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Abstract: One of the factors that have become an obstacle in the development of techno-
logy to use ocean wave energy as a renewable energy source is the lack of human 
resources who have expertise in this field. Therefore, in the long term, it is necessary to 
introduce basic knowledge to the young generation about wave energy and other renew-
able energies and even must equip them with important skills such as creative thinking 
skills. This study aims to introduce students to how to utilize ocean waves as renewable 
energy while at the same time developing student creative thinking skills through semi-
assisted project-based learning. This type of research is weak experiment research with 
one group pretest-posttest design research. The research was conducted on 31 pre-
service physics physics teachers who were taking environmental physics lectures at a 
teacher training university in West Nusa Tenggara. The performance appraisal data were 
analyzed descriptively while the test result data were analyzed using the N-gain and the 
Wilcoxon test. Based on the results of data analysis, it was obtained <g> = 0.725, which 
means that there was a high increase in students' mastery of the concept of using ocean 
waves as a renewable energy source. In addition, the results of the performance appraisal 
data (score > 3) indicated that at each stage of learning, students were provided with 
indicators of creative thinking skills with very satisfied categories. Therefore, it can be 
concluded that environmental physics lectures using semi-assisted project-based learning 
able to improve students' mastery of concepts and creative thinking skills. 
Keywords: Ocean wave energy, Semi-assisted project-based learning, Contextual 
problems, Concept mastery, Creative thinking skills 
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Introduction 

Indonesia is one of the countries in the world which has the largest sea area with the second-
longest coast in the world after Canada (Romadhona et al., 2020). This is an advantage for Indonesia 
in terms of the large potential for ocean energy. Indonesian sea waters along the southern coast of 
Java to Nusa Tenggara are locations that have a large potential for wave energy ranging from 10 - 20 
kW/m (Rizal et al., 2019). A study has concluded that wave energy at several points in Indonesia can 
reach up to 70 kW/m in several locations (Zikra, 2017). The characteristic of wave energy is very 
suitable to meet the energy needs of port cities and remote islands in Indonesia. The development of 
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wave energy utilization technology in Indonesia, although promising, is still not optimal. High initial 
installation costs and low efficiency are the biggest obstacles in wave energy projects (Assis et al., 
2014). In addition, exploration of ocean wave energy is currently still in its early stages and the wave 
energy utilization system is only a prototype testing stage (Huynh et al., 2016). Apart from these 
obstacles, another obstacle faced is the lack of human resources with expertise in this field (Ditjen 
EBTKE, 2013). Therefore, in the long term, it is very important to introduce the concept of wave 
energy to the younger generation and teach them basic knowledge, as well as give the younger 
generation an initial understanding of wave energy and other renewable energies and equip them 
with important skills such as creative thinking skills. 

Environmental Physics course is one of the lectures that can be utilized to deliver the concept 
of ocean wave energy to students. Through that lectures, of course, provide ample opportunities to 
learn all things related to environment utilization as renewable energy sources. One thing that can be 
explored is the use of the environment, especially the ocean environment, as an energy source. So 
far, environmental physics lectures only contain basic concepts through lectures in class without any 
field practice, so that students' understanding of the concepts they learn is still low, one example is 
the concept of wave energy (Satriawan et al., 2019, 2020). In fact, almost all of the materials listed in 
the environmental physics syllabus are applied physics concepts, which will be easier for students to 
understand. This happens if the lecture process is not only face-to-face in class but also lectures 
through practicum, both in the laboratory and in the field or in the environment. In addition, it is 
based on the observation that environmental physics lectures have only studied the relationship 
between the environment and physics concepts in general and have not yet taught applied concepts 
in detail so that students do not have new knowledge as revealed through research. One example is 
that material on wave energy is not taught in detail how the wave energy converter works, to 
produce electricity that can be used for everyday life (Penalba et al., 2017; Zhu et al., 2017). 

