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Abstract

Various factors become obstacles to developing renewable energy technology, including people's low
knowledge of renewable energy and low 2lst-century skills. Therefore, designing learning that can
increase understanding of renewable energy and improve 21st-century skills simultaneously is essential.
This study aimed to create programs of environmental physics lectures about OWC as a renewable energy
source. This research was developmental research with analysis, design, and development stages. The
products in this study were test instruments to measure creative thinking skills, OWC converters prototype,
and a project-based lecture program oriented towards providing creative thinking skills through a
combination of lectures in the classroom, laboratory, and marine environment. Five experts validated all
products. In addition, besides experts' validation, the creative thinking test instrument was tested on 17
students who had taken environmental physics lectures. In contrast, a marine engineering laboratory
tested the prototype at a university in Bandung. Experts' validity data were analyzed using the content
validity ratio, while the test instrument data were calculated for reliability, validity, discrimination, and
difficulty levels. Based on the results of expert validation, all products are feasible to be implemented.
Based on the test results, the prototype developed functions well, while for the test instrument of 10
questions developed, only eight questions were eligible to be used. All of the products produced can be
used as a reference and reference for lecturers or teachers who develop learning about renewable energy
and equip students with creative thinking skills.

Keywords: environmental physics lecture; OWC; creative thinking skills
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Perancangan Program Perkuliahan Fisika Lingkungan tentang Energi Gelombang Laut untuk
Meningkatkan Kemampuan Berpikir Kreatif Mahasiswa

Abstrak

Terdapat berbagai faktor yang menjadi kendala pengembangan teknologi energi terbarukan, di
antaranya adalah rendahnya pengetahuan tentang energi terbarukan dan rendahnya keterampilan abad
21 yang dimiliki masyarakat. Oleh karena itu, sangat perlu di desain suatu pembelajaran yang mampu
meningkatkan pengetahuan tentang energi terbarukan dan meningkatkan keterampilan abad 21 secara
bersamaan. Penelitian ini bertujuan untuk merancang instrumen matakuliah fisika lingkungan tentang
energi gelombang laut sebagai sumber energi terbarukan. Penelitian ini adalah penelitian
pengembangan dengan tahapan analisis, desain, dan pengembangan. Produk dalam penelitian ini adalah
instrumen tes untuk mengukur keterampilan berpikir kreatif, prototipe konverter energi gelombang laut,
dan rencana pelakasanaan program kuliah berbasis proyek yang berorientasi pada pembekalan
keterampilan berpikir kreatif melalui kombinasi perkuliahan di ruang kelas, laboratorium, dan
lingkungan laut. Semua produk divalidasi oleh 5 orang ahli. Selain validasi para ahli, instrumen tes
keterampilan berpikir kreatif diuji pada 17 siswa yang telah mengambil matakuliah fisika lingkungan,
sedangkan prototipe diuji di laboratorium teknik kelautan pada salah satu universitas di Bandung. Data
validasi para ahli dianalisis menggunakan rasio validitas konten, sedangkan data instrumen tes dihitung
untuk tingkat reliabilitas, validitas, diskriminasi, dan tingkat kesulitan. Berdasarkan hasil validasi ahli,
semua produk layak untuk diimplementasikan. Hasil ujicoba prototip yang dikembangkan juga berfungsi
dengan baik, sedangkan untuk instrumen tes dari 10 pertanyaan yang dikembangkan hanya 8 pertanyaan
yvang memenuhi syarat untuk digunakan. Produk yang dihasilkan dapat dijadikan sebagai acuan dan
referensi bagi dosen atau guru yang mengembangkan pembelajaran tentang energi terbarukan sekaligus
membekali siswa dengan keterampilan berpikir kreatif.
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I. INTRODUCTION the community's needs [4]. In addition, the sea

Exploration of new renewable energy is
a solution that can be done as an alternative to
fulfill electrical energy needs. Utilization of
ocean wave energy (OWC) has the potential
to become an alternative energy source that
can be used as an energy crisis solution [1-3].
Several developed countries located in coastal
areas have utilized wave energy to the fullest
by converting it into electrical energy to meet

Satriawan M et al.

is an energy source from sea-level and tidal
waves. Several countries have developed tidal
waves as electricity producers [5-7].
Indonesia is one of the world's countries
with the largest sea area. Two-thirds of
Indonesia's territory is the sea. Indonesia has
the second-longest beach in the world [8].
This is an advantage for Indonesia regarding
the enormous potential of marine energy.
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Indonesian ocean waters along the southern
coast of Java to Nusa Tenggara are locations
that have considerable wave energy potential
ranging from 10 - 20 kW per meter wave [9].
One study has concluded that wave energy at
several points in Indonesia can reach 70 kW /
m in several locations, one of which is the
waters of Nusa Tenggara [10]. Even so,
although it is pretty promising, Indonesia's
energy  utilization  technology
development still needs to be improved.
Exploration of OWC is currently in its early
stages, and the wave energy utilization system
is only a prototype testing stage because of
several obstacles, one of which is the lack of
human resources who have skills in the field
[11].

Various studies related to efforts to
introduce the concept of renewable energy
have been carried out, including Milkki &
Alanne [12] developing a life cycle
assessment to be enhanced as a
research-based teaching method in renewable
and sustainable energy education curricula;
Hammad, Al-Zoubi, & Castro [13] developed
e-learning about renewable energy in the form
of experiments covering the topics of wind
and solar power generation, solar tracking
control, hybrid energy, and fuel cells; Buldur
et al., [14] developed a lecture on renewable
energy with a focus on studies of
hydroelectric power plants, geothermal
energy, wind power, and solar energy which
was carried out outside the classroom through
project-based learning to increase student
awareness of renewable energy;
Grivokostopoulou  [15]  developed a
renewable energy learning approach about
wind energy and solar energy through 3D
virtual word technology.

