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Abstract 
This study aims to determine the effect of the Engineering Design Process (EDP) learning 

model based on Education for Sustainable Development (ESD) in improving students' 

ability to apply physics concepts to sustainable energy, particularly in the topics of energy 

transformation and renewable energy at the senior high school level. This research used a 

pre-experimental method with a one-group pretest-posttest design. The research subjects 

were 33 students of class X at senior high school 1 Muara Bengkal, Indonesia. The 

instrument used was an essay test based on the context of sustainable energy to measure 

the ability of students before and after learning. The results showed an increase in the ability 

of students, with an average pre-test score of 20.61 to 81.67 in the post-test. The N-Gain 

value obtained was 0.76, including in the high category. In addition, the results of non-

parametric statistical tests using the Wilcoxon Signed Rank Test showed a significant 

difference between the pre-test and post-test scores (p < 0.05), which indicated that the 

ESD-based EDP model had a significant effect on improving students' abilities. The one-

group pretest-posttest design without a control group limits the generalizability of the 

findings and the extent to which learning gains can be attributed solely to the implemented 

model. This model encourages learners not only to understand physics concepts but also 

to relate these concepts to real contexts and design creative solutions that support the 

Sustainable Development Goals (SDGs). The learning approach also promotes responsible 

decision-making and environmental awareness, which are essential components of 

sustainable development education. Therefore, the ESD-based EDP model is effectively 

applied in physics learning to improve the ability to apply physics concepts to sustainable 

energy. 
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1. Introduction 
Energy is an essential element in modern life that supports the industrial, transportation, and household 

sectors. Global dependence on non-renewable fossil fuels continues to exacerbate environmental problems, 
including climate change and environmental degradation (Gonza lez-Domí nguez et al., 2020). The potential for 
renewable energy sources in Indonesia, such as solar, wind, and geothermal energy, is considerable, yet their 
utilization remains limited (Sukacke  et al., 2022). Among various renewable sources, solar energy is considered 
a promising alternative because it is clean, abundant, and well-suited to Indonesia’s geographical conditions as 
a tropical country (Gonza lez-Go mez & Jeong, 2022; Hung & Pan, 2025; Lim et al., 2022; Tejedor et al., 2022). 
Despite this potential, public understanding of renewable energy, particularly solar energy, is still relatively low 
and has been identified as a major challenge in the energy transition process (Bes-Pia  et al., 2023). 

Education plays a strategic role in developing awareness and understanding of sustainability from an early 
age (Georgakopoulos et al., 2023; Jugembayeva & Murzagaliyeva, 2022; MacIntosh & Asghar, 2025). Education 
for Sustainable Development (ESD) is an educational approach that integrates environmental, social, and 
economic dimensions into the learning process with the aim of fostering responsible attitudes toward 
sustainable development (Costa et al., 2023). ESD is particularly relevant in physics education because many 
physics concepts form the scientific foundation of clean energy technologies, including solar panels and wind 
turbines (Hung & Pan, 2025; Stouthart et al., 2023; Yang & Xiu, 2023). To effectively link physics concepts with 
real-world sustainability challenges, an appropriate learning model is required (Boltsi et al., 2025). One 
approach that has gained attention is the Engineering Design Process (EDP), a project-based learning model that 
adopts engineering ways of thinking and problem-solving. The EDP model consists of six structured stages 
(Define, Learn, Plan, Try, Test, and Decide), which guide students to identify problems, design solutions, and 
evaluate outcomes through hands-on activities (Douglas et al., 2016). 
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The integration of the EDP learning model with the ESD approach offers a contextual and application-
oriented learning framework (Rahmawati et al., 2022). Through project-based activities, students are 
encouraged not only to understand physics concepts but also to consider sustainability aspects such as energy 
efficiency, environmental impact, and social responsibility (Chien et al., 2020). Although several studies have 
discussed EDP and ESD separately, studies that explicitly integrate both approaches within physics learning 
contexts, particularly in sustainable energy applications, remain limited. This condition indicates an opportunity 
for further research to explore learning innovations that combine engineering-based learning and sustainability 
education more systematically. 

Initial observations at senior high school 1 Muara Bengkal indicate that physics learning remains 
predominantly theoretical and lacks integration with environmental and sustainability contexts. Consequently, 
students face difficulties in connecting physics concepts with real sustainability issues and show limited 
awareness of energy transition. This study aims to examine the effect of an ESD-based EDP learning model on 
students’ ability to apply physics concepts to sustainable energy through solar panel prototyping activities for 
class X students. 