Efforts to introduce renewable energy have been made by several researchers, namely 
Dinantika et al. (2019) introducing the concept of renewable energy about wind energy through the 
application of a project-based learning model with an orientation to increase student creative 
thinking skills; Penalba et al. (2017) teaches the concept of renewable energy about wind energy 
through a Project-Based Learning Model assisted by concept maps to increase student activity and 
learning outcomes; O’Mara and Jennings (2001) seeks to introduce the concept of renewable energy 
about solar energy and wind energy through world wide web technology; Grivokostopoulou et al. 
(2015) introduced wind energy, heat energy, and solar energy through 3D virtual world techno-logy. 
Of the several efforts and studies that have been carried out, there is only one study that has a 
research focus on ocean wave energy, namely research conducted by Huynh et al. (2016), which 
communicates about ocean wave energy through active learning assisted by wave energy virtual 
reality system media without having the orientation to develop 21st-century skills of learners. And 
only one study has attempted to introduce the concept of renewable energy while equipping 
students with important skills and that is not the concept of ocean wave energy. 

Therefore, it is very necessary to innovate and renew in the active learning process that invol-
ves students in the process, so that they are able to produce human resources who not only have 
cognitive insight but also have reliable skills. Project-based learning is a learning model that involves 
students in problem-solving activities and provides opportunities for students to work autonomously 
to construct their own learning and ultimately produce real value work products. Project-based 
learning is able to increase knowledge and skills through product creation through a series of 
planning, search, and collaboration activities (Bouquet et al., 2017; Goldstein, 2016). Based on this 
description, the researcher aims to communicate the concept of utilizing ocean wave energy as a 
renewable energy source while at the same time trying to increase the creative thinking skills of pre-
service physics teacher students in the hope that these pre-service teachers will teach the concept 
and equip their students with various important skills when they become teachers. 
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Method 

The type of research is experiment research with one-group pretest-posttest design research, 
which only involves one experimental class. The population of this study was pre-service physics 
teachers who were taking Environmental Physics lectures in the Physics Education study program at 
a West Nusa Tenggara university for the 2019/2020 academic year. The samples were determined 
using the purposive sampling technique, in order to obtain one class consisting of 31 pre-service 
physics teachers. The instrument used was an essay test of 10 items and a performance appraisal 
sheet covering process performance and product performance.  The questions developed are not 
only able to measure the mastery of concepts but also can measure student creative thinking skills so 
that one indicator of student creative thinking skills is measured by two item questions. While the 
creative thinking skills indicators used are problem sensitivity, fluency, flexibility, originality, and 
elaboration (Guilford, 1967). 

The research was started with a pre-test and then given intervention in the form of project 
activities and ended with a post-test. Interventions in research are adapted to the phases of project-
based learning with semi-assistance with the Launching the project stage, including identification and 
defining problems and delivering interesting initial projects and open-ended driving questions; (2) 
Building knowledge, understanding, and skills; (3) Developing and revising ideas and products 
include: developing ideas and designs for ocean wave energy converters and developing and revising 
ocean wave energy converter prototypes; (4) Presenting products and answer to driving questions 
(Boss et al., 2013). Semi-assisted project-based learning (SA-PjBL) is the provision of assistance to 
pre-service physics teachers who are facing considerable difficulties and obstacles. Facilitate pre-
service physics teachers with a variety of supporting tools so that the project time is more efficient. 
The type of assistance provided by researchers is in the form of questions or clues to the pre-service 
physics teachers when they conducted the project. This assistance is not structured that given at the 
beginning of the lesson like scaffolding. This assistance is only given to particular students who have 
difficulty when solving the problems they face. In this study, pre-service physics teachers are 
required to produce a product in the form of a prototype ocean wave energy converter as shown in 
Figure 1. 

 

Figure 1. Testing of ocean wave energy converter prototype on the beach 

Performance appraisal data were analyzed descriptively, the maximum score given for each 
task item was 4 with information, 4 is very satisfying, 3 is satisfying, 2 is partly satisfying, and 1 is not 
satisfying. While the data of essay test result were analyzed using a normalized gain score (N-gain) to 
determine the increase in concept mastery and creative thinking skills of pre-service physics teachers 
regarding the topic of using ocean wave energy as a renewable energy source. The N-gain score can 
be calculated using the Formula 1 (Hake, 1998). 
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 ………………………………………………………………………….. 1) 

Where,  is Normalized Average N-gain score;  is Post-test average score;  is Pre-

test average score; and  is Ideal maximum score. The N-gain average value that has been 

obtained is then interpreted based on Table 1.  