Besides that, Stroth et al. [16]
developed blended learning on renewable
energy, especially solar and wind energy.
Firman [17] utilizes the computation
laboratory to introduce renewable energy to

wave
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students, focusing on wind and water energy.
Afkar et al. [18] introduced the basic concept
of renewable energy using the storytelling
method. Susanti, Yunita & Setiawan [19]
communicated the latest concepts and issues
on renewable energy by using engineering
software, which includes e-learning-based
lecture videos, animated videos, and virtual
environments. Kecebas & Alkan [20] seek to
improve high school students' understanding
of renewable energy through education and
training. Nowotny et al. [21] emphasized that
it is necessary to use textbooks to help
students learn about renewable energy so that
students understand renewable energy more

profoundly and comprehensively.
Chandrasekaran [22] developed
machine-learning-based hybrid renewable
energy  applications  for  mechanical

engineering students. Theodorou et al. [23]
developed augmented reality-based learning
in environmental education lectures to explain
various concepts, one of which is the concept
of renewable energy.

Based on previous research, it was not
found that there was an effort to
comprehensively inform the OWC and its
utilization as an alternative energy source.
Also, it was not found involving teaching aids
in the form of OWC converters to introduce
how to generate electricity from OWC. OWC
has excellent potential in Indonesia as an
environmentally friendly alternative energy
[10]. In addition, several previous studies
have yet to attempt to equip students with
important skills, such as creative thinking
during renewable energy learning. These
skills are needed when students develop
renewable energy technologies,
especially for converting the OWC into
electricity energy.

Therefore, in the long term, we need to
communicate the concept of wave energy to
people, especially the younger generation.
Introduce them to knowledge and -early

various
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understanding of wave and other renewable
energy [24]. Knowledge about utilizing OWC
as alternative energy and equipping various
important skills such as creative thinking
skills. In addition, it is also necessary to
socialize about current research and
development of  renewable energy
technologies through meeting indoors or
outdoors. The aim is to prepare responsible
and knowledgeable human resources so that
one day later can advance renewable energy
technology, especially in OWC field. The
most important thing is to teach the concept
and equip students with various skills,
including creative thinking skills, which still
need to improve [25] to become qualified
human resources according to the demands of
the times

Therefore, it is essential to do
innovation or renewal in the active learning
process that involves students in the process
to be able to produce human resources who
not only have cognitive insight into how to
use ocean waves as an alternative energy
source but also have various types of skills
including creative thinking skills. The way is
to develop lecture instruments that integrate
the provision of creative thinking skills and its
assessments, such as lecture programs that
describe the provision of creative thinking
skills, media that support the enhancement of
creative thinking skills, and assessments to
measure how to enhance creative thinking
skills during the lecture process.

Il. METHOD

This research is development research
with the ADDIE model, which consists of 5
stages: analysis, design, development,
implementation, and evaluation. This research
developed a component of an environmental
physics lecture program about utilizing OWC
energy This
component comprises a lecture program
implementation plan, OWC

as an alternative source.

converter
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prototypes as a learning media, and a test
instrument  for thinking about
utilizing OWC. In the analysis phase, a needs
analysis 1s carried out as a background for
designing new lectures. In the design stage,
designing lecture programs, teaching aids in
the form of OWC converter prototypes, and
creative thinking tests. At the development
stage, products were produced as lecture
programs, prototype designs of OWC
converters as teaching aids, and creative
thinking tests. Then, at the implementation
stage, all of the products were implemented
on the 29 students in one of Teachers
University in West Nusa Tenggara as long as
eight meetings. In the last stage, an evaluation
is conducted to see the program's
implementation.

The products were validated by five
experts consisting of 2 lecturers who are
experts in science learning, two lecturers who
are experts in OWC, and one lecturer who is
an expert on renewable energy. Data from
experts’ validation was analyzed using
Content Validity Ratio (CVR) [26], CVR
formula as shown in equation (1) to find out
whether the product produced is proper or not
to be applied to environmental physics lecture
about OWC and its utilization.

cVR N~ N/2 (1)

N/2

where N is the number of panel experts and n
is the number of panel experts who claim to be
appropriate. Expert test data collection was
carried out using expert validation sheets. The
instrument is feasible if the calculated CVR
value > critical CVR, where according to
Wilson Pan and Schumdky [26] for five raters,
the critical CVR value is 4.

In addition apart from expert test, a
prototype was conducted laboratory test in the
wave flume at the one of the university at
Bandung. The testing was
consisting of 3 stages, namely (1) testing on
waves at the period T= 1 second and wave

creative

carried out
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heights H= 10 cm, 15 cm, 20 cm; (2) testing
on waves at the T= 2 seconds and H= 10 cm,
15 cm, 20 cm; (3) testing on waves at the T=3
seconds and H= 10 cm, 15 cm, 20 cm.
Meanwhile, the time used to measure the
resulting voltage is 60 seconds. The resulting
output voltage is measured using a multimeter
and oscilloscope.

Likewise, in addition to the expert test,
the test instrument was tried out on 17
students of the physics education study
program at a university in West Nusa
Tenggara. Tests are conducted to measure the
test items' validity, reliability, discrimination,
and difficulty. This trial is conducted to
determine the feasibility of the test being
developed to implement it. The data obtained
from this trial were analyzed using the
instrument  reliability  coefficient  test
(Cronbach alpha) to determine the reliability
of the test and the Pearson correlation test to
assess the validity of the test. The test
instrument is valid if the calculated
correlation value exceeds the table correlation
value.