2. Method 
This research employed a quantitative approach using a pre-experimental method with a one-group 

pretest–posttest design, in which a single group of students was assessed before and after the implementation 
of the EDP–ESD learning model to observe changes in learning outcomes(Calvo et al., 2024; Gonza lez-Go mez & 
Jeong, 2022; Paulauskaite-Taraseviciene et al., 2022; Zwolin ska et al., 2022). This design enables the 
identification of learning improvement following the intervention, although the absence of a control group limits 
causal inference regarding the effectiveness of the learning model (Nissen et al., 2018).  

The study population consisted of all class X students of senior high school 1 Muara Bengkal, totaling 140 
students. The research sample involved one class consisting of 33 students who were studying renewable 
energy materials. Sample selection was conducted using purposive sampling based on material relevance and 
class readiness. The relatively small sample size and the involvement of only one school limit the generalizability 
of the findings. The learning intervention was implemented within regular classroom instruction; however, the 
duration of the intervention and the number of instructional sessions were not explicitly specified, which may 
influence the interpretation of learning outcomes. 

The primary research instrument consisted of five essay questions developed to measure students’ ability 
to apply physics concepts in the context of renewable energy. Content validity was established through expert 
judgment. Reliability analysis, such as internal consistency coefficients or inter-rater reliability, was not 
conducted. In addition, sample test items and detailed scoring guidelines were not included, representing 
methodological limitations of the assessment procedure.  

Data analysis was conducted in several stages. Improvement in students’ abilities was measured using N-
Gain analysis, with classification criteria referring to Pujiastuti and Haryadi (2024). A normality test was then 
performed to determine the appropriate statistical procedure. Since the data were not normally distributed, 
differences between pretest and posttest scores were analyzed using the Wilcoxon Signed Rank Test at a 
significance level of 0.05 with the assistance of IBM SPSS Statistics 20 software. Effect size analysis was not 
performed; therefore, the magnitude of the intervention effect could not be quantitatively determined. N-Gain 
score criteria can be seen in Table 1. 

Table 1. N-Gain Criteria 
N-Gain Score Category 
N-Gain > 0.70 High 
0.30 < N-Gain ≤ 0.70 Medium 
N-Gain ≤ 0.30 Low 

 

Ethical considerations were observed throughout the research process. Participation in the study followed 
standard classroom procedures and did not interfere with the regular curriculum. Students were informed that 
the activities were part of a learning innovation study, and their academic results were used only for research 
purposes. All data were analyzed anonymously to maintain student confidentiality. The research did not involve 
any physical or psychological risk to participants, and the learning activities were conducted within normal 
educational practices. 

3. Results and Discussion 
The results indicate a substantial improvement in students’ ability to apply physics concepts to sustainable 

energy following the implementation of the ESD-based EDP learning model. The average pretest score increased 
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from 20.61 to 81.67 in the posttest. N-Gain analysis showed that 75.8% of students achieved great improvement 
and 24.2% achieved medium improvement, with no students in the low category, as summarized in Table 2. 

Table 2. N-Gain Criteria for Student Pre-test and Post-test Scores 
N-Gain Score Criteria Percentage Frequency 
N-Gain > 0.70 High 75.8 % 25 
0.30 < N-Gain ≤ 0.70 Medium 24.2% 8 
N-Gain ≤ 0.30 Low 0 % 0 

 

The normality test results presented in Table 3 indicate that the data are not normally distributed, as the 
significance values for both the pre-test and post-test are below 0.05 in both the Kolmogorov–Smirnov and 
Shapiro–Wilk tests. Therefore, non-parametric statistical analysis is required for further hypothesis testing. 

Table 3. Research Data Normality Test Results 
 Kolmogorov-Smirnov Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 
Pre-test .167 33 .021 .916 33 .014 
Post-test .248 33 .000 .799 33 .000 

 

As shown in Table 4, the results of the Wilcoxon Signed Ranks Test reveal a significant difference between 
pre-test and post-test scores. 

Table 4. Wilcoxon Signed Ranks Test Results 
 Nilai Post-test Nilai Pre-test 
Z 
Asymp. Sig. (2-tailed) 

-5.031b 

.000 

 

Normality testing using the Shapiro–Wilk method showed that both pretest and posttest data were not 
normally distributed. Therefore, differences between pretest and posttest scores were analyzed using the 
Wilcoxon Signed Rank Test. The results showed a significant difference between pretest and posttest scores (Z 
= −5.031, p < 0.05), indicating a statistically significant improvement in students’ learning outcomes after the 
intervention. Comparison of average student pre-test and post-test scores on each indicator problem can be 
seen in Figure 1. 

