generate  electrical  energy.  Some  groups
demonstrated exceptional creativity, like Groups II
and IV, who repurposed used materials. The
utilization of wind energy offers several advantages
compared to other energy sources because of its
modern technology, dependable infrastructure, and
cheap cost [16]. Wind power is one of the most
influential alternative renewable energy sources,
offering the significant advantage of zero emissions
of greenhouse gases [17].

Group Theme Project
I Wind Energy (WE) Creating a WE prototype using a fan propeller
11 Wind Energy Creating WE prototypes using reused materials:
bottle caps and CD cassettes
1 Wind Energy Create a miniature house equipped with lights and
WE power plant
v Wind Energy Making WE prototypes using former cans and
bottles
A" Solar Energy Making a miniature garden out of ice cream sticks
equipped with solar cells and lights

Intriguingly, only one group designed a solar
energy prototype built on a miniature garden (Figure
2). It is possible that students have a residence that
does not have wind potential, but sunlight. Indonesia
is a country located on the equator so it has a very
high potential for solar energy. The conversion of
this energy into electrical energy is an excellent
opportunity to overcome the increase in electrical
energy and reduce the use of fossil-based electrical
energy. Solar energy has advantages such as the use
of solar PV modules to generate electricity,
improving energy security by achieving a higher
level of diversification, and generating electricity at a
reasonable cost [18]. Solar installations can also be
easily scaled to meet specific energy needs, from
small residential to large utility-scale power plants

=

Preparation

« understand the case
« understand energy
issues data
~ identify main themes
~ formulate questions
« define the project
problem

@

@

Implementation

* creating a prototype
»record and collect

« verify data through
group discussions

[19]. Therefore, using solar energy is very beneficial
for remote areas far from access to city electricity.

Figure 2. Sample of students’ work (a) group I and (b)
group V

Completion
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¥

Assesment

» problem formulation skills
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« performance in implementing
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Figure 3.
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Once students have determined the theme of their
project, the next stage is project implementation
(Figure 3). This is done by executing the project
collaboratively through teacher supervision. During
this process, there is a process assessment of their
project design skills as well as their performance in
creating the project. Theoretically, according to
Bloom's taxonomy, this activity reaches level 6,
involving the highest order of thinking skills, where
individuals synthesize and evaluate information and
generate new ideas, solutions, or projects [20].
Students are expected to design and plan renewable
energy projects from scratch at this level. They need
to consider the technical, economic, and
environmental aspects of the project, related to ESD.

The RELP project creation process aligns with
Vygotsky's socio-constructivist theory, which posits
that an individual's learning process is influenced by
both their social environment and themselves. Three
key points are used to explain further this: 1)
intellectual development happens when students
come across new concepts and struggle to connect
them to what they already know; 2) social interaction
enhances intellectual development; and 3) the
teacher's role is to facilitate and mediate students'
learning [21]. Colleague assistance and teacher
facilitation during group projects can support
students' cognitive development.

After the project is completed, the final stage of
RELP is project evaluation, analyzing the findings,
making conclusions, and presenting the results in
front of the class. The teacher assesses students'
written  reports, product functionality, and
presentation skills.

3.2. Students’ Project Design, Communication, and
Critical Thinking Skills

This section explains the results of the RELP
implementation on students' project design,
communication, and critical thinking skills. Figure 4
depicts those skills scores in each group. The average
score for project design is 83.4, and communication
skills is 90. The high average scores in the project
design and communication skills categories indicate
that the RELP program has successfully provided
quality education to learners. The ability to
communicate well is vital in outlining ideas and
projects related to renewable energy to the parties
involved [22]. A high score in the project design
category indicates that students can design projects
related to renewable energy. This is important in
developing sustainable solutions and innovation in
the field of renewable energy. Meanwhile, the results
of critical thinking skills have varying criteria, where
group 4 has middle criteria, groups 1, 3, and 5 have
high criteria, and group 2 has very high criteria.
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This shows that students are able to develop
critical thinking skills in designing and implementing
renewable energy projects.

100

92 92

90 gg 90 90 90

90 83
76 8 75
80 72 74
71 68
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50
40
30
20
10
0

Group 1 Group 2 Group 3 Group 4 Group 5

B Project Design Skills Communication Skills Critical Thinking Skills

Figure 4. The results of students’ project design,
communication, and critical thinking skills

An interesting finding is that groups with high or
very high criteria maximized the potential in their
surroundings, including used materials. Although
Group 4 utilized former materials, they made a
power plant that did not work. As a result, they could
not explain how their project solved the problem.
However, the average score of students’ critical
thinking skills as a whole is 75, indicating high
criteria. Consequently, the RELP program is
generally successful in teaching students to design
and implement renewable energy projects, with a
selection of project themes including wind and solar
energy. Learners have good project design skills and
strong communication skills, which are essential in
sharing project ideas and results with others. In
addition, students' critical thinking skills were also
evident in the evaluation results, demonstrating their
ability to address the technical and environmental
aspects of renewable energy projects. Overall, the
RELP program successfully developed students'
ability to design, implement, and communicate about
renewable energy projects.