Table 1. Criteria of Reliability [27]

Correlation value Criteria
r<0.2 very weak
02<r<04 weak
04<r<0.6 sufficient
0.6<r<0.8 high
r>0.8 very high

The discrimination value (DF) of test
was analyzed by calculating the difference
between the scores of the upper group and the
lower group then divided by the number of
ideal scores. With discrimination criteria as
shown in Table 2. The test's difficulty level
was analyzed by calculating the average score
divided by the maximum score, with the
difficulty level (DL) shown in Table 3.

Satriawan M et al.

Table 2. Criteria of Discrimination Value [27]

Discrimination Value (DF) Criteria
DF<0.1 very bad
0.11<DF<0.19 bad
0.20<DF <0.29 not good
0.30 <DF <0.49 good
DF >0.50 very good

Table 3. Criteria of Difficulty Level [27]

Difficulty Level (DL) Criteria

DL<0.3 difficult

031<DL<0.7 moderate
DL>0.71 easy

The test result data were analyzed using
a normalized gain score (N-gain) to determine
the increase in pre-service physics teacher
creativity regarding using ocean wave energy
as a renewable energy source. The N-gain
value can be calculated using the formula 1
[28]. The N-gain average value that has been
obtained then interpreted based on Table 4.

Table 4. Interpretation of N-gain Score

<g> Value Criteria
<g>2>0,70 High
0.30 <<g><0,70 Middle
<g><0,30 Low
I1I.RESULTS AND DISCUSSION

Analysis Stages

At this stage, an analysis was conducted
based on the results of field observations and
literature studies, including syllabus analysis
of environmental physics, lecture processes,
knowledge of OWC concepts, and what types
of skills are provided during the
environmental physics lecture. The analysis
aims to determine the existing problems and
how to solve them. Based on the analysis
results, lectures on environmental physics are
still conducted conventionally, where students
are only assigned to make papers and then
present them to the class [25]. In addition,
based on the results of syllabus analysis and
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semester lecture plans, no specific skills are
provided to students, and the material about
sea wave energy is taught just as an
introduction. Therefore, an active lecture

design that focuses on students’ cognitive
aspects and provides a variety of 21st-century
skills is needed.

Table 5. An Example of Lecture Programs Implementation Plan Design

Outcome
Learning

Indicators of PjBL

Indicators of Creative
thinking skills

Learning Descriptions

¢ Explain the

Launching the e Elaboration:

e Listening, elaborating, and analyzing

scope of ocean project elaborating lecturers' explanations related to the

waves including e Identify and explanations and latest state of conventional energy

definitions, define problems responding to sources data, about the geographical

factors that e Launch an questions from location of Indonesia which is an

cause  waves interesting lecturers archipelago and the use of marine

and wave theory initial  project energy as an unlimited energy source
o Identify and open-ended and the potential of the Indonesian sea

national energy guide questions as a renewable energy source.

problems and e Problem sensitivity: e Identify national energy problems and

link them to the (Meeting) find various find various solutions

renewable (2x50”) problems from

energy  from lecturer  exposure;

ocean waves Fluency: produce

several solutions

o Flexibility:
problem from various
points of view.

e Problem sensitivity: e Analyze and

detect,

able to
recognize,

understand

problem.

e Elaboration:
ideas through various
kinds of references

see a e Asking guiding questions and project

work to be done.

provide temporary
answers to guide questions and project
and assignments to identify what needs to
a be known and study them from various
perspectives related to the topic of
investigation

enrich e Through Assignment Sheet, students

conduct literature studies to find unique
ideas and ideas through various sources
(international
journals, online videos, related books,
etc.) to open up insights on the use of
the sea as a source renewable energy is
then collected at the next meeting.

journals, national

Design Stages

Lecture programs Implementation plan that
enhance creative thinking skills

The environmental physics lecture program is

Satriawan M et al.

designed on a project by focusing on
understanding concepts and  providing
creative thinking skills. Project-based lecture
syntax refers to the Buck Institution
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Education (BIE) framework [29], namely
launching the project; building knowledge,
understanding, and skills; developing and
revising ideas and products; and presenting
products and answers to driving questions.
Meanwhile, the creative thinking skills used
to refer to the Guilford framework [30] are
problem sensitivity skills, fluency, flexibility,

originality, and elaboration. The design of this
lecture program requires students to produce a
product in the form of a prototype of a simple,
unique, and efficient wave energy converter
that involves creative thinking skills and
allows for the future to be made on a larger
scale so that it is helpful for the community.

“«7>
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Counter weight
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Bicycle Freewheel 16 T

it

Bicycle chain

Printer dynamo 24 Volt

Sewing machine strap

&5

Bicycle front gear
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Figure 1. Design of Wave Energy Converter Prototype

Table 6. Example of Creative Thinking Skills Test

Indicators of

Learning Concept mastery . )
L creative Question
outcome indicators o )
thinking skills
Determine the Analyze data of Problem A BJ
. —3
. . . e - £ =
location for sea sea wave heightin  Sensitivity £ £
wave energy several places in Able to detect, : F
= 2
utilization Indonesia that recognize, and = = = =
. 3 £ t
have the potential understand - i 5 3
c D
to be used as the problems A N R ]
E E
location of sea ) )
wave energy g g Sl

utilization and

explain the cause

January
December
January
December

The graph above shows the height of the ocean waves at four
different locations in Indonesia for 1 year. Which graph
shows the place where wave energy technology can be
installed to produce electricity? Describe your reasons why
you chose the chart!

Development stage
At this stage, the development of the
lecture program, the prototype wave energy

Satriawan M et al.

converter, and the instrument of creative
thinking are done to produce the final product
that can be implemented in lectures. Three

7
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steps are carried out at this stage: making
products, conducting trials, and product
revisions.

Lecture program implementation plan

For the lecture program, the product is
produced as in the design stages shown in
Table 5. Five experts' judgments were
conducted.