Table 1. Interpretation of average N-gain score 

<g> Value Criteria 

<g> ≥ 0,70 High 
0.30 ≤ <g> < 0,70 Middle 

<g> < 0,30 Low 

Before testing the hypothesis, the normality test was performed as a prerequisite test. The 
normality test used was the Kolmogorov-Smirnova test. Furthermore, to determine the effect of the 
learning model on increasing concept mastery, a statistical test in the form of a non-parametric test 
(Wilcoxon Test) was carried out using the SPSS 25 application program. In this test, the significance 
level (α) used was 0.05 or 5%. The hypotheses in this study are (1) null hypothesis (Ho) namely there 
is no difference in students' mastery of concepts before and after attending environmental physics 
lectures; (2) alternative hypothesis (Ha) namely there is differences in students' mastery of concepts 
before and after attending environmental physics lectures. The criteria for this test decision are: if 
Sig. (2-tailed) <0.05, Ho rejected and otherwise if Sig. (2-tailed) >0.05, Ho received. 

Results and Discussion 

Project-based learning is more than just a project because it investigates and responds to 
authentic, interesting, and complex problems with a deep and sustainable concern. This has a posi-
tive impact on pre-service physics teachers, one of which is being able to increase their mastery of 
concepts in the material being taught. Likewise, the results expressed in this study, where through 
project-based learning with semi-assistance and oriented to contextual problems can improve 
mastery of the concept of utilizing ocean wave energy as renewable energy as shown in Table 2. 

Table 2. Summary of mastery concept data analysis 

Aspect 
Average 
Scores 

Normality test 
(Kolmogorov-Smirnova) 

(Wilcoxon Test) N-gain 

Sig. (α) Decision 
Asymp. Sig. 

(2-tailed) (α) 
N-g Category 

Creative thinking skills 
Pre-Test 18.06 α = 0.200 

Abnormal α = 0.000 0.725 High 
Post-Test 77.14 α = 0.000 

Based on the results of data analysis in Table 2, the average value of pre-service physics teach-
ers after taking environmental physics lectures has a large enough difference between the pre-test 
and post-test scores. This means that through environmental physics lectures, pre-service physics 
teachers who initially had low knowledge of the use of ocean wave energy, but after attending 
environmental physics lectures pre-service physics teachers have a fairly high understanding of the 
use of ocean wave energy as a renewable energy source. This is also confirmed by other data in Table 
1 where the Asymp value. Sig. (2-tailed) on the Wilcoxon test shown that there was a significant 
effect on the use of SA-PjBL learning model on increasing pre-service physics teachers' mastery of 
concepts about the use of ocean waves as renewable energy. In addition, Table 1 also presents an 
average N-gain score above 0.7 which indicates that there was an increase in concept mastery in the 
high category. These findings were different from those found by (Satriawan et al., 2019, 2020) that 
mastery of the concept of ocean wave energy for pre-service physics teachers after attending 
environmental physics lectures with conventional learning model at the same study program and 
university in the previous academic year generation was still relatively low. This shows that the SA-
PjBL learning model used in this study has a positive contribution to improving student mastery of 
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concepts related to the concept of ocean wave energy. Besides that, based on the results of the 
questionnaire filled out by pre-service physics teachers, the majority of them agreed that the SA-PjBL 
model was effective because not only being able to create a pleasant learning situation but also 
facilitated students in developing 21st-century skills. 

In addition, the efforts made by pre-service physics teachers during the lecture process to in-
crease creative thinking skills in the five indicators has recorded in assignment answers, worksheets, 
and observation sheets during the lecture process. On the problem sensitivity indicator, pre-service 
physics teacher have been able to identify national energy problems in discourse and find various 
solutions. They have also been able to analyze driving questions and project assignments to identify 
what needs to be known and review it from different points of view regarding the topic of investiga-
tion (Aydin, 2016; Boss et al., 2013; Yilmaz & Turkmen, 2013). In addition, pre-service physics 
teachers have also been able to formulate relevant and varied problems based on the problems they 
know. On the indicators of fluency, pre-service physics teachers have been able to formulate various 
and relevant project work objectives. They are also able to formulate relevant and varied problems 
based on the problems they know (Arreola & Reiter-Palmon, 2016; Mumford et al., 2020). When pre-
service physics teachers have difficulty in obtaining tools and materials, they use alternative 
materials that are relevant to the project they are working on without reducing the performance of 
the resulting product. In the indicator of flexibility, pre-service physics teachers have been able to 
ask driving questions and project assignments to be done. They have also been able to analyze the 
weaknesses and bad possibilities that will occur if they do the same thing during project work based 
on the results of these trials as a benchmark for project development. In addition, pre-service physics 
teachers were also able to provide problem solution that they faced by collaboration in the group 
(Satriawan et al., 2020). 