Box plot visualization results (Figure 5) on
communication results obtained a median value of
90, and the design project box plot shows that the
distribution of design project values tends to range
between 78 and 90. Quartile 3 value is 90. Quartile 3
is the middle value between the median (Q2) and the
maximum value [23]. This means that 25% of the
data that is higher than the median is above 90. The
median (83) is the data's midpoint when sorted from
smallest to largest. This shows that 50% of the data is
above 83 and 50% is below 83. Quartile 1 (78) is the
middle value between the minimum and median [23].
This means that 25% of the data that is lower than
the median is below 78. Based on this information, it
can be concluded that an upward trend characterizes
the data distribution because Q3 is higher than the
median.

1455



TEM Journal. Volume 13, Issue 2, pages 1452-1460, ISSN 2217-8309, DOI: 10.18421/TEM132-59, May 2024.
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Figure 5. Box plot interpretation of (a) project design and (b) communication skills

In RELP, this data can represent the project
design outcome or ability of a group of learners
involved in the program. The high median (83)
indicates that the average design project of learners is
at a fairly good level. Q1 (78) and Q3 (90) show the
spread of scores between participants, with most
learners having design capabilities above 78 and
some learners having excellent design capabilities
above 90. This suggests that the RELP program may
improve learners' project design capabilities and
communication skills.

10000

Max =93

90,00

Q3 =85

80.00

Median= 70

7000

Min =61

60.00

Critical_Thinking

Figure 6. Box plot interpretation of critical thinking
skills

The box plot results on critical thinking skills
(Figure 6) found that the range between the minimum
(61) and maximum (93) values showed significant
variation in the level of critical thinking skills. This
could reflect the significant differences between
individuals in critical thinking skills. The thickness
of the box (the distance between Q1 and Q3) gives an
idea of the distribution of most of the data. The
thicker box on the upper side (Q3) indicates that
most individuals have higher levels of critical
thinking skills.

After the implementation of RELP learning, it
shows that most of the learners have excellent
communication and project design skills. The
development of design skills and communication
skills in renewable energy learning is a beneficial
outcome of RELP. The projects related to renewable
energy in RELP allow learners to apply theoretical
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knowledge in real situations. This allows learners to
develop design skills that can be applied in the
development of renewable energy solutions. In
addition, project-based activities often involve
teamwork which helps learners improve their
communication skills [24], [25], including the ability
to collaborate, share ideas, and coordinate with team
members [26]. Projects in RELP end with a
presentation or report. Learners have to communicate
the results of their project to an audience, which
develops their communication skills [27]. By
participating in renewable energy projects, learners
will gain very meaningful real-life experiences [28],
which can improve their understanding of the
concepts and their ability to design innovative
solutions [29].

In addition, RELP learning has a close
relationship with the STEAM (Science, Technology,
Engineering, Arts, and Mathematics) approach. In
RELP, learners can utilize STEAM elements to
understand, design, and implement renewable energy
solutions [30], [31]. They gain a scientific
understanding of the science fundamentals that
underpin renewable energy technologies. Technology
is key in RELP, with learners learning the latest
technologies used in renewable energy [32].
Engineering aspects are also reflected in the process
of designing and building renewable energy projects,
with learners planning solar panel installations,
building wind turbines, and developing energy
storage systems. Art also has a role in expressing
creativity in project design, such as aesthetically
pleasing solar panel layouts. Math also plays a role in
technical planning, requiring learners to perform
complex calculations related to power, efficiency,
investment [33],[34], and energy savings. In RELP,
STEAM elements are combined and
interdisciplinary, creating a holistic understanding of
renewable energy and preparing learners for careers
in various relevant STEAM fields. This enables
learners to contribute to achieving the SDGs with a
deep knowledge of renewable energy solutions and
the positive impact they make in building a more
sustainable world [35], [36].
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Overall, this RELP has excellent potential to
create students’ having communication and project
design skills. As learners are involved in designing
and developing renewable energy solutions. This
process requires strong creative thinking, analysis,
and planning [37]. Learners learn to design
renewable energy projects from scratch, which
includes technical calculations, component selection,
and technology integration [38]. This helps them
develop strong project design skills. In RELP,
learners gain practical experience in designing and
developing renewable energy solutions. Learners to
plan, measure, and implement these projects, which
helps them understand the technical aspects of design
[27]. RELP projects allow learners to think creatively
and find innovative solutions to renewable energy
challenges. This hones their ability to design efficient
and sustainable projects. As RELP projects often
involve teamwork, learners learn to communicate
with team members, divide tasks, and coordinate
within the team [27], [39]. This trains interpersonal
communication skills [40], [41]. It can be concluded
that RELP learning activities provide opportunities
for learners to develop renewable energy-oriented
project design skills and effective communication
skills. Thus, RELP learning supports learners in
contributing to innovative renewable energy
solutions and communicating about sustainable
issues more effectively in society.