Based on the results of expert judgment,
Table 7 shows that all expert validators agreed
on the lecture program that was developed,
even though each validator provided notes as
input. One note that needs to be considered is
that learning outside of school requires
special worksheets that focus on developing
creative thinking skills [32]. In addition, it is
also necessary to include an evaluation tool
for the lecture process at each meeting.

Table 7. Results of Experts’ Judgment About Lectures Program

Validator

No Item Amount CVR Interpretation
1 2 3 4

1 Learning stages adjust with 1 1 1 1 1 5 1 Proper
project based learning

2 The substance of debriefing 1 1 1 1 1 5 1 Proper
creative thinking skills

3 Wave energy conception I 1 1 1 1 5 1 Proper
Problem context I 1 1 1 1 5 1 Proper

5 Legibility 1 1 1 1 1 1 Proper

Prototype wave energy converter

The development of the prototype is
based on the design, as shown in Figure 1. The
purpose of developing this prototype is as a
tool to describe the principle of OWC
converters working
description for students in producing a
prototype converter on a given project
assignment. The stages of developing a
prototype are divided into three steps: making
prototypes, laboratory testing, and prototype
revisions.

Figure 2 is a prototype of an OWC
converter made based on the initial design to
be tested. The trial was conducted at the
Laboratory of Marine Engineering, Institut
Teknologi Bandung, using the wave flume
seen in Figure 3. Several deficiencies were
found at the time of the first trial, including
the converter's placement position, which
needed to be in the direction of the dating
wave.

and as an Iinitial

Satriawan M et al.

Figure 2. Prototype Wave Energy Converter

Therefore, every time the wave spread,
the connecting chain of the spacer with the
driven gear was always out so that the chain
protector was added so it would not come out.
In addition, the buoy mass is too light to make
the converter not function optimally so that
the load on the buoy is added. Based on the
results of trials, the prototype functions well,
where the converter can produce voltages up
to 19-volt for a wave height H=20 cm with a
wave period T=1 second. The working
principle of the prototype is influenced by the

8
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wave-period and wave-height [33,34].
Wave energy concepts tests instrument
integrated creative thinking skills
Wave energy concept tests
developed with as many as ten essay items.
Each question measures energy

WwWEre

wave

concepts and creative thinking skills
according to the indicators in the Guilford
framework [30] and predetermined learning
outcomes. The questions developed have
passed expert validators and were tested on 17
students who have taken environmental

physics lectures.

Table 8. Results of Item Analysis

Item Discrimination Item Difficulty Validity (rwbie= 0.482)

Problem ) ) Person . Reliability
Value Interpretation Value Interpretation . Interpretation
Correlation

item_1 0.325 Good 0.632 Middle 0.822 Valid
item_2 0.45 Good 0.647 Middle 0914 Valid
item 3 0.475 Good 0.662 Middle 0.754 Valid ©
item_4 0.1 Very Bad 0.282 Difficult 0.308 Invalid §
item_5 0.325 Good 0.603 Middle 0.814 Valid &
item_6 0.475 Good 0.632 Middle 0.895 Valid E
item_7 0.55 Good 0.647 Middle 0.926 Valid 5
item_§ 0.4 Good 0.618 Middle 0.875 Valid g
item 9 0.05 Very Bad 0.253 Difficult 0.119 Invalid
item_10 0.525 Good 0.662 Middle 0.907 Valid

Based on Table 8, eight other questions
are valid and reliable out of the ten items
developed. They are appropriate to measure
students' creative thinking skills in lectures on
environmental physics regarding wave energy
as a renewable energy source. In contrast, two
questions were declared invalid, namely
questions number 4 and 9. Based on the
analysis of the difficulty level of the two
questions, it is quite challenging to do, so
almost all students get very low scores.

Figure 4 shows two creative thinking
skills tests in which problem number 4
measures the elaboration indicators, namely
the ability to add or detail an idea to improve
the quality of the concept. From the answers
of 17 students who worked on the problem,
students needed help finding a mathematical
relationship between group velocity and the
velocity of the ocean waves in the deep sea
and shallow seas, so most students did not
complete the answer to the question. However,

Satriawan M et al.

even though declared invalid, other questions
are still declared wvalid for measuring
elaboration skills. In addition, from Figure 4,
there is also item 9, which is declared invalid,
and based on an analysis of the difficulty level,
the problem is declared difficult. Problem
number 9 is used to measure the originality
indicator, which is the ability to come up with
ideas in ways that are original, new, unique,
and rarely given by most people [25,31]. Still,
it is not a problem because there are other
questions that are valid for measuring these
skills. Therefore 2 questions that are declared
invalid and they are not reduce the
measurement of creative thinking skills for all
indicators based on the Guilford framework.
However, both of questions were revised
because they represented each indicator of
learning outcomes. The revision of question
number 4 was carried out in the question
redaction where it did not ask students to
explain the mathematical relationship

9
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between phase velocity and group velocity.
Meanwhile, question number 9 is revised in
the graphic image section where the graph

displayed is simpler, only displaying data on
the maximum voltage, average voltage, and
minimum voltage generated by the converter.

4 n 7“1 +my Menvelope
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47&4‘

The ocean wave flux can be determined from the product of
wave energy and wave velocity. This means that the sea
wave flux is directly proportional to the group velocity (C,)
rather than the phase speed of wave (C). Based on the
picture above, explain the difference in wave-particle group
velocity and wave phase velocity! And describe the
relationship mathematically in the deep sea and shallow
seal

Voltage (volt)
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[ 10 20 30 40 50 60
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The graph above is the result of a prototype wave energy
converter testing that utilizes the motion of a buoy tumble
as a driving system on ocean waves with different periods
(T=1s,2s, and 3s) with the same wave height (H = 15 cm)
for 1 minute. Describe why the voltage generated by the
converter is unstable (up and down) for 1 minute! And
explain how to make the output voltage stable?