 
Figure 1. Comparison of Average Student Pre-test and Post-test Scores on Each Indicator Problem 

Figure 1 illustrates that all learning indicators experienced score increases, with the most pronounced 
improvement observed in the indicator related to designing renewable energy systems. These results suggest 
that students developed stronger conceptual understanding and application skills across multiple aspects of 
sustainable energy learning. The observed improvement supports the effectiveness of integrating the 
Engineering Design Process with Education for Sustainable Development in physics learning. Engagement in 
structured EDP stages encourages students to actively identify problems, apply physics principles, and design 
sustainable energy solutions (Hoque et al., 2022). Through iterative design activities, students move beyond 
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passive knowledge acquisition and become involved in authentic problem-solving processes that mirror real 
engineering practices. This experiential learning environment helps students connect theoretical physics 
concepts with practical sustainability challenges, particularly in the context of renewable energy systems. This 
active learning process aligns with previous findings that design-based and project-oriented learning models 
enhance conceptual understanding, critical thinking, and problem-solving skills (Bes-Pia  et al., 2023; Pernaa et 
al., 2025; Precharattana et al., 2023).  

Higher gains in indicators related to system design and problem analysis suggest that EDP-based activities 
are particularly effective in fostering higher-order thinking skills. The process of defining problems, planning 
design solutions, testing prototypes, and evaluating outcomes encourages analytical reasoning and reflective 
thinking. Such learning experiences support the development of scientific reasoning and technological literacy, 
which are critical competencies for addressing complex sustainability challenges. The integration of ESD further 
strengthens learning by embedding environmental awareness and sustainability considerations into physics 
problem-solving, making learning more contextual and meaningful (Abdurrahman et al., 2023; Rahmawati et 
al., 2022; Sukacke  et al., 2022). From an educational ethics perspective, the learning activities promoted 
responsible decision-making, collaboration, and awareness of environmental impacts without exposing 
students to physical or psychological risks. The learning design emphasized responsible technology use and 
encouraged students to consider the environmental consequences of energy production and consumption. 
These ethical dimensions are consistent with the principles of sustainability education, which emphasize 
responsible citizenship and environmental stewardship. All learning activities were conducted within standard 
classroom practices and aligned with curricular objectives, ensuring ethical appropriateness. 

Regarding long-term sustainability, ESD-based EDP learning has the potential to cultivate sustainable 
mindsets that extend beyond classroom instruction. By engaging students in renewable energy prototyping and 
sustainability-oriented problem-solving, the learning process encourages long-term awareness of energy 
conservation, environmental responsibility, and sustainable technology development. These competencies are 
important for preparing future generations to participate in the transition toward low-carbon energy systems 
(Tejedor et al., 2022). By engaging students in renewable energy prototyping, learning outcomes may contribute 
to lasting awareness of energy conservation and responsible technology use, supporting broader sustainability 
goals. In terms of education policy, the findings suggest that integrating EDP and ESD into physics curricula may 
support national and global sustainability agendas. The integration of engineering design and sustainability 
concepts into science education can strengthen curriculum relevance and help align educational practices with 
the Sustainable Development Goals. Curriculum developers and education policymakers may consider 
incorporating EDP–ESD frameworks into science learning standards to promote interdisciplinary learning, 
technological literacy, and sustainability awareness among students. 

4. Conclusion 
The application of the EDP–ESD learning model was associated with improved student performance in 

applying physics concepts to sustainable energy within the context of this study. A significant increase between 
pretest and posttest scores was observed through N-Gain analysis and supported by the Wilcoxon Signed Rank 
Test. Improvements across five learning indicators suggest that the learning activities supported conceptual 
understanding and application related to renewable energy. Classroom observations also indicated increased 
student engagement during design-based learning activities. These findings should be interpreted cautiously 
due to several methodological limitations. The pre-experimental design without a control group restricts the 
ability to attribute learning improvements solely to the implemented learning model. The relatively small 
sample size and the use of a single school context limit the generalizability of the results. In addition, the duration 
of the learning intervention was not specified, and reliability as well as effect size analysis were not conducted. 
These limitations indicate that the conclusions should be interpreted as preliminary evidence rather than 
definitive proof of effectiveness. The pre-experimental design without a control group limits causal inference, 
the sample size was small and drawn from a single school, and the duration of the intervention was not specified. 
Instrument reliability and effect size were not examined, restricting the strength of the conclusions. Therefore, 
the results are not generalizable beyond similar instructional contexts. Future research should employ quasi-
experimental or experimental designs with control groups, larger sample sizes, and more comprehensive 
assessment instruments. Including effect size analysis and long-term learning evaluation would provide 
stronger evidence regarding the effectiveness of EDP–ESD integration in physics education. 
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