On the indicator of originality, pre-service physics teachers have been able to propose various 
unique ideas related to the technology of utilizing ocean wave energy which was developed and its 
working principles in brief. They are also able to design unique product sketches so that the resulting 
products are diverse (Rahardjanto et al., 2019). And also when presenting project results, they do it 
in a unique way and maintain every statement that is conveyed. In the elaboration indicator, pre-
service physics teachers have been able to elaborate on the latest data related to the state of 
conventional energy sources, about the geographical location of Indonesia which is an archipelago 
and the use of ocean energy as an unlimited source of energy and the potential of the Indonesian sea 
as a source of renewable energy. Pre-service physics teachers have also been able to describe detail-
ed and relevant experimental procedures. In addition, they are also able to express the importance 
of the project you will be working on in detail. And also they are able to describe project procedures 
in detail and are relevant to the objectives, able to compile a detailed project work schedule, able to 
compile data retrieval procedures for conducting trials, and able to analyze data to determine the 
power efficiency generated by the prototype. 

Pre-service physics teachers’ creative thinking skills have been equipped during the environ-
mental physics lecture process reinforced by data on the results of process performance appraisals 
collected through assignment sheets, LKM and observation sheets as shown in Figure 2. Based on the 
graph in Figure 2 that creative thinking skill at the each stage of learning is in the satisfactory cate-
gory with a score above 3. This shown that creative thinking skill is successfully equipped at every 
stage of learning. 

At the stage of launching the project, the average score obtained by pre-service physics teach-
ers with categorized as satisfactory. This happens because pre-service physics teachers have been 
able to elaborate on the latest data related to the state of conventional energy sources, about the 
geographical location of Indonesia which is an archipelago and the use of ocean energy as an 
unlimited source of energy and the potential of the Indonesian sea as a source of renewable energy. 
In addition, pre-service physics teachers are able to identify national energy problems in discourse 
and find various solutions, be able to ask driving questions and project assignments to be carried out. 
Besides that, they are able to analyze driving questions and project assignments to identify what 
needs to be known and review it from various points of view related to the topic of investigation. In 
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line with what (Billah et al., 2019; Gradaleva & Polukhina, 2020) expressed that at the launching 
project stage in project-based learning students can be equipped with the ability to analyze and 
investigate various problems on the topics presented. At the stage of building knowledge, under-
standing and skills that the average score obtained by pre-service physics teachers with the 
satisfactory category. This happens because pre-service physics teachers have been able to formulate 
diverse and relevant experimental objectives to the topic, were able to determine alternative tools 
and materials during experimental activities prior to project work. The ability in thinking of alterna-
tives is an indicator that they are in a creative thinking process (Kim, 2019; Mumford, 2003; Mumford 
et al., 2020). In addition, they were also able to describe experimental procedures in detail and 
relevant, analyze weaknesses and the bad possibilities that will happen if they do the same thing 
during project work based on the results of the trial as a benchmark for project development.  

 

Figure 2. The results of the performance assessment of the creative thinking skills process 

At the stage of developing and revising ideas and products, the average score obtained by pre-
service physics teachers with the satisfactory category. This happens because pre-service physics 
teachers have been able to propose various unique ideas related to the use of ocean wave energy 
which will be developed and its working principles briefly. Pre-service physics teachers were also able 
to formulate relevant and diverse problems according to the project topic being carried out 
according to the knowledge they known (Devkota et al., 2017; Sasson et al., 2018). In addition, they 
were also able to formulate objectives that are relevant to the problem posed and express the 
importance of the project you will be working on in detail. When they have difficulty obtaining tools 
and materials, they immediately use the relevant alternative materials. Before making a product they 
describe the project procedure in detail and are relevant to the goal, design a unique sketch for 
reference making the product, and compile a detailed project work schedule. And after producing 
the product, pre-service physics teachers compile their own data retrieval procedures to conduct 
trials and analyze data to determine the efficiency of the power generated by the prototype. 