Figure 4. Invalid Questions

Implementation and evaluation stage

The lecture program implementation
plan that was developed makes it easier for
lecturers to design how the lecture process is

oriented to improving students' -creative

thinking skills one semester ahead.

Table 9. Implementation Results of The Lecture Program

Concept

Creative Thinking Skills

Mastery  Sensitivity Fluency Flexibility Originality Elaboration

0.725
High

0.787
High

N-gain

Criteria

0.711
High

0.787
High

0.698
Middle

0.744
High

Based on the implementation data
analysis results, the Ilecture program
developed shows that the N-gain of students'
mastery of concepts and creative thinking
skills is above 0.7, which is in the high
category. This shows that the developed
course program positively impacts increasing
students' mastery of concepts and creative
thinking skills in environmental physics
lectures. This is consistent with what has been
revealed by several studies, namely, that
project-based learning can improve students
'mastery of concepts [32,33] and can also
enhance students' thinking skills [34,35].

Based on
developed program is very suitable for

evaluation results, the
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application in learning locations near the
coast. This is evidenced by increased students'
mastery of concepts and creative thinking
skills. The development of an assessment is
not only done to measure the mastery of
concepts but also to measure
thinking skills. Each question
developed can measure one or two indicators
of creative thinking skills. In addition, the
lecture program developed can also direct
lecturers to create media or teaching aids that
can equip students with certain skills [36,37].
Therefore, various instruments are developed
so that the specified learning outcomes are
fully achieved [38]. In addition,
conducted are more directed and measurable

students'
creative

lectures

10
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and train lecturers to be more creative with
various lecture instrument developments.

All of the products produced from this
study, project-based  lecture
implementation plans, creative thinking test
instruments,
prototypes, are related to each other in that
they have an orientation to enhance students'
creative thinking skills. With precise lecture
planning, lecture activities are directed and
effective, but the developed project-based
lecture plans will positively impact students'
development of creative thinking skills
[39,40]. Likewise, when there are no creative
thinking test instruments, the
thinking skills that have been equipped for
students are not measurable [41], in other
words, it will not be known that the success in

namely

and wave energy converter

creative

equipping creative thinking skills students fail.

Meanwhile, with the developed prototype, it
will be easier for students to work on projects
related to the development of OWC
converters. In addition, the existence of a
media in the form of a converter from used
materials that were developed indirectly
motivated students [42], to develop wave
energy converters from wused materials
without reducing the function of the
converter.

The limitations of this research were
that the evaluation of the program could have
been carried out more thoroughly at every
stage of development. The program's success
was only assessed from the data on the
increase in pre-service physics teachers'
mastery of concepts and creative thinking
skills. In addition, the designed lecture
program is more suitable for universities close
to the coast or with a marine laboratory. The
lecture program developed only focuses on
developing creative thinking skills. For
further research, it is necessary to design
lectures on ocean waves that seek to increase
creative skills and other 21st-century skills
simultaneously.

Satriawan M et al.

The research has positively impacted the
development of renewable energy technology,
especially regarding using OWC as a
renewable energy Project-based
lectures that are not only oriented towards
student cognitive abilities but also emphasize
the development of 21st-century skills can
produce resources with skills and expertise in
renewable energy, especially OWC. In
addition, the resulting prototype will pave the
way for researching and developing theories
in physics and OWC converter technology.

source.

IV.CONCLUSION

The design of an environmental physics
lecture on OWC produced a project-based
lecture program oriented to develop students'
creative thinking skills through a combination
of classroom, laboratory, and marine
environment lectures. It also produced a
prototype OWC converter made from
secondhand materials that can be used to
explain the use of ocean waves as a renewable
energy source. In addition, a set of test
instruments was also produced in the essay
form items to measure students' creative
thinking skills regarding the concept of ocean
waves and their use as a renewable energy
source. All products that were produced have
passed the validation stage and are properly
implemented. For further research, it is
necessary to develop multimedia, which is
like a virtual lab, to describe the concepts that
are very difficult to observe directly on shore
students so that students can more quickly
understand and master the ocean wave
concepts.

ACKNOWLEDGMENT

The Authors would like to thanks to
RISTEK DIKTTI has founded this research in a
doctoral dissertation research grant with
contract number 548/UN40.D/PT/2020.

11



Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2021; 11(1): 1-15

REFERENCES

[1]

(2]

3]

[4]

[5]

[6]

[7]

(8]

Chiu S, Wang J, Wang S, and Chao SD.
Enhancement of Sea Wave Potential Energy
with Under-Sea Periodic
Simulation and Laboratory Study. Applied
Sciences. 2017, 7(8): 782.

DOI: https://doi.org/10.3390/app7080782.
Sjolte J, Tjensvoll G, and Molinas M. Power

Structures: A

Collection from Wave Energy Farms. Applied
Sciences. 2013; 3(2): 420-436.

DOI: https://doi.org/10.3390/app3020420.
Espindola RL and Araujo AM. Wave Energy
Resource of Brazil: An Analysis from 35
Years of ERA-Interim Reanalysis Data. PLoS
One. 2017; 12(8): e0183501. DOI:
https://doi.org/10.1371/journal.pone.0183501.
Melikoglu M. Current Status and Future of
Ocean Energy Sources: A Global Review.
Ocean Engineering. 2018; 148: 563-573.
DOLI:
https://doi.org/10.1016/j.oceaneng.2017.11.0
45.

