
Jurnal Pendidikan Sains Indonesia           12(2), p.431-441, (2024) 

(Indonesian Journal of Science Education)            e-ISSN: 2615-840X   p-ISSN: 2338-4379 

 https://jurnal.usk.ac.id/jpsi/index                https://doi.org/10.24815/jpsi.v12i2.37288 

 

 

Yennita et al.: Utilize Renewable Energy Kits to Develop Students' Lower......| 431 

Utilize Renewable Energy Kits to Develop Students' Lower 

and Higher-Order Thinking Skill 

  Yennita*1, Zulirfan1, Dios Sarkity2, Dita Safrina Agustin1,      

Zanaton H. Iksan3 

1Universitas Riau, Pekanbaru, Indonesia 
2Universitas Maritim Raja Ali Haji, Kepulauan Riau, Indonesia 

3Universiti Kebangsaan Malaysia, Malaysia 
 

*Corresponding author's email:yennita@lecturer.unri.ac.id 
 

    
Article History: 
Received date: February 6 2024 
Received in revised from: April 9 2024 
Accepted date: April 20 2024 
Available online: April 27 2024 
 
Citation:  
Yennita, Zulirfan, Sarkity, D., Agustin, D.S., 
& Iksan, Z.H. 2024. Utilize renewable 
energy Kits to develop students' lower and 
higher-order thinking skill. Jurnal Pendidikan 
Sains Indonesia (Indonesian Journal of 
Science Education), 12(2):431-441. 
 

  

 Abstract. This research aims to determine the effect of kits 
renewable energy projects by implementing a project-based 
learning (PjBL) model on students' lower order thinking skills 
(LOTS) and higher order thinking skills (HOTS). The research 
method used was quasi-experimental with a nonequivalent 
posttest only control group design. The population in this 
study was 198 students. Samples were taken randomly from 
a population that had passed the normality test and 
homogeneity test. This research uses a cognitive learning 
outcomes test instrument in the form of multiple choices. The 
research results show that there is no significant difference 
in cognitive learning outcomes in the LOTS category between 
students in classes that apply PjBL on renewable energy 
material and classes that apply conventional learning on 
renewable energy material, sig. 0.127 ≥ 0.05, using the 
Mann Whitney test. Meanwhile, the results of hypothesis 
testing for cognitive learning outcomes in the HOTS category 
using the independent sample t-test obtained a sig (2-tailed) 
value of 0.000 ≤ 0.05, which means there is a significant 
difference in students' cognitive learning outcomes. between 
classes that apply PjBL to renewable energy material and 
classes that apply conventional learning to renewable energy 
material. These results indicate that PjBL can produce 
student learning in the HOTS category, but has no effect on 
increasing students' cognitive abilities. 
Keywords: PjBL, renewable energy, LOTS, HOTS 

                                                                                                                                                                                                                                                                      

 
 

Introduction  

Currently the world is in the 21st century which is marked by rapid development in 

all fields. This rapid development can provide opportunities if utilized properly (Redhana, 

2019). The challenges and responsibilities of the world of education in the 21st century are 

not easy. One of these responsibilities is to produce quality workers who have at least four 

abilities, or what are usually called the 4Cs, namely critical thinking, communication, 

collaboration, and creativity (Partono et al., 2021). In the world of education, students can 

acquire 21st century skills through implementing innovative learning, highlighting research 

results that support 21st century skills, and applying technology in the learning process 

(Mashudi, 2021). One application of these skills is in the project-based learning (PjBL) 

model (Karomatunnisa et al., 2022). 

 PjBL is a student-centered learning model so that at the end of the learning a 

product will be created. It can be said that in the PjBL model students are actively involved 

in working in groups during the learning process to work on a project to create a product 
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(Fadhilah et al., 2023). Each learning model certainly has advantages and disadvantages, 

as does the PjBL model. The advantages of using a PjBL model are: increase learning 

motivation, improve problem solving abilities, train cooperation/cohesion in teams, 

improve 21st century skills, and make the learning process active and fun (Nurfitriyanti, 

