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Abstract: This research constitutes a preliminary study aimed at determining the needs 
of teachers and students in the learning process, particularly in the context of physics 
subjects related to renewable energy. The chosen research method is a survey, conducted 
among 27 physics teachers and 59 high school students in MIPA field in Lampung 
Province using Google Forms. The collected data is then curated and analyzed to identify 
and address these educational needs. The results of the data analysis reveal a demand 
for learning programs that can enhance students' numeracy and literacy skills during the 
learning process. According to the survey, only 43% of teachers and 24% of high school 
students majoring in Mathematics and Natural Sciences are aware of the Sustainable 
Development Goals (SDGs). This aligns with the finding that only 40% of teachers have 
integrated PjBL-STEM into their learning programs. The worksheets lack activities that 
can stimulate students' numeracy and literacy skills, thereby impeding their active 
engagement in renewable energy learning. These findings are further corroborated by 
student questionnaires, which indicate that 55% of students feel they face limitations in 
understanding materials related to renewable energy. Additionally, 85% of physics 
teachers express concerns about students' difficulties in grasping the concept of 
renewable energy. Consequently, the development of an integrated renewable energy 
learning program incorporating PjBL-STEM becomes imperative. 
 
Keywords: Engineering design process strategy; Learning program; Numeracy literacy 
skills; PjBL–STEM; Renewable energy 

  

Introduction  
 

Education is essential to equip students with the 
competence and global competitiveness required for 
adapting to the developments of the 21st century. Efforts 
aimed at fostering 21st-century skills include enhancing 
the quality of 21st-century learning, one of which 
involves the development of learning programs. In the 
21st century, students are expected to possess the 4C 
skills, which comprise critical thinking, communication, 
creative thinking, and collaboration. These skills 
enhance tolerance for diversity, improve critical 
thinking abilities, foster creativity in problem-solving, 

and facilitate the application of theoretical knowledge to 
real-life situations (Jayadi et al., 2020; Marouli, 2021). 
These skills are not just about individual preparation but 
also about preparing society to face future challenges. 
Education that prioritizes the development of 21st-
century skills helps create individuals who are not only 
academically competent but also ready to face the 
complexities of the modern world (Howard et al., 2019). 

The 4C skills are closely related to numeracy 
literacy skills. Numeracy literacy refers to a person's 
ability to analyze and understand statements conveyed 
through the manipulation of symbols or language 
encountered in everyday life, as well as the ability to 
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express those statements in writing or text (Grahito 
Wicaksono, 2020; Zakiyah & Ramli, 2023). Numeracy 
literacy is demonstrated by the practical use of 
mathematical skills to meet the demands of life, as well 
as the appreciation and understanding of 
mathematically expressed information, such as graphs, 
charts, and tables. In the era of the Fourth Industrial 
Revolution, scientific literacy skills are crucial for 
prospective teacher students to master. Scientific literacy 
enhances one's way of thinking, fostering an 
understanding of science that enables individuals to 
address problems in various aspects of life (Lozano et al., 
2022). Improving numeracy literacy skills is one of the 
primary learning objectives. Through literacy, students 
can analyze current scientific issues, including 
challenges faced by Indonesia in the energy sector, 
where the country still relies on non-renewable energy 
sources. This improvement is observed through 
indicators measuring scientific literacy in dimensions 
such as scientific context, scientific knowledge, and 
scientific compatibility (Kurent & Avsec, 2023; 
Paristiowati et al., 2022). 

The integration of renewable energy materials into 
school curricula is an effort to address Indonesia's 
energy availability issues, aligned with the goals of 
Education for Sustainable Development (ESD). udESD 
can raise students' awareness. It is expected that 
students will find renewable energy concepts easier to 
grasp when connected to their immediate environment. 
This underscores the need for an appropriate learning 
model, and Project-Based Learning (PjBL) is a science 
learning model that can meet these requirements. This 
aligns with the findings of that PjBL provides students 
with opportunities to explore topics, issues, and 
problems without disciplinary barriers, making it 
applicable to all subjects (Wahdah et al., 2023). 