At the stage of presenting the product and answering driving questions, the average score 
obtained by pre-service physics teachers with the satisfactory category. This happens because pre-
service physics teachers have been able to present project results in a unique way and maintain 
every statement submitted. When other participants asked unique questions, the pre-service physics 
teachers who made the presentation answered all the questions. The other hands, they have even 
been able to provide input to solve problems faced by other groups. In this stage, some researchers 
agreed that the indicators of creative thinking skills that can be trained were the ability of students to 
present the products, taken responsibility for the products, and found the answers to problems that 
have been identified at the beginning of the project creatively (Anazifa & Djukri, 2017; Huynh et al., 
2016; Sasson et al., 2018; Uziak, 2016). 
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Figure 3. Increasing pre-service physics’ creative thinking skills data 

Evidence that strengthens that the success of creative thinking skills was equipped through SA-
PjBL is the N-gain data shown in Figure 3. Based on the N-gain graph obtained from the pre-test and 
post-test values of creative thinking skills in Figure 3 that the average N-gain of creative thinking skills 
is in the high category. Meanwhile, if viewed from each indicator that of the 5 indicators of creative 
thinking skills, there is only one indicator that has N-gain in the medium category, namely the origi-
nality indicator. This is because pre-service physics teachers have not maximally come up with ideas 
in ways that are original, new, unique, and rarely given by most people, have a strong will to com-
plete tasks (Cotter et al., 2020; Dumas & Runco, 2018; Scheffer et al., 2017). 

Meanwhile, the high increase in pre-service physics teacher creative thinking skills is due to the 
fact that pre-service physics teachers have various indicators of creative thinking skills that can be 
seen from assignment sheets, LKM, observation sheets and tests of creative thinking skills. In the 
sensitivity indicator, pre-service physics teachers have been able to detect, recognize and understand 
a problem, be able to respond to a statement, and be able to find opportunities (Huynh et al., 2016). 
On the indicators of fluency, pre-service physics teachers have been able to generate many ideas, 
answers, problem solving or questions, are able to provide many ways or suggestions for doing 
various things (Khoiri et al., 2017; Wijayati et al., 2019). On the indicators of flexibility, pre-service 
physics teachers have been able to put forward various solutions or approaches to problems, 
produce various ideas or questions, are able to see a problem from different points of view (Bryndin, 
2019; Kenett et al., 2018; Li et al., 2020). In the elaboration indicator, pre-service physics teachers 
have been able to add to a situation or problem so that it becomes complete, and detail it in detail, 
be able to respond to questions passionately, be active and enthusiastic in completing assignments, 
and are able to add or detail an idea so as to improve the quality of ideas (Kharkhurin & Yagolkovskiy, 
2019; Maio et al., 2020). Based on these findings, the learning model used in environmental physics 
lectures about wave energy and it’s utilize as a renewable energy source has been successful in 
increasing pre-service physics teachers’ creative thinking skills.  

Conclusion 

Based on the results of the research and discussion above, it can be concluded that environ-
mental physics lectures through SA-PjBL can improve pre-service physics teachers' conceptual 
mastery of the use of ocean wave energy as a renewable energy source. In addition, through lectures 
by using SA-PjBL, it can also increase pre-service physics teachers’ creative thinking skill which is 
indicated by the N-gain value on each creative thinking skills indicator where the average N-gain 
value is above 0.7. This is also evidenced by the uniqueness of the wave energy converter prototype 
that produced from their project was conducted. Besides that, through using SA-PjBL, each stage of 
learning pre-service physics teachers was equipped with indicators of creative thinking skills with 
satisfactory categories. Recommendations for further research, through semi-assisted project-based 
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learning and contextual project themes aimed at developing other important skills in the form of 
critical thinking skills, communication, collaboration and creative thinking skills simultaneously. 
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