2016). Students who learn through the PjBL model typically work together to solve a 

specific problem, develop a product for a specific audience, and then evaluate the project 

and development process (Almulla, 2020). Besides that, PjBL is an effective educational 

tool, which helps students develop deep thinking abilities to apply knowledge, develop 

communication skills and also reasoning skills, and this method is more innovative, 

interesting compared to traditional didactic approaches. Additionally, by regularly using 

PjBL tools, systematic retention of project experience allows students to compare different 

projects more systematically and highlight the most effective problem-solving 

mechanisms, leading to reduced future project risks and better practical managerial skills 

(Vasiliene-Vasiliauskiene et al., 2020). Meanwhile, the weaknesses of using this project-

based learning model are that it is expensive, takes a long time, requires skilled teachers 

and not all students are actively involved in working on the project (Arifianti, 2020). 

However, these shortcomings can be minimized by the teacher's ability to design learning 

strategies, project management and maximize success (Erika, 2020). 

 One of the learning processes in SMA/MA that can be applied to the PjBL model is 

through physics learning. So far, students consider physics to be a difficult subject because 

the learning carried out is still conventional, where students are required to memorize 

formulas. Apart from that, in the physics learning process, the use of learning media is still 

lacking, which causes students' low interest and motivation to learn because they feel 

bored with simple and less varied media (Sevtia et al., 2022). Considering that media is a 

tool that has quite a positive impact in minimizing educational problems, the researchers 

created a STEM project media kit which is arranged in 1 kit box which is portable and easy 

to carry anywhere. This equipment can be disassembled and assembled, like a puzzle toy 

for learning about renewable energy (wind energy, solar energy, and water energy). Where 

in the kits box 3 types of renewable energy projects can be created. Media has an important 

role as a means of developing thinking about the teaching materials contained therein 

(Andriyani & Suniasih, 2021). The results of research conducted by Subarkah et al. (2020) 

shows that the learning media used in the learning process has an impact on high-level 

thinking abilities and activities. Low interest in studying physics will affect the learning 

process causing learning objectives not to be achieved, resulting in low student learning 

outcomes (Astalini et al., 2018). Learning outcomes are the result of students' thinking 

abilities which according to Bloom's taxonomy are divided into 2 levels, namely LOTS and 

HOTS. LOTS are low/basic level thinking skills consisting of the ability to remember, 

understand and apply (C1-C3). Meanwhile, HOTS is high level thinking which requires the 

ability to analyze, evaluate and create (C4-C6) with one's own thoughts, not just 

memorizing facts or re-explaining a concept or phenomenon (Winarti & Istiyono, 2020). 
Much research has been carried out in order to improve HOTS capabilities (Akbar 

Asfar et al., 2021; PH et al., 2020; Qamariyah et al., 2021). This research reveals that 

improving HOTS can be done with models, methods and approaches such as ethnoscience-

based STEM, elaboration of the active knowledge sharing learning model, inquiry with SSI 

(socio scientific issues). However, this research only measured students' HOTS abilities. 

Research in improving HOTS and LOTS abilities as well as in physics learning is still very 

limited.Based on the description above, researchers conducted research that focused on 

implementing the KIT-assisted project based learning model for renewable energy projects 

in increasing LOTS and HOTS. The ability to increase LOTS and HOTS is applied based on 

what problems exist in the environment and require solutions to solve them. For this 

reason, researchers conducted research with the title "effectiveness of renewable energy 

project kits as physics learning media in improving LOTS and HOTS". 
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Methods  

This type of research design is quasi-experimental using a non-equivalent posttest 

only control group design. This research used two sample groups, namely the experimental 

group and the control group. The experimental group was given treatment by being given 

a renewable energy project kit. Meanwhile, the control group was not given treatment by 

carrying out conventional learning. 

This research was carried out at SMA Negeri 1 Perhentian Raja, Kampar Regency, 

Riau Province in the odd semester of the 2023/2024 academic year. The population of this 

study was class X students of SMA Negeri 1 Perhentian Raja, totaling 6 classes, namely 

198 students. The samples from this research were classes X1 and X2 as experimental 

classes, totaling 34 students and 33 students respectively. Meanwhile, the control classes 

are classes X4 and X5, with 33 students and 32 students respectively. 

Data was obtained from students' initial test scores to determine the sample in 

the research and as a reference in determining the experimental group and control group. 