The PjBL learning model can be integrated with the 
STEM Engineering Design Process strategy. Learner-
centered STEM teaching not only enables investigative, 
action-adapted learning but also fosters independent 
learners who respond to their natural environment 
(Campbell & Speldewinde, 2022). The results of data 
analysis reveal a significant improvement in students' 
scientific literacy abilities after the learning process. 
Each indicator of students' scientific literacy was 
developed through a STEM approach (Lestari et al., 
2021; Wahyu et al., 2023). Advancements in Science, 
Technology, Engineering, and Mathematics (STEM), and 
corresponding industries can be seen as vital for the 
success of achieving a majority of the sustainable 
development goals. Hence, the approaches taken to 
embed sustainability in learning and teaching in STEM 
higher education programs can be considered significant 
in many ways (Gamage et al., 2022). The use of PjBL in 

physics learning can foster the critical and creative 
development of students' problem-solving abilities 
through verbal and written communication (Mairizwan 
et al., 2022). Moreover, Students’ participation in the 
project has made them aware of the community 
implications of maintaining the environment and 
generating benefits for the whole community (Martín-
Sánchez et al., 2022). 

PjBL-STEM combined with the engineering design 
process is described as an educational system that 
embeds mathematical knowledge in the context of 
design technology, creating a problem-solving learning 
environment in which students envision design 
solutions, gather information, and tackle real-world 
problems (Wahono et al., 2020). Other research results 
show that students who are taught using STEM-
integrated PjBL learning are already environmentally 
literate, they can apply concepts or facts acquired from 
natural phenomena in their daily lives. Proficient 
environmental literacy skills indicate that students 
possess awareness and concern for the environment, 
leading them to place a greater emphasis on real-world 
problems encountered in everyday life. (Ginting et al., 
2023; Rasmi et al., 2023).  

This approach aligns with the research conducted 
by (Putra et al., 2023), indicating that EDP can engage 
students in real-world problem-solving activities 
designed in an engineering-like manner. Physics 
learning with STEM-PBL integrated EDP in the context 
of ESD has been shown to be effective in improving the 
systems thinking ability of high school students in 
renewable energy units (Abdurrahman et al., 2023). 
However, it's worth noting that the use of EDP in 
learning is not yet widely adopted in Indonesia, 
particularly in the context of renewable energy 
materials. 

In light of the information above, and to meet the 
evolving needs of education, the author has conducted 
research on the development of a Renewable Energy 
Learning Program with an Integrated PjBL-STEM 
Engineering Design Process (EDP) Strategy to Enhance 
Numeracy Literacy Skills among learners. 

 
Method  
 

This study represents preliminary research with the 
aim of determining the needs of teachers and students in 
the learning process, particularly in the context of 
physics subjects related to renewable energy. The chosen 
research method involved a survey conducted among 27 
physics teachers and 59 high school students in the 
Mathematics and Natural Sciences field in Lampung 
Province, using Google Forms. The collected data was 
then curated and analyzed to identify and address these 
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educational needs. The results of the data analysis 
indicate a demand for learning programs that can 
enhance students' numeracy and literacy skills during 
the learning process. Two different questionnaires was 
used in this reasearch to investigate the how EDP 
strategy integrated PjBL-STEM in learning program 
stimulate creative problem solving skills. The 
questionnaire consists of 43 questions for teachers and 
40 questions for students. It includes inquiries about 
personal background information, teaching aids, and 
learning processes within learning programs that utilize 
engineering design process (EDP) strategies to enhance 
students' numeracy and literacy skills. Additionally, the 
questionnaire aims to align learning objectives with the 
Sustainable Development Goals (SDGs). Each aspect 
contains open-ended question that allow diverse 
perspectives from respondents. Questionnaires were 
distributed randomly to high school physics teachers 
and high school students majoring in MIPA during 
specific time periods. The collected data is then curated 
and analyzed to identify and address these educational 
needs. 

 

Result and Discussion 
 

This preliminary study is a descriptive research 
aimed at determining the needs of teachers and students 
regarding learning programs on integrated renewable 
energy topics within the context of PjBL-STEM. The 
research was conducted by giving questionnaires to 
teachers and students using the Enginnering Design 
Process Strategy. This preliminary research presents an 
investigation into the needs and perceptions of 
renewable energy in learning program among 59 high 
school students and 27 physics teachers in Lampung 
Province.  

The analysis we conducted aimed to determine the 
needs of teachers and students by examining the number 
of completed questionnaires. The information gathered 
from the questionnaires, relating to knowledge of the 
Sustainable Development Goals (SDG's) within the field 
of education, is presented in the diagram below. 

Figure 1. Diagram of the understanding of the SDG’s 
objectives as gathered from teacher’s questionnaire 

 
Figure 2. Diagram of the understanding of the SDG’s 
objectives as gathered from student’s questionnaire 

 
Figure 1 illustrates that 57% of teachers were 

unfamiliar with the existence of the SDG’s. Similarly, 
Figure 2 also reveals that 76% students lack awareness 
of the Sustainable Development Goals (SDGs) related to 
the education sector. Through surveys with 
respondents, it became evident that a significant portion 
of the respondent population is not well informed with 
these global goals. The information gathered from the 
questionnaires, relating to the use of PjBL in the learning 
process, is presented in the diagram below. 