Borthwick AGL. Marine Renewable Energy
Seascape. Engineering. 2016; 2(1): 69-78.
DOLI:
http://dx.doi.org/10.1016/J.ENG.2016.01.011.
Weber J, Mouwen F, Parish A, and
Robertson D. Wavebob — Research &
Development Network and Tools in the
8th
European Wave and Tidal Energy Conference
(EWTEC 2009). 2009: 416-420. Available
from:

Context of Systems Engineering.

https://tethys-engineering.pnnl.gov/publicatio

ns/wavebob-research-development-network-t

ools-context-systems-engineering.

Frid C, Andonegi E, Depestele J, Judd A,
Rihan D, Rogers SI, and Kenchington E. The
Environmental Interactions of Tidal and Wave

Energy Generation Devices. Environmental
Impact Assessment Review. 2012; 32(1): 133—
139. DOLI:
http://doi.org/10.1016/j.eiar.2011.06.002.
Gumbira G and Harsanto B. Decision Support

System for an Eco-Friendly Integrated

Satriawan M et al.

9]

Coastal Zone Management (ICZM) in
Indonesia. International Journal on Advanced
Science, Engineering and Information
Technology. 2019; 9(4): 1177-1182.

DOI: http://doi.org/10.18517/ijaseit.9.4.9484.
Rizal AM, Ningsih NS, Sofian I, Hanifah FN,

and Hilmi [. Preliminary Study of Wave

Energy Resource Assessment and Its Seasonal
Variation Along the Southern Coasts of Java,
Bali, and Nusa Tenggara Waters. Journal of
Renewable  and  Sustainable
2019; 11(1): 014502.

DOI: http://doi.org/10.1063/1.5034161.

Energy.

[10] Zikra M. Preliminary Assessment of Wave

Energy Potential around Indonesia Sea.
Applied Mechanics and Materials. 2017; 862:
55-60. DOL:
https://doi.org/10.4028/www.scientific.net/A
MM.862.55.

[11] Irhas and Suryaningsih R. Study on wave

Energy Into Electricity in the South Coast of
Yogyakarta, Indonesia.
2014; 47: 149-155. DOI:
http://doi.org/10.1016/j.egypro.2014.01.208.

Energy Procedia.

[12] Mélkki H and Alanne K. An Overview Of

Life Assessment  (LCA) and

Research-Based Teaching in Renewable and

Cycle

Sustainable Energy Education. Renewable
and Sustainable Energy Reviews. 2017; 69;
218-231. DOIL:

https://doi.org/10.1016/j.rser.2016.11.176.

[13] Hammad B, Al-Zoubi A, and Castro M.

Harnessing technology in collaborative
renewable energy education. International
Journal of Ambient Energy. 2020; 41(10),
1118-1125. DOI:

https://doi.org/10.1080/01430750.2018.1501

751.

[14] Buldur S, Bursal M, Erik N Y, and Yucel E.

The Impact of an Outdoor Education Project
on Middle School Students’ Perceptions and
the
Energy. Renewable and Sustainable Energy
Reviews. 2020; 134: 110364. DOI:
https://doi.org/10.1016/j.rser.2020.110364.

Awareness of Renewable

12


https://doi.org/10.3390/app7080782
https://doi.org/10.3390/app3020420
https://doi.org/10.1371/journal.pone.0183501
https://doi.org/10.1016/j.oceaneng.2017.11.045
https://doi.org/10.1016/j.oceaneng.2017.11.045
http://dx.doi.org/10.1016/J.ENG.2016.01.011
https://tethys-engineering.pnnl.gov/publications/wavebob-research-development-network-tools-context-systems-engineering
https://tethys-engineering.pnnl.gov/publications/wavebob-research-development-network-tools-context-systems-engineering
https://tethys-engineering.pnnl.gov/publications/wavebob-research-development-network-tools-context-systems-engineering
http://doi.org/10.1016/j.eiar.2011.06.002
http://doi.org/10.18517/ijaseit.9.4.9484
http://doi.org/10.1063/1.5034161
https://doi.org/10.4028/www.scientific.net/AMM.862.55
https://doi.org/10.4028/www.scientific.net/AMM.862.55
http://doi.org/10.1016/j.egypro.2014.01.208
https://doi.org/10.1016/j.rser.2016.11.176
https://doi.org/10.1080/01430750.2018.1501751
https://doi.org/10.1080/01430750.2018.1501751
https://doi.org/10.1016/j.rser.2020.110364

Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2021; 11(1): 1-15

[15] Grivokostopoulou F, Perikos I, Kovas K, and
Hatzilygeroudis, I. Learning Approaches in a
3D Virtual Environment for Learning Energy
Generation from Renewable  Sources.
Proceedings of the Twenty-Ninth
International Florida Artificial Intelligence
Research Society Conference. 2016: 497-500.
Available from:
https://www.aaai.org/ocs/index.php/FLAIRS/
FLAIRS16/paper/view/12941.

[16] Stroth C, Knecht R, Giinther A, Behrendt T,
and Golba M. (2018). From Experiential to
Research-Based Learning: The Renewable
Energy Online (REO) Master’s
Program. Solar Energy. 2018; 173; 425-428.
DOI:
https://doi.org/10.1016/j.solener.2018.07.067.

[17] Friman H. New Trends in the Higher
Education: Renewable Energy at the Faculty

of Electrical Engineering. Energy Procedia.
2017; 115: 18-28. DOI:
https://doi.org/10.1016/j.egypro.2017.05.003.

[18] Afkar M, Jebreilzadeh M,
Gavagsaz-Ghoachani R, and Phattanasak M.
A Teaching Method Based on Storytelling of a
Student Social Activity in Renewable Energy
Education. 2019 6th International Conference
on Technical Education (ICTechEd6). 2019.
DOLI:
https://doi.org/10.1109/1CTechEd6.2019.879
0890.