Primary data was obtained through posttest scores. The research instrument used in this 

study was a cognitive learning outcomes test in the form of multiple choice questions 

totaling 25 questions. 

The data analysis technique in this research uses descriptive analysis consisting 

of averages, percentages and bar charts, while inferential analysis uses the SPSS version 

22 program which consists of normality tests, homogeneity tests and t tests. Descriptive 

analysis in this study aims to describe student learning outcomes, while inferential analysis 

results are a technique used to analyze sample data to generalize to the population 

(Sugiyono, 2019). 

Results and Discussion  

Analysis of Lower Order Thinking Skills Learning Outcomes 

The learning outcome data used in this research came from students' daily test 

scores in the experimental and control classes. This data is the result of student learning 

LOTS category, especially in the cognitive domains of remembering (C1), understanding 

(C2), and applying (C3). Researchers used descriptive analysis in this study to get a 

general picture of how much students' cognitive learning outcomes with the LOTS question 

category on alternative energy material in the experimental class which used project-

based learning and the control class which used conventional learning were influenced by 

the project-based learning. The experimental and control groups provided posttest results 

in the LOTS category. Figure 1 displays the students' posttest results in the LOTS category.  

The results of inferential analysis are in the form of normality tests, homogeneity 

tests, and hypothesis tests. Based on the normality test, it shows a significance value ≤ 

0.05, which means the data is not normally distributed. Based on the homogeneity test, a 

significance value of ≥ 0.05 was obtained, which means the data is homogeneous. The 

data on learning results for LOTS questions is not normal and homogeneous, therefore 

hypothesis testing using the Mann Whitney U test is used. Based on the Mann Whitney U 

test, a significance value of 0.127 ≥ 0.05 is obtained, so Ho is accepted, which means 

there is no significant difference in student cognitive learning outcomes between classes 

that apply project-based learning on renewable energy material and classes that apply 

conventional learning to renewable energy material. Based on the results of the hypothesis 

test, it can be concluded that the KIT renewable energy project cannot improve students' 

cognitive learning outcomes in the LOTS question category. 
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Figure 1. Graph of Average Cognitive Learning Results for groups of questions involving 

low-level thinking skills 

The results is not surprising. It is because LOTS question do not require students to 

think critically (Mustika et al., 2020). Apart from that, students are already used to working 

on LOTS questions because most teachers also create questions to measure lower level in 

Bloom's taxonomy (Abosalem, 2015). This result shows that there is no need to apply a 

specific learning model to increase students’ LOTS.  

LOTS are knowledge questions that require simple recall of information or simple 

application of information, theory, or knowledge that does not require complex solutions 

(Tsaparlis, 2020). LOTS type questions are questions that apply low level thinking skills 

which only test the 3 lowest abilities, namely the ability to remember, understand and 

create (Nurjanah, 2021). Based on Anderson et al. (2001), the cognitive domain of the 

LOTS level is as follows.  

Remembering 

Remembering is an attempt to retrieve knowledge from long-term memory and 

recall it. Remembering is related to recognizing and remembering. Recognizing is 

concerned with taking long-term knowledge and comparing it with newly acquired 

knowledge. Students look for similar information in the light period with their newly 

received knowledge. Meanwhile, recalling is the process of recalling long-term information 

that has been learned. Students look for information in the past and bring it to memory 

for processing. The operational verbs of recall are mentioning, identifying, showing, 

labeling, defining, listing, matching, etc. 

Understanding 

Understanding is constructing meaning from learning messages, whether verbal, 

written or visual, as outlined in teaching, books or computers. Understanding is related to 

classifying and comparing activities. Classification is related to the process of finding 

characteristics that are in accordance with principles. Comparing relates to the process of 

finding similarities and differences between two or more objects, events, ideas, problems 

or situations. The operational verbs of understanding are explaining, comparing,                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

exemplifying, differentiating, interpreting, etc. 

65.75

55.3 56.65
54 54.75

47.85

0

10

20

30

40

50

60

70

Remembering Understanding Applying

Average Rating Experimental class Average Rating Control class



 

  
 

Yennita et al.: Utilize Renewable Energy Kits to Develop Students' Lower......|435 
 

Applying  

Applying is using a procedure to carry out an experiment or solve a problem. 