 
Figure 3. Diagram of the use of PjBL in the learning program 

as gathered from teacher’s questionnaire 

 
Figure 4. Diagram of the use of PjBL in the learning program 

as gathered from student’s questionnaire 
 

Unfortunately, the data shown in Figure 3 shows 
that only 37% of teachers use the PjBL learning model in 

43%

57%

Familiar Unfamiliar

24%

76%

Familiar Unfamiliar

37%

63%

PjBL Others

41%

59%

PjBL Others
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the learning process. The same thing is shown in Figure 
4. Students stated that only 41% of their teachers used 
the PjBL learning model in teaching renewable energy 
material. The low use of the PJBL learning model is due 
to limited school facilities, such as teaching aids and 
internet networks. Additionally, it is attributed to the 
challenges in creating engaging teaching materials that 
can atively involve students in the learning process. 
Student worksheets are among the teaching materials 
that can be employed. Data regarding the use of 
worksheets is presented in the diagram below. 

 
Figure 5. Diagram of the use of worksheet in the learning 

process as gathered from teacher’s questionnaire 

 
Figure 6. Diagram of the use of worksheet in the learning 

process as gathered from student’s questionnaire 
 

Figure 5 and Figure 6 show that the majority of 
physics teacher have used worksheets in the learning 
process to teach renewable energy material. However, 
the important consideration is the effectivity of using 
these workshehets in meeting student’s needs and 
achieving learning goals. 

Renewable energy materials often require a 
conceptual understanding, which frequently involves 
numerical calculations related to data on energy 
availability, energy demand, and energy efficiency. By 
being numerate, students can better grasp and apply 
these concepts, enabling them to actively engage in 
creating solutions to energy problems. Therefore, it is 
important to create worksheets that can stimulate 
students' numeracy literacy skills when teaching 
renewable energy concepts. Data regarding the use of 

worksheets that can stimulate students' numeracy 
literacy skills is presented in the diagram below. 

 
Figure 7. Diagram of the effectiveness of worksheets in 

learning program to stimulate students' numeracy literacy 
skills as gathered from student’s questionnaire 

 

Figure 7 shows that the worksheets used by 
teachers in teaching renewable energy materials have 
not successfully stimulated students' numeracy literacy 
skills.  

 
Figure 8. Diagram of the effectiveness of worksheets in 

learning program to stimulate students' numeracy literacy 
skills as gathered from student’s questionnaire 

 

The same result is demonstrated in Figure 8, where 
88% of students feel that they cannot perform numeracy 
literacy well after using the provided worksheets. 
Students' numeracy and literacy skills are assessed 
based on their ability to apply various mathematical 

symbols and numerical concepts to solve problems 
related to energy availability. This includes the capacity 
to analyze information presented in formats such as 
charts, graphs, and tables and then interpret the results 
of the analysis to make predictions and informed 
decisions. The following data shows students' responses 
in understanding the concept as shown in the graph 
below.  

 

89%

11%

Yes No

83%

17%

Yes No

32%

68%

Yes No

12%
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Yes No



Jurnal Peneliatian Pendidikan IPA (JPPIPA) Desember 2023, Volume 9 Issue 12, 11197-11206 

 

11201 

 
Figure 9. Diagram of understanding the renewable energy 

concept as gathered from teacher’s questionnaire 

 
Figure 10. Diagram of understanding the renewable energy 

concept as gathered from student’s questionnaire 

 
After progressing through various learning stages 

in the alternative energy program provided by the 
teacher, Figure 9 reveals that 55% of students 
encountered difficulties in explaining the renewable 
energy material they were studying. The teacher's 
assessment, illustrated in Figure 10, concurs with this 
finding, indicating that 85% of students struggle to grasp 
the concept effectively. In addition, the following data 
shows student’s ability in formulating solutions as 
shown in the graph below.  

 
Figure 11. Diagram of formulating solutions as gathered from 

teacher’s questionnaire. 

 
Figure 12. Diagram of formulating solutions as gathered from 

student’s questionnaire 
 

Figure 11 depicts that only 45% of students 
successfully formulated solutions to address energy 
needs using renewable energy materials, while another 
22% attempted to formulate solutions but encountered 
errors. Similarly, Figure 12 also reveals that only 22% of 
students successfully formulated solutions, while 
another 78% encountered difficulties in formulating 
correct solutions. These findings are consistent, 
emphasizing that a majority of students have not yet 
mastered the correct formulation of solutions. After 
formulating a solution, students are expected to 
implement it. The graph below illustrates data on 

33%

22%

45%

Student can't make an explanation

Student can make an explanation, but it's not totally
clear.