3.3. Relationship  Between  Project Design and
Communication with Critical Thinking Skills

This section explains the interrelationship
between the three skills because the interaction
pattern of these variables can provide an
understanding of the multiplier effect on RELP as
project-based learning. Table 2 shows Spearman’s
coefficient correlation (C.C.) and significance
between critical thinking with project design and
communication skills. First, critical thinking has a
significant relationship with project design and
communication because the significance value is
<0.05. Second, the strength of the correlation
between project design and critical thinking skills has
a very strong relationship. Third, the strength of the
correlation between communication and critical
thinking skills has a sufficient relationship.

Table 2. Correlation test between project design and
communication with critical thinking skills

Spearman’s Rho Proj.ect Comrpuni-
Design cation
Critical C.C. 0.796 0.341
Thinking Sig. 0.00* 0.04*
N 37 37

TEM Journal —Volume 13 / Number 2/ 2024.

Furthermore, the F test results show that project
design and  communication  simultaneously
significantly affect critical thinking skills (Table 3).
Through the R? value, it can be implied that the
influence of the two variables on critical thinking
skills is 76.40%.

Table 3. F test result

R R®
0.874 | 0.764

F-value
55.176

Sig.
0.00*

Definitely, project design skills have a significant
relationship with critical thinking skills because
when students design a project, they must first have
an authentic problem that must be addressed and the
potential used to solve the problem. In the case of
RELP, students must identify a problem related to
energy and analyze the potential in their surrounding
environment that can be utilized to solve the
problem. This involves analyzing and breaking down
complex issues into manageable components, a
fundamental aspect of critical thinking [42].
Moreover, critical thinking involves the evaluation
and analysis of information and evidence. In project
design, students need to gather, analyze, and interpret
data to inform their decision-making and design
choices. Strong critical thinking skills are essential
for making sense of complex data and drawing
meaningful conclusions [43]. Several studies confirm
the significant relationship between project design
and critical thinking skills [44], [45].

In addition to project design skills, critical
thinking also significantly influences
communication. Students are required to present their
renewable energy projects to an audience, such as
their peers and teachers. Strong communication skills
are necessary for these presentations to be engaging
and informative. Critical thinking skills underpin the
ability to anticipate questions, objections, and
counterarguments,  helping  students  deliver
compelling pitches [46]. Not only that, these skills
help students organize their thoughts and convey
them logically, ensuring that their messages are well-
structured and easily understood by others. Forming
arguments is included in one critical thinking skills
assessment rubric [14]. Empirical evidence also
shows that communication has a considerable
relationship with critical thinking skills [47], [48].

3.4. RELP and Sustainable Development Goals

This section describes the implications of RELP
in the physics classroom with the achievement of
SDGs, where the project is very relevant to the goals,
a series of global goals launched by the United
Nations to achieve a more sustainable world [49].
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RELP is directly related to SDG 7, which aims to
ensure everyone's access to affordable, reliable,
sustainable, and modern energy. Learners involved in
RELP learn about renewable energy and how to
utilize it to meet global energy needs. Renewable
energy is important to sustainable urban and
residential development [50]. Learners studying at
RELP can contribute to efforts to create more
sustainable and environmentally friendly cities and
settlements. RELP supports SDG 13 by helping
learners understand the importance of climate change
mitigation through renewable energy. Learners can
play a role in reducing greenhouse gas emissions and
accelerating the utilization of renewable energy.

4. Conclusion

RELP is an effective project-based physics
learning method that provides project design,
communication, and critical thinking skills for
students. This research shows that RELP is a potential
learning approach solution to increase awareness
about affordable and clean energy and the ability to
design renewable energy-related technologies.
Moreover, both students’ project design and
communication skills significantly affect critical
thinking. The results of this study provide positive
implications that RELP can be implemented
successfully in secondary schools as a response to the
problem of fossil energy reserves and the challenges
of future renewable energy sources. The project
aligns with SDGs 7 (affordable and clean energy) and
13 (climate action), thus actualizing ESD. Finally,
RELP can be a relevant and innovative learning tool
to prepare future generations to face increasingly
pressing global energy and climate issues.
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