Implementation includes activities to carry out procedures and implementation. Carrying 

out procedures means the process of solving problems related to knowledge of 

information, so that students are confident in determining the steps that need to be taken 

to solve the problem. Implementing occurs when students choose and use procedures for 

things they don't know or are still unfamiliar with. Because students still feel unfamiliar 

with this problem, students need to first recognize and understand the problem, then 

decide on the appropriate procedure to solve the problem. The operational verbs for 

implementation are apply, calculate, carry out, modify and so on. 

Analysis of HOTS 

The learning result data used in this research is the HOTS category learning result 

data, namely the cognitive domains of analyzing (C4), evaluating (C5) and creating (C6) 

obtained from student test results in the experimental and control classes. Results of 

descriptive analysis of HOTS category learning outcomes in the experimental class using 

PjBL and the control class using conventional learning. The HOTS category student learning 

outcome scores can be seen in Figure 2. 

 
 Figure 2. Graph of average cognitive learning results for groups of questions involving 

low-level thinking skills 

Figure 2 shows that the average score of students' cognitive learning outcomes is 

different for each indicator. The experimental class outperformed the control class in the 

HOTS category cognitive learning outcomes. The control class got an average score of 

41.5 in the poor category, while the experimental class got an average score of 60.8 in 

the quite good category. Normality, homogeneity and hypothesis tests are examples of 

inferential analysis. Based on the normality test, a significance value of ≥ 0.05 was 

obtained, which indicates that the data is normally distributed. The homogeneity test 

produces a significance value ≥ 0.05 which indicates the homogeneity of the data. The 

learning results for HOTS questions are homogeneous and normally distributed, so the 

independent sample T-Test is used to test the hypothesis. If the significance value is 0.000 

≤ 0.05 then Ho is rejected, which means there is a significant difference in the cognitive 

learning outcomes of students in classes that use PjBL based on alternative energy 
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materials compared to classes that use conventional learning. Hypothesis testing resulted 

in the conclusion that students' cognitive learning outcomes in the HOTS question category 

could be improved with the renewable energy KIT project. The following is an examination 

of each question indicator in the HOTS category. 

Analysis of Analytical Skill (C4) 

Based on the average score on HOTS questions obtained between the experimental 

class and the control class, the average score for the experimental class was higher than 

the control class. This is because the experimental class is used to solving problems 

through LKPD which is located in the data analysis section. Problem solving is included in 

the realm of cognitive analysis (C4). In line with what was said by Chistyakov et al. (2023) 

that PjBL is a cognitive analyzing domain. 

 

 
Figure 3. Analytical ability questions 

Based on Figure 3, the correct answer is option B. At point A the potential energy 

is 10 Joules, while at point B the potential energy value is zero. The indicator for this 

problem is analyzing the graph of the relationship between mechanical energy and time. 

Mechanical energy is divided into two, namely kinetic energy and potential energy. Kinetic 

energy is the energy an object has due to its motion. The faster an object moves, the 

greater its kinetic energy. Potential energy is the energy that an object has because of its 

position or height. The higher an object is, the greater its potential energy. Based on this 

explanation, kinetic energy and potential energy at a point are always the same in a 

conservative style. 
With this project-based learning, students are used to solving problems or solving 

problems related to projects. PjBL is student-centered learning that seeks students to 

conduct research, combine theory and practice, and apply knowledge and skills to build 

viable solutions to discovered problems (Naji et al., 2020). It helps students in planning to 

solve the problem and carrying it out, and making decision based on the problem given 

(Susanti et al., 2021). 

Analysis of Evaluation Skill (C5) 

 Based on the average score obtained in the evaluation domain, the experimental class 

was higher than the control class. The high learning achievement of the experimental class 
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compared to the control class is due to the fact that in the assessment domain (C5), 

experimental class students are used to assessing or evaluating products that have been 

completed. The projects that have been made by students are making parts of a power 

plant project, a simple windmill project, a simple waterwheel project, and a simple garden 

lamp project. Experimental class students are used to assessing products that have been 

completed, whether the product is successful or not. Examples of questions that fall into 

the evaluation domain (C5) are as follows. 