Student can make a clear explanation

12%

73%

15%

Student can't make an explanation

Student can make an explanation, but it's not totally
clear.

Student can make a clear explanation

33%

22%

45%

Students can't formulate solutions

Students can formulate a solution, but it's not
totally correct.

Students can formulate correct solutions

8%

70%

22%

Students can't formulate solutions

Students can formulate a solution, but it's not totally
correct.

Students can formulate correct solutions
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students' ability to put their formulated solutions into 
practice. 

 
Figure 13. Diagram of implementing solutions as gathered 

from teacher’s questionnaire. 

 
Figure 14. Diagram of implementing solutions as gathered 

from student’s questionnaire. 
 

Figure 13 illustrates that only 22% of students were 
able to successfully implement the solution derived from 
their previously formulated solutions. This may occur 
due to the inapplicability of the created solution 
formulation or its complexity, leaving students feeling 
unsure about the implementation process due to a lack 
of understanding. Similarly, Figure 14 reveals that only 
15% of students managed to correctly implement the 
solution. Following the implementation, a crucial step is 
to review the solution, analyzing its advantages and 
disadvantages. This process allows for improvements to 
be made, enhancing the overall quality of the solution. 

The data from the review of the created solutions is 
presented in the graph below. 

 
Figure 15. Diagram of reviewing solutions as gathered from 

teacher’s questionnaire

 
Figure 16. Diagram of reviewing solutions as gathered from 

student’s questionnaire 

 
Figure 15 shows that 44% of students could not 

formulate conclusions to address energy demand 
problems in renewable energy material. Similarly, 
Figure 16 reveals that 53% of students struggle to 

comprehend renewable energy material as a whole. 
Questionnaire results revealed that the primary reason 
for their lack of knowledge was a limited understanding 
of its significance. Addressing these challenges requires 
a comprehensive approach that involves curriculum 
reform, innovative teaching strategies, integrating 
technology judiciously, fostering a positive attitude 
towards mathematics, emphasizing real-world 
applications, and ensuring adequate resources and 
support. By addressing these factors, educators and 
policymakers can contribute to reversing the trend and 
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Students can't implement solutions

Students can implement a solution, but it's not
totally correct.

Students can implement correct solutions

12%

73%

15%

Students can't implement solutions

Students can implement a solution, but it's not
totally correct.

Students can implement correct solutions

44%

26%

30%

Students can't write a conclusion to solve the problem

Students can write a conclusion to solve the problem, but
it is not totally correct.
Students can write a conclusion to solve the problem

53%

30%

17%

Students can't write a conclusion to solve the problem

Students can write a conclusion to solve the problem, but
it is not totally correct.

Students can write a conclusion to solve the problem
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promoting a culture of numeracy literacy proficiency 
among students. Numeracy literacy acquired through 
learning programs will provide students with the ability 
to actively participate in renewable energy projects, 
design sustainable policies, and contribute to increasing 
resource efficiency. (Ningrum et al., 2023; Rahmah et al., 
2022). Renewable energy material often involves 
complex mathematical concepts, such as energy 
efficiency calculations, data analysis, and mathematical 
modeling. The learning program will equip learners 
with these skills to overcome complex challenges in the 
field of renewable energy (Bellini et al., 2019; Nurjumiati 
et al., 2022; Sonnenschein et al., 2022). Furthermore, 
respondents were unaware that Renewable Energy is 
included in the Sustainable Development Goals (SDGs) 
as a component of physics education. Interestingly, 
additional data indicates that the majority of students 
find the subject of renewable energy both fascinating 
and appealing for further study. Teachers are 
encouraged to involve students in discussions about 
inquiry and thought processes, enabling them to assess 
the effectiveness of their learning strategies and explore 
alternative approaches (Lee et al., 2019; Shvartsman & 
Shaul, 2023). The integration of renewable energy 
material into school curricula is undertaken to address 
the issue of energy availability in Indonesia. This 
initiative aligns with the objectives of Education for 
Sustainable Development (ESD).  