[19] Susanty M, Yunita A, and Setiawan E.
Establishing Requirement in Teaching New

and Renewable Energy. Simetris: Jurnal
Teknik Mesin, Elektro dan llmu Komputer.
2019; 10(2):  623-630. Available from:
https://jurnal.umk.ac.id/index.php/simet/articl
e/view/3368.

[20] Kegebas A and Alkan M. The Education and
Training of Renewable Energy Resources For

Sustainable Development in Turkey. Mugla
Journal of Science and Technology.
2015; 1(1): 1-4. DOI:
https://doi.org/10.22531/muglajsci.209990.
[21] Nowotny J, Dodson J, Fiechter S, Giir TM,

Satriawan M et al.

Kennedy B, Macyk W, Bak T, Sigmund W,
Yamawaki M, and Rahman KA .Towards
Global  Sustainability: ~ Education  on
Environmentally Clean Energy
Technologies. Renewable and  Sustainable
Energy Reviews. 2018; 81(2): 2541-2551.
DOI:

https://dx.doi.org/10.1016/j.rser.2017.06.060.

[22] Chandrasekaran S Feasibility Study on

Machine-Learning-Based Hybrid Renewable
Energy  Applications for  Engineering
Education. Computer Applications in
Engineering Education. 2020; 29(2): 465-473.
DOI: https://doi.org/10.1002/cae.22237.

[23] Theodorou P, Kydonakis P, Botzori M, and

Skanavis C. Augmented reality proves to be a
breakthrough in environmental
education. Protection and Restoration of the
Environment XIV. 2018; 7: 219-228.
Available from:
https://www.researchgate.net/publication/326
208201 _AUGMENTED_REALITY PROV
ES_TO BE_A_BREAKTHROUGH IN_EN
VIRONMENTAL_EDUCATION.

[24]Huynh T, Hou G, and Wang .

Communicating Wave Energy: An Active
Learning Experience for Students. American
Journal of Engineering Education. 2016; 7(1):
37-46.

DOI: https://doi.org/10.19030/ajee.v7i1.9684.

[25] Satriawan M, Liliasari S, and Setiawan W.

Wave Energy Concept Mastery Relate on
Creative Thinking Skills of the Pre-Service
Physics Teachers in Environmental Physics
Lectures. Journal of Physics: Conference
Series. 2019; 1157(3): 032044. DOI:
https://doi.org/10.1088/1742-6596/1157/3/03
2044.

[26] Noor NM, Aziz M, Mohamed S, Moh E,

Abdullah H, and Yon H. Measuring the
Content Validity of Mepi Using Content
Validity Ratio. Journal of ICT in Education.
2016;  3(1): 81-8. Available from:
https://ejournal.upsi.edu.my/index.php/JICTI
E/article/view/2610.

13


https://www.aaai.org/ocs/index.php/FLAIRS/FLAIRS16/paper/view/12941
https://www.aaai.org/ocs/index.php/FLAIRS/FLAIRS16/paper/view/12941
https://doi.org/10.1016/j.solener.2018.07.067
https://doi.org/10.1016/j.egypro.2017.05.003
https://doi.org/10.1109/ICTechEd6.2019.8790890
https://doi.org/10.1109/ICTechEd6.2019.8790890
https://jurnal.umk.ac.id/index.php/simet/article/view/3368
https://jurnal.umk.ac.id/index.php/simet/article/view/3368
https://doi.org/10.22531/muglajsci.209990
https://dx.doi.org/10.1016/j.rser.2017.06.060
https://doi.org/10.1002/cae.22237
https://www.researchgate.net/publication/326208201_AUGMENTED_REALITY_PROVES_TO_BE_A_BREAKTHROUGH_IN_ENVIRONMENTAL_EDUCATION
https://www.researchgate.net/publication/326208201_AUGMENTED_REALITY_PROVES_TO_BE_A_BREAKTHROUGH_IN_ENVIRONMENTAL_EDUCATION
https://www.researchgate.net/publication/326208201_AUGMENTED_REALITY_PROVES_TO_BE_A_BREAKTHROUGH_IN_ENVIRONMENTAL_EDUCATION
https://www.researchgate.net/publication/326208201_AUGMENTED_REALITY_PROVES_TO_BE_A_BREAKTHROUGH_IN_ENVIRONMENTAL_EDUCATION
https://doi.org/10.19030/ajee.v7i1.9684
https://doi.org/10.1088/1742-6596/1157/3/032044
https://doi.org/10.1088/1742-6596/1157/3/032044
https://ejournal.upsi.edu.my/index.php/JICTIE/article/view/2610
https://ejournal.upsi.edu.my/index.php/JICTIE/article/view/2610

Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2021; 11(1): 1-15

[27] Sugiyono. Metode Penelitian Pendidikan
Pendekatan Kuantitatif, Kualitatif, dan R&D.
Bandung: Alfabeta; 2010.

[28] Hake RR. Interactive-Engagement Versus
Traditional Methods: A Six-Thousandstudent

Data for
Introductory Physics Courses. American
Journal of Physics. 1998; 66(1): 64-74.

DOI: https://doi.org/10.1119/1.18809.

[29] Buck Institute for Education. Project Based
Learning Handbook. 2nd Edition. Novato,
CA: Buck Institute for Education; 2003.

[30] Guilford JP. Creativity: Yesterday, Today,
and Tomorrow. The Journal of Creative
Behavior. 1967, 1(1): 3-14. DOL
https://doi.org/10.1002/1.2162-6057.1967.tb0
0002 x.

[31] Eragamreddy N. Teaching Creative Thinking
Skills.  International Journal of English
Language and Translation Studies. 2013; 1(2):
124-145. Available from:
https://www.academia.edu/4481527/Teaching
_Creative_Thinking_Skills by _Dr. Nagamur

Survey of Mechanics Test

ali_Eragamreddy Libya.