 

 
 

Based on Figure 4, the correct answer is option D. The indicator of this problem is 

the conclusion about the law of conservation of mechanical energy. One of the operational 

verbs of the assessment domain (C5) is to conclude. Inferential skills are important for 

students to have in science learning. Students can have concluding skills after carrying out 

investigative, observation or practicum activities. PjBL helps students to perform well in 

solving the problem, one of which is in the concluding process (Yensy et al., 2023). Kinetic 

energy and potential energy at a point are always the same if only a conservative force is 

applied. If the kinetic energy is minimum then the potential energy is maximum. When the 

kinetic energy is maximum, the potential energy is minimum. 

Analysis of Creative Skill (C6) 

Based on the average score obtained in the creation domain, the experimental class 

was higher than the control class. This is because the group of experimental class students 

immediately carried out projects related to alternative energy sources. The experimental 

class plans more projects, assembles tools, completes projects, and performs experimental 

activities. Making projects according to the guidelines in the worksheet consists of a simple 

windmill project, a simple waterwheel project and a simple garden lamp project. Therefore, 

on average, experimental class students were able to answer the ability to make questions 

compared to classes that did not apply this learning compared to control class students 

who only listened to the teacher's explanation. This is in line with research conducted by 

Aristiadi & Putra (2018) that the learning outcomes of the experimental class that used the 

PjBL student worksheet were higher than the learning outcomes of the control class that 

did not use the project-based student worksheet, because the experimental class was 

actively involved in project implementation through the project LKS guide. In their learning, 

the control class also received non-experimental worksheets. However, these worksheets 

Figure 4. Evaluation skills questions 
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do not lead to the creation of projects like those given in the experimental class. Examples 

of questions that fall into the creation domain (C6) are as follows. 

 

 

 
 

 
 

 
 

 
 

 
 

 
 

Figure 5. Questions about creative skill 

Based on Figure 5, the question indicator is presented with a picture of a 

waterwheel, students can plan a simple waterwheel project. One of the verbs in the 

creation domain is planning. Students are asked to plan the position of the water falling on 

the water wheel so that the resulting voltage is large. The number of experimental class 

students who were able to answer questions was 51 students, while the number of control 

class students who were able to answer questions was 21 students. The experimental class 

that has implemented PjBL to make a simple water wheel can answer questions on average 

compared to the control class that has not implemented project-based learning. During the 

experiment, students tried various points where the water fell, and the result was that if 

the water fell right at the end of the wheel (number 1), the rotation of the water wheel 

would change. becomes strong so that it produces a large voltage. Thus,                                                                                                                                                                    

can improve aspects of scientific creativity which include creative problem solving skills, 

experimental design skills, and product design skills (Anazifa & Djukri, 2017). 

The experimental class is used to working on project-based student worksheets 

that lead to higher order thinking learning, students are used to working on things related 

to HOTS, so that implementing PjBL can improve learning outcomes in the HOTS category. 

This is in line with research conducted by Khoiriyah et al. (2023) that the PjBL model has 

a significant effect on students' high-level thinking abilities in analyzing the concept of 

kinetic theory of gases. This is also in line with research Hujjatusnaini et al. (2022) that 

the blended PjBL model which is integrated with 21st century skills is influential and 

effective in increasing students' HOTS. 

Conclusion  

 

Based on statistical analysis, student learning outcomes in the LOTS category 

obtained a sig. 0.127 ≥ 0.05, which means there is no significant difference in student 

cognitive learning outcomes between classes that apply PjBL on renewable energy material 

and classes that apply conventional learning on renewable energy material. Meanwhile, 

statistical analysis on HOTS questions with a sig (2-tailed) value of 0.000 ≤ 0.05 means 

that there is a significant difference in student cognitive learning outcomes between classes 

that apply PjBL on renewable energy materials and classes that apply conventional learning 

on renewable energy materials. Based on these results, it can be concluded that the KIT 
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renewable energy project can improve students' cognitive learning outcomes in the HOTS 

category. Apart from that, by implementing KIT, this project can increase students' 

motivation and activeness in learning. The results of this research provide implications for 

physics learning in the future. Teachers, especially physics teachers, are expected to be 

able to implement PjBL and develop this project and apply this learning model to different 

materials to train students' high-level thinking abilities. 
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