The questionnaire results revealed that the primary 
reason for their lack of knowledge was a limited 
understanding of its significance. Furthermore, 
respondents were unaware that Renewable Energy is 
included in the Sustainable Development Goals (SDGs) 
as a component of physics education. Interestingly, 
additional data indicates that the majority of students 
find the subject of renewable energy both fascinating 
and appealing for further study. The integration of 
renewable energy material into school curricula is 
undertaken to address the issue of energy availability in 
Indonesia. This initiative aligns with the objectives of 
Education for Sustainable Development (ESD).  

Education for Sustainable Development (ESD) is a 
crucial instrument aligned with the United Nations' 
Sustainable Development Goals. It underscores the 
necessity for individuals to acquire the knowledge and 
skills required to address the challenges of building a 
more sustainable world while the implementation of 
ESD training among secondary school teachers is still 
low, 42% of science teachers agree that renewable energy 
is a pertinent subject in ESD and represents the seventh 
global development goal (Ssossé et al., 2021). Education 
for Sustainable Development (ESD) can enhance 
student’s awareness.  ESD incorporates sustainability 
issues into the curriculum, addressing concerns like 

climate change, biodiversity, and inequality. It facilitates 
learners' understanding of the global impact of both 
individual and societal actions. Beyond imparting 
knowledge, ESD plays a crucial role in shaping attitudes 
and values that prioritize environmental and societal 
well-being. Through ESD, students learn to embrace a 
global citizenship perspective, becoming responsible 
individuals who actively care about sustainability. 
(Fredriksson et al., 2020; Kalla et al., 2022; Weng et al., 
2020). However, the questionnaire results indicate that 
most teachers have not integrated the PjBL learning 
model into their programs for teaching renewable 
energy material. The absence of active student 
engagement in renewable energy learning, such as 
through experiments or real projects, diminishes their 
interest in the subject.  

The questionnaire data for both teachers and 
students reveals that the learning process for renewable 
energy material is not yet effective. This situation 
highlights the need for a comprehensive learning 
program that includes lesson plans, worksheets, and 
various learning resources. This aligns with the results 
of using STEM approach-based worksheets, which have 
been designed, are proven to foster scientific literacy 
skills. The average score achieved is 86.3%, with 19 
students completing them and receiving a "Very 
Practical" assessment. These results meet the criteria for 
effectiveness in improving science literacy skills (Safitri 
& Tanjung, 2023). 

This approach aims to empower students to 
overcome challenges in their numeracy and literacy 
skills, fostering critical, logical, and systematic thinking. 
(Astuti et al., 2019). Project-Based Learning (PjBL) can be 
implemented with an integrated STEM (Science, 
Technology, Engineering, and Mathematics) 
Engineering Design Process strategy. The combination 
of PjBL-STEM and the engineering design process is 
employed to create a problem-solving learning 
environment in which students envision solutions, 
gather information, and address real-world problems 
(Wahono et al., 2020). The results of the descriptive 
analysis of students' scientific literacy after engaging in 
science learning through the STEM-based PjBL model 
showed a significant increase in the average score. This 
improvement placed the scores in the 'very good' 
category when compared to those obtained through 
conventional learning methods (Asri et al., 2021; 
Hasibuan et al., 2022). This aligns with the findings of 
research conducted by (Putra et al., 2023), which indicate 
that the Engineering Design Process (EDP) can engage 
students in solving real-world problems through 
activities designed to mimic the work of engineers. The 
EDP stages utilized in this research are by Abdurrahman 
et al. (2023) which represented in several stages: ask, 
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imagine, plan, create, test, and improve. These stages are 
suitable for involving students in the learning process, 
thereby stimulating their numeracy and literacy skills, 
especially in renewable energy materials. 

 

Conclusion  
 

The research that has been conducted illustrates 
that based on survey results, According to the survey 
results, only 43% of teachers and 24% of high school 
students majoring in Mathematics and Natural Sciences 
are aware of the Sustainable Development Goals (SDGs). 
This aligns with the finding that only 40% of teachers 
have integrated PjBL-STEM into their learning 
programs. The worksheets lack activities that can 
stimulate students' numeracy and literacy skills, 
hindering their active engagement in renewable energy 

learning. These findings are further supported by 
student questionnaires, revealing that 55% of students 
feel they have limitations in understanding renewable 
energy material. Additionally, 85% of physics teachers 
express concerns about students' inability to grasp the 
concept of renewable energy. A well-designed learning 
program can offer a profound understanding of 
numeracy concepts associated with renewable energy. 

This encompasses the utilization of numbers, data, and 
other mathematical skills to analyze, interpret, and make 
decisions pertaining to renewable energy. 
Consequently, the development of a PjBL-STEM 
integrated renewable energy learning program becomes 
imperative. 
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