[32] Rismawati, Sunarno W, and Sarwanto. The
Effect of Project Based Learning on Learning
Environment and Learning Outcomes in
Vocational High School Students. Journal of
Physics:  Conference Series. 2019; 1307:
012010. Available from:
https://iopscience.iop.org/article/10.1088/174
2-6596/1307/1/012010.

[33] Han S, Capraro R, and Capraro MM. How
Science, Technology, Engineering, and
Mathematics (STEM) Project-Based Learning
(PBL) Affects High, Middle, and Low
Achievers Differently: The Impact Of Student

Achievement. International

Factors on
Journal of Science and Mathematics
Education. 2015; 13(5): 1089-1113. DOL:
https://doi.org/10.1007/s10763-014-9526-0.
[34] Muchsin M and Mariati M. Application of
Project Based Learning Models in Improving

Creative Thinking of Students at Physics
Lessons in SMA Bandar Baru. Budapest

Satriawan M et al.

International Research and Critics Institute
(BIRCI-Journal): Humanities and Social
Sciences. 2020; 3(2): 1453-1458. DOIL:
https://doi.org/10.33258/birci.v3i2.1008.

[35] Viana R 'V, Jumadi,
Kuswanto H. The Influence of Project Based

Wilujeng 1, and

Learning based on Process Skills Approach to
Student’s Creative Thinking Skill. Journal of
Physics: Conference Series. 2019; 1233:
012033. Available from:

https://iopscience.iop.org/article/10.1088/174

2-6596/1233/1/012033.

[36] Verawati NNSP. Meningkatkan
Keterampilan Proses Sains Mahasiswa
melalui Pengembangan Program

Pembelajaran Fisika menggunakan Model

Inkuiri. Lensa: Jurnal Kependidikan Fisika.

2013; 1(2): 125-132.

DOI: https://doi.org/10.33394/j-1kf.v1i2.208.
[37] Apriliyanti DD, Haryani S, and Widiyatmoko

A. Pengembangan Alat Peraga IPA Terpadu

pada Tema Pemisahan Campuran untuk
Meningkatkan Keterampilan Proses Sains.
Unnes Science Education Journal. 2015; 4(2):
836-841. Available from:
https://journal.unnes.ac.id/sju/index.php/usej/
article/view/7916.

[38] Sahidu H, Gunawan G, Rokhmat J, and
Rahayu S. Pengembangan  Perangkat
Pembelajaran  Fisika Pada
Kreativitas Calon Guru. Jurnal Pendidikan
Fisika dan Teknologi. 2018; 4(1): 1-6.

DOI: http://doi.org/10.29303/jpft.v4i1.442.

[39] Gunawan G, Sahidu H, Harjono A, and
Suranti NMY. The Effect of Project Based
Learning with Virtual Media Assistance on

Berorientasi

Student's Creativity in Physics. Cakrawala
Pendidikan. 2017, 2: 167-179. DOI:
https://doi.org/10.21831/cp.v36i2.13514.
[40] Hanif S, Wijaya AFC, and Winarno N.
Enhancing Students' Creativity through
STEM Project-Based Learning. Journal of
Science Learning. 2019; 2(2): 50-57.
DOI: https://doi.org/10.17509/js1.v2i2.13271.

14


https://doi.org/10.1119/1.18809
https://doi.org/10.1002/j.2162-6057.1967.tb00002.x
https://doi.org/10.1002/j.2162-6057.1967.tb00002.x
https://www.academia.edu/4481527/Teaching_Creative_Thinking_Skills_by_Dr._Nagamurali_Eragamreddy_Libya
https://www.academia.edu/4481527/Teaching_Creative_Thinking_Skills_by_Dr._Nagamurali_Eragamreddy_Libya
https://www.academia.edu/4481527/Teaching_Creative_Thinking_Skills_by_Dr._Nagamurali_Eragamreddy_Libya
https://iopscience.iop.org/article/10.1088/1742-6596/1307/1/012010
https://iopscience.iop.org/article/10.1088/1742-6596/1307/1/012010
https://doi.org/10.1007/s10763-014-9526-0
https://doi.org/10.33258/birci.v3i2.1008
https://iopscience.iop.org/article/10.1088/1742-6596/1233/1/012033
https://iopscience.iop.org/article/10.1088/1742-6596/1233/1/012033
https://doi.org/10.33394/j-lkf.v1i2.208
https://journal.unnes.ac.id/sju/index.php/usej/article/view/7916
https://journal.unnes.ac.id/sju/index.php/usej/article/view/7916
http://dx.doi.org/10.29303/jpft.v4i1.442
https://doi.org/10.21831/cp.v36i2.13514
https://doi.org/10.17509/jsl.v2i2.13271

Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2021; 11(1): 1-15

[41] Putranta H and Supahar S. Development of Model Pembelajaran Project Based Learning
Physics-Tier Tests (PysTT) to Measure Berbantuan Media Pembelajaran Pembangkit
Students' Conceptual Understanding and Listrik  Tenaga  Mikrohidro  Terhadap
Creative Thinking Skills: A Qualitative Kemampuan Berpikir Kritis. Jurnal
Synthesis. Journal for the Education of Penelitian Fisika dan Aplikasinya (JPFA).
Gifted Young Scientists. 2019; 7(3): 697-725. 2016; 6(2): 44-50. DOI:

DOI: https://doi.org/10.17478/jegys.587203. http://doi.org/10.26740/jpfa.v6n2.p44-50.

[42] Pratama H and Prastyaningrum I. Pengaruh

Satriawan M et al. 15


https://doi.org/10.17478/jegys.587203
http://doi.org/10.26740/jpfa.v6n2.p44-50

